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Safety Considerations

This product and related documentation must be reviewed for
familiarization with safety markings and instructions before
operation.

This product is a Safety Class I instrument (provided witk a
protective earth terminal).

Before Applying Power

Verify that the product is set to match the available line voltage and
the correct fuse is installed.

Safety Earth Ground

An uninterruptible safety earth ground must be provided from the
main power source to the product input wiring terminals, power cord,
or supplied power cord set.

Any interruption of the protective (grounding) conductor {inside or
outside the instrument) or disconnecting the protective earth terminal
will cause a potential shock hazard that could result in personal injury.
(Grounding one conductor of a two conductor outlet is not sufficient
protection.) In addition, verify that a common ground exists between
the unit under test and this instrument prior to energizing either unit.

Whenever it is likely that the protection has been impaired, the
instrument must be made inoperative and be secured against any
unintended operation.

If this instrument is to be energized via an autotransformer (for voltage
reduction} make sure the common terminal is connected to neutral
(that is, the grounded side of the mains supply).

Servicing instructions are for use by service-trained personne! only.
To avoid dangerous electric shock, do not perform any servicing
uniess qualified to do so.

Adjustments described in the manual are performed with power
supplied to the instrument while protective covers are removed.
Energy available at many points may, if contacted, result in personal
infury.

Capacitors inside the instrument may still be charged even if the
instrument has been disconnected from its source of supply.

For continued protection against fire hazard, replace the line fuse(s)
only with 250V fuse(s) of the same current rating and type (for
example, normal blow, time delay, etc.). Do not use repaired fuses or
short circuited fuseholders.
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Safety Symbols

Instruction manual symbol: The product will be marked

with this symbol when it is necessary for the user to refer
to the instruction manual (see Table of Contents for page
references).

Indicates hazardous voltages.

i WS

Indicates earth (ground) terminal.

The WARNING sign denotes a hazard. It calls attention to a
procedure, practice, or the like, which, if not correctly performed or
adhered to, could result in personal injury. Do not proceed beyond a
WARNING sign untii the indicated conditions are fully understood and
met,

The CAUTION sign denotes a hazard. It calls atiention to an
operating procedure, practice, or the like, which, if not correctly
performed or adhered to, could result in damage to or destruction of
part or all of the product. Do not proceed beyond a CAUTION sign
until the indicated conditions are fully understood and met.
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SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

HP 8970B Option 020 operating and service documentation
concists of an Operating Manual and Service Manual. These
two volumes contain all the information required to install,
operate, test, adjust and service the HP 8970B Option 020
Noise Figure Meter. Also, contained in the Operating Manual
is complete installation and operating information for the
Noise Figure Measurement System with an HP 8971B/C
Noise Figure Meter Test Set and Local Oscillator.  Figure
1-1 shows the Noise Figure Meter with all of its external
supplied accessories.

The Operating Manual, which is shipped witheach instru-
ment, has four sections:

L ]

Section I, "General Information”
o Section II, "Installation”
e Section III, "Operation”
e Section 1V, "Performance Tests”

The Service Manual, which is shipped with the instru-
ment as Option 915 or ordered separately, has four
sections:

s Section V, "Adjustments”

e Section VI, "Replaceable Parts"
.

.

Section VH, "Manual Changes"
Section VIII, "Service"

Additional copies of the Operating Manual or the Service
Manual can be ordered separately through your nearest
Hewlett-Packard office. The part numbers are listed on
the title page of this manual.

1-2. SPECIFICATIONS

Instrument specifications for the Noise Figure Meter are
listed in Table 1-1. These specifications are the perfor-
mance standards or limits against which the instrument is

HP 8970B

tested. Supplemental characteristics are listed in Table
1-2. Supplemental characteristics are not warranted
specifications, but are typical characteristics included as
additional information for the user. Specifications for the
Noise Figure Measurement System are listed in Table
1-3. Supplemental characteristics or the Noise Figure
Measurement System are listed in Table 1-4. Specifica-
tions and supplemental characteristics for the HP 8971C
and option follow in Tables 1-3 through 1-10.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument, (that is,
provided with a protective earth terminal). The Noise
Figure Meter and all related documentation should be
reviewed for familiarization with safety markings and
instructions before operation. Refer to the "Safety Con-
siderations” page found at the beginning of this manual
for a summary of the safety information. Safety informa-
tion for installation, operation, performance testing, ad-
justment, or service is found in appropriate places
throughout the Operating and Service manuals.

1-4. INSTRUMENTS COVERED BY MANUAL
Attached to the rear panel of the instrument is a serial
number plate. The serial number is in the form:
0000AQ0000. The first four digits andthe letter are the
serial number prefix, The last five digits are the suffix.
The prefix is the samefor identical instruments; it changes
only when a configuration change is made to the instru-
ment. The suffix however, is assigned sequentially and is
different for each instrument.

The contents of this manual apply directly to instruments
having serial number prefix(es) as listed under "Serial
Numbers" on the title page.

1-5. MANUAL UPDATES

The Manual Updates supplement provides information
necessary to update the manual. The supplement is
identified with the manual printdate and part number,
both of which appear on the manual title page.

1-6. DESCRIPTION

1-7. Noise Figure Meter

The Hewlett-Packard Model 8970B Opt 020 Noise Figure
Meter, together with an appropriate noise source, automati-
cally measures the noise figure and gain of the device to which
it is attached. The Noise Figure Meter can be tuned
between 10 and 2047 MHz. It can also be swept over all

1-1
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or any part of that range. To measure the noise figure of
devices with output frequencies greater than 2047 MHz,
an external mixer and local oscillator can be used to
convert the frequency to the 10 to 2047 MHz range.
Measured noise can be displayed as noise figure,
equivalent input noise temperature or Y-Factor. Gain is
displayed in dB.

Once calibrated, a single keystroke of the Noise Figure
Meter can automatically remove the measurement system
poise and gain contribution (called second stage correc-
tion). The Noise Figure Meter then displays only the
noise figure and gain of the device under test (DUT).

Five Excess Noise Ratio (ENR) tables (four stored tables
and one working table) can be entered into the Noise
Figure Meter. Each table can have up to 35 entries. The
Noise Figure Meter uses this data to correct for ENR
versus frequency variations. For measurements made
between calibration points, ENR data is interpolated.
When the instrument is turned off, the ENR tables are
stored in nonvolatile memory.

X- and Y-Axis outputs on the rear panel allow for noise
figure and gain versus frequency to be displayed on a
storage or nosstorage oscilloscope, or output (o a re-
corder. On an oscilloscope, gain can be displayed at a
lower intensity than noise figure, to distinguish between
the two traces. The Z-Axis output blanks an oscilloscope
or lifts a recorder pen. A storage oscilloscope can also be
nsed, but the differences in trace intensity are obscured.

Most functions can be remotely programmed via the
Hewlett-Packard Interface Bus (HP-IB) and all measure-
ment data is available to the HP-IB. The Noise Figure
Meter has a second bus, the System Interface Bus (SIB).
The System Interface Bus is a private bus used by the
Noise Figure Meter to control certain instruments in the
Noise Figure Measurement System. Instruments control-
led by the SIB are the Noise Figure Test Set, the System
Local Oscillator and a plotter.

1-8. Noise Figure
Measurement System

The HP Noise Figure Measurement System extends the
frequency range of the Noise Figure Meter from 2047 MHz
to 18000/26500 MHz. The HP Noise Figure Measurement
System consists of the Noise Figure Meter, the HP 8971B/C
Noise Figure Test Set and a System Local Oscillator.

General Information

All the features described about the Noise Figure Meter

apply to the Notse Figure Measurement System, with the
following changes:

@ The Noise Figure Measurement System can be
tuned between 10 and 18000/26500 MHz.

& The noise figure of devices with output frequen-
cies greater than 18000/26500 MHz can be
measured with the addition of an external mixer
and a second, user-controlled, local oscillator
{double-down-conversion).

e Measurements using interpolated calibration data
are not allowed for measurement modes 1.5
through 1.9 unless a special function has been
selected.

For Simplicity, the Noise Figure Measurement System can be

thought of as one instrument. The Noise Figure Meter’s

System Interface Bus is used to control the Noise Figure Test
Set and the System Local Oscillator,

1-9. MECHANICAL OPTIONS

The following options may bave been ordered and
received with the Noise Figure Meter. If they were not
ordered with the original shipment, they can be ordered
from the nearest Hewlett-Packard office using the part
number included in each of the following paragraphs.

1-10. Front Handle Kit (Option 907)

Ease of handling is increased with the front panel handles.
Order HP part number 5062-3989 for the HP 8970B or 5062-
3988 for the HP 8971B/C.

1-11. Rack Flange Kit {Option 908)

The Noise Figure Meter can be solidly mounted to the
instrument rack using the flange kit. Order HP part number
5062-3977 for the 89708 or 5062-3974 for the HP 8971B/C.

1-12. Rack Flange and Front Handle
Combination Kit (Option 809)

This is not a front handle kit and a rack flange kit package
together; it is composed of a unique part which combines both

functions. Order HP part number 5062-3983 for the 8970B or

5062-3975 for the HP 8971B/C.

HP 8970B



1-13. HEWLETT-PACKARD INTERFACE BUS

1-14. Compatibility

The Noise Figure Meter is compatible with HP-IB to the
extent indicated by the following code: SH1, AH1, T5,
TEQ, L4, LEO, SR1, RL1, PP0, DCL, DT1, C0, and E1.
The Noise Figure Meter interfaces with the bus via open
collector TTL circuitry. An explanation of the com-
patibility code can be found in IEEE Standard 488
(1978), "IEEE Standard Digital Interface for Program-
mable Instrumentation” or the identical ANSI Standard
MCL1. For more detailed information relating to
programmable control of the Noise Figure Meter, refer
to Remote Operation, Hewlett-Packard Interface Bus in
Section III of this manual.

1-15. Selecting the HP-1B Address

The Noise Figure Meter can use two HP-IR addresses.
One is the address of the Noise Figure Meter. The
second is the HP-IB address of the Noise Figure Meter
when it is in Pass Through Mode. (Pass Through Mode
allows commands to be passed through the Noise Fignre
Meter from a computer on the HP-IB to an instrument
on the SIB.) Refer to the HP-IB and System Interface
Bus (SIB) Addresses Detailed Operating Instruction, in
Section IH, for additional information.

1-16. SYSTEM INTERFACE BUS (SIB)
The System Interface Bus is a private bus used by the
Noise Figure Meter to control the Noise Figure Test Set,
the System Local Oscillator and a plotter.

1-17. Compatibility

The System Interface Bus is compatible with IEEE
Standard 488 (1978) to the extent indicated by the
following codes: SH1, AH1, T6, TEQ, L4, LEO, RL1, PPO,
DC1, DTO0, C1, C2, C3, C4, C7 and E1. The Noise Figure
Meter interfaces with the bus via open collector TTL
circuitry. An explanation of the compatibility code can be
found in IEEE Standard 488 (1978), "IEEE Standard
Digital Interface for Programmable Instrumentation" or
the identical ANSI Standard MC1.1.

1-18. Selecting the SIB Address

The Noise Figure Meter uses SIB addresses for the
following:

System Local Oscillator

Noise Figure Test Set

Plotter

System Interface Bus

Pass Control

Pass Through Device on the SIB

* & & & & o

HP 85708

For more information on selecting the SIB addresses,
refer to the HP-IB and System Interface Bus (SIB)
Addresses Detailed Operating Instruction, in Section 1.

1-19. ACCESSORIES SUPPLIED

The accessories supplied with the Noise Figure Meter are
shown in Figure 1-1 and Figure 1-2.

a. The line power may be supplied in several configura-
tions, depending on the destination of the original ship-
ment, Refer to paragraph Power Cables in Section II of
this manual.

b. Two fuses, one for 100/200 Vac operation and one for 220/
240 Vac operation are supplied. One fuse is factory installed
according to the voltage available in the country of original
destination. Refer to paragraph line " Voltage and Fuse
Selection” in Chapter 2 of this manual.

¢. The 8971B/C LO Input Cable, SMA female to SMA
female, is HP part number 08971-60126, :

d. The 8971B/C IF Cutput Cable, Type N maleto Type N
male, is HP part number 11793-60006.

e. The 8971B/C Coaxial Adapter, SMA male to Type N male,
s HP part number 1250-1636.

f. The 8971B/C has two HP 10833D 0.5 meter long HP-IB
cables that are supplied.

1-20. EQUIPMENT REQUIRED BUT NOT SUPPLIED
A noise source such as HP Model 346B (346A or 346C),
must be used with the Noise Figure Meter. The Noise
Figure Meter supplies +28.0V pulses to drive the noise
source on and off,

1-21. ELECTRICAL EQUIPMENT AVAILABLE

1-22. HP-IB Controliers

The Noise Figure Meter has an HP-IB interface and can
be used with any HP-IB compatible computing controlier
or computer for automatic systems applications.

1-23. System Local Oscillators

The System Local Oscillator is part of the Noise Figure
Measurement System. Suitable local oscillators include
the HP 8671B, HP 8672A or HP 86738, C, D, E, G
Synthesized Signal Generators and the HP 8340B, HP
8341B or the HP 8360 Synthesized Sweeper. The upper
frequency limit of the Noise Figure Measurement System
can be limited by the local oscillator.

General Information



The HP 8573B and G Option 008 and the HP 8673D use
an amplifier to increase the output power above 16 GHz.
The amplifier used in instruments prior to serial number
prefix 2930A produces excessive broadband noise which
can degrade the noise figure of the Noise Figure Meas-
urement System. IF one of these signal generators is
being used as the system local oscillator and the output
signal is greater than or equal to 16 GHz, the amplifier
must be removed from the output signal path. For more
information, see manual section titled "Programming the
System LO"

1-24. Waveguide/Coax Adapters

The HP 346B/C Noise Source combined with the HP
X281C or P281C Waveguide/Coax Adapter makes a very
accurate, calibrated waveguide noise source.

1-25. MECHANICAL EQUIPMENT AVAILABLE

1-26. Chassis Slide Mount Kit

This kit is extremely useful when the Noise Figure Meter
is rack mounted. Access to internal circuits and com-
ponents or the rear panel is possible without removing
the instrument from the rack. Order

HP part sumber 1494-0060 for 430 mm (17 inch) fixed
sides and part number 1494-0061 for the correct adapters
for non-HP rack enclosures.

General Information

1-27. Chassis Tilt Slide Mount Kit

This kit is the same as the Chassis Slide Mount Kit above
except that it also allows the tilting of the instrument up
or down 90 degrees. Order HP part number 1494-0062
for 430 mm (17 inch) tilting slides and part number
1494-0061 for the correct adapters for non-HP rack
enclosures,

1-28. RECOMMENDED TEST EQUIPMENT

Tables 1-11 thru 1-15 lists the test equipment recommended
for use in testing, adjusting , and servicing the Noise Figure
Meter. The "Critical Specification” column describes the
essential requirements for each piece of test equipment.
Other equipment can be substituted, if it meets or
exceeds these critical specifications.

The "Recommended Model" column may suggest more
than one model. The first model shown is usually the least
expensive, single-purpose model. Alternate models are
suggested for additional features that would make them a
better choice in some applications.

HP 897CB



Table 1-1. HP 8970B Opt 020 Noise Figure Meter Specifications (1 of 2)

Characteristies

Performance Limits

Conditions

KOISE FIGURE MEASUREMENT
Range 0to 30 dB
Resolution 0.01 dB!
Instrumentation Uncertainty +0.1d4B For a noise source in a 0 to 55°C envi-
ronment with an ENR of 14 10 16 dB.
Jitter Peak-to-peak? Y-factor At minimum smoothing
variation <0.15 dB (Typical)
Peak-to-peak® Y-factor With increased smoothing {(smoothing
variation <0.02 dB {Typical) factor set to 64),
Note: Jitter in noise figure is equiv-
alent to jitter in Y factor to within
10% for ENE >14 dB and F <4 dB.
At minimum smoothing, jitter can
limit accuracy; the small jitter at high
smoothing does not.
GAIN MEASUREMENT
Range —20to > +40dB For total noise figures <30 dB.
Resolution 0.01 dB° Gain =—9.99 dB
0.1 dB? Gain <~9.99 dB
Instrumentation Uncertainty =0.15dB
INPUT
Frequency Range Tunable from 10 to 2047 MHz
Frequency Resolution 1MHz
Tuning Accuracy +(1 MHz + 1% of frequency), From +10 to +40°C

Noise Figure
Input SWR (Reflection Coefficient)

Mazximum Operating
Input Power

Maximum Net
External Gain

+6 MHz maximum
<7dB +0.002 dB/MHz

<1.7 {0.26) 10 to 1600 MHz
<2.0 (0.33) > 1600 to 2047 MHz

- =10 dBm

>65 dB

For input power levels below —60 dBm.

304! reference impedance.

Between noise source and
HP 8970B RF Input.

! Resolution over the Hewlett-Packard Interface Bus is 0.001 dB.

2 Peak-to-peak is defined as five times the standard deviation of 2 statistically valid set of rezdings. Five standard deviations about the mean

includes 99% of the readings for 2 Gaussian distribution.
3 Resolution over the Hewleti-Packard Interface Bus is 0.001 4B.
4 Resolution over the Hewlett-Packard Interface Bus is 0.01 dB.

HP 8970B
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Table 1-1. HP 8970B Opt 020 Noise Figure Meter Specifications (2 of 2}

Characieristics

Performance Limits

Conditions

INPUT {con{'d)
Reducing System Noise Figure with

<0.5dB + Noise figure of

Low noise external preamplification

Preamplification the external system with net gain >20dB
ELECTROMAGNETIC COMPATIBILITY
Conducted and MILSTD 461 B Conducted and radiated interference
Radiated Emissions EN 53011/1991 Class A is in compliance with MIL STD 461B
Methods CE03 and RE02, CISPR
publication 11/1990.
Conducted and Radiated MIL STD 461B-1980 Conducted and radiated immunity
Immunity EN 50082-1/1991/12 meets the requirements of methods
C801, CS02, and RS03 of MIL
STD 461B dated 1980 and
IEC 801-2/1991
TEC 801-3/1984
IEC 801-4/1990
BENERAL
Noise Source Drive 28.0 £0.1V Noise source ON at up to 60 mA
peak.
<1V Noise source OFF.
Power Requirements
Line Voltage:
100,120, 220,230, OR 240V +10% 48 to 66 Hz, single phase.

Power Dissipation 150 VA maximum
Temperature; -
Operating 010 55°C
Storage -55 to 75°C
Remote Operation (HP-IB) IEEE STD 483-1978 The Hewlett-Packard Interface
Compatibility Code: Bus (HP-IB) is Hewlett-Packard’s
SHi, AH1, T5, TEO L4, implementation of IEEE Std
LEQ, SR1, RL1, PP0, DC1, 488-1978, “Digital Interface for
DT1, CO and E1 Programmabile Instrumentation.”
Most functions are remotely
programmable.
Dimensions:
Height 146 mm (5.75 in.) Note: For ordering cabinet
Width 425 mm (16.8in.) accessories, the module sizes are
Depth 462 mm (18.2in.) 5%H, 1 MW (module width), and 171,
Net Weight 15.5 kg (34 lbs)
1-8
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Table 1-2. HP 8970B Opt 020 Noise Figure Meter Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters.

All parameters describe performance in automatic operation or properly set manual conditions.
Bandwidih: approximately 4 MHz.

Audibie Noise Level: <5.5 bels at 1 metre.

Sensitivity: no external gain required; —100 dBm; able to measure its own noise figure.
Measurement Speed: about 6 to 9 measurements per second with minimum smoothing.

Sweep Speed al Minimum Smoething {10 te 2047 MHz): 140 ms per frequency point.

Maximum Safe Input Level: £20 Vdc; +13 dBm peak (or average) at RF.

FUNCTIGNAL PROPERTIES

Noise Figure Bisplay Units: noise figure in dB or as a ratio, or uncorrected Y-Factor in dB or as a ratio, or effective
input noise temperature in kelvins.

Dispiayed Measurement Frequency Range: 10 to 99993 MHz.

Number of Calibration Points in One Sweep: 181

System L0 Control: frequency control over the System Interface Bus from 10 to 99999 MHz.

Noise Figure Display Jitter: <0.01 dB with appropriate smoothing.

Cold Noise Source Data Range: O to 9999K.

Hot Noise Seurce Data Range: stored table — ENR from ~7 to +50 dB; spot frequency — from 0 to 14824K.

Storage Capacity of Hot Noise Source Tables: Four stored ENR tables with 35 frequencies each (plus one working
ENR table).

Smoething: exponential averaging of gain and noise figure before display according to D = P (F—1) + M/F
where D is the display result, prior to conversion to logarithmic form, P is the previous result, M is the
latest measurement, and F is the averaging factor (1, 2, 4, 8§, 18, 32, 64, 198, 256, or 512}, Arithmetic
averaging is used during swept operation.

Rear Panel Qutputs: X-Axis and Y-Axis from 0 to 6V. Z-Axis is TTL for pen lift (on an X-Y recorder) and blanking
{on an oscilloscope).

Plotter Capability: Noise figure and gain versus frequency plot with grid, title and noise figure, gain and
frequency axis annotation.

Compatible Digita! Plofters: HP 74704, 7475A, 75504, 7440A and 9872B.

1-9
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Table 1-3. Noise Figure System Specifications (HP 8970 Opt 020 with HP 8971B and LO)

Specifications for the Noise Figure Measurement System are the same as the Noise Figure Meter, with the
following exceptions. These specifications are valid when any of the recommended system local oscillators
(HP 8671B, HP 8672A, HP 86738 [standard], HP 8673C, HP 8340A/B or HP 8341A/ B) is used in the Noise
Figure Measurement System.

Characteristics Performance Limits Conditions

All specifications certified for temper-
ature range of +10to +40° C

NOISE FIGURE MEASUREMENT
Range 6to 30 dB
Instrumentation Uncertainty’* <£0.25dB For a noise source with an ENR of 14
to 16 dB. )
For N¥1 + G1 >5 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
GAIN MEASUREMENT
Instrumentation Uncertainty*~ <£0.45dB For NF1 + G1 >10 dB where NF1 is
the noise figure of the device under
test and G1 is the gain of the device
under test.
INPUT
Frequeney Range Tunable from 10 to 18000
MHz
Reducing System Noise Figure with <2 dB + noise figure of the Low noise external preamplification
Preamplification external system with net gain 30 dB
Noise Figure (maximum)
SSB1 <12 dB +0.002 dB/MHz 10 MHz to 1.6 GHz
SSB2 =21dB 1.6t0 2.4 GHz
SSB3 =22 dB 241012 GHz
=24 dB 12 to 15 GHz
=28dR 15to 18 GHz
Input SWR
S8B1 1.5:1 10 MHzt0 1.6 GHz
SSB2 21 1.6t0 2.4 GHz
S5B3 21 2.4t0 18 GHz
GENERAL
Power, net weight and dimensions Sum of HP 83708,
HP 8971B and local
oscillator.

L Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier Selection detailed operating
instryction in Section LIl for more information on computing aceuracy for your application.

2 When making a measurement, the Noise Figure Measurement System must be tuned in the same direction and to the same frequency points
used during calibration without slkipping any frequency points.

1-10
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Table 1-4, Supplemental Characteristics (HP 8970B Opt 020 with HP 8971R)

typical, but nor-warranted, performance parameters,

Supplemental characteristics are intended to provide information useful in applying the instrument by giving

Maximum Safe Input Level
Maximum Operating Input Power
Maximum Net Exiernal Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Minimam Smoothing
(for each Noise Figure Test Set Band)
SSBI 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point

System Local Oscillator Control

Displayed Measurement Frequency Range

+16 dBm, 0Vdc

—20 dBm

>60 dB

~90 dB (no external gain required, but recommended
to lower measurement uncertainty; able to measure its
own notse figure with HP 346B/C).

18 dB, 2.4 ~ 18 GHz

2.5:1

6 to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz
1.6 to 2.4 GHz
2.4t0 18 GHz
2.4 to 18 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not contro} a
local oscillator that is external to the Noise Figure
Measurement System.

10 to 99999 MH:

The below information is provided to show conformance to the third regulation to the German Equipment Safety Law for the

Regulation on Noise Declaration for Machines: 3.GSGV.

Acoustic Noise Emissions/Geraeuschemission

Specifications

Spezifikation

LpA: <T0dB(A)

LpA: <70dB(A)

Operator Position: 44.0dB (typ.)
Bystander Position: 39.0dB (typ.)

per 150 3744 nach DIN 45635 pt.1
Gerneral Characteristics® Generelle Elgenschaften®
LpA: LpA:

am Arbeitsplatz: 44.0dB (typ.)
fiktiver Arbeitsplatz: 39.0dB (typ.)

per ISO 6081 nach DIN 45635 pt.19
*Based on type test *Typpruefungsergebnis
i-11
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Table 1-5. HP 8971C Specifications

Electrical
Characteristies

Performance
Limits

Conditions

All specifications certified for temperature range of +10°C to £40°C

Neise Figure SSB
Std. & Opt. 001

Opt. 002!

Input Standing Wave Ratio SSB

Std. and Opt. 001

Opt. 002

Image and Odd Harmonic
Rejection SSB

< 18dB
<£13dB
<10dB

< 11.5dB
<14.5dB
<5.4dB

<28 dB

<26 dB

<28 dB

< 28 dB typical
< 32 dB typical

2.25

2.5

1.5

2

3

20 dB typical

10 MHz - 30 MHz
30 MHz - 100 MH2
100 MHz - 12 GH=
12 - 18 GHz

18 - 26.5 GHz

10 - 1600 ME=
16~24GHz

24 - 15 GHz
15-18 GHz

18 - 22 GHz

22 - 26.5 GHz

10 MHz - 18 GEz

18 - 26.5 GHz

10 - 1600 MEBz

1.6~ 18 GHz

18 ~ 26.5 GHz

Applicable only from 2.4 - 26.5 GHz

REMOTE PROGRAMMING

All functions HP-1B programmable except the LINE switch.

EMI COMPATIBILITY

Conducted and radiated interference is in compliance with FTZ 526/527

1979 CISPR publication 11, tested to

the limits of MIL-T-28800D.

GENERAL
Temperature:
Operating

Storage
Power Requirements:
Line Voltage

Line Frequency

Power Dissipation
Dimensions:

| Height

Width

Depth

Net Weight

Shipping Weight

0 to +55°C

~40 to +75°C

100, 120, 220, or 240V,
(+10%, —10%)

48 to 66 Hz
150 VA maximum

93 mm (3.68 in.)
425 mm (16.75 in.)
473 mm (18.63 in.)
9.5 kg (21 1b)

11.8 kg (26 Ib)

Specifications certified in range of
4+10°C te 4+40°C only.

For ordering cabinet accessories,
the module sizes are 3.5H,
IMW (module width} and 17D.

1 See Table 1-9, footnote #1 pertaining to the HP 8971C Option 002,
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Table 1-6. HP 8971C Supplemental Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non~warranted, performance parameters.

Electrical Performance
Characteristics Limits Conditions
Gain (Typical)

Std. & Opt. 001

Opt. 002

DSB Gain
Std. & Opt. 001
Opt. 002
DSB Noise Figure (2.4 - 26.5 GHz)
Std. & Opt. 001
Opt 002
DSB SWR
5td. and Opt. 001
Opt. 002
Maximum Operating RF Noise
Input Power
Std. & Opt. 001

Opt. 002
Maximum Safe RF Input Power
Std. & Opt. 001
Opt. 002
LO Input Power
Minimum:
Std. & Opt. 002
Opt. 001
Maximum:
Std. & Opt. 002
Opt 001
Audible Noise Level

23 dB Avg. 17 dB Min.
24 dB Avg. 23 dB Min.
27 dB Avg. 14 dB Min.

—3 dB Avg. —4 dB Min.

4 dB Avg. 3 dB Min.
§ dB Avg. —5.0 Min.

28 dB Min.
4 dB Min.

Same as SSB
21 dB

Same as SSB
2.5:1

«29 dBm
«26 dBm
-~20 dBm

-5 dBimn
+20 dBm

+7 dBm
+1 dBm

+20 dBm
+7 dBm

<5.5 bels at 1 metre

10 MHz — 1600 MH:z
1.6- 24 GHz

2.4~ 26.5 GHz

10 - 1600 MHz

1.6 - 2.4 GHz

24 - 26.5 GHz

Negligible LO noise.

10 - 1600 MHz
1.6 - 26.5 GHz
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Table 1-7,
Noise Figure System Specifications
(HP 8970B with HP 8971C Std. and Opt. 001)

Electrical Performance
Characteristics Lirnits Condiitons
All specifications certified for
temperature range of +10°C
to +40°C
Noise Figure
Range 0to 30 dB
Instrumentation Uncertainty!-2 £0.2 dB plus typical drift of +0.015 {10 MHz to 18 GHz
dB/°C.
+0.4 dB plus typical drifi of £0.08 |18 to 26.5 GHz. For a noise source
dB/*°C. with an ENR of 14 to 16 dB. For

NF1 + G1 > 10 dB where NF1is
the noise figure of the device under
test and G1 is the gain of the device

under test.
Gain Measurement
Instrumentation Uncertainty < +0.28 dB pius typical drift of 10 MHz to 18 GHz
+0.05 dB/°C.
+0.07dB/°C 18 to 26.5 GHz
For gains of —6 dB to 30 dB.
Input
Frequency Range Tunable from 10 to 26506 MBz
Noise Figure (maximum) Same as HP 8971C
Input SWR Same as HP 8971C
General

Power, net weight and dimensions | Sum of HP 8970B, HP 8971C, and
local escillator.

*Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier
Selection Detailed Operating Instruction in Section III for more information on computing accuracy for your
application.

*When making a measurement, the Noise Figure Measurement System must be tuned in the same
direction and to the same frequency points used during calibration without skipping any frequency points.
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Table 1-8. Supplemental Characteristics (HP 89708 with HP 8971C and Opt. 001)

Supplemental characteristics are intended to provide information useful in applying the instrument by giving
typical, but non-warranted, performance parameters. .

Maximum Safe Input Level
Maximum Operating Input Power

Maximum Nei External Gain
Sensitivity

Double Sideband (DSB) Noise Figure _
SWR (DSB)
Measurement Speed

Figure Test Set Band)

SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point
System Local Oscillator Control

Displayed Measurement Frequency Range

Sweep Speed at Minimum Smoothing (for each Noise

—5 dBm, 0Vdc

—29 dBm, 10 to 1600 MHz
-26 dBm, 1.6 to 26.5 GHz
>35dB

~100 dBm (no external gain required, but
recommended to lower measurement uncertainty; able
to measure its own noise figure with HP 345B/C).

Same as Single Sideband
Same as Single Sideband

6 to 9 measurements per second with minimum

smoothing.

10 to 1600 MH2
16to 2.4 GHz

2.4 to 26.5 GHz
2.4 t0 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
Systemn. The Noise Figure Meter will not control a local
oscillator that is external to the Noise Figure

Measurement System.
10 to 99999 MHz

The below information is provided to show conformance to the third regulation to the German Equipment Safety Law for the

Regulation on Noise Declaration for Machines: 3.GSGV.

Acoustic Noise Emissions/Geraeuschemission

Operator Position: 44.0dB (typ.)
Bystander Position: 39.0dB (typ.)

Specifications Spezifikation

LpA: <70dB(A) LpA: <70dB(A)

per IS0 3744 nach DIN 45635 pt.1
Gerneral Characteristics® Generelle Elgenschaften*
LpA: LpA:

am Arbeitsplatz: 44.0dB (typ.)
fiktiver Arbeitsplatz: 39.0dB (typ.)

per IS0 6081 nach DIN 45635 pt.19
*Based on type test *Typpruefungsergebnis
1-15
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Table 1-8. Noise Figure System Specifications
(HP 8970B with HP 8971C Option 002)1

Electrical Performance
Characteristics Limits Conditions
All specifications certified for
temperature range of +10°C
to +40°C
Noise Figure

Range )
Instrumentation Uncertainty®®

Gain Measurement

Instrurnentation Uncertainty

Input

Frequency Range

Noise Figure (maximurm)
SSB1
55B2
SSB3

Input SWR
S8B1
5582
SSB3

General
Power, net weight and dimensions

0 to 36 dB

+0.2 dB plus typical drift of £0.015
dB/¢C.

< +0.28 dB plus typical drift of
+0.05 dB/ °C.

+0.07 dB/°C

Tunable from 10 to 26500 MHz

<12 dB + 0.063 dB/MHz
<28 dB

<26 dB

<28 dB

<28 dB typical

<32 dB typical

1.5:1

2:1

2:1

3:1

Sum of HP 83708, HP 8971C, and
jocal oscillator,

Assumes the use of a preamplifier
with 10 dB noise figure and >20 dB
gain. For a noise source with an ENR,
of 14 to 16 dB. For NF1 + G1 > 10
dB where NF1 is the noise figure of
the device under test and G1 is the
gain of the device under test.

10 MHz to 18 GHz

18 to 26.5 GHz
For gains of —6 dB to 30 dB.

10 MHz to 1.6 GHz
1.6 t0 2.4 GHz

2.4 to 15 GHz

15 to 18 GHz

18 to 22 GH:z

22 to 26.5 GHz

10 MHz to 1.6 GHz
1.6t0 2.4 GHz

241t 18 GHz
18 10 26.5 GHz

1Typically, 2 preamplifier with gain greater than 10 dB and noise figure <20 dB is necessary to align the HP
8971C Opt. 002 input filter during calibration at frequencies greater than 18 GHz.

*Noise figure accuracy and gain accuracy are dependent on the device under test. Refer to the Preamplifier
Selection Detailed Operating Instruction in Section III for more information on computing accuracy for your

application.

*When making a measurement, the Noise Figure Measurement System must be tuned in the same direction
and to the same frequency points used during calibration without skipping any frequency points.
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General Information

Table 1-10. Supplementa! Characteristics

Supplemental characteristics are intended to provide information useful in applying the instrument by giving

typical, but non~warranted, performance parameters.

Maximuam Safe Input Level
Maximum Operating Input Power
Maximum Net External Gain
Sensitivity

Double Sideband (DSB) Noise Figure
SWR (DSB)
Measurement Speed

Sweep Speed at Mininmm Smoothing
(for each Noise Figure Test Set Band)

SSB1 140 ms per frequency point
SSB2 150 ms per frequency point
SSB3 435 ms per frequency point
DSB 150 ms per frequency point
System Local Oscillator Control

Displayed Measurement Frequency Range

+20 dBm, 0Vdc
~20 dBm, 10 to 26500 MHz
>60 dB

—80 dB (no external gain required, but recommended to
lower measurement uncertainty; able to measure its own
noise figure with HP 346B/C but won’t align its filter
during calibration without an amplifier above 18 GHz).
21 dB, 2.4 — 26.5 GHz with negligible LO noise.

2.5:1

§ to 9 measurements per second with minimum
smoothing.

10 to 1600 MHz
1.6to 2.4 GHz

2.4 to 26.5 GHz
2410 26.5 GHz

The Noise Figure Meter will control the system local
oscillator used in the Noise Figure Measurement
System. The Noise Figure Meter will not control a local
oscillator that is external to the Noise Figure
Measurement System.

10 to 59999 MHz
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Table 1-11.
HP 8970B or HP 8970B Option 020 Recommended Test Equipment
Equipment Critical Specifications Recommended | Usel
Model
Arnplifier 1, Frequency Range: 0.1 to 1300 MHz HP 8477D P
Wideband Gain: 264B Option 010
QOutput Power for 1 dB Gain
Compression: +7 dBm
Amplifier 2, Frequency Range: 0.1 to 1500 MHz HP 8447F P
Wideband Gain: 48dB Option 016
Qutput Power for 1 dB Gain
Compression: >-15 dBm
Attenuator, 1 dB | Steps: 1 dB HP 8494A PA
Step Attenuation Range: 0 to 11 dB Option 001
Frequency Range: 10 to 1600 MHz
Attenuator, 10 dB |Step Size: 10 dB HP 8495A P
Step Attenuation: 0 to 70 dB Option §01
Frequency Range: 10 to 1600 MHz
Attenuator, Fixed | Attenuation: 6§ dB HP 8401A PA
Frequency Range: 10 to 1500 MHz Opticn 008
Attenuator, Fixed | Attenuation: 10 dB HP 8491A P
{2 required) Frequency Range: 10 to 2047 MHz Optiop 010
Attennator, Fixed | Attenuation: 6 dB HP 8493A A
Frequency Range: 10 to 1600 MHz Option 006
Aftenuator, Fixed | Attenuation: 20 dB HP 84G1A P
Frequency Range: 10 o 1600 MHz Option 020
Calculator Divide HP 41CV PA
Multiply
Square Root
Programmable
Controller HP-IB compatibility as defined by IEEE BP 9000 Series | O,P, T
Standard 488 and the identical ANSI Standard 200 or 300
MC1.1:8H1,AH1,T2,TE0,L2,LE},SRO,RLY,
PPG,DCO,DT0,C1,2,34,5
Digital Voltmeter |DC Voltage Range: Up to 100V HP 3455A or | PA,T
Resolution: 1xV (high resolution 3456A
mode, 1V dec range)
Accuracy: £0.003% of reading +4 counts
{in high resolution mode)
Single Trigger capability
Directional Frequency Range: 1380 to 2300 MHz HP 778D P
Coupler

1 A= Adjustments, P=Performance, T="Troubleshooting, O=COperational Verification

ftannral Infrrmamiiae
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Table 1-12.

General Information

HP 8970B or HP 8970B Option 020 Recommended Test Equipment

Equipment Critical Specifications Recommended | Usel
Model
Filter, Low Pass Insertion Loss: < 1 dB below 0.9 HP 360B PA
times cut-off frequency. or
Cut-off Frequency: 1200 MHz RLC F-10-1500
Rejection: >50 dB at 1.25 times cut-off
frequency
Frequency Counter | Range: 10 to 6000 MHz HP 5340A or A
Resoluti_on: 1 kHz 5343A
Logic Analyzer Input lines: 43 HP 16304, T
Timing Analysis: 16 lines 1630D, or
1631D
Noise Source Power Required: +28V HP 346B - [0Q.P,T,
ENR: 15.2 dB Option 001 or A
Connector: Type N (male) . HP 346C
Oscilloscope Inputs: Two Channel (A vs B or X vs Y) HP 54111D AT
and Z-Axis
Power Meter Uncertainty: £0.02 4B HP 436A PAT
Mode: dB Relative
Power Sensor Frequency Range: 10 to 4000 MHz HP 8484A or | PAT
Power Range: 0.1 oW to 10 uW HP 8481D
SWR.: (30 to 4000 MHz): 1.15
Power Sensor Frequency Range: 10 to 4000 MHz HP 84R81A PAT
Power Range: 10 pW to 100 mW
SWR: (30 to 4000 MHz): 1.18
Power Splitter Frequency Range: 10 to 2047 MHz HP 11667A P A
Signal Generator | Frequency Range: 10 to 2047 MH HP 8340B, |0, T,P,
Frequency Accuracy: &+ 1 kHz BET2A, or A
Output Level: + 13 dBm 86738
Spectrum Analyzer | Frequency Range: 10 to 2047 MHg HP 8566B A
Sweep Oscillator | Frequency Range: 20 to 2400 MHz HP 8620C/ |P,AO
Attenuation: 70 dB in 10 dB steps 862228 Option
002, HP 83508
HP
8340B/41B
SWR Bridge Frequency Range: 10 to 2047 MHz Wiltron 60NBG| P

Directivity: 40 dB
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Table 1-13. HP 8971C Recommended Test Equipment

Equipment Critical Specifications Recommended | Use!
Model
Attenuator, Fixed | Attenunation: 10 dB HP 8493C P
Frequency Range: 0.010 to 26.5 GHz Option 010
Cable, IF Output | No substitute HP P.C
11793-60008
Cable, LO Input | No substitute HP P,C
08971-60126
Coaxial Detector | Cornpatible with the HP 8757E HP 85025B P
Digital Voltmeter HP 3456A AT
Directional Bridge | Compatible with the HP §757E HPB5027B P
Noise Figure Meter | Compatible with the HP 8971C HP 8970B | P,T,O
Noise Source Frequency Range: 0.010 to 26.5 GHz HP 346C P,T,0
Oscilloscope HP 54111D T
Power Meter HP 437B T
Power Sensor Frequency Range: 0.050 to 26.5 GHz HP 84854 T
Power Range: 1 pW to 100 mW
Power Splitter Frequency Range:0.010 to 26.5 GHz HP 11667B
Scalar Network HP 8757E
Analyzer
Signal Generator e P,T,0O
{2 required) 8340B/41B,
86718, B6T2A,
8673B/C/E/G
Signature HP 5005A/E, T
Multimeter 5006A
SMA-male Coaxial | Calibration standard for HP 8757E HP P
Short/Open 85037-60001
Spectrum Analyzer | Frequency Range: 0.01 to 26.5 GHz EP 85668 T

1 A= Adjustments, P==Performance, T=Troubleshooting, O=Operational Verification
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Table 1-14. HP 8971B Recommended Test Equipment

Equipment Critical Recommended Use
Specifications
Attenuator Attenuation: 10 dB HP 84918 Opt. 010 P
Frequency Range: 10 to
18000 MHz
Digital Voltmeter HP 3456A P A
Dual Directional 20 dB attenuation on HP 11692D P
Coupler reflected and incident
DOTts,
Frequency: 2 - 18 GHz
frequency
Directivity: >26 dB
directivity
Osciltoscope HP 34200A/D, HP P
1980B or
HP 1740
Noise Figure Meter No substitute HP §970B P
Noise Source Frequency Range 10 - HP 346B/C P
18000 MH:
Power Meter (2) Uncertainty: +/- 002 dB HP 436A (2) P

Mode: dB relative
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Tabie 1-14. HP 8971B Recommended Test Equipment (Cont’d)

Equipment Critical Recommended Use
Specifications
Power Sensor (2) Freguency range: HP 8484A (2) P
0.1 - 18 GHz
Power range: | mW to
3W [000W peak
Signature HP5005A/B, T
Multimeter HP5006A
Spectrum Analyzer 01 to 18 GHz HP 8566B T
Synthesized CW 2-18GH:z HP 8671B PT
Generator
Synthesized Signal 01 - 18 GHz HP 8340B/41B P, T
Generator
SWR Bridge Frequency range: Wiltron 60N50 P
10 - 1500 MHz
Directivity: 40 dB
SMA Coaxial Open Made from foliowing P
parts:
HP 1250-0196 Body
HP 1250-0016 Snap Ring
HP 12500198 Nut
SMA Coaxial Short 50 Ohm HP 11512A P
Controller C
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SECTION I
INSTALLATION

2-1. INTRODUCTION

This section provides the information needed to
install the Noise Figure Meter. Included is informa-
tion pertinent to initial inspection, power require-
ments, line voltage selection, power cables, inter-
connection, environment, instrument mounting,
storage, and shipment. In addition, interconnect
information for the Noise Figure Measurement
System is provided.

. 2-2, INITIAL INSPECTION

WARNING

To avoid hazardous electrical shock, do
not perform electrical tests when there
are signs of shipping damage to any
portion of the outer enclosure (covers,
panels, meters).

Inspect the shipping container for damage. If the
shipping container or cushioning material is dam-
aged, it should be kept until the contents of the
shipment have been checked for completeness and
the instrument has been checked mechanically
- and electrically. The contents of the shipment
should be as shown in Figure 1-1. Procedures for
checking electrical performance are given in Sec-
tion I'V. If the contents are incomplete, if there is
mechaniczal damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container is damaged or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier’s inspection.

2-3. PREPARATION FOR USE
2-4. Power Requirements

The Noise Figure Meter requires a power source of 100,
120,220 0r 240 Vac, +10% to-10%, 48 to 66 Hz single
phase. Power consumption is 150 VA maximum.

WARNING

This is a Safety Class I product (that is,
provided with a protective earth termi-
nal). An uninterruptible safety earth

HP 8970B

ground must be provided from the main
power source to the product input wiring
terminals, power cord or supplied power
cord set. Whenever it is likely that the
protection has been impaired, the product
must be made inoperative and be secured
against any unintended operation.

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer’s common terminal
is connected to the neutral (that is, the
grounded side of the Mains supply).

2-5, Line Voltage and Fuse Selection

BEFORE PLUGGING THIS INSTRU-
MENT into the Mains (line) voltage, be
sure the correct voltage and fuse have
been selected.

Verify that the line voltage selection card and the
fuse are matched to the power source. Refer to

- Figure 2-1, Line Voltage and Fuse Selection.

Fuses may be ordered under HP part numbers

2110-0043, 1.5A (250V, normal blow) for 100/120

Vac operation and 2110-0001, 1.0A (250V, normal

blow) for 220/240 Vac operation, for the 8970B and for
the 8971B/C HP part numbers are 2110-0002, 2.0A
(250V, normal blow) for 100/120 Vac operation and
2110-0001, 1A (250V normal blow) for 220/240 Vac
operation.

2-8. Power Cables
WARNING

BEFORECONNECTING THISINSTRU-
MENT, the protective earth terminals of
this instrument must be connected to
the protective conductor of the (Mains)
power cord. The Mains plug shall only
be inserted in a socket outlet provided
with a protective earth contact. The pro-
tective action must not be negated by
the use of an extension cord (power
cable} without a protective conductor
(grounding). 9.1

Tnetallatinn



1.

2.

Operating voitage is shown
in module window.

SELECTION OF OPERATING VOLTAGE

Open cover doer, puli the FUSE PULL lever and rofate fo
jeft. Remove the fuse.

Remove the Line Voltage Selection Card. Position the
card so the line voltage appears at top-teft corner. Push
the card firmly into the slot.

. Rotate the FUSE PULL lever toits normal position. insert

a fuse of the correct value in the hotder. Close the cover
door.

WARNING

To avoid the possibility of hazardous electri-
cal shoeck, do not aperate this instrument at
line voltages greater than 132 Vac with line
frequerncies greater than 66 Hz (leakage cur-
rents at these line seftings may exceed
3.5 mA).

Figure 2-1. Line Voitage and Fuse Selection

Installation

This instrument is equipped with a three-wire
power cable. When connected to an appropriate ac
power receptacle, this cable grounds the instru-
ment cabinet. The power cable plug shipped with
each instrument depends on the country of desti-
nation. Refer to Figure 2-2 for the part numbers of
the power cables available.

2-7. Address Selection €LYy

The Noise Figure Meter uses HP-IB and System
Interface Bus (SIB) addresses. The HP-IB address
is used when the Noise Figure Meter is accessed by
an external controller. SIB addresses are used
when the Noise Figure Meter acts as a controller to
acecess other devices. When the Noise Figure Meter
is shipped from the factory, it assumes that devices
are set to the addresses shown in Table 2-1.

Both HP-IB and SIB addresses are selected by
Special Function from the front panel. Refer to
HP-IB and System Interface Bus (SIB) Addresses,
and System Interface Bus Control in the detailed
operating instructions in Section III for additional
information.

Valid HP-IB and SIB addresses are 0 through 30.
Refer to Table 2-2 for decimal equivalents of the
ASCII Talk and Listen address codes.

HP 8970B



Option 889 Option 881 Option 882

BE 12834 PLUG NZSS 188/AS CEE 7 §TD SHT wil, DIN 49441,
3112 PLUG VDE @528

NEUTRAL
\\ NEUTRAL
LINE %
NEUTRAL
EARTH

UNITED KINGDOM AUSTRALTA/ZNEW ZTALAND CONTINENTAL EURQOPE
Option SE3 Option 8¢5 Optiorn 3826
NEMA Bo15P 1EC 32@-C14 SEV 1B11.:1959-24507

TYPE 12 PLUG

EARTH
LINE
NEUTRAL
. NELUTRAL
For intercomnecting
LS. /CANADA system components and
(NOT INTERCHANGEAS.E WiTh OPT-918) peripherals SWITZERLAND
Option 9i2 Optiom 817 Option 918
DACR 187 PLUG iEC 83, MiTI 41-8832 PLUG
- : STC B: EARTH
(SABS 154)

NEUTRAL

REPUBLIC OF SCUTH AFRICA JAPAN
ard INDIA INOT INTERCHANGEABLE WITH OPT-923)

JINMARK

Figure 2-2. Power Cables and Mains Plug Options

2-3
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Table 2-1. Noise Figure Meter Factory Set Addresses

instrument HP-iB Address | SIB Address
Noise Figure Meter 8
Plotter 5
System Interface Bus 8
Noise Figure Test Set 10
Pass Control Device 16
System Local Oscillator 19

2-8. Interconnections
Interconnection data for the Hewlett Packard
Interface Bus (HP-IB) and the System Interface
Bus (SIB) is identical. See Figure 2-3.
2-9. HP 8970S/T/U Noise Figure Measurement
System

The HP 8970S/T/U Noise Figure Measurement
System consists of the Noise Figure Meter, the
Noise Figure Test Set and a System Local Oscil-
lator. Interconnection data for the Noise Figure
Measurement System is provided in Figure 2-4.
If the System Local Oscillator is a free-running

source, a coarse tune calibration must be performed.

Refer to the Noise Figure Test Set YIG Filter Cal-
ibration Detailed Operating Instruction in Section
III for the coarse tune calibration procedure. The
coarse tune calibration is not needed if a synthe-
sizer is used for the local oscillator.

2-10. Mating Connectors
interface Connector. The HP-IB and SIB mating

connector is shown in Figure 2-3. Note that two
securing screws are metric.

Coaxial Connectors, Coaxial mating connectors
used with the Noise Figure Meter should be 50 ohm
BNC, or type N male connectors. 500 type N and
APC-8.5male coaxial connectors are used with the
Noise Figure Test Set.

2-11. Operating Environment

The operating environment for the Noise Figure
Meter should be within the following limitations:

Temperature ......cc.vueevevneenn.. 0 to +55°C
Humidity .......coviriiiiiiinan. < 95% relative
Altitude ............. <4570 metres (15 000 feet)

2-12. Bench Operation

Theinstrument cabinet has plasticfeet and fold-away
tilt stands for conveniencein bench operation. (The
plastic feet are shaped to ensure self-aligning of the

2-4
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instruments when stacked with other HP equip-
ment.} The tilt stands raise the front of the instru-
ment for easier viewing of the front panel.

Tabie 2-2. ASCH Address Cedes to Decimal Equivalents

ASEI Address Codes
LISTEN TALK

Decimal
Equivaients

SP
!

00
01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

N

4 Fe o O A

[

[{ o v's B e > W vk 3 B NIRRT S N O S o T
S NS AL HONOZE RS IOEHTIOE B

VOl A

2-13. Rack Mounting

WARNING

The Noise Figure Meter weighs 18.5 kg
{40 1b), therefore, care must be exercised
when lifting to avoid personal injury. Use
equipment slides when rack mounting.

Rack mounting information is provided with the
rack mounting kits. If the kits were not ordered
with the instrument as options, they may be
ordered through the nearest Hewiett-Packard
office. Refer to the paragraph entitied Mechanical
Options in Section 1.

HP 8970B
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SIGNAL GROUND SHIELD=—— CONNECT 10
PIO TWISTED PAIR WITH 11 ATN i
PIOTWISTED PAIR WITH 10 SRO
SHOULD BE GROUNDED | PIO TWISTED PAIR WITH 9 || [35] [ | lire
NEAR TERMINATION 4 pjg 1w sTED PAIR WiTH 8 ||| (2] NDAC
OF OTHER WIRE OF L
TWISTED PAIR PIO TWESTED PAIR WITH 7 NRFD
PIOTWISTED PAIR WITH 6 Ced || |oav
REN =2 ol
DICE DIC &
pIc7 Bi03
DIOG D102
BIO5 510 1

[

150 METRIC wmermcn—e |
THREAD M3.5x0.6 24-PIN MICRO-RIBEON

{SERIES 57) CONNECTOR

¢

Logic Levels
The Hewlett-Packard Interface Bus and System Interface Bus Logic Levels are TTL compatible, ie.,-
the true (1) state is 0.0 Vdc to +0.4 Vdc and the false (0) state is +2.5 Vdc to +5.0 Vde.

Programming and Qutput Data Format
Refer to Section III, Operation.

Mating Connector
HP 1251-0293; Amphenol 57-30240.

Mating Cables Available
HP 108334, 1 metre (3.3 ft), HP 10833B, 2 metres (6.6 ft)
HP 10833C 4 metres (13.2 f£), HP 10833D, 0.5 metres (1.6 ft)

Gabling Restrictians
1. A Hewlett-Packard Interface Bus system or System Interface Bus system may contain no more
than 2 metres (6.8 ft) of connecting cable per instrument.

2. The maximum accumulative length of connecting cable for any Hewleti-Packard Interface Bus
system or System Interface Bus system is 20.0 metres (65.6 ft).

Figure 2-3. Hewlett-Packard Interface Bus and System Interface Bus Connections

HP 89708 installation



2-14. RECORDING IF ATTENUATOR VALUES

IF attenuator data is used to correct the gain
readings during the gain measurement. It is criti-
cal that the Noise Figure Meter know the value of
its internal IF attenuators in order to meetits gain
accuracy specification. Recording these values
ensures a backup record is kept if a nonvolatile
memory failure should occur. HP recommends
that IF attenuator values be recorded in Table 4-1
when the Noise Figure Meter is turned on for the
firsttime and after its annual calibration. Table 4-1
is located in the Gain Measurement Uncertainty
Performance Test in Section IV. This performance
test also includes a procedure for reading the IF
attenuator values. Refer to the “Entering IF Atten-
uator Values” portion of the performance test.

2-15. STORAGE AND SHIPMENT
2-71 6. Environment

The instrument should be stored in a clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment:

Temperature .................. —55°C to +75°C
Humidity ...oovveviiii ... <95% relative
Altitude ........... <C15 300 metres (50 000 feet)

2-17. Packaging

Tagging for Service. If the instrument is being
returned to Hewlett-Packard for service, please com-
plete one of the blue repair tagslocated at theback
of this manual and attach it to the instrument.

Original Packaging. Containers and materialsiden-
tical to those used in factory packaging are avail-
able through Hewlett-Packard offices. Mark the
container “FRAGILE"” to assure careful handling.
In any correspondence, refer to the instrument by
model number and full serial number.

Other Packaging. The following general instruc-
tions should be used for re-packaging with com-
mercially available materials:

a. Wrap the instrument in heavy paper or plas-
tie. (If shipping to a Hewlett-Packard office or serv-
ice center, complete one of the biue tags and attach
it to the instrument.)

b. Use a strong shipping container. A double-
wall carton made of 2.4 MPa (350 psi) test material
is adequate.

c. Use enough shock-absorbing material (75 to
100 mm layer; 3 to 4 inches) around all sides of the
instrument to provide firm cushion and prevent
movementin the container. Protect the front panel
with cardboard.

d. Seal the shipping container securely.

e. Mark the shipping container “FRAGILE” to
assure careful handling.

SYSTEM
L OCAL OSCILLATOR
HP 8871B/C_NOISE
FIGURE TEST SET
v s 5 Y
11
Lumpm LG RF i
MP-IR INPUT INPUT QUTPUT
HP 89708
CONTROLLER NOISE FIGURE METER
o zg]
m BT e — ouT []
§o= oo BEEE T moer §
NCISE SOURCE INPUT NOISE
lDRIVE ouUTPUT SOURCE
e |
\ _J
Figure 2-4. Noise Figure Measurement System Interconnections
2-6
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SECTION HI
OPERATION

3-1. INTRODUCTION

This section provides complete operating information for
the Noise Figure Meter. Included in this section are both
general and detailed operating instructions, detailed
descriptions of the front and rear panel, local and remote
operator’s checks, and operator’s maintenance proce-
dures. Also provided are operation and operators checks
for the Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and Systern Local Oscil-
lator). Operation of the Noise Figure Measurement Sys-
tem is described under Measurement Modes 1.5 through
1.9.

3-2. Operating Characteristics

Table 3-1 briefly summarizes the major operating charac-
teristics of the Noise Figure Meter. This table is not
intended to be an in-depth listing of all operations and
ranges but gives a rough idea of the instrument’s
capabilities. For more information on the Noise Figure
Meter’s capabilities, refer to Table 1-1, Specifications and
Table 1-2, Supplemental Characteristics. For information
on HP-IB capabilities, refer to the summary contained in
Table 3-3, Message Reference Table.

3-3. Local Operation

Information covering front panel operation of the Noise
Figare Meter is given in the sections described below. To
rapidly learn the operation of the instrument, begin with
Simplified Operation and Operator’s Checks. Once
familiar with the general operation of the instrument, use
the Detailed Operating Instructions for in-depth and
complete information in operating the Noise Figure

Meter.

The local oscillator power must be selected for
the type of HP 8971B/(C in use.

An HP 8971B requires + 6 dBm, an HP 8971C
standard or Option 002 requires + 10 dBm at
26.5 GHz ( + 8 dBm is adequate below 22 GHz),
and an HF 8971C Option 001 should have only
+ 1dBm. Use speciai function 42.5 to change the
local oscillator power if necessary.

General Operating information. Instructions relating
to the Noise Figure Meter turn-on procedure and various
keystroke sequences are presented to acquaint the user
with the general operation of the instrument.

HP 8970B

Simplified Operation. The instructions located on the
inside of this fold provide a quick introduction to front
panel operation of the Noise Figure Meter. These in-
structions are designed to rapidly acquaint the new user
with basic operating proce dures and therefore are not an
exhanstive listing of all Noise Fignre Meter functions.
However, an index to the Detailed Operating Instructions
appears opposite the fold to direct the operator to the
more complete discussion of the topic of interest.

Panel Features. Front and rear panel features are
described in detail in Figures 3-1 through 3-8,

Detailed Operating Instructions., The Detailed
Operating Instructions provide the complete operating
reference for the Noise Figure Meter user. The instruc-
tions are organized alphabetically by subject and are
placed at the end of this section for easy reference. They
are indexed by function in Table 3-2.

Operating Information Pull-Out Cards. The Operating
Information pull-out cards are three flexible plastic refer-
ence sheets located in a tray below the front panel. They
contain a listing of user special functions, HP-IB output
formats, error codes, and measurement modes.

3-4. Remote Operation

The Noise Figure Meter is capable of remote operation
via the Hewlett-Packard Interface Bus (FIP- IE). In
remote operation, the Noise Figure Meter operates in
cne of two modes: normal talker listener mode and talk
only mode. The remote operation instructions provide
information pertinent to HP-IB operation when the Noise
Figure Meter is in the normal talker/listener mode or the
talk only mode. Included are discussions on capabilities,
addressing input and output formats, the status bytes and
service requests. At the end of the discussion is a
complete summary of all codes and formats.

In addition to the section described above, information
concerning remote operation appears in several other
locations. The controller capability of the Noise Figure
Meter is described in the Detailed Operating Instruc-
tions. A summary of HP-IB codes and output formats
appear on ose of the Operating Information pull-out
cards. Numerous examples of program strings appear
throughout the Detailed Operating Instructions .

31
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3-5. Operator’s Checks

Operator’s Checks are procedures designed to
verify the proper operation of the Noise Figure
Meter’s main functions. Also, Operator’s Checks
are provided for the Noise Figure Measurement
System. Three procedures are described below.

Basic Functional Checks. This procedure requires
only a noise source, an oscilloscope (or a display
module), and interconnecting cables. It assures
that most front panel controiled functions are
being properly executed by the Noise Figure Meter.

{AEY HP-1B Functional Checks. These proce-
dures require an HP-IB compatible computing
controller, an HP-IB interface and connecting
cable. The HP-IB Functional Checks assume that
front panel operation of the Noise Figure Meter,
has been verified by performing the Basic Func-
tional Checks. The procedures check all of the
applicable bus messages summarized in Table 3-3.

Noise Figure Measurement System Check. This
procedure only requires the Noise Figure Measure-
ment System (Noise Figure Meter, Noise Figure
Test Set and System Local Oscillator) and a noise
souree, The check assures that the Noise Figure
Measurement System is operating properly.

3-6. Operator's Maintenance

WARNING

For continued protection egainst fire
hazard, replace the line fuse with a 250V
fuse of the same rating only. Do not use
repaired fuses or short-circuited fuse-
holders.

Operator’s maintenance consists of replacing
blown fuses and cleaning the air filter.

The primary power fuse is located within the Line
Power Module (A15). Refer to Figure 2-1 for instruc-
tions on how to change the fuse.

The rear panel fan has a filter inserted from the
outside for ease of cleaning or replacement. To
service the filter, disconnect power from the instru-
ment and remove the filter by pulling it from the
rear of the fan. To clean the filter, hold it under
running water or wash itin warm soapy water and
then rinse it in clear water. Dry the filter thor-
oughly before putting it back into place.

32
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NOTE

The internal battery should be replaced
once a vyear by gualified service per-
sonnel. In the Service Manual, Section
VIII, is a procedure for replacing the
battery. The part number of the Service
Manual is on the title page of this
manual.

If the instrument does not operate properly and is
being returned to Hewlett-Packard for service,
please complete one of the blue tags located at the
end of thismanual and attach it to the instrument.
Refer to Section Il for packaging instructions.

3-7. GENERAL OPERATING INSTRUCTIONS

WARNING

Beforethe Noise Figure Meter is switched
on, all protective earth terminals, exten-
sion cords, auto-transformers, and de-
vices connected to the instrument should
be connected to a protective earth
grounded socket. Any interruption of
the protective earth grounding will cause
¢ potential shock hazard that could
result in personal injury.

Before the Noise Figure Meter is switched
on, it must be set to the same line volt-
age as the power source or damage to the
instrument may result.

The Noise Figure Test Set must be ground-
ed through the third wire on the power
cord to aveid instrument damage to erit-
ical microwave amplifier circuitry.

3-8. Turn-On

Turn-On Procedures. If the Noise Figure Meter is
already plugged in, set the LINE switch to ON.

If the power cable is not plugged in, follow these
instructions:

1. Check the line voltage selection card for correct
voltage selection.

2. Check the fuse for correct current rating. The
current rating is printed on the line power,
module label.

3. Plug in the power cable.
On the front panel, set the LINE switch to ON.

HP 8970B
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SIMPLIFIED OPERATION

PRESET

Press This sets the front panel functions to the following:
FREQUENCY = 30 MHz STEP SIZE = 20 MHz
FREQ INCR = 20 MHz SMOOTHING =
START FREQ = 10 MHz MEASUREMENT = UNCORRECTED NOISE FIGURE
STOP FREQ = 1600 MHz CALIBRATE = Off
SWEEP = Off

In addition, default values are entered for some Special Functions. Refer to Table 3-14, Special Function Summary.

MEASUREMENT MODES

The Noise Figure Meter has ten Measurement Modes (1.0 through 1.9). Mode 1.0 is used for RF measurements
ranging from 10 to 2047 MHzand requires no external equipment (except a noise source). Modes 1.1 through 1.4
are used for microwave measurements of up to 99999 MHz and require the system local oscillator (1.0O). Modes 1.1
and 1.2 also require an external mixer (the mixer is part of the device-under-test (DUT) in Modes 1.3 and 1.4).
Modes 1.5 through 1.9 are also for microwave measurements. Mode 1.5 is used for measurements from 10 to
26500MHz. Modes 1.6 through 1.9 are for measurements up to 99999 MHz. Modes 1.5 through 1.9 require use of
the Noise Figure Test Set and the system L0, Along with the Noise Figure Meter, the Noise Figure Test Set and
the system LO form the Noise Figure Measurement Systemn, which extends the range of the Noise Figure Meter
from 2047 to 26500 MHz. Modes 1.6 through 1.9 require use of a second LO (user-controlled). The user-controlled
L.O is used with the Noise Figure Measurement System, and, along with an external mixer, extend the range of
the Noise Figure Measurement System from 26500 to 99999 MHz. Modes 1.6 and 1.7 require an external mixer
(the mixer is part of the DUT in Modes 1.8 and 1.9). Refer to the operating information pull-out card and Mea-
surement Modes in the Detailed Operating Instructions for more information. A Measurement Mode must be
selected before performing a calibration or measurement. (Mode 1.0 is selected with PRESET.) Simplified
Operation assumes that Mode 1.0 is selected.

FIXED FREQUENCY TUNING

Fixed frequency parameters are selected in a Function-Data-ENTER format. For example, to set the tuned
frequency to 500 MHz and the cixeD
frequency increment o 100 MHz: s FRE G, DATA

press iMHz)

FREGUENCY { ) [ ] ( ) (EHTEE]
{FEEGINDH] 1 ) { ] L?.J @

@ or @ steps the frequency up or down by the 100 MHz increment set with the FREQ INCR key.

STORE AND RECALL

The Noise Figure Meter can store instrument configurations for recall at a later time. For example, to store an
instrument configuration in storage register 5:

press | SToRE @

To recall the stored instrument configuration:  press @

The Noise Figure Meter can store and recall four (1 through 4) Excess Noise Ratio (ENR) tables. For example, to
store ENR data to table 3, use the following sequence:

press [STUHi] [ew] ( 3 }

To recall ENR table 3, use the following sequence:  press | ECALL} [ ENR} [3 ]

P
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SWEEP FUNCTIONS

Sweep parameters are selected In 2 Function-Data-ENTER format. For example, to set the start frequency to
1000 MHz, the stop frequency to 1600 MHz and the step size to 100 MHz:

o SWEEP m DATA
(MHz)

press [S.S‘R‘}‘}f] ( 1 } [0 ] (o } { o} [Ema}
) (1) (6] (o) (o] (wm
m OO

The Noise Figure Meter can sweep the selected frequency range once (SINGLE) or repetitively (AUTO). The
sweep can be terminated by pressing the same key again.

MEASUREMENT
Connect 2 noise source to the Noise Figure Meter as shown: jg : gg 7@?%% METER
® UNCORRECTED o B3|
Uncorrected Noise Figure seoemamen ©
. NGISE FIGURE ® cloe iRt O ¢
To measure uncorrected noise figure:  press e ———
The Noise Figure Meter is measuring its own noise figure.
NG ISE SOURCE
Calibrate i

Calibrate measures and stores the measurement system noise characteristic at each frequency for correction of
later measurements. Set START FREQ, STOP FREQ and STEP SIZE parameters. To initiate a calibration:

press | caupmaTe | twice

Corrected Noise Figure and Gain

The Noise Figure Meter must be calibrated before a corrected noise figure and gain measurement can be made.
@ CORRECTED

NUISE FIGURE
After calibration, to measure corrected noise figure and gain:  press .
Note that the Noise Figure Meter removes its own noise figure from the measurement results.

Smoathing

To change the number of measurements averaged to optimize speed of response and reduce jitter in the
INSERTION GAIN and NOISE FIGURE displays: press [mnﬂe.\SE ] or [BECREASE)

SPECIAL FUNCTIONS

Special Functions access capabilities of the Noise Figure Meter beyond those available with dedicated front
panel keys. Special Functions are selecied in a Code-SPECIAL FUNCTION format. For example, to display the
ENR entry currently being used: . press CODE

5] (0 (=) (o),

Refer to the Special Functions Detailed Operating Instruction: at the end of this section for more information.
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Table 3.2, Detailed Operating Instructions Table of Contents (Functional) (1 of 2)
i
Section Page  Section Page
Attenuation ) Measurements
IF Attenua,t;on_ Seiectlon. ............ 3-117 Manual Measurement Functions ... 3-121
RF Attenuation Selection ........ 3-222 Noise Figure (Uncorrected) and Noise
Calibration Figure and Gain {Corrected) .... 3-198
Calibrate ..o e, 3.59 Power Measurements ............ 3-200
Calibration, Frequency ............. 3-65 Trigger Selection ................ 3-273
Calibration, IF Attenuators ......... 3-67  Miscellaneous
Ca%:braf?mn, Input Gain Selection .... 3-69 Data Output to Oscilloscopes, Recorders
Noise Figure Test Set YIG Filter and Plotters - ... ooon oo 3.73
Calibration .................... 3-190 Error Messages and Recovery . ... .. 3.93
Displays Preset Conditions and Power Up
Display Control ................... 3.81 Sequence ......... .., 3-205
Display Resolution ................ 3-83 Sequence .............iiiiiainn. 3-224
Display Units Selection ............ 3-85 Store and Recall ............. .. 3-257
Smoothing (Averaging) ........... 3230 programs _
Temperature Units Selection ....... 3-271 Programming the System LO ... 3-211.1
ENR Programs Available to Control the
ENR Table Enfry ................. 3-87 System LO ................... 3-219
Loss Compensation ............... 3-119 Special Functions
Spot ENR, Ti‘{"“ Teola and ENR Calibration, Frequency ............ 3-65
Table Seiectlon. """" AR 3-254 Calibration, IF Attenuators ........ 3-67
Temperature Units Selection ....... 3-271 Calibration, Input Gain Selection ... 3-69
HP-IB and SIB Controller Capability of the
Controller Capability of the Noise Noise Figure Meter ............. 371
Figure Meter .................... 3-71 Data Output to Oscilloscopes, Recorders
HP-IB and System Interface Bus (SIB) and Plotters .................. 3-73
Addresses ...l 3-113 Display Control .................. 3-81
System Interface Bus Control ...... 3-262 Display Resolution ............... 3.83
Measurement Modes Display Units Selection ........... 3-85

Fixed IF or LO Frequency Selection  3-110

Loss Compensation ............... 3-119
Measurement Modes . ............. 3-125
Measurement Mode 1.0 .. ......... 3-132
Measurement Mode 1.1 . .......... 3-135
Measurement Mode 1.2 . .......... 3-140
Measurement Mode 1.3 .. ......... 3-145
Measurement Mode 1.4 .. ......... 3-150
Measurement Mode 1.5 ........... 3-155
Measurement Mode 1.6 ........... 3-160
Measurement Mode 1.7 ........... 3-168
Measurement Mode 1.8 ........... 3-176
Measurement Mode 1.9 .. ......... 3-183
Sideband Selection ............... 3-226

Fixed IF or LO Frequency Selection 3-110
HP-IB and System Interface Bus (SIB)

Addresses .. ...ooiiiiii... 3-113
IF Attenuation Selection ......... 3-117
Loss Compensation .............. 3-119
Manual Measurement Functions ... 3-121
Measurement Mode 1.0 .......... 3-132
Measurement Mode 1.1 .......... 3-135
Measurement Mode 1.2 . ......... 3-140
Measurement Mode 1.3 .......... 3-145
Measurement Mode 1.4 . ......... 3-150
Measurement Mode 1.5 .......... 3-155
Measurement Mode 1.6 .......... 3-160
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Table 3-2. Detailed Operating Instructions Table of Contents (Functional) (2 of 2)
Section ) ’ Page  Section Page
Special Functions (cont’d) Special Functions (cont’d)
Measurement Mode 1.7 ........... 3-168 Sideband Selection .............. 3-226
Measurement Mode 1.8 ........... 3-176 Smoothing {Averaging) .......... 2.930
Measurement Mode 1.6 .. ... ... .. 3-183 Special Function Catalog ......... 3-233
Noise Figure Test Set YIG Filter Special Functions ......... R 3-235
Calibration .................... 3-190 Spot ENR, Thot, Teold, and ENR Table
Power Measurements ............. 3-200 Selection ...l 3-254
Preset Conditions and Power Up System Interface Bus Control ... .. 3-262
SeqUence . ...\t 3.205 Temperature Units Selection .. .... 3-271
Programming the System LO .. ... 3-211.1 Trigger Selection ................ 3-273
Programs Available to Control the Tuning
System LO ..... RERTREERRRRRE 3-219 Fixed Frequency Increment ....... 3-105
RF Attenuation Selection ......... 3-222 Fixed Frequency Tuning .......... 3.108
Sequence .......... ... .. ... ... 3.224 SWEED « v v et e 3.958
3-7
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o LOCAL Key. Returns the Noise Figure Meter to local

operation {front panel conirol) from remote HP-IB
control provided that the instrument is nof in Local
Lockout.

© HP-I1B Annunciators. Display the HP-IB status. The

REMOTE annunciator lights when the Noise Figure
Meter is in the remote mode. The TALK annunciator
lights when the Noise Figure Meter is addressed fo
talk orisin Talk Only made. The LISTEN annunciator
tights when the Noise Figure Meter is addressed to
listen. The SRQ annunciator lights when the Noise
Figure Meter is sending a Require Service message
to the controlter,

o Left Display. Depending upon the selected functions,

the following information is displayed:

Frequency parameters — always displayed in MHz;
1 MHz resoiution; 10 to 2047 MHz measurement
range in Mode 1.0; 10 1026500 MHz measurement
range in Mode 1.5 up to 98999 MHz in Modes 1.1
through 1.4 and 1.6 through 1.9.

Speciai Function codes are dispiayed as they are
entered.

Spot ENR — displayed in ¢B.

Temperature of the noise scurce — displayed in °C,
°F or K.

Sequence order.
Smoothing factor.

All data as it is being entered (except ENR in the
“ENR versus Frequency” tables).

EXT MIX (external mixer) annunciator — lights
when Measurement Mode 1.1 through 14 or 1.6
through 1.9 is active.

© INSERTION GAIN Display. Displays (in ¢B) the gain

ofthe device under test (DUT) to two decimal places.
This cdisplay also shows ENR in dB when entering
the ENR tables.

o NOISE FIGURE Display. Displays measured noise.

Five annunciators (F ¢B, Y dB, F, Te K, and Y} indi-
cate the noise figure display units. This dispiay is
also used for power measurements (displayed in
B}, error codes and during ENR Table entry displays
the ENR table number with entry number.

3-8
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€ GRAPHIC SCALE. The GRAPHIC SCALE keys are used
1o select the vertical scaling for an oscilloscope
display or a plotter. The keys selsct the maximum
and minimum limits for the display or plot. These
keys perform the same functions as Special Fune-
tions 8.1 thorugh 8.4,

values for NOISE MAX is -9599 ¢B to 99939 dB.
This key performs the same function as Special
Function 8.2

0 GAIN MIN Key. Usad to display and enter the oscillo-
scepe orplottar mimimum vertical limit for insertion
gain. Whnen pressed the current GAIN MIN vaiue

o GAIN MAX Key. Used to display and enter the oscillo- appears in the left dispiay. The altowable range of

scope or piotter maximum vertical limitfor insertion
gain, When pressed the current GAIN MAX value
appears in the left display. The allowable range
of values for GAIN MAX is -9933 dB to 99999 dB.
This key performs the same function as Special
Function 8.4.

€ NOISE MAX Key. Used to display and enter the oscil-

loscope or plotier maximum vertical limit for noise
figure. When pressed the current NOISE MAX value
appears in the left display. The allowable rangs of

values for GAIN MIN is -9999 dB to 93999 dB.
This key performs the same function as Special
Function 8.3.

e NOISE MiN Key. Used to display and entar the oscil-

loscope or plotter minimum vertical limit for noise
figure. When pressed the current NGISE MIN valie
appears in the ieft display. The allowable range of
values for NOISE MIN is -8999 dB to 89999 dB.
This key performs the same function as Special
Function 8.1.

Figure 3-3. GAIN MAX, GAIN MIN, NOISE MAX and NOISE MIN Features

HP 89708
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€ PRESET Key. Returns the instrument to a known

state. Refer to the Preset Conditions and Power-Up
Sequence Detailed Operating Instruction for alist of
preset conditions and default values.

o LINE Switch. Applies power to the Noise Figure

Meter when set to the ON position.

€) ENR Key. Usec to display and enable entry of the

8xcess noise ratio (ENR) versus frequency tables.
Five ENR tables. each table containing 35 frequen-
cies, can be entered into the Noise Figure Mster.
Freguency is shown :n the left dispiay and the
corresponding ENR is shown inthe INSERTION GAIN

display. The NOISE FIGURE display shows the ENR
table number (0—4} and the current table entry
number (1 through 35). An ENR table is selected by
using the following sequence:

RECALL ENR N.

Nisthe number of the ENR table being recalied. AnENR
tabls is stored using the following sequence:

STORE ENR N.
N is the number of the ENR table being stored.

© KOISE SOURCE DRIVE OUTPUT. This BNC connector

provides the output to drive a noise source on and
off with +28 voit pulses.

3-10

Figure 3-4. LINE Switch, PRESET and SOURCE Features
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€ Frequency Function Keys. In addition to the func-
tions described bhelow, the following keys are used
to prefix numeric eniries for the specified functions:
START FREQ, STOP FREQ, STEP SIZE, FREQ, and
FREQ INCR. Frequency is ertered in MHz from the
front panel. Frequency parameters are entered ina
Function-Data-ENTER format.

FIXED FREQUENEY Keys

o FREQUENCY Key. Causes the tuned frequency to
appear in the left display. This key alsc acts as a
“clear” key when an error is made during entry: that
is, it returns the instrument to the measurement
frequency. {Alsa see Frequency Function Keys))

0 FREQ INCR Key. Causes the programmed frequency
fncrement to appear in the ieft display while the key
is depressed. {Also see Frequency Function Keys.)

© <+ or T keys. Increase or decrease the tuned
fixed frequsncy by the programmed frequency
increment. Hoiding either of these keys down causes
the tuning to step continuously up or down.

SWEEP Keys

9 SINGLE Key. Starts one sweep from STARTFREQ to
STOP FREQ inincrements determined by STEP SIZE.

At the end of one sweep the instrument remains
tuned to the stop freguency. Singie sweep can be
terminated by pressing the SINGLE key a second
tima.

o AUTO Key. Starts a swsep from the current fre-
guency, The swesap repeais from START FREQ to
STOP FREQ in increments determined by STEP SIZE
until terminated. Autc sweep isterminated by press-
ing the AUTO key a second time,

€ STEP SIZE Key. Causes the programmed frequency
step size of the sweep 10 appear in the left display
white the key is depressed. (Also see Frequency
Function Keys.)

© STOP FREQ Key. Tunes the Noise Figure Meter to
the programmed step frequency and causes that
frequency to appear in the left display. {Also see
Frequency Function Keys.)

0 START FREQ Key. Tunes the Noise Figure Meter to
the programmed start frequency and causes that
frequency to appear in the left display. (Also see
Frequency Function Keys.)

Figure 3-B. SWEEF and FIXED FREQ Features

HP 847010
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e DATA Keys. Enter data or Special Function codes.

Entries are completed by the ENTER key or the SPE-
GiAL FUNCTION key (except for STORE and RECALL).

© ENTER Key. Completes keyboard entries other than

Special Function codes.

€ SPECIAL FUNCTION Key. Completes the keyboard

entry of a Special Function code. Special Functions
are instrument operations in addition to those
accessible from dedicated front pane!l keys. Refer to
Spscial Functions in the Detailed Operating Instrue-
tions for a comptete listing of user special functions.

© STORE and RECALL Keys. Store and recall up to ten

instrument configurations in storage registers
through 9. Front panei features thal cannot be
stored and later recalled are CALIBRATE, SMOOTH-
ING, AUTO or SINGLE SWEEP, UNCORRECTED NOISE
FIGURE and CORRECTED NOISE FIGURE AND GAIN.
STORE and RECALL are also used to store orrecallan
ENR tahle.

When the STORE key is used as a prefix for a numeric
key (a single digit 0 — & o identify the register}, the
gurrent instrument configuration is stored in that
internal storage register.

When the RECALL key is used as a prefix 1o a
numeric key (a single digit 0 — 9 to identify the
register), the contents siored in that register are
recalied and the insirument configuration is changed
to the recailed parameter valugs.

o SEQ Key. Recalls storage registers 1through 8in a
preset sequence. Pressing the SEQ key momentarily
displays the current storage register number. SEQ is
used in conjunction with Special Function 35.

0 — {Minus] Key. Can be used as a prefix for loss, ENR,
or temperature. Although the minus key can be used
any time before anentry is completad, the minus sign
is always inserted to the left of the entered digits. i the
minus sign is used incorrectly an error message is
displayed when ENTER is pressed.

312

Figure 3-6. DATA and SPECIAL FUNCTION Features
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@ CALIBRATE Key. Initiates the calibration process

which measures and stores the measurement system
noise figure and gain. This data is used for sacond
stage sorrection and gain measurements. Calibration
is done from START FREQ to STOP FREQ in steps of
STEP SIZE (see Figure 3-5). During calibration all front
panel keys except PRESET, CALIBRATE and LOCAL are
disabled. To start a catibration, the CALIBRATE key
must be pressed twice. Pressing CALIBRATE hefore
calibration is complete terminates the calibration,

€© CORRECTED NOISE FIGURE AND GAIN Key.

Configures the Noise Figure Meter 1o measure noise
figure and gain with second stage correction {that
is, only the noise figure and gain of the device under
testis displayed). A catibration must be completed
prior 1o making corrected noise figure and gain
measurements.

0 INPUT. This female type-N INPUT connactor is used

to connect the device under test to the Noise Figure
Meter in Modes 1.0 through 1.4. In Modes 1.5 through
1.9, the Noise Figure Test Set is connected to this
input. The nominal input impedance i8 50 ohims. Speci-
fied onerating input level is less than —10 dBm. The

frequency range at the INPUT connecior is 10 to 2047

MHz. The maximum average input power for a CW
signai is +13 dBm. The maximum peak input power
for a pulsed signal is +13 dBm.

Damage to the instrument can be caused
by connecting signals to INPUT that exceed
+13 dBm or 420 Vdc.

© SMOOTHING Keys. INCREASE and DECREASE the

number of measurements averaged (smoothing
factor) when dispiaying measurement results. When
pressed, these keys cause the smoothing facior to
appear in the left display. The smoothing factor
ranges from 1 to 512 and changes in factors of 2.
Pressing INCREASE doubles the smoothing factor.
Pressing DECREASE halves the smoothing factor.
Both INSERTION GAIN and NOISE FIGURE displays are
smoothed. Increasing the smoothing reduces thejitter
in the dispiay.

@ UNCORRECTED NOISE FIGURE Key. Configures the

Noise Figure Meter to measure noise figure without
sacond stage corraction (that is, the noise contribu-
tion of the measurement system is included in the
reading in the NOISE FIGURE display).

Figure 3-7. MEASUREMENT and INPUT Features

HP 8970B
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o NOISE SOURCE DRIVE QUTPUT drives a noise source o Line Power Meduie permits operation from 100, 120,

on and off with +28Y pulses and is in parallel to the 220 or 240 Vac. The number visible in the window
front pane! NOISE SOURCE DRIVE QUTPUT. {Only one indicates nominal line volfage to which the instrument
noise sourge can be connected at a fime.) must be connected (see Figure 2-1}. Center conductor

is a chassis connection for safety earth ground.
o INPUT is a rear panei input for coupling the output
signal from the device under test or Noise Figure Test @ Fuse. 154 (250V, Normal Blow) for 100/120 Vac. 10
Setinto the instrument, {250V, Normal Biow) for 224/240 Vac.

© System Interface Bus {S1B) Connector. Connects the

CAUTION Noise Figure Meter to the System Interface Bus. This

is the bus that the Noise Figure Meter uses to conirof

Damage to the instrument can be caused by the Noise Figure Test Set, System Local Oscillator and
connecting signals to INPUT that exceed a plotier.

+13 dBm or +20 Vdc. © HP-1B Connector connects the Noise Figure Meter to the

o IF provides a rear panel output for the Noise Figure Hewleti-Packard Interface Bus for HP-1B operation,

Meter's fast IF (20 MHz) immediately prior to the
detector. The power leval is =50 10 -30 ¢8m nominal.
Output impedance is 5002 nominal.

@ X-AX1S. 010 +6Y output proportional to the measure-
ment freguency when driving an analog oscilloscope
or X-Y recorder. This output can be made proportional
1o noise figure for driving a strip chart recorder.

0 DET provides an output from the noise power detector. Output impedance is 1000,

Levelis 0.110 1.6 Vdc nominal, floating.
@ Y-AXIS. 0 to +BV output proportional to noise figure

NOTE when driving an analoeg oscilloscopa or X-Y recordar.
DET is a direct connection to the instru- This output can be made propartional to gain when
ment's detector. Loading or infecting a driving a strip chart recorder. Output impedance is
signal may cause inaccurate readings. Only 10002,
connect this output to instrumentation with
fleating inputs. Output impedance is 10 kO @ Z-AXIS/PEN LIFT. TTL compatibie output. When used
nominal, with an analeg oscilioscope, the Z-AXIS provides a
TTL high signal for retrace and cursor blanking. When
© GAIN TRACE adjusts the intensity of the gain trace {on used with a recorder, the PEN LIFT provides a TTL high
an oscilloscope) relative to the naise figure trace. signal ¢ lift the pen. Gutput impedance is 1000

Figure 3-8. Rear Pane! Fealures
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LO INPUT Conhnector connects the signal
from a local osciliator to the Test Set for RF
input signals above 1600 MHz.

RF INPUT Connector connects the signal
from the measurement setup into the Test
Set. If the input signal is 1600 MHz or below,
it is connacted by internal relays directly to
the IF QUTPUT connector, to go to the Noise
Figure Meter, Qtherwise, it is mixad with the
local osclllator input (LO INPUT) and the IF

signal generated is routed 1o the IF QUTPUT
connector.

€ IF OUTPUT Connector connects the output

of the Test Set to the Noise Figure Mster.

LINE Switch applies power to the instrument
whean set to ON,

€) ANNUNCIATORS indicate the configuration

selected and the status of the HP-IB bus
(also alled the System Interface Bus).

Figure 3-8. HP 8971B/C Front Panel Features
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€@ P13 ADDRESS Switch sets the HP-B ad-

dress, and also has two segments (kbits) for
selecting diagnostic tests (TEST 1 and TEST
2). These segments normally should be left
off {down).

Line Power Module permits operation from
100, 128, 220 or 240 Vac. The number visible
in the window indicates nominal line voitage

to which the instrument must be conneacted
(see Figure 2-1). Center conductor is a chas-
sis connection for safety earth ground. The
fuse is the only part of this module to he
replaced.

HP-IB Connector connecis the Test Set to the
Hewlett-Packard interface Bus for HP-IB
operation.

3-142

Figure 3-10. HP 8971B/C Rear Panel Features
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OPERATOR’S CHECKS

3-10, OPERATOR’S CHECKS

3-11. Basic Functional Checks

Description The overall operation of the Noise Figure Meter is checked using a noise source and an
analog display module. If the Noise Figure Meteris to be used to control the System LO,

the optional System LO Check at the end of this procedure verifies that capability. This
check should be performed sequentially.

ANALDOG -
DISPLAY MODULE

SYSTEM HP 837¢8
LOCAL OSCILLATOR NOISE FIGURE-METER voAx1S

= BRI
coRpgEEr o5 X-AX1S

goooaBE3E" B ¢

SOURCE INPUT
NOISE SCURCE
]

Figure 3-11, Basic Functional Checks Setup

Equipment Noise Source ......ooovveeveuneiinnn. HP 346B Option 001
Analog Display Module ............. HP 1332A Options 101 and 315
SystemLO ... HP 8671B

Procedure Preliminary Check

1. Remove any cables from the Noise Figure Meter's INPUT and SOURCE. Set the
LINE switch to OFF, and then back to ON. Verify the front panel LED annuncia-
tors, display segments, decimal points, and key lights turn on for approximately
two seconds. Then, verify that “Ctr]” appears in the INSERTION GAIN display
and “on” or “OFF” appears in the NOISE FIGURE display. If the Noise Figure
Meter is the system controller on the System Interface Bus (Special Function 48.0)
“on” will be displayed. Ifthe Noise Figure Meter is not the system controller on the
System Interface Bus (Special Function 48.1) “OFF” will be displayed. Then, “Fr”
will appear in the INSERTION GAIN display and “CAL” will appear in the
NOISE FIGURE display for approximately five seconds while the Noise Figure
Meter performs a frequency calibration.

9. Press PRESET. After “Fr”’ disappears from the INSERTION GAIN display and
“CAL” disappears from the NOISE FIGURE display, verify the following
conditions:

NOTE
If error code E44 is displayed, press 45.0 SPECIAL FUNCTION. Since
Measurement Mode 1.0 (default after PRESET) doesn’t require the
Noise Figure Test Set, Special Function 45.0 disables Noise Figure Test
Set commands in Measurement Mode 1.0. :

Left display shows 30 MHz.

INSERTION GAIN display is blank.

NOISE FIGURE display shows “~—— FdB”.
UNCORRECTED NOISE FIGURE annunciator is on.

oo
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OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

Procedure 3. Enter the Excess Noise Ratio (ENR) data for the noise source being used. For more

{cont'd) information, refer to the ENR Table Entry Detailed Operating Instruction. Con-
nect the noise source between the Noise Figure Meter’'s SOURCE and INPU'T (see
Figure 3-11). Verify the NOISE FIGURE display shows approximately 5 dB.

4. Connect the display to the X Y-, and Z-AXIS connectors on the rear panel of the

Noise Figure Meter. Use the X-AXIS for the horizontal input and the Y-AXIS for the
vertical input. o

5. On the Noise Figure Meter, press 7. 1 SPECIAL FUNCTION. Verify that a test
pattern is seen on the display. It may be necessary to adjust rear panel GAIN
TRACE control to obtain the test pattern. The test pattern should be 6 = 0.5 volts

verticaily and horizontally. Adjust the display until the test pattern filis the grid
area (see Figure 3-12). Press 7.0 SPECIAL FUNCTION to enable the Noise Figure
Meter to output the noise figure and gain data to the display.

Figure 3-12. Test Pattern on 'Osbnliéscopé

Calibration and SWEEP Check

6. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display shows an error message.

NOTE
In step 6, error code E20 (not calibrated) is normally displayed.

7. Press UNCORRECTED NOISE FIGURE. Verify thatthe NOISE FIGURE display
shows approximately 5 FdB indicating that the Noise Figure Meter can make
uncorrected noise figure measurements prior to being calibrated.

8. Press CORRECTED NOISE FIGURE AND GAIN. Verify the NOISE FIGURE
display again shows an error message.

3-16
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OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

Procedure
(cont'd)

10

11.

12.

13.

NOTE
All frequency data must be entered in MHz.

Press the following keys to enter the SWEEP calibration parameters:

a. STARTFREQ 123 ENTER.
b. STOP FREQ 78 9 ENTER.
c. STEP SIZE 4 0 ENTER.

Press CALIBRATE twice. Verify the following conditions:
a. CALIBRATE annunciator lights.

b. The frequency is swept from the start frequency (123 MHz) to the stop fre-
quency (789 MHz) in 40 MHz steps. This sweep is performed three times.

c. After calibration is complete, the CALIBRATE annunciator turns off and the
CORRECTED NOISE FIGURE AND GAIN annunciator lights.

d. The INSERTION GAIN display shows approximately 0 dB and the NOISE
FIGURE display shows approximately 0 FdB.

Press SWEEP SINGLE. Verify that the key’s LLED lights. The established fre-
guency range is swept once. After the sweep is completed, the LED turns off and the
left display shows 789 MHz.

Press SWEEP AUTO. Verify that the key’s LED lights and the frequency range is
swept repetitively. Press SWEEP AUTO again. Verify the sweep stops at the
current frequency and the LED goes off.

Press SMOOTHING INCREASE four times to set the smoothing (averaging)
factor to 16. Press SWEEP SINGLE. Verify that the INSERTION GAIN and
NOISE FIGURE displays are more stable and the time required for each
measurementis longer. Press SMOOTHING DECREASE four times to return the
smoothing factor to 1.

GRAPHIC SCALE Check

i4d.

15

16.

17.

18.

Verify that the display is set up as described in steps 3 through 5.

Press 7.0 SPECIALFUNCTION. This will enabie Noise Figure and Insertion Gain
to be seen on the display.

Press NOISE MAX. Verify that 8.000 dB is shown in the left display. If8.000 dB is
not shown, press 8 and ENTER.

Press NOISE MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dB is
not shown, press 0 and ENTER.

Press GAIN MAX. Verify that 40.00 dB is shown in the left display. If 40.00 dB is
not shown, press 40 and ENTER.

HP RA70OR
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OPERATOR'’S CHECKS

Basic Functional Checks (cont'd)

Procedure
(cont'd)

19.

20.

21.

22.
23.
24.

25.

Press GAIN MIN. Verify that 0.000 dB is shown in the left display. If 0.000 dB is
not shown, press 0 and ENTER.

Press START FREQ. Verify that 10 is displayed in the left display. If 10 is not
displayed, key in 10 and press ENTER. Press STOP FREQ. Verify that 1600 is
displayed in the left display. If 1600 is not displayed, key in 1600 and press ENTER.
Press STEP SIZE. Verify that 20 is displayed in the left display. If 20 is not
displayed, key in 20 and press ENTER.

Press CALIBRATE twice. The Noise Figure Meter will perform a calibration from
the start frequency to the stop frequency, using the step size selected.

Press CORRECTED NOISE FIGURE AND GAIN.
Press SINGLE SWEEP. Verify that the traces are along the bottom of the display.

Change the NOISE MAX and GAIN MAX limit to 2. Change the NOISE MIN and
GAIN MIN limit to —2.

Press SINGLE SWEEP. The Noise Figure trace and Insertion Gain trace will
appear in the center of the display.

FIXED FREQUENCY Tuning Check

26.

27.

28.

Press the following keys to establish the tuned FIXED FREQUENCY parameters:
a. FREQUENCY 500 ENTER.
b. FREQINCR 300 ENTER.

Press 4 . Verify that the left display shows 800 MHz and the NOISE FIGURE
display shows error code E21 (current frequency is out of calibrated range).

Press W . Verify the left display shows 500 MHz and the INSERTION GAIN and
NOISE FIGURE displays show approximately 0.

ENR Table Entry Check

29.

30.

31.

NOTE

This check verifies the capability of the ENR and ENTER keys to
initiate and sequence through the ENR table. If it is necessary to change
the ENR table, refer to the ENR Table Entry Detailed Operating
Instruction.

Press ENR. Verify the MHz annunciator in the left display is flashing.

Press ENTER. Verify that the MHz annunciator remains on and the dB annun-
ciator in the INSERTION GAIN display is flashing.

Press and hold ENTER. Verify the two displays sequence through the ENR table
entries. Also, the ENR table entry should be changing in the NOISE FIGURE -

" display. Release ENTER.

3-18
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OPERATOR’S CHECKS

i

Basic Functional Checks (cont'd)

Procedure
{(cont'd)

NOTE
If ENTER is held down until all 35 frequency vs. ENR pairs have been
displayed, both annunciators light and remain lit. When ENTER is
released, the Noise Figure Meter returns to the measurement config-
uration it was in prior to pressing ENR. If ENTER is released prior to
displaying all pairs, press FREQUENCY to return to the previous
measurerment configuration.

32. Verify that the CORRECTED NOISE FIGURE AND GAIN annunciator lights.

STORE, RECALL and SEQ Check
33. Press PRESET. Verify the left display shows 30 MHz.

34.
35.
36.

37.

38.

NOTE
During the STORE and RECALL checks the complete instrument
configuration is stored and recalled. The frequency change is merely a
conuvenient indication that different setups have been stored and
recalled.

Press STORE 1.
Press 4 . Verify the left display shows 50 MHz. Press STORE 2.

Press RECALL 1. Verify the left display shows 30 MHz. Press RECALL 2. Verify
the left display shows 50 MHz.

Press and hold SEQ. Verify the left display shows 1. Release SEQ. Verify the left
display shows 30 MHz.

Press and hold SEQ. Verify the left display shows 2. Release SEQ. Verify the left
display shows 50 MHz.

Minus Check

39.

Press —. Verify the left display shows —.

System LO Check (Optional; for Measurement Modes 1.1 through 1.4)

40.

41.

NOTE
The following steps check the Noise Figure Meter’s capability to control
the System LO. Itis not necessary to performthis check unless the Noise
Figure Meter is used for this purpose and a suitable System LO is
available. It is assumed in the following check that the SIB addresses
used by the Noise Figure Meter and the Sysiem L0 are compatible.

Connect the System LO to the Noise Figure Meter's SYSTEM INTERFACE BUS
counector (see Figure 3-9).

Press 48.0 SPECIAL FUNCTION. This will enable the Noise Figure Meterto bethe
system controller on the System Interface Bus.

HP 8970B
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OPERATOR’S CHECKS

Basic Functional Checks (cont'd)

Procedure
(cont’d)

42.

43.

44,

46.

Press 46.0 SPECIAL FUNCTION. This will enable the commands for the system
LO on the System Interface Bus.

Press one of the following sequences of keys depending upon the System LO used:
a. For an HP 83508, press 41.0 SPECIAL FUNCTION.

b. For an HP 8671B/8672A press 41.2 SPECIAL FUNCTION.

c. For an HP 8673B/C/G, press 41.3 SPECIAL FUNCTION.

d. For an HP 8340B/8341B, press 41.4 SPECIAL FUNCTION.

e. For the Custom Local Oscillator Program, press 41.5 SPECIAL FUNCTION.
Press 1.1 SPECIAL FUNCTION. Verify theleft display shows 10000 MHz and the

EXTMIX annunciator lights. Also, verify that the remote and listen annunciators
light on the system LO.

. On the Noise Figure Meter, press SWEEP START FREQ. Verify the left display

shows 8000 MHz and the System LO is tuned to the same frequency.

On the Noise Figure Meter, press SWEEP STOP FREQ. Verify the left display
shows 12000 MHz and the System LO is tuned to the same frequency.
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OPERATOR’S CHECKS

3-12. HP-IB Functional Checks Gy

Description

Initial
Setup

Equipment

The following procedures check the instrument’s ability to perform the following
functions:

a. Process or send all of the applicable HP-IB mmessages described in Table 3-3.
b. Recognize its own HP-IB address.

c. Set all of the bus data, handshake, and control lines (except DIO8) to both their
true and false states.

These procedures do not check if all Noise Figure Meter program codes are being
properly interpreted and executed by the instrument. However, if the power-up
sequence {including the memory checks) and the front panel operation is good, the
program codes, in all likelihood, will be correctly executed.

The validity of these checks is based on the following assumptions:

a. The Noise Figure Meter performs properly when operated via the front panel keys
(that is, in local mode}. This can be verified with the Basic Functional Checks.

b. The bus controller properly executes HP-IB operations.
¢. The bus controller’s HP-IB interface properly executes the HP-IB operations.

If the Noise Figure Meter appears to fail any of these HP-IB checks, the validity of the
above assumptions should be confirmed before attempting to service the instrument.

The select code of the controlier’s HP-IB interface is assumed to be 7. The address
of the Noise Figure Meter is assumed to be 8 (its address as set at the factory). This
select code address combination {that is, 708) is not necessary for these checks to be
valid. However, the program lines presented here have to be modified for any other
combination.

These checks are intended to be as independent of each other as possible. Nevertheless,
the first four checks should be performed in order before other checks are selected. Any
special initialization or requirements for a check are described at its beginning.

The test setup is the same for all of the checks. Connect the Noise Figure Meter to the
bus controller via the HP-IB interface. Do not connect any equipment, other than the
noise source, to the Noise Figure Meter’s INPUT.

HP-IB Controller .............. HP 9000 Series 200/300
Noise Source . ......oovi... HP 346B (Option 001)

HP 8970B
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OPERATOR’S CHECKS

HP-IB Functional Checks GIED (cont'd)

Address Recognition

Note This check determines if the Noise Figure Meter recognizes when it is being addressed
and when it is not. This check assumes only that the Noise Figure Meter can properly
handshake on the bus. Before beginning this check, set the Noise Figure Meter’s
LINE switch to ON, press PRESET, 45.0 SPECIAL FUNCTION, and 4.0 SPECJIAL

FUNCTION.
HP 9000 Series 200,300
Description {BASIC)

Set the Remote Enable (REN) bus control line false. LOCAL7

Send the Noise Figure Meter’s listen address. QUTPUT 708
Operator’s Check that the Noise Figure Meter’s REMOTE annunciator is off and that its LISTEN
Response annunciator is on.

Unaddress the Noise Figure Meter by sending a different address. OQUTPUT 715
Operator’s Check that botk the Noise Figure Meter’s REMOTE and LISTEN annunciators are
Response off.

Remote and Local Messages and the LOCAL Key

Note This check determines if the Noise Figure Meter properly switches from local to remote
control, irom remote to local control, and if the LOCAL key returns the instrument
to local control. This check assumes that the Noise Figure Meter is able to both
handshake and recognize its own address. Before beginning this check, press the Noise
Figure Meter’s PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 200/300
Description (BASIC)

Send the Remote message (by setting Remote Enable, REN, true REMOTE 708
and addressing the Noise Figure Meter to listen}.

Operator’s Check that the Noise Figure Meter’s REMOTE and LISTEN annunciators are on.
Response

Send the Local message to the Noise Figure Meter LOCAL 708
Operator's Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
Response annunciator is on.

Send the Remote message to the Noise Figure Meter. REMOTE 708
3-22
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OPERATOR’S CHECKS

HP-1B Functional Checks LR (cont'd)

Operator’s
Response

Check that both the Noise Figure Meter's REMOTE and LISTEN annunciators are
on. Press the LOCAL key on the Noise Figure Meter. Check that the Noise Figure
Meter’s REMOTE annunciator is now off, but that its LISTEN annunciator remains
oL

Sending the Data Message

Note

Operator’s

Response

This check determines if the Noise Figure Meter properly issues Data messages when
addressed to talk. This check assumes that the Noise Figure Meter is able to handshake
and recognize its own address. Before beginning this check, press the Noise Figure
Meter’s LINE switch twice (OFF then ON). Then, after the power-up sequence is
completed, press CORRECTED NOISE FIGURE AND GAIN and 4.0 SPECIAL
FUNCTION. (If an HP 9000 Series 200/300 controller is used, a short program is
required to periorm this check.)

HP 9000 Series 208/300
Description (BASIC)

Address the Noise Figure Meter to talk and store its |10V =0
output in variable V. {The output is E20 since the Noise | 20 ENTER 708;V

Figure Meter is not calibrated.) 30 DISP V
40 END
Display the value of V. DISP V

Check that the Noise Figure Meter’s REMOTE annunciator is off bat that its TALK
annunciator is on. The controller’s display should read 9.002E+10 (HP 9000 Series
200/3003.

Receiving the Data Message

Note

This check determines if the Noise Figure Meter properly receives Data messages. The
Data messages sent cause the 7 least significant HP-IB data lines to be placed in both
their true and false states. This check assumes the Noise Figure Meter is able to
handshake, recognize its own address and properly make the remote/local transitions.
Before beginning this check, press the Noise Figure Meter’'s PRESET key. Then press
4.0 SPECIAL FUNCTION.

HP 9000 Series 206/300
Description (BASIC)

Send the first part of the Remote message (enabling REMOTE 7
the Noise Figure Meter to remote).

Address the Noise Figure Meter to listen (completing OUTPUT 708
the Remote message), then send a Data message. “FR15MZ7

HP 89708
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OPERATOR’S CHECKS

HP-IB Functional Checks {IEEEP (cont’d)

Operator’s
Response

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are
on and that the left display shows 15 MHz.

Local Lockout and Clear Lockout/Set Local Messages

Note

Operator's
Response

Operator’s
Response

Clear Message
Note

This check determines if the Noise Figure Meter properly receives the Local Lockout
message, disabling the LOCAL key. The check also determines if the Clear
Lockout/Set Local message is properly received and executed by the Noise Figure
Meter. This check assumes that the Noise Figure Meter is able to handshake, recognize
its own address, and properly make the remote/local transitions. Before beginning this
check, press the Noise Figure Meter’s LINE switch OFF then ON and then press the
PRESET key. Then press 4.0 SPECIAL FUNCTION.

HP 9000 Series 266/300
Deseription {BASIC)
Send the first part of the Remote message (enabling the Noise REMOTE 7
Figure Meter to remote).
Send the Local Lockout message. LOCAL LOCKOUT 7
Address the Noise Figure Meter to listen (completing the Remote OUTPUT 708
message).

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on. Press the Noise Figure Meter's LOCAL key. Both its REMOTE and LISTEN
annunciators should remain on.

Send the Clear Lockout/Set Local message. LOCAL T

Check that the Noise Figure Meter’s REMOTE annunciator is off but its LISTEN
annunciator is on.

This check determines if the Noise Figure Meter properly responds to the Clear
message. This check assumes that the Noise Figure Meter is able to handshake,
recognize its own address, make the remote/local changes and receive Data messages.
Before beginning this check press the Noise Figure Meter’'s PRESET key. When
“Fr” disappears from the INSERTION GAIN display and “CAL” disappears from
the NOISE FIGURE display, press CALIBRATE twice. Once the LED above the
CALIBRATE key turns off, press 4.0 SPECIAL FUNCTION.
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OPERATOR’S CHECKS

HP-IB Functional Checks {EEEP (cont’d)

Operator’s
Response

Operator’s
Response

Abort Message
Note

Description

HP 9000 Sertes 200/300
{BASIC)

Send the first part of the Remote message (enabling the Noise
Figure Meter to remote).

REMOTE 7

Address the Noise Figure Meter to listen (completing the
Remote message}, then send a Data message that selects the

CORRECTED NOISE FIGURE AND GAIN measurement.

OUTPUT 708; “M2”

Check that both the Noise Figure Meter’'s REMOTE and LISTEN annunciators are
on and that the CORRECTED NOISE FIGURE AND GAIN key light is on.

Send the Clear message (setting the Noise Figure Meters
measurement to UNCORRECTED NOISE FIGURE).

CLEAR 708

Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
on and that the UNCORRECTED NOISE FIGURE key light is on.

This check determines if the Noise Figure Meter becomes unaddressed when it receives
the Abort message. Before beginning this check, enter LOCAL 708 and press the Noise
Figure Meter’'s PRESET key. Then press 4.0 SPECIAL FUNCTION.

Description

HP 9000 Series 200/300
(BASIC)

Send the Remote message to the Noise Figure Meter.

REMOTE 708

Operator’s Check that both the Noise Figure Meter’s REMOTE and LISTEN annunciators are
Response or.

Send the Abort message, unaddressing the Noise Figure Meter ABORT 7

from listening.
Operator’'s Check that the Noise Figure Meter’s LISTEN annunciator is off.
Response
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OPERATOR’S CHECKS

HP-IB Functional Checks CEIEP (cont'd)
Status Byte Message

Note This check determines if the Noise Figure Meter sends the Status Byte message. Before
beginning this check, press the Noise Figure Meter’s PRESET key. Then press 4.0
SPECIAL FUNCTION.
HP 5000 Series 200 /300
Description {BASIC)
Place the Noise Figure Meter in serial-poll mode and address it SPOLL(708)
to talk (causing it to send the Status Byte message).
Operator’s Check that the controller’s display reads 0.
Response

Require Service Message
Note

This check determines if the Noise Figure Meter can issue the Require Service message
(set the SRQ bus control line true). This check assumes that the Noise Figure Meter
is able to handshake, recognize its own address, make the remote/local changes, and
receive Data messages. Before beginning this check, press the Noise Figure Meter’s
PRESET key. Then press 4.0 SPECIAL FUNCTION. (If an HP 9000 Series 200/300
controller is used, a short program is required to perform the last half of this check.)

HP 96080 Series 260/300

Deseription

(BASIC)

Send the first part of the Remote message (enabling the Noise
Figure Meter to remote).

REMOTE 7

Address the Noise Figure Meter to listen (completing the Remote
message), then send a Data message contalning an invalid HP-IB
code. This enables a Require Service message to be sent.

OUTPUT 708: “<”

Make controller wait two seconds to allow time for the Noise
Figure Meter to send the Require Service message. (This step is
not necessary if sufficient time is allowed.)

WAIT

Read the binary status of the controller’s HP-IB interface and
store the data in variable V (in this step, 7 is ihe interface’s
select code).

WV=20
20 STATUS 7,7, V

Display the value of the SRQ bit (in this step 10 (HP 9836) is |30 DISP“SRQ=";
the SRQ bit for the controiler, numbered from 0). 30 BIT(V.,10)
40 END
Operator’s Check that the SRQ value is 1, indicating the Noise Figure Meter issued the Require
Response Service message.
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OPERATOR’S CHECKS

HP-1B Functional Checks €Iy (cont’d)

Trigger Message

Note This check determines if the Noise Figure Meter responds to the Trigger message. This
check assumes that the Noise Figure Meter is able to handshake, recognize its own
address, make the remote/local changes, and send and receive Data messages. Before
beginning this check, enter LOCAL 708 and press the Noise Figure Meter’s PRESET
key. Then press 4.0 SPECIAL FUNCTION (If an HP 9000 Series 200/300 controller
is used, a short program is required to perform this check.)

HP 9000 Series 200/300
Description {BASIC)

Send the first part of the Remote message (enabling the Noise| 10 REMOTE 7
Figure Meter to remote).

Address the Noise Figure Meter to listen (completing the Remote | 20 QUTPUT 708; “T1”
message}, then send a Data message placing the Noise Figure
Meter in the Trigger Hold mode.

Send the Trigger message. 30 TRIGGER 708
40V =0
Address the Noise Figure Meter to talk and store the data in |50 ENTER 708; V
varlable V.
Display the value of V. 60 DISP V 70 END
327
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OPERATOR’S CHECKS

3-13. Noise Figure Measurement System Check

Description This check will verify proper operation of the Noise Figure Measurement System (Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator). The Noise Figure
Test Set and the System Local Oscillator extend theinput frequency range of the Noise
Figure Meter from 2047 to 26500 MHz.

Equipment Noise Source ......oovvvvvnnnevnnnnns HP 346B Option 001

Procedure 1. Set up the Noise Figure Measurement System as shown in figure 3-13.

2. Turn the Noise Figure Measurement System on and press PRESET.

3. Verify the following conditions:

Special Function 48.0 is active,
Special Function 45.1 is active,
Special Function 46.0 is active.

The address of the Noise Figure Test Set is the one stored in the Noise Figure
Meter (Special Function 40.2).
The address of the System Local Oscillator is the one stored in the Noise Figure
Meter (Special Function 40.1).

The appropriate System Local Oscillator program (Special Function 41) is
active.

SYSTEM
LOCAL DSCILLATOR
= == GB HP 8971B/C_NOISE
FIGURE TEST SET
<SYSTEM TNTERT ACE BUS “I
LR
h:s.mwr Lo RF IF
INPUT  INPUT OUTPUT
HP 88708
NOISE FIGURE METER
= B8]
0 Do o pRge g )
D EEEE o [
NOISE SOURCE INPUT
DRIVE DQUTPUT NOISE SCURCE
e o o
N _J

Figure 3-13. Noise Figure Measurement System Check Setup
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OPERATOR’S CHECKS

Noise Figure Measurement System Check (cont’d)

Procedure
(cont’d)

-1

10,

1l

12.

13.

NOTE
Steps 4 through 9 will verify that the Noise Figure Test Set and the
System Local Oscillator are properly connected to the Noise Figure
Meter and that the Noise Figure Meter can talk to the Noise Figure Test
Set and System Local Oscillator. If steps 4 through 9 do not perform as
indicated, go to step 17.

. On the Noise Figure Meter, press 1.5 SPECIAL FUNCTION. Verify that 3000 and

E28 are displayed. Error code E28 can be ignored.

Press FREQUENCY and key in 100, Press ENTER. Verify that the SSB1 annun-
ciator on the Noise Figure Test Set is on.

. Press FREQUENCY and key in 2000, Press ENTER. Verify that the S8B2

annunciator on the Noise Figure Test Set is on and the LO is set to 2700 MHz.

. Press FREQUENCY and key in 3000, Press ENTER. Verify that the SSB3 annun-

ciator on the Noise Figure Test Set is on and the 10O is set to 3450 MHz. Error code
E28 will be displayed, on the Noise Figure Meter. This error can be ignored.

Press 17.1 SPECIAL FUNCTION. Verify that the DSB annunciator on the Noise
Figure Test Set is on, the LO is set to 3000 MHz and E28 is gone.

. Press 17.0 SPECIAL FUNCTION and 36.2 SPECIAL FUNCTION. Verify that

error code K28 is still gone. Press 36.0 SPECIAL FUNCTION.

If steps 4 through 9 performed as indicated, go to step 12. If there seems to be a
problem, go to step 11.

If any one of the steps (4 through 9) did not perform as indicated, check the cabling
between the instruments. Then, repeat steps 4 through 9. If the problem still exists,
go to step 17,

NOTE
The following steps will verify if the Noise Figure Measurement System
is operating properly. If steps 12 through 16 do not perform as indicated,
go to step 17,

On the Noise Figure Meter, change the start frequency to 1000, the stop frequency
to 5000 and the step size to 1000. The procedure is to press the appropriate key
{(START FREQ, STOP FREQ or STEP SIZE), keyv in the new value and press
ENTER.

NOTE
Step 13 should not be performed until the Noise Figure Measurement
Svystem has had a twenty minute warm-up period. Twenty minutes is
needed for the Noise Figure Measurement System to reach operating
temperature.

On the Noise Figure Meter, press CALIBRATE twice. CALIBRATE is pressed
twice to ensure that a calibration is performed only when desired. After CALL
BRATE is pressed twice, the Noise Figure Test Set’s YIG filter is fine tuned. Then,

HP 8970B

3-29

Operation



OPERATOR’S CHECKS

Noise Figure Measurement System Check (cont'd)

Procedure
(cont'd)

the Noise Figure Measurement System is calibrated. During the Noise Figure Test
Set’s YIG filter fine tuning, the following indications will be seen on the Noise
Figure Meter, Noise Figure Test Set and System Local Oscillator:

NOTE
The fine tuning calibration will take from twenty-five to thirty seconds
to complete.

Noise Figure Meter

a. Each point that is being fine funed and is included in band SSB3 (single side-
band 3, on the Noise Figure Test Set; 2401 to 26500 MHz) is displayed in the
left display. Frequency points that are included in bands SSB1 (single sideband 1,
on the Noise Figure Test Set; 10 to 1600 MHz) or SSB2 (single sideband 2, on the
Noise Figure Test Set; 1601 to 2400 MHz) are not displayed.

b. “8971” appears in the INSERTION GAIN display.
c. “CAL” appears in the NOISE FIGURE display.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

¢. Theannunciators for SSB1, SSB2 and SSB3 will be stepped from SSB1 to SSB2
to SSB3.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

c. The FREQUENCY display will move around.

When the Noise Figure Test Set YIG filter fine tuning is complete, the Noise Figure
Measurement System is calibrated. The calibration will be done for each input gain
setting at the frequencies set by START FREQ, STOP FREQ and STEP SIZE.

During calibration the following indications can be seen on the Noise Figure Meter,
Noise Figure Test Set and System Local Oscillator:

Noise Figure Meter
a. The frequency point being calibrated will be shown in the left display.

b. The noise figure of the frequency point is shown in the NOISE FIGURE
display.

c. The INSERTION GAIN display is blank.

Noise Figure Test Set
a. The REMOTE annunciator is on.
b. The LISTEN annunciator will flash.

¢. The annunciators for SSB1, 8SB2 and SSB3 will step from SSBI to SSB2
to SSB3.
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CPERATOR’S CHECKS

Noise Figure Measurement System Check (cont’d)

Procedure
(cont'd)

14.

16.

17.
18.

19.

20.

21.
22,

23.

24.

25.

26.

System Local Oscillator

a. The REMOTE annunciator is on.

b. The LISTEN annunciator will flash.

¢. The FREQUENCY display will be changing.

When calibration is complete, press 17.1 SPECIAL FUNCTION. The annunciator
for band DSB (double sideband) will light up on the Noise Figure Test Set.

. On the Noise Figure Meter, change the stop frequency by pressing SWEEP STOP

FREQ, keying in 3000 and pressing ENTER.

Observe the NOISE FIGURE display on the Noise Figure Meter. The noise figure
displayed should be between 8 and 12 dB.

If the system performed as indicated in steps 13 through 16, the Noise Figure
Measurement System is operating properly and this check is complete. If the
system did not operate as indicated, go to step 17.

Disconnect the Noise Figure Test Set from the Noise Figure Meter’s SIB connector.

If the Operator’s Checks for the Noise Figure Meter have not been performed,
perform the Operator’s Checks for the Noise Figure Meter; a check for the System
Local Oscillator is included. The Operator’s Checks begin at paragraph 3-10, in
thismanual. If the Noise Figure Meter and System Local Oscillator are found to be
operating properly, go to step 19. If either of the instruments is not operating
properly, refer to the appropriate service. manual.

With both the Noise Figure Meter and System Local Oscillator operating properly,
the following check should be completed beforeitis assumed that the Noise Figure
Test Set is not operating properly.

Disconnect all instruments from the Noise Figure Meter's HP-IB and SIB
connectors. This test will verify that both buses are operating properly.

Press 45.2 SPECIAL FUNCTION and 46.1 SPECIAL FUNCTION.

Turn the Noise Figure Meter off and then back on. When “Fr CAL” is gone from the
Noise Figure Meter’s display, connect the SIB connector to the HP-IB connector.

Press 98.1 SPECIAL FUNCTION; “SIB tESt” is displayed and there is a five
second delay before the test begins. The results of the test will be displayed on the
front panel using one of the error codes listed in the table below. The tests are
performed as listed in the table. The first failure will abort the test.

If an error is not encountered, the HP-IB and the SIB are operating properly. Itis
safe to assume that the Noise Figure Test Set is the instrument that is causing the
Noise Figure Measurement System problem. Refer to the Noise Figure Test Set
service manual for troubleshooting assistance.

Removethe cable connecting the HP-IB and SIB connectors. Turn the Noise Figure
Meter off and then back to on.

Press 45.1 SPECIAL FUNCTION and 46.0 SPECIAL FUNCTION.

HP 8970B
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OPERATOR’S CHECKS

Noise Figure Measurement System Check (cont’d)

Procedure
(cont'd) trror Code Bescription of Error Cade Gorrective Action
¥00 No Errors
E75 A14U28, the interface hardware or the fraces to Try another HP-IB cable;
A14U28 are bad. refer to Service'
E74 Al14172 or the interface hardware to A14U2 is bad. Try another HP-IB cable;
The interface hardware to A14U28 is good. refer to Service!
E01 May be caused by the following: REN or ATN line Try another HP-IB cable;
has failed, REN and/or ATN line drivers are bad refer to Service’
or cable connecting the HP-IB and SIB connectors :
is defective.
EQ2 Data path has been broken. Try another HP-IB cable;
refer to Service!
EO03 System Interface Bus could not send a message to TFry another HP-IB cable;
* the Hewlett-Packard Interface Bus. refer to Service!
E04 ‘ SRQ not being set by A14U28 or not being detected | Try another HP-IB cable:
© by A14U2. refer to Service’
E05 System Interface Bus could not serial poll Try another HP-IB cable;
. Hewlett-Packard Interface Bus. refer to Service’
EG6 . Coliision detect circuit not functioning. Try another HP-IB cable;
refer to Service!
ECT Hewlett-Packard Interface Bus could not address Try another HP-IB cable;
Svstem Interface Bus. refer to Service!
E08 | Hewlett-Packard Interface Bus could not send a Try another HP-IB cable;
; message to the System Interface Bus. refer to Service’
*Service is in Section VIII of the Service Manual. The part number of the Service Manual is on the title page of
this manual.
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3-14. REMOTE OPERATION {IIEE)

The Noise Figure Meter can be operated through
the Hewlett-Packard Interface Bus (HP-IB). Bus
compatibility, programming and data formats are
described in the following paragraphs.

The Noise Figure Meter can operate in two mutu-
ally exclusive modes on the HP-IB:

1. Normal Talker/Listener Mode. This mode is
used when the Noise Figure Meteris under the
control of an HP-IB compatible computer or
controller,

2. Talk Only Mode. This mode is used to output
datato a device thatis operating in the Listen
Only Mode.

Most front panel functions, special functions
and remote-only functions are programmable via
HP-1B. Table 3-4 lists the functions that cannot be
programmed via HP-IB.

A qguick test of the Noise Figure Meter’s HP-IB
interface is described earlier in this section under
Remote Operator’s Checks. These checks verify
that the Noise Figure Meter can respond to or send

each of the applicable bus messages described in
Table 3-3.

3-15. HP-IB Compatibility

The Noise Figure Meter has an open-ecollector,
TTI., HP-IB interface which can be used with any
HP-IB computing controller or computer for auto-
matic system applications. The Noise Figure Meter
is programmable via the HP Interface Bus. Its
programming capability is described by the twelve
HP-IB messages listed in Table 3-3. The Noise
Figure Meter’s compatibility with HP-IBis further
defined by the following list of interface functions:
SH1,AH1,T5 TEQ, 1.4, LEQ, SR1, RL1, PP0O, DC1,
DT1, C0, and E1. A more detailed explanation of
these compatibility codes can be found in IEEE
Standard 488-1978 (and the identical ANSI Stand-
ard MC1.1). For more information about HP-IB,
refer to the Hewlett-Packard Electronic Instru-
ments and Systems catalog and the booklet titled
“Improving Measurements in Engineering and
Manufacturing” (HP part number 5952-0058).

3-16. Remote Mode

Remote Capability. The Noise Figure Meter com-
municates on the bus in both remote and local
modes. In remote, most of the Noise Figure Meter's

HP 8970B
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front panel controls are disabled (except for the
LINE switch and LOCAL key). However, front
panel digplays remain active and valid. In remote,
the Noise Figure Meter can be addressed to talk or
listen. When addressed to listen, the Noise Figure
Meter can issue the Data and Status Byte mes-
sages. Whether addressed or not, the Noise Figure
Meter responds to the Clear {DCL), Local Lockout,
Clear Lockout/Set Local, and Abort messages. In
addition, the Noise Figure Meter can issue the
Require Service Message.

Local-to-Remote Mode Changes. The Noise Figure
Meter switches to remote operation upon receipt of
the Remote message. The Remote message has
two parts. They are:

a. Remote enable bus control line (REN) set
true.

b. Device listen address received once (while
REN is true).

When the Noise Figure Meter switches to remote,
the REMOTE annunciator on the front panel
turns on,

3-17. Local Mode

Local Capability. In local, the Noise Figure Meter's
front panel controls are fully operational and the
instrument responds to the Remote message.
Whether addressed or not, the Noise Figure Meter
also responds to the Clear, Local Lockout, Clear
Lockout/Set Local, and the Abort messages. When
addressed to talk, the Noise Figure Meter can issue
Data messages and the Status Byte message, and
whether addressed or not, it can issue the Require
Service message.

Remote-to-Local Mode Changes. The Noise Figure
Meter always switches to local from remote when-
ever it receives the Local message (GTL) or the
Clear Lockout/Set Local message. (The Clear
Lockout/Set Local message sets the Remote En-
able control line [REN] false.) The Noise Figure
Meter can also be switched to local by pressing the
front panel LOCAL key (assuming Local Lockout
is not in effect),

3-18. Addressing

The Noise Figure Meter interprets the byte on the
eight HP-1B data lines as an address or abus com-
mand if the bus is in the command mode. The
command modeis defined as attention control line
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Addressing (cont'd)

(ATN) true and interface clear control line (IFC)
false. Whenever the Noise Figure Meter is being
addressed (ifin local or remote), either the TALK or
LISTEN annunciator on the front panel turns on.

The Noise Figure Meter’s HP-IB addressis selected
by special function. To change the HP-IB address
or to determine the present address setting, refer to
the discussion titled HP-IB and System Interface
Bus (SIB) Addresses in the Detailed Operating
Instructions at the end of this section.

Local Lockout. When a data transmission is inter-
rupted, which can happen by pressing the LOCAL
key toreturn the Noise Figure Meter to local mode,
the data could be lost. This would leave the Noise
Figure Meter in an unknown state. To prevent
this, a local lockout is recommended. Local lockout
disables the LOCAL key and allows return-to-
local only under program control.

NOTE

Return-to-local can also be accomplished
by turning the Noise Figure Meter’s
LINE switch to OFF, then back to ON.
However, this technique has some disad-
vantages:

a. It defeats the purpose and advan-
tage of local lockout (that is, the system
controller will lose control of a system
element).

b. Thereareseveral HP-IB conditions
that reset to default states at turn-on.

3-19. Data Messages

The Noise Figure Meter communicates on the
interface bus primarily with data messages. Data
messages consist of one or more bytes sent over
the bus’ data lines when the bus is in the data

EXAMPLE 1: Typical Program String

mode (attention control line [ATN]false). Unless it
is set to Talk Only, the Noise Figure Meter receives
data messages when addressed to listen. Virtually
all instrument operations available in local mode
can be performed in remote mode via data mes-
sages. The major exceptions are changing the
LINE switch setting, using the Talk Only capa-
bility, and changing the HP-IB address of the
Noise Figure Meter (refer to Table 3-4).

3-20. Receiving the Data Message

Depending on the status of Special Function 4, the
Noise Figure Meter can either talk only, or talk
and listen both (normal operation). The instru-
ment responds to Data messages when it is en-
abled to remote (REN control line true) and it is
addressed to listen. The instrument remains
addressed to listen until it receives an Abort mes-
sage or until its talk address or a universal
unlisten command is sent by the controller.

Data input Format. The Data message string, or
program string, consists of a series of ASCII
codes. Each code is typically equivalent to a front
panel keystroke in local mode. Thus, for a given
operation, the program string syntax in remote
mode is the same as the keystroke sequence in
local mode. Example 1 shows a typical program
string.

Program Codes. All of the HP-IB codes normally
used by the operator to control the Noise Figure
Meter are given in Tables 3-8, 3-9, and 3-10. Table
3-8 provides an HP-IB code to parameter sum-
mary. Table 3-9 provides a special function to HP-
IB code summary. Table 3-10 provides a front
panel key to HP-IB code summary. All front panel
keys except .OCAL have corresponding program
codes. Some functions have an additional code
which terminates the numeric data entry in Hz

rather than MHz as indicated on the front panel.

Controller Talk
Noise Figure Meter

FA100MZFB150MZSS1MZCA

Start Frequency Set to
100 MHz

Stop Frequency Set to

150 MHz

Calibrate

Step Size setto 1 MHz
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Table 3-3. Message Reference Tahle (1 of 2)

HP-IB . Related Commands imerface
Message Applicable Response and Gantrols Fungtions™
Data Yes Moest Noise Figure Meter operations are bus pro- AF1, SHI1,
grammable. All measurement results, special dis- T5, TEOQ,
plays, and error outputs are available to the bus. L4, LEQ
Trigger Yes If in remote and addressed to listen, the Noise GET DT1
Figure Meter makes a measurement according to
previcusly programmed setup. It responds equally
to bus command GET and program code T2,
Trigger Execute (a Data message).
Clear Yes The Noise Figure Meter is set to the same condi- DCL DC1
tions established by pressing PRESET. Refer to sDC
Table 3-6.
Remote Yes Remote mode is enabled when the REN bus con- REN RI1
trol line is true. However, remote mode is not
entered until the first time the Noise Figure Meter
is addressed to listen. The front panel REMOTE
annunciator ights when the instrument is actu-
ally in the remote mode. When entering the remote
mode, no instrument settings or functions are
changed, but all front panel keys except LOCAL
are disabled.
Local Yes The Noise Figure Meter returns to local mode GTL RL1
(front panel control). It responds equally to the
GTL bus command and the front panel LOCAL
key. When entering the local mode, no instrument
settings or functions are changed.
Local Yes Disables all front panel keys including LOCAL. Lio RL1
Lockout Only the controller can return the Noise Figure
Meter to local {front panel control).
Clear Yes The Noise Figure Meter returns to local (front REN RL1
Lockout/ panel control) and loeal lockout is cleared when
Set Local the REN bus control line goes false. When enter-
ing local mode, no instrument settings or func-
tions are changed.
Pass No The Noise Figure Meter cannot pass or take Co
Control/ control of HP-IB.
Take
Control

*Commands, Control lines, and Interface Functions are defined in IEEE Std 458-1978. Knowledge of these may not be necessary if your

controller’s manual deseribes programming in terms of the twelve HP.IB Messages shown in the left column,
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Table 3-3. Message Reference Table (2 of 2)

HP-1B Annlicable Resnonse Refated Commands Interface
Message e P and Controis Functions*
Require Yes The Noise Figure Meter sets the SRQ bus control SRQ SR1
Service line true if an invalid program code is received

{unless disabled). The following condifions also
set SRQ true when they occur if they are enabled
by the operator to do so: Data Ready, Noise Figure
Meter Calibration Complete, SRQ on the System
Interface Bus, Noise Figure Meter received control
of the System Interface Bus, Instrument Exror has
occurred and Extended Status Byte enabled condi-
tions are active.

Status Byte Yes The Noise Figure Meter responds to a Serial Poll SPE TES
Enable (SPE) bus command by sending an 8-bit SPD TEG
byte when addressed to talk. If the instrument is
holding the SRQ control line frue (issuing the
Require Service message) bit 6 (RQS bit) in the
Status Byte and the bit representing the condition
causing the Require Service message to be issued
will both be true. The bits in the Status Byte are
latched but can be cleared by:

1. removing the causing condition, and

2. reading the Status Byte or

3. bysending theprogram code OS (output status)

or RS (reset status),
Status Bit No The Noise Figure Meter does not respond to a PPO
parallel poll.
Abort Yes The Noise Figure Meter stops talking and IFC T5
listening. TEO

*Commands, Control lines, and Interface Functions are defined in IEEE Std 488-1978. Knowledge of these may not be necessary if your
controlier’s manual deseribes programming in terms of the twelve HP-JB Messages shown in the left column.

Complete HP-IB capability as defined in IEEE Std 488 and ANSI 5td MC1.1is: SH1, AH1, T5 TEQ, L4, LEQ, SR1,
RL1, PPO, DT, CO and E1.

Table 3-4. Functions Not Programmable Via HP-IB

Function Bescription
Control Function Selection (Special Function 4) Normal Talker and Listener
Talk Only
HP-IB Addresses (Special Function 40.0) Display and Enter Noise Figure Meter Address
LINE Switch Turns instrument ON and OFF.
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Receiving the Data Message (cont’d)

Where more than one code is given for a function,
either code will serve equally. However, the mne-
monic code given is recommended since it is shor-
ter and more closely represents the function se-
lected. Also, the mnemonic code will make deci-
phering program code strings easier. The first
codes given arethe codes used in all programming
examples in this manual.

The Noise Figure Meter’s response to the ASCII
character set is as follows:

a. The ASCII characters used for the program
codes arethe alphabet (A through Z), the numbers
0 through 9, the period {.), and the minus {-).

b. Lower case letters are treated the same as
upper case letters.

c. All other characters are ignored (however,
they can not be used as the second character of a
two-character HP-IB program code). If anyv of
these other characters are used as a second char-
acter or if an undefined combination of valid
characters is sent, SRQ is set if the HP-IB error
condition has been enabled.

Turning Off Functions. When operating in local
mode, CALIBRATE, and SINGLE and AUTO
Sweep toggle on and off with successive key-
strokes. In remote mode, these functions do not
toggle on and off. Instead, both reguire that the
HP-IB code WO be used to turn off the function.

Programming Numeric Data. When programming
tuned frequency or issuing any numeric data
(other than specific HP-IB codes) to the Noise Fig-
ure Meter, certain precautions should be observed.
Numeric data may consist of up to five digits, one
decimal point, and a one-digit signed exponent.

Triggering Measurements with the Data Message. A
feature that is available from both the front panel
and via remote programming is the selection of
free run, standby, or triggered operation of the
Noise Figure Meter. The HP-1B codes and related
Special Functions are discussed in detail in the
Trigger Selection Detailed Operating Instruction
later in this section.

3-21. Sending The Data Message

Depending on how the control functions are set,
the Noise Figure Meter can either talk only, or talk
and listen both (normal operation). If set to both
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talk and listen, the instrument sends Data mes-
sages when addressed to talk. The instrument
then remains configured to talk until it is unad-
dressed to talk by the controller. To unaddress the
Noise Figure Meter, the controller must send either
an Abort message, a new talk address, or a uni-
versal untalk command.

Talk Only Mode. If the Noise Figure Meter’s Talk
address is valid and Special Function 4.2 is se-
lected, the Noise Figure Meter is placed in the Talk
Only mode. In this mode the instrument is config-
ured to send Data messages wheneverthebusisin
the data mode. Each time the measurement is
completed, the measurement result will be output
to the bus unless the listening device is not ready
for data. If the listener is not ready for data,
another measurement cycle is executed.

Data Output Format. As shown below, the output
data is always formatted as a real constant: first
the sign, then five digits (leading zeros not sup-
pressed) followed by the letter E and a signed
power-of-ten multiplier. The siring is terminated
by a carriage return (CR) and a line feed (LEF),
string positions 11 and 12. Data is always output
in fundamental units (thatis Hz, dB, etc.), and the
decimal point (not sent) is assumed to be to the
right of the fifth digit of the mantissa. Data values
never exceed 1 x 10°. The one exception to this
format is the voltmeter mode as shown in Table
3-5, HP-IB Data Output Summary.

The general data cutput format is as follows:
+tDDDDDE:£NNCRLF

Signed Mantissa :_-T l Line Feed
indicates Exponert Follows Carriage Return

Exponent Sign Exponent Magnitude

A summary of the different data outputs is listed
in Table 3-5.

When an error is output to the bus, it follows the
same 12-byte format described above except most of
the numeric digits have predetermined values as
shown below. Error outputs always exceed 90 000
000 000. The two-digit error code is represented by
the last two digits of the five-digit mantissa. The
error code can be derived from the string by sub-
tracting 9 x 101¢ then dividing the result by
1 000 000.
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Sending the Data Message (cont'd)

Table 3-5. HP-IB Data Output Summary

Front Panel HP-iB Butput "
Display! Format Conditions
Left Display | -DDDDDE+06 | Frequency
+DDDDBEENN] Data other than
frequency
+90000E-+06 Display is blank
INSERTION | £DDDDDEANN!| Gain or Calibra-
GAIN? tion data
(GmKBm) is
displayed.
+90000E+(08 Display is blank
NOISE . +DDDDDE+ANN| Normal display
FIGURE? or second stage
temperature
+DDDDDDE—05| Volimeter mode
+800DDE--06 Error codes
where DD is the
error code)
+90000E-+06 Data not ready.
Sent when the
instrument
receives a read
comnmand while
((» - » is dis“
played in Trig-
ger Hold mode.
Also sent when
display is blank,
! The HP-IB data output for mode H0is NOISE FIGURE CR/LF. The
HP-IE data output for mode Hi or H2 is Left Display, INSERTION
GAIN, NOISE FIGURE CR/LF. £01 is set each time LF is sent.
2 The HP-IB output has one more digit of resolution than the front
panel display (except for the voltmeter mode which has two more
digits of resolution than the front panel NOISE FIGURE display).

Error Output Format:

+90DDDE+06CRLF

Error Code

Line Feed
Carriage Return

The Noise Figure Meter will output special HP-IB
codes, for the NOISE FIGURE window, when a
read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR cata-
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log, Noise Figure Test Set Coarse or Fine Tuning
Calibration. The special HP-IB codes are given
below:

ENR Editing
+B0TNNE+06

Fixed Data I —E Fixed Exponent
ENR Table Number ENR Table Entry Number
+B0TNNE+06

ENR Catalog
_I: Fixed Exponent

Fixed Data ‘
ENR Table Number Total Number of Entries

in the Table
Noise Figure Test Set
Fine Tuning Calibration

+80363E+06

Fixed Data

Special Function number
for a Fine Tuning Calibration

Fixed Exponent

Noise Figure Test Set
Coarse Tuning Calibration

+80640E+06

Fixed Data

Special Function number
for a Coarse Tuning Calibration

Fixed Exponent

One purpose for these special codes would be toread
back from the Noise Figure Meter until the codes
stop being sent, which would mean the task is
complete. This would be useful when doing a coarse
or fine tune calibration.

Timeouts should not be used with these special
codes. If a timeoutis used, it should be atleast sixty
seconds. This is necessary because it may take the
Noise Figure Meter many seconds to set up the
special code for output. This is the case for coarse
and fine tune calibration.

3-22. Receiving the Clear Message

The Noise Figure Meter responds to the Clear mes-
sage by assuming the settings detailed in T'abie 3-6.
The Noise Figure Meter responds egually to the
Selected Device Clear (SDC) bus command when
addressed to listen, and the Device Clear (OCL) bus
command whether addressed or not. The Clear
message clears any pending Require Service mes-
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Table 3-6. Response 1o a Clear Message {or Pressing PRESET] (1 of 2)

Parameter Candition
START FREQ 10 MHz
STOP FREQ 1600 MHz
STEP SIZE 20 MHz
SWEEP Off
FREQUENCY 30 MHz
FREQ INCR 20 MHz
SMOOTHING 1
CALIBRATE Off
MEASUREMENT UNCORRECTED NOISE FIGURE
SPECIAL FUNCTION NOTE
Most Special Functions are set to their zero suffix state (for exam-
ple, Measurement Mode Selection is set to 1.0). Some are turned off
(for example, Power Measurements). The following four Special
Functions are not affected by either the Clear message or by press-
ing PRESET, These four Specie! Functions are affected by Special
Function 0.9. For the default values of these four Special Functions,
refer to Table 3-14, Special Funetion Summary, in the Special
Functions Detailed Operating Instruction.
a. Control Function Selection (Special Function 4).
b. HP-B Addresses (Special Function 40).
¢. System LO Programs (Special Funtion 41).
d. System LO Commuands (Special Function 42).
In addition, Service Request (Special Function 44) is set to enable
HP-IB Code Error (Special Funetion 44.3).
The following Special Functions are set to the indicated default
values:
IF (Special Function 3.0) 30 MHz
LO Frequency (Special Function 3.1) 10000 MHz
Smoothing Factor (Special Function 13.2) 1
Spot ENR (Special Function 5.3) 15248
Thet (Special Function 5.4) 9893K
Teold (Special Function 6) 296.5K
Oscilioscope Limits (Special Function 8)
Noise Figure Lower Limit 0
Noise Figure Upper Limit 8
Gain Lower Limit 0
Gain Upper Limit 40
System LO Sideband Crossover 16 GHz

frequency; Measurement Modes 1.5
through 1.9 (Special Function 17.2)
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Table 3-6. Response to a Clear Message [or Pressing PRESET) [1 of 2}

Parameter

Eonditian

Noise Figure Measurement System
Internal IF {(Special Funection 19)

Set Sequence (Special Funetion 35.2)

SSB2 IF 700 MHz
SSB3 IF 450 MHz
DBSIF 25 MHz
Plotter Functions (Special Function 25)
Noise Pen Number 1
(3ain Pen Number 2
Plot Title HP 8970B Noise Figure Meter
Loss Compensation (Special Function 34)
Before DUT 0dB
Temperature of Losses 0K
After DUT 0dB

1through9

Receiving the Ciear Message (cont'd)

sage and resets the Service Request Condition (Spe-
cial Function 44) such that the Require Service
message will be issued on HP-IB code errors only
(Special Function 44.3).

Referto Table 3-14in the Special Functions Detailed
Operating Instruction for a list of the Special Funec-
tions that are turned off or not affected by the Clear
Message.

3-23. Receiving the Trigger Message

When in remote and addressed to listen, the Noise
Figure Meter responds to a Trigger message by
executing one measurement cycle. The Noise Fig-
ure Meter responds equally to a Trigger message
{the Group Execute Trigger bus command [GET))
and a Data message, program code T2 (execute a
measurement).

3-24. Receiving the Remote Message

The Remote message has two parts. First, the
remote enable bus control line (REN) is held true;
second, the device listen address is sent by the con-
troller. These two actions combine to place the
Noise Figure Meter in remote mode. Thus, the Noise
Figure Meteris enabled to go into remote when the
controller begins the Remote message, but it does
not actually switch to remote uniil addressed to
listen the first time. No instrument settings are
changed by the transition from local to remote.
When actually in remote, the Noise Figure Meter’s
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front panel REMOTE annunciator lights. When
the Noise Figure Meteris being addressed (whether
in remote orlocal), its front panel LISTEN or TALK
annunciator turns on.

3-25. Receiving the Local Message

The Local message is the means by which the
controller sends the Go To Local (GTL) bus com-
mand. If addressed to listen, the Noise Figure
Meter returns to front panel control when it re-
cetves the Local message. If the instrument wasin
local lockout when the L.ocal message was re-
ceived, front panel control is returned, but lockout
is not cleared. Unless it receives the Clear Lock-
out/Set Local message, the Noise Figure Meter
will return to local lockout the next time it goes to
remote. No instrument settings are changed by
the transition from remote to local.

When the Noise Figure Meter goes to local mode,
the front panel REMOTE annunciator turns off.
However, when the Noise Figure Meter is being
addressed (whether in remote or local), its front
panel LISTEN or TALK annunciator lights.

If the Noise Figure Meter is not in local lockout
mode, pressing the front panel LOCAL key might
interrupt a Data message being sent to the instru-
ment, leaving the instrument in a state unknown
to the controller. This can be prevented by dis-
abling the Noise Figure Meter’s front panel keys
entirely, using the Local Lockout message.
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3-26. Receiving the Local Lockout Message

The Local Lockout message is the means by which
the controller sends the Local Lockout (LLO) bus
command. If in remote, the Noise Figure Meter
responds to the Local Lockout Message by dis-
abling the front panel LOCAL key. Thelocal lock-
out mode prevents loss of data or system control
due to someone accidentally pressing front panel
kevs. If, while in local, the Noise Figure Meter is
enabled to remote (that is, REN is set true) and it
receives the Local Lockout message, it will switch
to remote mode with local lockout the first time itis
addressed to listen. When in local lockout, the
Noise Figure Meter can be returned to local only
by the controller (using the Local or Clear Lock-
out/Set Local messages) or by setting the LINE
switch to OFF and back to ON or by removing the
bus cable.

3-27. Receiving the Clear Lockout/Set Local
Message

The Clear Lockout/Set Local messageisthe means
by which the controller sets the Remote Enable
(REN) bus control line false. The Noise Figure
Meter returns to local mode (full front panel con-
trol) when it receives the Clear Lockout/Set Local
message. No instrument settings are changed by
the transition from remote with local lockout to
local. When the Noise Figure Meter goes to local
mode, the front panel REMOTE annunciator
turns off.

3-28. Heceivi'ng the Pass Contirol Message

The Noise Figure Meter does not respond to the
Pass Control message because it does not have
this control capability.

3-29. Sending the Require Service Message

The Noise Figure Meter sends the Require Service
message by setting the Service Request (SRQ) bus
control line true. The instrument can send the
Require Service message in either local or remote
mode. The Require Service message is cleared
when a serial pollis executed by the controlier orif
a Clear message is received by the Noise Figure
Meter. (During serial poll, the Reguire Service
message is cleared immediately before the Noise
Figure Meter places the Status Byte message on
the bus.) There are seven conditions that can be
enabled to cause the Require Service messageto be
sent when they occur. All seven conditions are
described as follows:
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1. Data Ready: When the Noise Figure Meter is
ready to send any information except error
codes.

2. HP-IB Code Error: When the Noise Figure
Meter receives an invalid Data message. (Un-
less specifically disabled, this condition causes
a Require Service message to be sent.)

3. Instrument Error: When any operator error
(E10through E49, and E99) is displayed by the
Noise Figure Meter.

4. Calibration Complete: When a Noise Figure
Meter calibration cycle is complete.

P‘

System Interface Bus SRQ: When an instru-

ment on the System Interface Busisissuing a
Service Request (SRQ).

6. Received Control of the System Interface Bus:
When the Noise Figure Meter has taken con-
trol of the System Interface Bus.

7. Extended Status Byte: When one of the en-
abled bits on the Extended Status Byteis true.

3-30. Enabling the Service Request Condition

Use Special Function 44 (or the related Service
Request Condition HP-IB codes) to enable the
Noise Figure Meter to issue the Require Service
message on any of the conditions above. The Ser-
vice Request Condition Special Function is entered
from either the front panel or via the HP-IB. A
description of the Service Request Condition Spe-
cial Function and the procedure for enabling the
various conditions are given in the following
paragraphs:

NOTE

Each condition of the Status Byte can be
enabled separately or all the conditions
can be enabled at once (Special Func-
tion 44.7). Desired conditions of the
Extended Status Byte must be enabled
all at once (Special Function 44.9). If the
enabled conditions of the Status Byte
are changed, it is a good practice to first
disoble the SRQ capability and then
enter the required enabled conditions.

A description of the Status Byie and
Extended Status Byte bits is found in
the HP-IB Syntax and Characteristics
Summary.
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Enabling the Service Request Condition (cont'd)

Table 3-7. Service Request Enabled Conditions Summary

T
HP-IB Gode | Special -
D Fu%ciian description

Q0 44.0 Disables the SRQ capability
(clears all enabled conditions)

Q1 44.1 Enable Data Ready

Q2 44.2 Enable Noise Figure Meter
Calibration Complete (not for
Zero Frequency or IF Calibration

Q3 44.3 Enable HP-IB Code Error

Q4 44.4 Enable SRQ on the System
Interface Bus

Q5 445 Enable Noise Figure Meter
received control on the System
Interface Bus

Q6 44.6 Enable Instrument Error

RM 44.7 Set entire Status Byte Mask

Q8 44.8 Enable Extended Status Byte

RE 44.9 Set the Extended Status Byte
Mask

a. Send the HP-IB Code Q0 to clear all the
enabled conditions of the Status Byte. The enabled
conditions of the Extended Status Byte are not
cleared with Q0. The Extended Status Byte enabled
conditions are cleared with REOEN.

b. Each of the desired conditions of the Status
Byte may be set individually (Special Functions
44.1 through 44.6) or all the conditions may be set
at once (Special Function 44.7).

¢. To set conditions individually, send the appli-
cable HP-IB Codes from Table 3-7. To set all the
desired conditions at once, send the total binary
weight of the bit positions desired. The command
sequence would be as follows: RM132EN.

RM isthe HP-IB code for Special Function 44.7; 132
isthetotal binary weight of bits 2 and 7 ofthe Status
Byte; EN is the HP-IB code for ENTER.

d. The conditions of the Extended Status Byte
can’t beenabled individually; the desired conditions
must be enabled with Special Function 44.9.

3-42

Operation
v

e. To set the conditions of the Extended Status
Byte, send the total binary weight of the bit posi-

tions desired. The command sequence would be as
follows: RE36EN.

RE isthe HP-IB code for Special Function 44.9: 36 is
the total binary weight of bits 2 and 5 of the
Extended Status Byte; EN is the HP-IB code for
ENTER.

Normally, device subroutines for the Noise Figure
Meter can be implemented simply by triggering
measurements and then reading the output data.
In certain applications, the controlier must per-
form other tasks while controlling the Noise Figure
Meter. Figure 3-12 illustrates a flow chart for
developing device subroutines using the instru-
ment’s ability to issue the Require Service mes-
sage when datais ready. This subroutine structure
frees the controller to process other routines until
the Noise Figure Meter is ready with data.

3-31. Sending the Status Byte Message

After receiving a Serial Poll Enable bus command
(SPE) and when addressed to talk, the Noise Figure
Meter sends a Status Byte message.

The Status Byte message consists of one 8-bit byte
in which 7 of the bits are set according to the
enabled conditions described above under Sending
the Require Service Message. If one or more of the
seven conditions are enabled and present, all the
bits corresponding to the conditions and also bit 6,
the RQS bit, will be set true (and the Require Ser-
vice message is sent). If one of the above condi-
tions occurs but has not been enabled by Special
Function 44 or the HP-IB codes, neither the bit
corresponding to the condition nor the RQS bit
will be set (and the Require Service message will
not be sent). The bit pattern of the Status Byte is
shown in the HP-IB Syntax and Characteristics
Summary.

Exiended Status Byte. A second status byteis avail-
able but can only be accessed via the Output Status
function (refer to the following paragraph for an
explanation of the Output Status function). Bit 7 of
the Status Byteindicates that an enabled condition
on the Extended Status Byteis true. If Bit 7istrue,
the second status byte should be accessed via the
Output Status function to determine what caused
Bit 7 to become true. The bit pattern can be inter-
preted with the information in the HP-IB Syntax
and Characteristics Summary.
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Sending the Status Byte Message (cont'd)

Output Status Function. After receiving the program
code OS (Output Status) and when addressed to
talk, the Noise Figure Meter sends two binary bytes,
each 8 bits wide. The first byte is identical to the
Status Byte of the Serial Poll. The second byte isthe
Extended Status Byte which provides additional
information. Refer to the HP-1B Syntax and Char-
acteristics Summary for a description of each Status
Byte. Bits in the main Status Byte and Extended
Status Byte are cleared upon execution of the Out-
put Status (OS) or Reset Status (RS) program code.

3-32. Clearing the Status Byte

Once the Noise Figure Meter receives the serial poll
enable bus command (SPE), itisnolonger allowed
to clear the Status Byte. However, it can add addi-
tional bits to the status byte if the bit has been
enabled and the condition occurs.

After the Status Byte message has been sent it
will be cleared if the Serial Poll Disabled (SPD)
bus command is received, if the Abort message
is received, or if the Noise Figure Meter is unad-
dressed to talk. Nonvolatile error messages are
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SELECTION TU HOLD
(HP-18 CODE 71}
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Figure 3-14. Example Flow Chart for Driving the Noise Figure Meter Using
the Require Service Message (SRQ)
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Clearing the Status Byte (cont'd)

also cleared when the Status Bytemessageis sent.
Thus, some error messages that may have caused
the Require Service Message to be issued disap-
pear when a serial poll is performed. Refer to the
Error Messages and Recovery Detailed Operating
Instructions for a listing of volatile and nonvola-
tile errors. Regardless of whether or notthe Status
Byie message has been sent, the Status Byte and
any Require Service message pending will be
cleared if a Clear message is received.
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3-33. Sending the Status Bit Message

The Noise Figure Meter does not respond to a
Parallel Poll Enable (PPE) bus command and thus
cannot send the Status Bit message.

3-34. Receiving the Abort Message

The Abort messageis the means by which the con-
troller sets the Interface Clear (IFC) bus control
line true. When the Abort message is received, the
Noise Figure Meter becomes unaddressed and
stops talking or hstening.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY

Address:
Selected and displayed on front panel using Special Function 44.0, Noise Figure Meter HP-IB Address.
Factory set to 8 decimal.

Numeric Data Input Format (Except in Voltmeter mode):*
+DDDDDE:+NN

5-Digit Signed Mantissa Exponent Magnitude
(leading decimal not altowed) Exponent Sign

Indicates Exponent Follows

Qutput Formats: (Except in Voltmeter mode).*

HP-IB code HO (43.0 5P): +DDDDDE:NNCRLF
HP-IB code H1 (43.1 SP): :DDDDDEXNN, :tDDDDDE:NN, :DDDDDE:NNCRLF
and H2 {43.2 SP)

Signed Mantissa

Indicates Exponent Follows
Exponent Sign

Exponent Magnitude
Carriage Return

Line Feed

Errors: +S0DDDE+O6CRLF

Line Feed
" Error Code Carriage Return

Special HP-IB error codes (used for ENR Editing, ENR Catalog and Noise Figure Test Set Coarse and
Fine Tuning Calibration):

ENER Editing or Catalog: +B0OTNNE+06
Fixed Data]_ L Fixed Exponent
ENR Table Number ENR Table Entry Number or Total
Number of Entries in the Table
Noise Figure Test Set
Coarse or Fine Tuning Calibration: +BONNNE+06

Fixed Data :r —[:Fixed Exponent

Special Function for a
Coarse or Fine Tuning

Calibration
Reserved Number (used for the “—"" gpecial display or a blank display):
+90000E+06CRLF
Reserved Number (used for the “w-" overflow in measurement or measured noise figure > 32 dB):
+80099E+O06CRLF

Return to Local:
Front panel LOCAL key if not locked out.

* For information on the Volbmeter mode refer to Section VIIE Section VIII is in the Service Manual, The part number of the Service Manual is on the
title page of this manual.
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HP-IB SYNTAX AND CHARACTERISTICS SUMMARY (cont'd)

Status Byte:

enabled separately or all conditions can be enabled at once, using Special Function 44.7.
2. The RQS bit (bit 6) is set true whenever any of the conditions of bits 0-—5 and 7 are enabled and occar.
3. For bit 7 to be enabled, both the Extended Status Byte mask and Special Function 44.8 maust be enabled.

Bit 7 ] 5 4 3 1 0
Weight 128 84 32 16 8 ? 1
Service Extended RQS Bit Instrument | Received SRQ on HP-IB | Noise Figure Data
Reguest Status Require Error Control System Code Meter Ready
Gondition Byte Service on SIB | Interface | Error Calibration
Bus Compilete
Notes 1. Thecondition indicated in bits 65 and 7 must be enabled to cause a Service Request by Special Funetion 44. Each condition can be

Extended Siatus Byte:

Bit i ] & 4 3 2 i 1]
Weight 128 b4 32 16 8 4 2 i
Service 0 Power On Plot Fine Coarse Noise Noise Noise
Request | (always) Cycle | Completed | Tuning Tuning Figure Figure Figure
Condition Calibration | Calibration | Test Set Test Set Test Set
Completed | Completed | needs needs needs
Coarse | Fine Tuning | Fine Tuning
Tuning | at Current Calibration
Frequency {Special
Function
36.3)
Notes 1. Theconditionsindicated in bits 0 through 6 must be enabled to cause a Service Request, by Special Function 44.8. Special Funetion 44.9

enables all the conditions desired at once. The procedure is to press 44.9 SPECIAL FUNCTION, enter the total binary weights of the
conditions desired and press ENTER.

2. Special Function 44.8 must also be used to enable bit 7, in the status byte, to generate an SRQ.

Complete HP-IB capability as defined in IEEE Std 488-1978, and ANSI Std MC1.1 is: SH1, AH1, T5, TE0, L4, LEO,
SR1, RL1, PPO, DC1, DT1, CO, E1.
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Remote HP-1B In a noise figure meadurement system the Test Set is normally controlled through
Operation the System Interface Bus (SIB).

The Test Set can also be operated through the Hewlett-Packard Interface Bus
{HP-IB). HP-IB compatibility, programming and data formats are described in
the following paragraphs.

All functions except the LINE switch are programmable via HP-IB.

A quick test of the Test Set’s HP-IB interface is described in this section
pnder HP-1B Checks. These checks verify that the Test Set can respond to or
send each of the applicable bus messages described in Table 3-2.

3-10. HP-IB Program Codes

Table 3-1. Programming Quick Reference Guide, lists the most common
programming codes for programming the Test Set with a controller, and
defines the bits of the status byte.

3-11. HP-IB Compatibility

The Test Set’s programming capability is described by the twelve HP-IB messages listed
in Table 3-2. The Test Set’s compatibility with HP-IB is further defined by the following
list of interfaces: SH1, AF1, T6, TEO, L3, LEO, $R1, RL1,PP1, DCL, DT1, and CO. A
more detailed explanation of these compatibility codes can be found in IEEE Standard 488-
1978 and the identical ANSI Standard MCI.1.

3-12. Remote Mode

Remote Capability. The Test Set communicates on the bus in both remote
and local modes. In remote, the Test Set can be addressed to talk or listen.
When addressed to listen, the Test Set automatically stops talking

and pb responds to the the following messages: Data, Clear (SDC), Remote,
Local, and Abeort. When addressed to talk, the Test Set automatically stops
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listening and sends any message that has previously been requested. Whether
addressed or not, the Test Set responds to the Clear (DCL) and Abort
messages.
Local-to-Remote Mode Changes. The Test Set switches 10 remote operation
vpon receipt of the Remote message. The Remote message has two parts.
They are:

a. Remote enable bus control line (REN) set true.

b. Device listen address received once {while REN is true).

When the Test Set switches to remote, the REMOTE annunciator on the
front panel turns on.

Table 3-7.1 . Programming Quick Reference Guide

BDx

Sets all switches to Band x configuration. X can be a value for 1 -4. Bands
are defined as follows:

Band 1,SSBI (10-1600 MHz, 10-1600 MHz 1F)
Band 2, SSB2 (1601-2400 MHz, 700 MHz IF)

Band 3, SSB3 (2401-18000/26500 MHz, 450 MHz IF)
Band 4. DSB  (2401-18000/26500 MHz, 25 MHz IF)

DN

Steps YIG-tuned filter frequency down by increment set with FN,
This sets the frequency of the YIG-tuned filter needed for single-sideband
measurements in SSB3.

FN value

Sets YiG-tuned filter step frequency in I MHz increments. This value is
used with either the UP or DN step functions. The value should be ter-
minated by using the carriage return and line feed. You may optionally use
MZ to terminate, but all values entered are taken to be in MHz regardless
of whether you use MZ to terminate or not.

FR value

Sets YIG-tuned filter frequency to the specified value in MH, where the value is
in the range of 2400 to 18000/26500. The value should be terminated by 2
carriage return and line feed. You may optionally use MZ to terminate, but all
values entered are taken to be in MHz regardless of whether you use MZ to
terminate or not.
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Table 3-7.1. Programming Quick Reference Guide (Cont.)

ST

Requests status message from the Test Set, The status message will be in the
following format: "BDx FRnnnnnMZ", where x in "BDx" is an ASCI value, !
- 4 representing BD! through BD4, and "FRnonnonMZ" is the frequency of

the YIG-tuned Filter (2400 to 18000/26500 MHz).

up

Steps Y1G-tuned filter frequency up by increment set with FIN.

*CLS

*IDN?

Clears Status Registers. The event status register and the status register are
cleared.

Reguests status message showing the software revision date. Qutputs the in-
strument identification in the following format: "HEWLETT
PACKARD,8971B,0,YYWW"/"HEWLETT-PACKARD,8971C,0,YYWW",
The YY is the year minus 60, and the WW is the week of the vear of the software
revision.

*RST

Resets the Test Set. The output message is cleared, and the HP-IB input
parser is reset. Resets internal variables, including the heater control and
post tuning drift correction loops. The HP 8971B/C is returned to SSB1 with
the YIG set to 2461 MHz

4
Bit Number

7 3] 5 4 3 2 1 0
Bit Value 128 84 32 18 8 4 2 1
Function Not Reguest Event Message YIG Last Last Last
Used Service  Status Avail- Temp. Fre- Fre- Fre-
(RQS) Regis- able Not quency guency quenc
ter {MAV) Locked  was Set Set
{ESB) interpo- From F rom
lated Coarse EPROM
Tune Table
Table

Status Byte

Bit 0: A frequency set command has come from the EPROM tables.

Bit 1: A freguency set command has come from the coarse tuning table.

Bit 2: A frequency set command used a point from the tuning tables that

was interpolated
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Bit 3: The HP 8971B/C YIG temperature loop has gone out to lock. This bit
indicates that a RH command is needed to reset the temperature loop, or that
the ambient air temperature should return to within 5 degrees centigrade of
the point at which the last RH was issued. It is normal for the YIG
temperature to take 15 minutes to lock after a power on.

Bit 4: The message Available Bit is set when the HP 8971B/C has a message that
can be read over HP-IB.

Bit 5: The Event Status Register Bit is set when corresponding bits in the
Event Status Enable Register and the Event Status Register are set to 1.

Bit 6. The Request Service Bit is set when corresponding bits in the Service
Request Enable Register and the Status Byte are set to 1.

Bit 7. Not used.

3-13. Local Mode

Local Capability. In the local mode, the front panel REMOTE annunciator
is off. However, even in local, the Test Set can send a Require Service
message or a Status Bvte message,

Remote-to-Local Mode Changes. The Test Set switches to local from remote
whenever it receives a Local (GTL) or Clear Lockout/Set Local message.
{The Clear Lockout/Set Local message sets the Remote Enable control line
[REN] false.) The Test Set can also be switched to local by turning the LINE
switch to OFF, and then to ON.

With the Remote-to-Local transition, the REMOTE annunciator turns off.
However, when the Test Set is being addressed (whether in remote or local),
its LISTEN or TALK annunciator is on.

3-14. Addressing

When the Remote Enable line (REN) and the Attention control line (ATN)
are true and the Interface Clear control line (IFC) is false, the Test Set
interprets the byte on the eight HP-1B data lines as an address or a command,
When addressed, either the TALK or LISTEN annunciator is on.

3-15. Data Messages

The Test Set communicates on the interface bus primarily with Data
messages. Data messages consist of one or more bytes sent over the bus data
lines when the bus is in the data mode (attention control line [ATN] false).
The Test Set receives Data messages when addressed to listen.

HP 8971B



3-16. Receiving Data Messages

The Test Set responds to Data messages when it is enabled to remote (REN
control line true) and addressed to listen. The instrument remains addressed
to listen until it receives an Abort message or until its talk address or a
universal unlisten command is sent by the controller.

A data message is a string of two or more ASCII characters.

A summary of the most common programming codes and arguments is given
in Table 3-i. Some programming examples are given in HP-IB Checks.

3-17. Receiving the Clear Message
The Test Set responds to the Clear message as follows:

1. Clears output message

2. Resets the HP-IB input parser.
It does not clear the status byte, and does not affect instrument state.
The message can take two forms: Selected Device Clear which the Test Set
responds to only when addressed to listen, and Device Clear, which it
responds to whether addressed or not. The Device Clear message does not

affect addressing. while the Selected Device Clear message leaves the Test Set
addressed to listen.

3-18. Receiving the Trigger Message

The Test Set does not respond to the Trigger message.

3-19. Receiving the Remote Message

The Remote message has two parts. First, the remote enable bus control line
(REN}) is held true; second, the device listen address is sent by the controller.
These two actions combine to place the Test Set in remote mode. Thus, the
Test Set is enabled to go into remote when the controller sets REN true, but
it does not actually switch to remote until addressed to listen the first time,
When actuaily in remote, the Test Set’s front panel REMOTE annunciator
lights.
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3-20. Receiving the Local Message

The Local message sets the Remote Enable bus control line (REN) false. The
Test Set returns to front panel control when it receives the Local message.

When the Test Set goes to local mode, the front panel REMOTE annunciator
turns of f. However, even in local, the Test Set can send the status byte,

3-21. Receiving the Local Lockout Message

The Test Set receives but ignores the the Local Lockout message, since there
are no front panel controls and no Local key.

3-22. Receiving the Clear Lockout/Set Local Message

The Clear Lockout/Set Local message sets the Remote Enable (REN) bus
control line faise. The Test Set returns to local mode when it receives the
Ciear Lockout/Set Local message. When the Test Set goes to local mode, the
front panet REMOTE annunciator turns off,

3-23. Receiving the Pass Control Message

The Test Set does not respond to the Pass Control message.

3-24. Sending the Require Service Message

The Test Set sends a Require Service message if the Service Request Enable
Mask has been set to enable a a service request. This is accomplished by
setting Service Regquest Enable Mask bits to 1. The command "SRE value”,
configures the Service Request Mask using a binary equivalent of the value
entered. The value entered may be 0 through 255. Refer to Table 3-1 for
status byte functions that may be enabled for a Require Service message.

The Test Set sends the message by setting the Service Request (SRQ) bus line
trie.

Once the Test Set is addressed to talk, the RQS bit is latched, even though
Test Set’s need for service may have changed.
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3-25. Sending the Status Byte Message

After receiving a Serial Poll Enable bus command (SPE)} and when addressed
to talk, the Test Set sends a Status Byte message, The message consists of one
$-bit byte.

If the Test Set is holding the SRQ contro! line true {issuing the Require
Service message), the RQS bit and the bit representing the condition causing
the Require Service message to be issued will both be true. The bits in the
Status Byte are latched but can be cleared by removing the causing condition
and reading the Status Byte. For more information about the status byte,
refer to Table 3-1.

3-26. Sending the Status Bit Message

The Test Set does not send the Status Bit message. It does not respond to the
Paraliel Poll Enable (PPE) bus command.

3-27. Receiving the Abort Message
The Abort message sets the Interface Clear (IFC) bus control line true. When

the Abort message is received, the Test Set becomes unaddressed and stops
talking or listening.
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Table 3-7.2. HP-IB Message Reference Table

HP-IB
Message

Applicable

Response

Related
Command
and
Controls

Interface
Functions*

Data

Yes

All Test Set functions except the
LINE switch can be
programmed.

AHI, SHI,
T6, TEOD,
L4, LEO

Trigger

The Test Set does not respond to
the Group Execute Trigger
{GET) bus command.

DTO

Clear

Yes

Clears output message, resets
HP-1B input parser, does not
clear status byte, does not affect
instrument state.

" DCL

SDC

DCl

Remote

Yes

Remote mode is enabled when
the REN bus control line is true.
However, remote mode is not
entered until the first time the
Test Set is addressed to listen.
The front panel REMOTE an-
nunciator lights when the in-
strument is actually in the
remote mode. No instrument set-
tings are changed,

REN

RL1

Local

Yes

The Test Set returns to local
mode. However, there are no
front panel controls on the Test
Set.

GTL

RL1

Local Lockout

The Test Set receives but ignores
the Local Lockout message,
since there are no front panel
controls.

REN

RLI
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Table 3-7.2, HP-IB Message Reference Tabie (Cont.)

HP-1B
Message

Applicable

Response

Related
Command
and
Controls

Interface
Functions®

Clear Lockout/Set
Local

Yes

The Test Set returns to local
when the REN bus control line
goes false.

REN

RL]

Pass Control/Take
Control

No

The Test Set has no controller
capabilifty.

Co

Require Service

Yes

if the SRQ mask is set, (see
Table 3-1 for a description of
*SRE), and if one of the follow-
ing conditions exists, then SRQ
will be true.

1) Last frequency from EPROM
Table.

23 Last frequency from coarse
table,

3) Last frequency was
interpolated.

4} YIG temperature not locked.
3) Message available.

6) Event status register condi-
tions active.

SRQ

SR1

Status Byte

Yes

The Test Set responds to a Serial
Poll Enable (SPE) bus command
by sending an 8-bit status byte
when addressed to talk. If the
Test Set is holding the SRQ con-
trol line true (issuing the Require
Service message), the RQS bit
and the bit representing the
condition causing the Require
Service message 1o be issued will

HP 897IB
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Table 3-7.2. HP-IB Message Reference Table (Cont.)

HP-1B Applicable Response Related Interface
Message Command Functions*
and
Controls
both be true, The bits in the SPE, T5
Status Byte are latched but can SPD
be cleared by removing the caus-
ing condition and reading the
Status Byte.
Status Bit No The Test Set does not respond to PPO
a Parallel Poll Enable (PPE) bus
command.
Abort Yes The Test Set stops talking and IFC T6, TEO
listening. L4, LEO
*Control lines and Interface Functions are defined in 1EEE Std 488-1978,
Knowledge of these may not be necessary if your controller’s manual
describes programming in terms of the twelve HP-IB Messages shown in the
table above.
Complete HP-IB capability as defined in IEEE Std 488 and ANSI Std MC1.1
is:SH1,AH1, T5, TEO,L3, LEO, DT1, DC1, RL1, C0, SR1I, and PP1.
Table 3-7.3. HP-IB Program Cedes
Program Parameter
Code
AD value Take internal voltage reading on channel 0-7, return I byte result.
BD value Configure switches for frequency band [ - 4
CAD value Take internal voltage reading on channel 0-7, return ASCII 0-255
CF value Add current DAC settings to fine tune table for this frequency
*CLS Clear the status byte and event status register
CS Save fine tune table into the coarse tune table (16,000 time limit)
CT Clears fine tuning table
DF Reports Post tuning drift factor
DH Disable automatic Y1G-tuned filter temperature control
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Table 3-7.3 . HP-IB Program Codes (Cont.)

Program Parameter
Code ‘

DN Step Y1G-tuned filter frequency down by amount set with FN
Dp Disable Y1G-tuned filter Post tuning drift compensation
DS Report Post tuning drift factor after FN,UP,DN
DY value Decrement YIG-tuned filter DAC setting
EC Enable calibration save command. See "CS" command
EH Enable YIG-tuned filter temperature control
EP Enable YIG-tuned filter Post tuning drift control
ERR? Output last device dependent error
*ESE Set Event Status Enable register
*ESE? Qutput Event Status Enable register
*ESR? Output Event Status Register
ETC value Set ET control register
ETL value Set ET LEDs on front panel
FN value Set YIG-tuned filter step freguency in I MHz increments
FR value Set YIG-tuned filter filter to specified frequency when in S8B3
HY Do hysteresis correction on Y1G-tuned filter DAC and leave Y1G at 0 MHz
*DN? Outputs instrument identification
IW value Inspect a word of memory at specified address
IY value Increment Y1G-tuned filter DAC setting
NwC Returns total number of times the CS command has been done
ocC Output control loop status
oD Qutput Scale and YIG-tuned filter DAC settings
RH Resets YIG-tuned filter heater regulation set point
*RST Resets instrument
SA value Set ambient offset DAC to new value
SD Qutputs instrument identification
SH value Set heater DAC to specified value
*SRE value Set the Service request enable register
*SRE? Qutput contents of Service Request Enable Register
SS value Set Y1G-tuned filter Scale DAC to a value 0 - 4095
ST Returns instrument status
*STRH? Returns the Status Byte but does not clear it
SY value Set main YIG-tuned filter DAC to a value 0 - 63535
UP Steps YIG-tuned filter frequency up by setting set with FN

~ HP8971B
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary {1 of 4)

HP-I1B Cade HP-IB Gode
D Parameter <D Parameter
AC System LO Auxiliary Commands Input Gain Calibration
AD Sets the RAM address for modification/ ] +20, +10, and ¢ dB
inspection or ROM address for inspection Ci +10, 0, and —10 dB
and disables auto-increment mode C2 0, —10, and ~20 dB
AF Enable Smoothing Factor C3 -10, ~20, and —30 dB
Al Sets the RAM address for modification/ DA Disable auto sweep abort
ingpection or ROM address for inspection DB dB
and enables auvto-increment mode DC Tisabie Error 48 (E48)
bD Perform a Selective Device Clear of the
Qutput to Oscilloscope Pass Through Device on the System
AD Noise Figure and Gain Interface Bus
Al Test Pattern DE DECREASE Smoothing
A2 Noise Figure Only DF Measurement frequency is shown in the
A3 Gain Only left display
Ad Plot Noise Figure (for X-Y Recorder) DG Interpolated measarements disabled
A5 Plot Gain (for X-Y Recorder) above 1600 MHz in Modes 1.5 through 1.9
A6 X Axis is Noise Figure and Y Axis is Gain DI Input to Noise Figure Meter (Modes 1.0
(Strip Chart Mode) through 1.4) or Input to Noise Figure Test
A7 Enable recorder test Set (Modes 1.5 through 1.9) displayed
A8 Oscilloscope display cursor enabled DN i (Step down)
A9 Oscilioscope display cursor disabled DP Disable Auto Pass Control
BA All displays are blanked DS Perform a Device Clear on the System
BF Left display is blanked Interface Bus, if the Noise Figure Meter is
BO Double Sideband the Active Controller.
Bl Lower Single Sideband DT Enable Dispiay Test
gg g;ze; %Iz%iili:;;d Noise Source Temperature Units for
IF = Fgignat + FLo Data Input
B4 Noise Figure Test Set single sideband Do OK
operation; Modes 1.5 through 1.9 D1 OC
B5 Noise Figure Test Set double sideband D2 . F
operation; Modes 1.5 through 1.9 EA Display and Enter System LO SIB
CA CALIBRATE Address o
CcC Cold Calibration (Manua! Measurement) EC ENR Table for Calibration )
CF Upper and lower sideband erossover BG Enable I?terpolated Measurements in
frequency selection; Modes 1.5 through 1.9 Modes 1.5 through 1.9
CH Hot_Calibration {Manual Measurement) Noise Figure Meter YIG Filter Tuning
Cl* Calibrate IF Attenuators® Functions
CP Nqse Fl_gm‘e Test Set Coarse Tuning EH Enable Hysteresis Calibration when
Ca%xbraf:xon Freguency is Changed
CR Noise Figure Meter releases control of the EM ENR Table for Measurement
System Interfaj.ce Bus ) EN ENTER
Cs Initialize Special Functions EP Enable Auto Pass Control
CT Noise Figure Meter takes control of the ER Recalis Last Error Issued
System Interface Bus
CU Selects Upper Frequency of Noise Figure Measurement Modes
Test Set EQ Mode 1.0
E1 Mode 1.1
* 1f code CI is used, the gain accaracy specification will be degraded from 0.15 dB to a typical value of 0.25 dB. For more information, refer to
“Calibration, IF Attenuators” Detailed Operating Instruction.

HP 8970B
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (2 of 4)

HP-1B Code HP-18 Cade
w Parameter m Parameter
Measurement Modes {cont’d) Special Function Catalog {cont’d)
E2 Mode 1.2 ' G7 Line 7 Status
E3 Mode 1.3 G8 Line 8 Status
¥4 Mode 1.4 HC Display and Enter Pass Control System
E5 Mode 1.5 Interface Bus Address
E6 Mode 1.6 HP Disgplay and Enter Plotter System
E7 Mode 1.7 Interface Bus Address
ER Mode 1.8 HS Display and Enter System Interface Bus
Eg Mode 1.9 Address
FA START FREQ HT Display and Enter Noise Figure Test Set
FB STOP FREQ@ System Interface Bus Address
FC Custom LO CW Prefix and Suffix HZ Hz
FD Disable Noise Figure Test Set Fine
Tuning Calibration with Noise Figure HP-IB Data Output
Measurement System Calibration; HO NOISE FIGURE Display Only
warning (E28) when fine tune needed Hi Left, INSERTION GAIN, and NOISE
¥F Noise Figure Test Set Fine Tuning FIGURE Displays
Calibration at the current Frequency H2 During Calibration the Frequency,
N FREQ INCR Calibration Data (GKB) and Second
FR FREQUENCY Stage Temperature are outpui.
T Noise Figure Test Set Fine Tuning IF IF (for Modes 1.1, 1.3, 1.6 and 1.8)
Calibration with Noise Figure Measure- " IF Attenuator Hold
ment System Calibration; warning (£28) IN INCREASE Smoothing
when fine tune needed. IS Perform an Interface Clear on the System
FW Disable Noise Figure Test Set Fine Interface Bus, if the Noise Figure Meter is
Tuning Calibration before Noise Figure the System Controller.
Measurement Systemn Calibration and
disable Error 28 (E28) IF Attenuation Selection
Fo Smoothing Factor = 1 I0 Auto
F1 Smoothing Factor = 2 Ii 0dB
F2 Smoothing Factor = 4 12 5dB
F3 Smoothing Factor = 8 13 10dB
F4 Smoothing Factor = 16 I4 15dB
F5 Smoothing Factor = 32 I5 20 dB
Fe Smoothing Factor = 64 16 25dB
F7 Smoothing Factor = 128 I7 30dB
F8 Smoothing Factor = 256 18 35dB
F9 Smoothing Factor = 512
GL Gain Lower Limit (for Oscilloscope) System LO Programs
GP Select Gain Pen Number J0 gg 8350§ S‘éwegigscﬂlgtor
; s : J2 8671B/867 yn. Signal Generator
GU | Gain Upper Limit (for Oscilloscope) J3 HP 8673B/C/G Syn. Signal Generator
Special Function Catalog J4 HP 8340B Sweep Oscillator
GO Scan Catalog Lines J5 Custom Local Oscillator Program
Gl Line 1 Status
G2 Line 2 Status Keyboard Test
G3 Line 3 Status KY Display Kev Codes
G4 Line 4 Status K1 Key Test — Row 1
G5 Line 5 Status K2 Key Test — Row 2
G Line 6 Status K3 Key Test ~ Row 3
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Table 3-8. Noise Figure Meter HP-IB Code to Parameter Summary (3 of 4)

HP-IB Code HP-IB Code
m Parameter m Parameter
Key Test (cont’d) Power Measurements
K4 Key Test — Row 4 N5 SOURCE Cff (Uncal}
K5 Key Test — Row 5 N8 SOURCE On (Uncal)
Ke Key Test — Row 6 N7 SOURCE Off (Cal)
K7 Key Test — Row 7 N§ SOURCE On (Cal)
K8 Key Test — Row 8 08 Qutput Both Status Bytes
LA Loss Compensation before DUT PA Plot Grid and Data
LB Loss Compensation after DUT PC Custom LO Power Prefix and Suffix
LD Disable System L.O on System Inter- PD Plot Data Only
. face Bus PF Perform Noise Figure Test Set Fine Tuning
LE Enable System LO on System Inter- Calibration
face Bus PG Plot Grid and Axes Labels
LF LO Frequency (for Modes 1.2, 1.4, 1.7 P Plotter is on the System Interface Bus
and 1.9) PL System LO Power Level
1L Go to Lower Left (for X-Y Recorder) PM Plot Data read on HP-I1B
LT Temperature of Losses PR PRESET
10 Loss Compensation Off PS Systern LO CW Prefix and Suffix
11 Loss Compensation On PT Display and Enter the Address of the Pass
MB Selects Modification or Inspection of a Byte Through Device on the Systern Interface Bus
in RAM or Inspection of a Byte in ROM. PO Normal Display (to return from displaying
MC Cold Manual Measurement manual measurement results)
MF Selects Modification or Inspection of a P Pisplay Manual Measurement Results
F.‘loating Point_ Va.iue_ in RAM or Inspec- Sequence Functions
tion of a Floating Point Value in ROM. QA Automatic
MH Hot Manual Measurement Qc Clear
MN System LO Minimum Frequency in MHz QM Manual
MW Selects Modification or Inspection of a Qs Set
Word in RAM or Inspection of a Word .
in ROM. Service Reguest
MX System LO Maximum Frequency in MHz Q0 Disable SRQ Capability
M7 MHz Q1 Enable Data Ready to Cause SRQ
Ml | UNCORRECTED NOISE FIGURE Q2 Enable Cal Complete to Cause SRQ
M2 | CORRECTED NOISE FIGURE AND GAIN| @3 Enable HP.IE Code Error to Cause SRQ
NC Noise Figure Meter is not system control- Q4 Enable SRQ on the System Interface Bus
ler on the Systern Interface Bus o Cause’SBQ .
ND Sets all ENR Values to 15.20 B and Qb Enable Noise Figure Meter received
Noise Source ID No. to 00000. control on the System Interface Bus to
NE Enter and Use ENR Cause SRQ
NL Noise Fxgu:re Lower Limit (for Osc:i}_loscope) Q6 Enable Instrument Error to cause SRQ
NP | Selects the Noise Pen Number Q8 Enable Extended Status Byte to
NR | Enter ENR Table Cause SRQ
NS | Noise Source Catalog ig g%%ﬁi&ed Status Byte Mask
. - . o
NU Noise Figure Upper Limit (for Oscilloscope) rH RF Attenuator Hold
Noise Figure Display Units RM Set Status Byte Mask
NoO FdR RS Reset Status Bytes
N1 F RF Attenuation Selection
N2 Y dB Ro Auto
N3 Y R1 +20dB
N4 Te K R2 +10 dB
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Tabie 3-8. Noise Figure Meter HP-IB Code to Parameter Summary {4 of 4)

HP-IB Code HP-1B Code
P ipio Parameier <D Parameter
RF Attenuation Selection (cont’d) Voltmeter Mode
R3 0dB VC Noise Source Off
R4 -10dB VH Noise Source On
R5 ~20dB VP Display Pass Through Address of Noise
RS —-30dB Figure Meter
SB Noise Figure Meter does a Serial Poll on Vo Exponential Smoothing
the System Interface Bus Vi Arithmetic Smoothing
sC Noise Figure Meter is System Controller wWT Enter Plot Name
on the System Interface Bus WO Sweep Off
8D Displays Current Seftware Date W1 AUTO Sweep
SE Display Current ENR wo SINGLE Sweep
SI Display IF Attenuator Setting
SN Enter Noise Source Identifier Recorder Test Funetions
5P SPECIAL FUNCTION XV X-Axis Test
5Q SEQ
SR Display RF Attenuator Settring Display Resolution
S5 STEP SIZE X0 Maximum Reseclution
sT STORE X1 Less Resolution on Noise Figure
50 Use ENR Table X2 Less Resolution on Gain
S1 Use Spot ENR
Noise Figure Measurement System Recordgr Test Functions
Internal IF Selection YV Y-Axis Test
52 Display and Enter Internal IF for SSR2
53 Display and Enter Internal IF for SSB3 Frequency Calibration
84 Display and Enter Internal IF for DSB Y0 Automatic
85 Display Noise Figure Meter Input Y1 Disable Frequency Cal
Frequency Y2 Perform 1 Frequency Cal
TC Teold Y8 Disables Debug Oscilloscope Plots
TD Disable Noise Figure Test Set on the Yg Enables Debug Oscilloscope Plots
System Interface Bus
TE Enable Noise Figure Test Set in Modes 1.5 HP 8757 Scalar Analyzer Control
through 1.9 ZP Enable plot to HP 8757 Scalar Analyzer.
TH Thot . . ZQ Disable plot to HP 8757 Sealar Analyzer.
™ System LO Settling Time ) ZR Display and enter HP 8757 Scalar
TS Enable Noise Figure Test Set in Modes 1.0 Analyzer System Interface Bus Address.
through 1.9 7S Number of P .
umber of measurement frequencies per
Trigger Selection HP 8757 Scalar Analyzer display refresh:
T0 Free Run
T1 Hold / Individual RF Attenuator Selection
T9 Execute Z0 Select RF Thru Path
UL Display User Controlled Local Oscillator AL Select 10 dB Pad No. 1
Frequency; Modes 1.5 through 1.9 72 Select 20 dB Input Amplifier
Uup 1 (Step up) Z4 Select 10 dB Pad No. 2
UR Go to Upper Right {for X-Y Recorder) Z5 Select 10 dB Pad No. 3
Noise Figure Meter YIG Filter Tuning
Functions
Uy YIG DAC is Updated when Frequency
is Changed
U0 0 MHz Hold Off
U1 0 MHz Hold On
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Table 3-8. Special Function to HP-1B Code {1 of 7)

Special Function HP-IB
Code Description
Name tode* | D
Initialize Special Functions 0.0 Cs Initializes many Special Functions.
Initialize Special Functions and 0.8 None Initializes all Special Functions and Sets ali
Set Defaults Defaults to Factory Set Conditions.
Measurement Mode Selection 1.0 Eo Mode 1.0 (10—16800 MHz measurement)
1.1 El Mode 1.] {fixed IF; variable freq. Sys. LO)
1.2 E2 Mode 1.2 {variable IF; fixed freq. Sys. LO; 8SB)
1.3 E3 Mode 1.3 (fixed IF; variable freq. Sys. LO; mixzer
is bUT)
14 K4 Meode 1.4 (variable IF; fixed freq. Sys. LO; mixer
is DUT)
15 E5 Mode 1.5 (10 to 26500 MHz)
1.6 E8 Mode 1.8 {fixed IF; variable frequency User
Controlled 1.O)
1.7 E7 Mode 1.7 (variable IF; fixed frequency User
_ Controlled LO; SSB)
1.8 E8 Mode 1.8 (fixed IF; variable frequency User
Controlled LO; mixer is DUT)
1.9 E9 Mode 1.9 (variable IF; fixed frequency User
Controlled LO; mixer is DUT)
Sideband Frequency Offset 2.0 BO Double Sideband (no offset)
2.1 B1 Lower Single Sideband (Fsignal <Fro)
2.2 B2 Upper Single Sideband (F ;.1 > Fr o)
2.3 B3 Signal Up Conversion Fary = Fisignay + Froy
Enter IF and L.O Frequencies 3.0 IF IF (for Modes 1.1, 1.3, 1.6 and 1.8)
3.1 LF LO {for Modes 1.2, 1.4, 1.7 and 1.9)
3.2 UL Displays User Controlled LO Frequency in
Modes 1.6 through 1.9
Control Function Selection 4.0 none Normal Talker and Listener
42 none Talk Only
ENR, Tyt Settings and 5.0 S0 Use ENR Table
ENR Table Selection 5.1 S1 Use Spot ENR
5.2 SE Display Current ENR in dB
5.3 NE Enter and Use Spot ENR
5.4 TH Enter and Use Ty
55 SN Enter Noise Source Identifier
56 NS Noise Source Catalog
B.7 EC ENR Table for Calibration
58 EM ENR Table for Measurement
Toplg Setting 6.0 TC Enter Trq14
QOutpui to Oscilloscope 7.0 AOD Noise Figure and Gain
7.1 Al Test Pattern
7.2 A2 Noise Figure Only
73 A3 Gain Only
7.4 A8 Oseilloscope Display Cursor Enabled
7.5 A9 Oscilioscope Display Cursor Disabled

*Most Special Functions can be programred using either the code number followed by 8P or the HP-IB Code.
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Table 3-9. Special Function to HP-IB Code {2 of 7)

Special Funetion HP-1B
Code Description
Name Code* | CLED
Enter Oscilloscope Limits 8.1 NL Noise Figure Lower Limit
82 NU Noise Figure Upper Limit
8.3 GL Gain Lower Limit
8.4 GU Gain Upper Limit
Power Measurements 9.1 N5 SOURCE Off (uncah
9.2 Né SOURCE On (uncal)
9.3 N7 SOURCE Off (cal)
9.4 N8 SOURCE On (cal)
Noise Figure Display Units 10.0 NO FdB
10.1 Ni F
10.2 N2 Y dB
10.3 N3 Y
10.4 N4 Te K
Select Noise Source Temperature 11.0 Do K
Units for Data Input ' 11.1 D1 °C
11.2 D2 °F
Display Resolution 12.0 X0 Maximum Resolution
121 X1 Less Resolution on Noise Figure
12.2 X2 Less Resolution on Gain
Smoothing (Averaging) 18.0 Vo Exponential Smoothing
131 Vi Arithmetic Smoothing
18.2 AF Smoothing Factor
Manual Measurement Functions 4.1 MC Cold Measurement (SOURCE-off)
14.2 MH Hot Measurement (SOURCE-On)
14.3 CC Cold Calibration (SOURCE-Off
14.4 CH Hot Calibration (SOURCE-On)
15.0 PO Display Current Measurement
151 P1 Display Manual Measurement Results
Display Control 16.0 DF Displays Measurement Freguency in Left Display
16.1 DI Displays Input to Noise Figure Meter (Modes 1.0
through 1.4) or Input to Noise Figure Test Set
{Modes 1.5 through 1.9) in Left Display
16.2 BF 1eft Dispiay is Blanked
16.3 BA All Displays are Blanked
Noise Figure Test Set Internal 17.0 B4 Single Sideband Operation (Modes 1.5
Sideband Frequency Offset through 1.9
17.1 B5 Double Sideband Operation (Modes 1.5
through 1.9)
17.2 Ccr Upper and Lower Sideband Crossover Frequency
Selection
Noise Figure Measurement System 19.2 52 Internal IF for 88B2
Internal IF 19.3 83 Internal IF for SSB3
19.4 54 Internal IF for DSB
19.5 S5 Display Noise Figure Meter Input Frequency

*Most Special Functions can be programmed asing either the code number followed by SP or the HP-IB Code.
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Tabie 3-8. Spesia! Function {0 HP-1B Cade (3 of 7}

Special Function HP-1B
Gade Description
Name Code* L HP-15
Recorder Functions 20.0 EM W Go to Lower Left
21.0 UR Go to Upper Right
22.0 Ad Plot Noise Figure
23.0 A5 Plot Gain
24.0 A6 X-AXIS Output is Noise Figure and Y-AXIS
Output is Gain (Strip Chart mode)
Plotter Funections 25.0 PA Plot Grid and Data
25.1 PG Plot Grid and Axes Labels
25.2 PD Plot Data Only
25.3 NP Select Noise Pen Number
25.4 GFP Select Gain Pen Number
255 WT Select Plot Name
Trigger Selection 30.0 TO Free Run
30.1 T1 Hold
30.2 T2 Execute
Frequency Calibration 31.0 YO Automatic: See Calibration, Frequency (DOI)
: 311 Y1 Disable Frequency Cal
31.2 Y2 Perform 1 Frequency Cal
Input Gain Calibration 32.0 Co +20, +10 and 0 dB
32.1 C1 +10,0 and ~10dB
32.2 C2 0,—10and —20dB
32.3 C3 ~10, —20 and —30 dB
IF Attenuators Calibration®* 33.1%* CI** Calibraie IF Attenuators®*
Loss Compensation 34.0 10 Off
341 Lt On
34.2 LA Enter Loss before DUT in dB
34.3 LT Enter Temperature of Losses
"34.4 1B Enter Loss after DU in dB
Sequence Functions 350 QM Manual
35.1 QA Automatic
35.2 Qs Set
35.3 QC Clear
Noise Figure Test Set YIG Filter 36.0 FT Fine Tuning Calibration with Noise Figure
Fine Tuning Calibration Measurement Systemn Calibration; enable
Warning (¥:28) if Fine Tuning is needed.
36.1 FD Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration.
36.2 FW Disable Fine Tuning Calibration before Noise
Figure Measurement System Calibration and
Disable Warning (E28) if Fine Tuning is needed.
36.3 PE Fine Tuning Calibration from Start to Stop
Frequencies and Disable Fine Tuning Calibration
before Noise Figure Measurement System
Calibration.
*Most Special Functions can be programmed using either the code number followed by 8P or the HP-IB Code.
**If Special Function 33.1 is used, the gain accuracy specification will be degraded from 0.15 4B to a typical value of 0.25 dB. For more
information, refer to “Calibration, IF Attenuators™ Detailed Operating Instruction.
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Table 3-8. Special Function te HP-IB Code (4 of 7)

Special Funetien KP-I18
Code [escription
Name Codes | (D>
36.4 FF Fine Tuning Calibration at Current Frequency
Interpolated Measurements 39.0 DG Disable Interpolated Measurements in Modes 1.5
through 1.8
39.1 EG Enable Interpolated Measurements in Modes 1.5
through 1.9
HP.IB and SIB Addresses 40.0 none Display and Enter Noise Figure Meter Address
40.1 EA Display and Enter System LO Address
40.2 HT Display and Enter Noise Figure Test Set SIB
Address
40.3 HP Display and Enter Plotter SIB Address
40.4 HS Display and Enter SIB Address
40.5 HC Display and Enter Pass Contrel 8IB Address
40.6 PT Display and Enter the SIB Address of the Pass
Through Device on the SIB
40.7 VP Display the Pass Through Address of the Noise
Figure Meter
Svstem LO Programs 41.0 J0 HP 8350B Sweep Oscillator
41.2 J2 HP 8671B/8672A Syn. Signal Generator
41.3 J3 HP 8673B/C/G Syn. Signal Generator
41.4 J4 HY 8340B/8341B Sweep Oscillator
41.5 g5 Custom Local Oscillator
System LO Commands 420 AC Auxiliary Commands
42.1 Ps CW Prefix and Suffix
42.2 T™M Settling Time in ms
42.3 MN Minimum Frequency in MHz
424 MX Maximum Frequency in MHz
42.5 PL System Local Oscillator Power Level
42.6 PC Power Prefix and Suffix for Custerm Local
Oscillator
42.7 FC Frequency Prefix and Suffix for Custom Local
Oscillator
HP.IB Data Output Selection 43.0 Ho NOISE FIGURE Only
43.1 Hi Frequency (left display), INSERTION GAIN,
NOISE FIGURE
43.2 H2 Frequency, Calibration Data (GmKBm) and
Second Stage Temperature are Output over
HP-IB during Calibration.
Service Request 44.0 Q0 Disable SRQ Capability {clears all enabled
conditions)
44.1 Q1 Enable Data Ready to cause an SRQ
44.2 Q2 Enable Cal Complete to cause an SRQ
44.3 Q3 Enable HP-IB Code Error to cause an SRQ
44.4 Q4 Enable SRQ on the SIB to Cause an SRQ
44.5 Q5 Enable Noise Figure Meter Received Control on
the SIB to Cause an SRQ
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
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Tahie 3-0. Special Function to HP-IB Code {5 of 7)

Snecial Function HP-IB
Code Bescription
Name Code* | LED)
44.6 Q6 Enable Instrument Error to cause an SR®
447 RM Enable all desired Conditions on the Status Byte
to Cause an SRQ
44.8 Q8 Enable Extended Status Byte to Cause an SRQ
449 RE Enable all desired Conditions on the Extended
Status Byte
Noise Figure Test Set Control 45.0 TE Enabie Noise Figure Test Set in Modes 1.5
through 1.9
45.1 TS Enable Noise Figure Test Set in all Modes
45.2 TD Disable Noise Figure Test Set in all Modes
System Local Osciliator Control 46.0 LE Enable System Local Oscillator on the SIR
46.1 LD Disable System Local Oscillator on the SIB
Plotter Control 47.0 PI Plotter is on the SIB
47.1 PM Enable Plot Data to be read on the HP-IB
HP 8757 Scalar Analyzer Control 47.2 Zp ¥nable plot to HP 8757 Scalar Analyzer
47.3 70 Disable plot to HP 8757 Scalar Analyzer
47.4 ZR Display and enter HP 8757 Scalar Analvzer
System Interface Bus Address
47.5 Z8 Number of measurement frequencies per
HP 8757 Scalar Analyzer display refresh
SIE Controller 48.0 sC Enable Noise Figure Meter as System Controller
on the SIB
48.1 NC Disable Noise Figure Meter as System Controller
on the SIB
48.2 DC Disable Error 48 (E48)
Sharing Control on the SIB 49.0 Dp Disable Auto Pass Control
49.1 EP Enable Auto Pass Control
49.2 CR Enable Noise Figure Meter to Release Control of
the SIB
48.3 ct Enable Noise Figure Meter to Take Conirol of
the SIB
49.4 SB Enable Noise Figure Meter to perform a Serial
Poll on the SIB
48.5 DD Perform a Selective Device Clear of the Pass
Through Device on the SIB.
49.6 DS Perform a Device Clear on the SIB, if the Noise
Figure Meter is the Active Controlier.
487 IS Perform an Interface Clear on the SIB, if the
Noise Figure Meter is the System Controller.
Special Function Catalog 50.0 GO Scan Special Function Catalog Lines
50.1 Gi Line 1 Status
50.2 G2 Line 2 Status
50.3 G3 line 3 Status
50.4 G4 Line 4 Status
350.5 G5 Line 5 Status
50.6 G6 Line 6 Status
507 G7 Line 7 Status
50.8 G8 Line 8 Status

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Cede.
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Table 3-9. Special Function to HP-IB Code {6 of 7)

Special Function HP-IB
Code {lescription
Name Code* | (N>
RF Attenuation Selection 60.0 RO Auto
60.1 R1 +20 dB
60.2 R2 +10dB -
60.3 R3 0dB
60.4 R4 -10 4B
60.5 R5 —20dB
80.6 R6 —30dB
Display RF Attenuator Settings 61.0 SR Display RF Attenuators
RF Attenuator Hold 62.0 RH RF Attenuators are held in the configuration that
exists when Special Function 62.0 is activated.
Individual RF Attenuator Selection 63.0 Z0 Select RF Thru Path
63.1 Z1 Select 10 dB Pad No. 1
63.2 Z2 Select 20 dB Input Amplifier
63.4 Z4 Select 10 dB Pad No. 2
63.5 Z5 Select 10 dB Pad No. 3
Noise Figure Test Set YIG Filter 64.0 CP Enable Coarse Tuning Calibration
Coarse Tuning Calibration 64.1 CU Select Upper Frequency of Noise Figure Test Set
IF Attenuation Selection 70.0 10 Auto
70.1 Il 04B
70.2 12 5dB
70.3 I3 10dB
70.4 14 15dB
70.5 15 20 dB
70.6 I8 25dB
70.7 I7 30dB
70.8 I8 35dB
Display IF Attenuator Settings 71.0 s Display IF Attenuators
IF Attenuator Hold 72.0 IH IF Attenuators are held in the configuration that
. exists when Special Funetion 72.0 is activated.
Voltmeter Mode 80.0 VC Noise Source Off
81.0 VH Noise Source On
Recorder Test Functions 82.0 AT Enzble Recorder Test
82.1 XV X-Axis Test
32.2 YV Y-Axis Test
Keyboard Test 90.0 KY Display Key Codes
90.1 K1 Key Test — Row 1
90.2 K2 Key Test — Row 2
90.3 K3 Key Test — Row 3
90.4 K4 Key Test - Row 4
90.5 K5 Key Test — Row 5
90.6 K6 Key Test — Row 6
90.7 K7 Key Test — Row 7
90.8 K8 Key Test — Row 8
Display Fest 91.0 DT Enable Display Test
0 MHz Hold 92.0 Uo Off
92.1 U1 On
RAM Inspection/Modification or 93.0 Al Sets the Address for Modification or Inspection
ROM Inspection Utilities and Enables Auto-Increment Mode.
*Most Special Functions can be programmed using either the code number followed by SP or the HP.IB Code.
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Table 3-8. Special Function to HP-1B Code (7 of 7}

Special Function HP-1B
Cade Dessription
Name Code” | (B
93.1 Al Sets the Address for Modification or Inspection
and Disables Auto-Increment Mode.
93.2 MB Selects Modification or Inspection of a Byte in
RAM or Inspection of a Byte in ROM.
93.3 MW Selects Modification or Inspection of a Word in
RAM or Inspection of a Word in ROM.
93.4 MF Selects Modification or Inspection of a Floating
Point Value in RAM or Inspection of a Floating
Point Value in ROM.
Noise Figure Meter YIG Filter 94.1 — Disable Hysteresis Calibration when Frequency
Tuning Functions is Changed.
94.2 EH Enable Hysteresis Calibration when Frequency
is Changed.
94.3 — Y1G DAC is not Updated when Frequency is
Changed.
94,4 Uy YIG DAC is Updated when Freguency is
Changed.
Default ENR 95.6 ND Sets all ENR Values to 15.20 dB and Noise
) Souree ID No. to 00000
Debug Oscilloscope Plots 97.1 Y9 Enables Debug Oscilloscope Plots
97.2 Y8 Disables Debug Oseilloscope Plots
Noise Figure Test Set Protection 97.3 DA Disable Auto Sweep Abort (See Error E102)
Last Error 99.1 ER Recalls Last Error Issued.
Software Date 99.9 SD Displays Current Software Date

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IR Code.

Table 3-10. Front Panel Keys to HP-IB Code Summary

HP-IB Code HP-B Code
Parameter <D Parameter D

AUTO Wi PRESET PR
CALIBRATE CA RECALL RC
DECREASE DE SEQ 5Q
ENE NR SINGLE w2
ENTER EN SPECIAL FUNCTION sP
FREQ INCR FN START FREQ FA
¥ DN STEP SIZE S8
a Up STOP FREQ FB
FREQUENCY FR STORE ST
GRAPHIC SCALE Sweep and Calibrate Off (must be used to WO

GAIN MAX GU turn these functions off over the HP.1B)

GAIN MIN GL

NOISE MAX NU

NOISE MIN NL
INCREASE N
NOISE FIGURE (UNCORRECTED;) M1
NOISE FIGURE AND GAIN M2
(CORRECTED)
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Table 3-11. Commoniy Used Code Conversions

Hexa-

ASCH Binary Octal | Decimal | decimai
NUL 00 000 009 000 0 0o
SOH 00 006 001 01 1 0t
5TX 00 004 610 002 2 02
ETX 00 000 011 063 3 03
EQT 00 000 100 04 4 D4
ENQ 00 000 101 005 5 35
ACK 00 000 110 006 3] 06
BEL 00 000 111 0067 7 o7
B3 00 001 ©00 010 8 08
HT 00 001 601 an 8 08
LF 00001610 012 10 GA
VT 00001 611 013 1 0B
FF 00 801 100 014 12 0c
CR £0 601 101 015 13 i)
S0 00 801 110 018 14 0E
st 60601 111 017 15 OF
DLE 00§10 0G0 020 16 10
BCY 40 §10 001 o 17 H
GCc2 {0410 010 022 18 12
bC3 {0410 0Nm 17) 19 13
- BG4 {0 010 10C 024 20 14
NAK 40 010 11 025 21 15
SYN 00 010 110 026 22 18
ETB 06010111 027 23 17
CAN DG 011 000 030 24 18
EM 0G 011 00t 03t 25 19
SUB | 00011010 032 26 1A
ESC 03 011 011 033 27 18
FS DG 011 100 034 28 tC
GS 00 011 101 (35 29 iD
RS 0001t 110 036 30 1E
Us | 000TtINt o7 31 1F
SP 00 100 800 040 32 20
f 00 100 601 il 3 21

- (0 100 010 47 34 2

# 00 100 011 043 35 23
$ 00 100 160 D44 ki3] 24
% 00 100 101 045 37 25
& 00 100 110 046 Kk 2
‘ 00 100 111 047 3% a7
{ 00 101 000 050 40 28
) £G 101 001 05t 41 2
- G0 101 10 052 42 2A
- 00 101 o 053 43 28
. G 1901 100 054 ad 2
—_ 00 197 101 055 45 2D
. 00161 110 056 4 2F
/ 001071 111 057 47 2F
G 00 110 000 060 48 30
1 00 110 601 pet 49 3
2 00 110010 062 50 kvl
3 00110 811 083 51 33
4 00 110 100 064 52 34
5 00 110 101 085 53 35
B 00 110 116 066 54 3%
7 86110111 067 55 37
8 40 111 000 070 56 38
9 00 1171001 071 57 k]
: 00111010 g7e 58 3A
: 0011101 473 59 38
< 00111100 074 &0 3
= 06 111 101 078 81 30
> 00111110 076 62 3E
? 00111 111 077 63 3F

Operation

Kexaz-
ASEH Binary Gctal | Decimat| decimal
@ 01 500 800 100 84 a6
A 01 400 901 101 65 4
B 01000010 102 65 42
c 01600 011 103 67 43
D 01 600 100 04 B8 44
£ 01000 101 105 89 45
£ 01600 110 106 70 45
G 01000 111 07 s 47
H 01001 080 10 72 48
! 01001 091 111 73 49
J 01001010 12 74 4A
K 01061011 113 75 48
L 01 001 100 114 76 4C
M 1001 101 115 77 4D
N 01 001 110 116 78 4E
G 01 001 111 117 78 4F
P 61 010 000 120 80 50
t 01 010 001 121 81 51
R ot 00 0g L 122 82 52
S 01 010011 123 83 53
T 01 010 100 124 84 54
U 01010 10 125 85 55
¥ 01010 110 126 ag 56
W 01010 111 127 87 57
X 01011000 136 B8 58
Y 01011 003 131 89 59
z 01011010 132 90 5A
| 01011013 133 g1 58
\ 01011 100 134 gz 5C
01011 101 135 83 5D
A 01611 110 136 4 58
— 01811 1M 137 95 5F
v 1 400 000 140 % B0
a 41 100 001 141 97 61
B 01100010 142 48 B2
¢ 0110801 143 49 63
g 01100 100 144 100 84
P 01 100 101 145 101 85
i 01100 110 146 102 86
g 01100 111 147 103 67
h 01101000 150 104 68
i 01101 601 151 05 69
j 01101 610 152 106 -BA
k 01101611 153 107 68
! 01101 100 154 108 8C
m 01 101 101 155 108 6D
n 01101 110 56 110 st
0 01 181 111 157 111 oF
p 1 114 000 180 12 70
q 01110 001 161 13 71
r 01110010 182 114 72
s 01 110 011 163 115 73
t 91110 100 164 116 74
i 01110101 165 117 75
v 01110 110 166 118 76
W 01110 111 167 113 77
X 01111 600 170 120 78
¥ 01 111001 171 121 79
z 01111410 172 122 7A
{ ¢1 111 011 173 123 78
: 01141100 174 124 7%
} 01111 101 175 125 m
- 01111 118 178 126 7E
DEL 91111 111 177 127 7F
HP 8970B



Description

Procedure

HP 8970B

Calibrate

{Includes Special Function 39)

Special Functions 39.0 and 39.1 are ONLY used with Measurement Modes 1.5
through 1.9. Special Function 39.0 does not allow interpolated measurements between
calibrated points. Special Function 39.1 does allow interpolated measurements
between calibrated points.

Pressing the CALIBRATE key initiates a calibration of the instrument and any
equipment that is curreatly connected to the INPUT. First a frequency calibration
is performed and then the noise figure is measured at each selected calibration point.
The calibration data obtained is used to measure gain and to perform the “second
stage correction” computations needed to make a CORRECTED NOISE FIGURE
AND GAIN measurement. The calibration points are the START FREQ setting, the
STOP FREQ setting, and the frequency steps determined by the setting of STEP
SIZE. Refer to the Sweep Detailed Operating Instruction for additional information
on these keys. During calibration, each specified frequency in the selected range is
calibrated at three input gain settings as selected by Special Function 32. The default
gain settings are +20, +10 and 0 dB. In Measurement Modes 1.0 through 1.4, the
calibration data is automatically interpolated between the calibrated points when it is
used for & gain measurement and second stage correction. Therefore, it is not necessary
to calibrate at every frequency that is to be measured. However, Hewlett-Packard
recommends that each measured point should be a calibrated point. In Measurement
Modes 1.5 through 1.9, the default {Special Function 39.0) is set, which does not
allow interpolation between calibrated points. However, the calibration data can be
interpolated between calibrated points by using Special Function 39.1.

If Special Function 39.0 is active and interpolation is attempted in Measurement Modes
1.5 through 1.9, error code E21 {Frequency Out of Calibrated Range or not a calibrated
point) is generated. Also, if a corrected measurement is attempted at a frequency
less than the START FREQ setting or more than the STOP FREQ setting of the
calibration run, error code E21 is displayed.

During a calibration, the calibration data can be gathered over the Hewlett-Packard
Interface Bus (HP-IB}. For more information, refer to the “Comments” section at the
end of this instruction.

Specific calibration setups and procedures are contained in the “Detailed Operating
Instructions™ for Measurement Modes 1.0 through 1.9.

WARNING

The local oscillator power must be selected for the type of HP 8971B/C in use.

An HP 89718 requires +6 dBm, an HP 8971C standard or Option 002 requires
+10 dBm at 26.5 GHz (+8 dBm is adequate below 22 GHz), and an HP 8971C
Option 001 should have only +1 dBm. Use special function 42.5 to change the
local oscillator power if necessary.

To initiate a calibration sequence, press CALIBRATE. The message “Press Cal” will
be displayed. Press CALIBRATE again. Pressing the CALIBRATE key twice ensures
that the CALIBRATE key is not inadvertently pressed. To terminate calibration
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Procedure
(cont'd)

Exampie
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Calibrate (contq)
(includes Special Function 39)

Pregram Stored in Can Be Preset fand Special
Eede Eontinuous Stared and HP-1B Clear] | Function 0.9
Front Panel Key m Memory Recalled Conditions Cenditions
CALIBRATE N N Off Off

Instruction.

Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating

= | .z E.|SE|8.
£z 8E|Ez 25|38 |EE
Special Functign Prgram | &g | E€ (&8 E (=5 | E8 | &%
Ce | 2T |EE | S |58/ E5| 88
Description Cote | @TET) S  2E 85|22 £2 82
Disables 39.0 DGor N Y N On On On
interpolated 39.0 SP
measurements in
Measurement
Modes 1.5
through 1.9
Enables 30.1 EGor N Y N Off | Off Off
interpolated 39.1 5P
measurements in
Measurement
Modes 1.5
through 1.9
*Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating
Instruction.
N =No, ¥=Yes, NC= No Change

To initiate calibration at the existing SWEEP function settings:

LOCAL
{keystrokes]

oomn FUNCHON

CALIBRATE

{program codes)

-

CA

HP 8970B




Procedure
{cont’d)

Program
Codes

Indications

Comments

HP 8970B

Calibrate (contd)
(Includes Special Function 39)

before it is complete, press CALIBRATE again. Pressing PRESET also terminates
the calibration sequence. .

To select Special Function 39.0 or 39.1, enter the code desired and press the SPECIAL
FUNCTION key.

CA is the program code for the CALIBRATE key. The calibratior sequence can not be
toggled on and off over the HP.IB. Instead, successive CA codes cause the calibration
to be restarted. To terminate calibration prior to completion, use the Sweep Stop
command (W0). Refer to the Procedure for other HP-IB codes.

The CALIBRATE LED lights and remains lit until the calibration is complete. During
frequency calibration, the INSERTION GAIN display shows “Fr” and the NOISE
FIGURE display shows “CAL”.

During second stage calibration, the left display indicates each tuned frequency and the
NOISE FIGURE display indicates the noise figure at that frequency. The frequency
range and step size are controled by the SWEEP kevs.

When calibration is completed, the instrument resumes making the measurement that
was active when CALIBRATE was pressed. However, if the instrument was sweeping
(either in AUTO or SINGLE) it does not resume sweeping. Instead, it performs the
previously selected measurement at the frequency it was tuned to when CALIBRATE
was pressed.

The maximum number of frequency points that can be calibrated is 181 for the Noise
Figure Meter (frequency range 10 MHz to 2047 MHz) or the Noise Figure Measurement
System (frequency range 10 MHz to 26500 MHz). For the Noise Figure Measurement
System, this is approximately 130 MHz steps for the full range.

When a calibration is done in Measurement Modes 1.5 through 1.9 and Special
Function 36.0 is active, the Noise Figure Test Set is calibrated before the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) calibration. “8971 CAL” is displayed, on the Noise Figure Meter, during
the Noise Figure Test Set calibration. For more information, refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.

During calibration, all of the front panel keys except LOCAL, PRESET, and
CALIBRATE are disabled.

If LOCAL is pressed during calibration, the instrument returns to local contro} (if it
was in remote, and the Local Lockout command was not in effect). Calibration is not
interrupted by the LOCAL command.

Pressing PRESET or CALIBRATE terminates the calibration function. However,
PRESET also resets the entire instrument to a specified set of conditions (refer to the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction). If either
of these keys are pressed during the frequency calibration portion of the sequence (that
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Comments
{cont’'d)
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Calibrate (contd)
(Inciudes Special Function 39)

is, “Fr CAL” is being displayed), calibration is not terminated. These commands
cannot be used until the frequency calibration is completed.

The calibration data cannot be stored using the STORE key and it is not retained
when the instrument is turned off. Therefore, it is necessary to calibrate the instrument
each time power is turned on.

The most accurate calibration can be obtained after a warm-up of at least one hour. The best
HP 8971C thermal equilibrium can be obtained if the instrument is allowed to dwell at a
frequency 0.7 times the maximum tuning frequency, or if the noise figure meter is stepped
through its frequency list prior to calibration.

The HP 8971C will give a warning if the ambient temperature changes greater than
5°C. If the ambient temperature is measured as part of a measurement program at
calibration, and sampled 2t intervals, then a change in ambient temperature can be
used to warn the operator that recalibration is suggested to obtain greater accuracy.
See program example.

If smoothing (averaging) is used during calibration, the arithmetic averaging algorithm
is used. Refer to the Smoothing (Averaging) Detailed Operating Instruction for a
detailed discussion of the averaging techniques used by the instrument. A smoothing
factor of 4 or 8 is recommended for the most accurate calibration. Note that once
calibration is initiated, the SMOOTHING keys are disabled and the averaging factor
cannot be changed during the calibration sequence.

If an external controller is being used to control both the Noise Figure Meter and
the system local oscillator or the Noise Figure Measurement System and the user
controlled local oscillator, the calibration sequence must be stepped using the HP-IB
commands T1 (Trigger hold) and T2 (Trigger execute) after the local oscillator has
been moved to each new frequency. Once the HP-IB command for calibration (CA) is
issued, the T2 muemonic for trigger execute must be used. The Noise Figure Meter
will ignore the alternate HP-IB code of 30.2SP. Refer to the Trigger Selection Detailed
Operating Instruction for additional triggering information.

It is assumed that the triggered calibration is being performed as a part of the
procedure in the Comments section of the Detailed Operating Instructions for
Measurement Modes 1.0 through 1.9. All Measurement Modes require a triggered
calibration sequence. Therefore, the preliminary steps such as selecting Special
Function 4.0 will have already been performed. The following general conditions must
be observed when using an external controller to perform a triggered calibration:

a. Remove the device under test (DUT) from the measurement system.
b. Set the Noise Figure Meter to trigger hold (T1) mode.
¢. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).
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HP 8970B

Calibrate (contd)
(Includes Special Function 39)

Program Example To Check Ambient Temperature

COM /Check_temp/ Pass_thru, Temp_spec,Init_amb_temp

Nfm=708 ! Noise Figure Meter Address.
Nfts=710 ! 8971C Address.

Controller=700 ! Controller Card * 100.

Pass_ thru=BINOR(Nfm,1) ! Pass Thru Address to 8871C
Temp._spec=2 ! Tight Temperature Spec

Temp. time=5%60 ! Time Between Measurements of Temp.
OUTPUT Nfm;"PT ";Nfts-Controller;" EN"! Pass Thru Address

OUTPUT Pass.thru;"CAD &" ! Request Ambient Temperature.
ENTER Pass_thru;Ambient_a._d ! Get Temperature.
Init_amb_temp=Ambient a_d*.346 ! Convert A to D Value to Deg C
PRINT Init_amb_temp ! Initial Temp

i

ON CYCLE Temp_time CALL Check_temp

Cycle_thru; !

PRINT “"WORKING"
I
i
! YOUR TEST GOES HERE
1
!
!
GOTO Cycle.thru
END
!
SUB Check_temp! This Sub Checks The Ambient Temp
COM /Check_temp/ Pass_thru, Temp_spec,Init_amb_temp
QUTPUT Pass_thru;"CADX 6" ! Request Ambient Temperature.
ENTER Pass_thru;Ambient_a_d ! Get Temperature.
Ambient _temp=Ambient.a.d*.346 ! Convert A to D Value to Deg C
IF ABS(Init_amb_temp-Ambient_temp)>Temp_spec THEN
DISP "MIGHT BE TIME TO RECALIBRATE"
END IF
SUBEND
d. Set the LO to the appropriate frequency. Refer to the LO’s operating manual for

the required HP-IB codes. Allow sufficient settling time for the output of the LO
to stabilize.

e. Trigger 2 measurement using the HP-IB code T2. Do not use the alternate HP-1B
code 30.25P for it will be ignored.

f. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new data is ready.
It is possible to write an SRQ interrupt routine on the Data Ready status bit. Refer
to “Enabling the Service Request Condition”, paragraph 3-30.
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{cont’d)
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Calibrate (cont'q)
(Includes Special Function 39)

g. Continue to loop through steps d, e, and {. A method for determining when the
calibration is complete must be programmed into the external controller. One
method is to compare the frequency that is sent to the LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete SRQ. Refer to “Enabling the Service Request
Condition”, paragraph 3-30.

Calibration data can be collected at the time the calibrate command is executed,
This feature is useful for comparing calibrations, to see how the Noise Figure Meter
is performing. The controller can command the Noise Figure Meter to send both the
gain reference (GkB) and second stage temperature, using the HP-IB command H2.
H2 will cause the Noise Figure Meter to output the following string:

+FFFFFE+06,5CCCCCE4+XX,STTTTTE+YY (CRLF)

Where FFFT'F is the calibration frequency, STTTTT is the sign followed by the second
stage temperature value and SCCCCC is the sign followed by the calibration data of
GkB for the point being sent. The exponents are shown above as XX and YY. The
string is followed with carriage return and line feed.

The equations for GkB and the second stage temperature are given below:
Plrot) = Pleota)
TLihoty = Ticold)

Tinot) ~ [(Teotay(Y)]
Y -1

GkB =

Second Stage Temperature =

Py

Y=
P{co!d)

P (hoty 1s the power {in joules/second) for a hot (noise source on) measurement during
calibration. Pica) is the power (in joules/second) for a cold (noise source off }
measurement during calibration. Tp,ey) is the temperature (in Kelvin} for a hot
measurement from the ENR (Excess Noise Ratio} tables. T(co1a) is the temperature
(in Kelvin) for a cold measurement set with Special Function 6.0.

The same general conditions (steps a through g), as described earlier, also apply when
performing a triggered calibration and outputting the data to the controller. The
exception is that the command H2 must be used.

The following is an example of a program that will perform = triggered calibration and
output the calibration data, in Measurement Modes 1.0 or 1.5:

NOTE
This program was written in BASIC language 3.0 using the HP 9000 Series
200 Model 236 computer.
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Calibrate (cont'd)
(Inciudes Special Function 39)

Program Example For Triggered Calibration

DIM A$l80],T$[10]
PRINTER IS CRT

Nfm=708 'Noise Figure Meter address.
Start=20 !Start Frequency
Top=100 !5top Frequency
Step=20 IStep Size
QUTPUT Nfm;“H2" t0utput second stage temperature and
!GkB during calibration

OQUTPUT Nfm;"T1" !Trigger Hold
OUTPUT Nfm;“FA";Start;"EN FB";Stop;"EN"!Start and stop frequencies

CUTPUT Nfm;"SS";Step;"EN" 15tep Size

INPUT "MAKE SURE THE NCISE FIGURE METER IS SETUP FOR A& CALIBRATION AND PRESS ’ENTER’",4
t

'

'NOW BEGIN TAKING DATA FROM THE CALIBRATION

4

QUTPUT Nfm;"RM 2 EN® ' !Setup calibration complete 3R{
QUTPUT Nifm;"RS" !Reset Noise Figure Meter Status Byte
QUTPUT Nfm;"CA® !Start the calibration

Loop: !Loop to do all measurements

'IN MEASUREMENT MODES 1.6 THROUGH 1.9,

YAPPROPRIATE COMMANDS TO CONTROL THE USER

YCONTROLLED LOCAL OSCILLATOR SHOULD BE ADDED HERE

QUTPUT Nfm;"T2" 'Trigger 2 measurement

ENTER Nfm;Freq,GkB,Tem 'Get the calibration frequency,

lgain reference and second stage
: 'temperature

PRINT "FREQ, GkB, Tem =";Freq;", ";GkB;", ";Tenm

$=SPCLL (Nfm) !Get Noise Figure Meter Status Byte
IF BIT (8,1)=0 THEN GOTC Loop !Continue until done

1

PRINT "“DONE."

i

END
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Calibrate (contq)
(Includes Special Function 39)

Comments If any of the 60 or 70 series of Special Functions {except 60.0 and 70.0) are active,

(cont'd} the calibration sequence does not override them. Therefore, to calibrate on one range
only, use any of these Special Functions except 60.0 or 70.0. If any of these Special
Functions are inadvertently left active the calibration sequence may not cover the
expected gain range.

Any loss compensation entered by Special Function 34 is ignored during the calibration

sequence.
Related Calibration, Frequency
Sections Calibration, Input Gain Selection

Measurement Modes 1.0 through 1.9

Noise Figure (Uncorrected} and Noise Figure and Gain (Corrected)
Sweep

Trigger Selection
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Description

Procedure

HP 8970B

Calibration, Frequency
(Special Function 31)

Frequency Calibration is performed to ensure the accuracy of the displayed tuned frequency.
During frequency calibration, the instrument’s first local oscillator (the YIG osciliator) is
tuned to the first IF (3900 MHz). Since the first mixer is not perfectly balanced, some of the
first local oscillator power is fed through to the first IF. This signal is mixed down to the third
IF. It is then detected by a special narrow-band detector (approximately 100 kHz wide).
Unless Special Funtion 60.1-60.6 or 62 is selected, the RF input attenuators are switched in
during Frequency Calibration to allow the LO feed thru signal to dominate.

The YIG oscillator is then stepped through the narrow-band detectors’s pass band
using a special fine tune digital-to-analog converter {DAC), When the peak output is
detected, the YIG oscillator is tuned to 3900 MHz {first IF). This IF corresponds to 0
MHz on the front-panel frequency display. The fine tune DAC is held at this value. This
correction valueis then used when the YIG oscillator is tuned in response to subsequent
tuning changes.

Frequency calibration is initiated by the following:
a. The LINE switch is pressed to apply power .- the instrument.

b. The PRESET key is pressed or the CALIBRATE key is pressed if Special
Funetion 31.0 is active.

¢. Special Function 31 is used to initiate and control frequency calibration.

Completion of Frequency Calibration does not set the CALIBRATION COMPLETE
bit of the HP-1B statue byte. That bit is used only for RF calibration.

Special Function 31 is defined as follows:

a. 31.0-Selects the automatic frequency calibration mode. In addition to the initial
frequency calibration described previously, a frequency calibration is autematically
initiated 15 minutes after power on, 30 minutes later, 1 hour later, 2 hours later, and
then every 2 hours until the instrumentis turned off or a different 31 Special Functionis
entered. This mode is the default condition. If the RF input attenuators are locked {special
function 60.1-60.6 or 62), frequency calibration may fail due to excess noise power from the
device under test. This will result in an E18 (Frequency Calibration failure) error. If this
should occur, automatic frequency calibration can be disabled, and periodic manual
calibraticn (31.2 special function) cap be substituted. Note, however, that the input
attenuators should be unlocked (60.0 special function) ' prior to executing the calibration.

b. 31.1-Disables the frequency calibration. In this mode, frequency calibration is
still done if the PRESET key is pressed. However, frequency calibration is notinitiated
periodically as described in 31.0.

c. 31.2—Initiates a frequency calibration immediately. After that frequency calibra-
tion, the operation returns to the mode active when 31.2 was entered. If 31.1 was active,
it remains active after the frequency calibration is done.

Frequency calibration is performed as a part of PRESET. Frequeney calibration can
also be done when the CALIBRATE key is pressed and Special Function 31.01s active.
In addition, the frequency calibration can be performed or disabled by keying in the
corresponding Special Function code and then pressing the SPECIAL FUNCTION
key.
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Calibration Frequency (contd)
(Special Function 31)

Procedure
{cont'd)
= 5 e | 5
S LB = o b 2 =2
Special Function Program | &5 | = = 8 | ZE | 88 | £ E
e | £% EEZ 2z | 85| BF | ES
Bescription Ce | (IMFP = == SE | &2 | L8| &3
Automatic Frequency 31.0 | Y0or N N N On On On
Calibration 31.08P
Disable Frequency 31.1 | Yior N N N Off Off Off
Calibration 31.18P
31.2 | Y2or
Perform One Fre- 3128P| N N N Off Off | Off
quency Calibration
1Table categories are explained in the Special Functions Detailed Operating Instruction.
Exampie To select the Disable Frequency Calibration Mode:
LOCAL - Code - s FUNCEION o,
{keystrokes} ‘
ERIERIENIED i
Y1
{program codes) -
Program For HP-IB codes, refer to Procedure above.
Codes

D

Indications The INSERTION GAIN and NOISE FIGURE displays are not affected by 31.0 and
31.1. If 31.2 is entered, the INSERTION GAIN display shows “Fr” and NOISE
FIGURE display shows “CAL” until the frequency calibration is completed.

Related Calibrate
Sections Preset Conditions and Power-Up Sequence
Special Functions
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HP 8970B

Calibration, IF Attenuators
(Special Function 33.1)

READ THE FOLLOWING NOTE BEFORE CALIBRATING THE IF
ATTENUATORS USING SPECIAL FUNCTION 33.1

NOTE
Using Special Function 33.1, to calibrate the IF attenuators, will re-
duce the gain instrumentation uncertainty specification to a typical
value of £0.25 dB.

If error code E26 (IF calibration needed) is valid, the following methods
can be used to calibrate the IF attenuators, while maintaining a gain
instrumentation uncertainty specification of +0.15 dB:

* If the Noise Figure Meter is due for its annual calibration, refer to
Section IV, Performance Tests. Before starting the tests, use Special
Function 33.1, with an HP 346 B/ C Noise Source, to clear error E26.
OR, send the Noise Figure Meter to the nearest Hewlett-Packard
service center for calibration.

® Ifthe Noise Figure Meter is not due for its annual calibration, enter
the IF attenuator calibration data that should have been recorded in
Section IV (Table 4-1), at the time of installation (see Section II).
Enter the data using the “Entering IF Attenuator Values” section of
the Gain Measurement Uncertainty Performance Test in Section
IV. This method maintains the gain instrumentation uncertainty
specification of +0.15 dB.

® Perform the “IF Attenuator Calibration” section of the Gain Meas-
urement Uncertainty Performance Test in Section IV, This method

maintains the gain instrumentation uncertainty specification of
+0.15 dB.

e Use Special Function 33.1 to perform the IF attenuator calibration.
If Special Function 33.1 is used, the gain instrumentation uncer-
tainty specification will be degraded from +0.15 dB to a typical
velue of £0.25 dB. Because of this degradation, Hewlett-Packard
recommends that one of the other methods be used to calibrate the
IF attenuators.
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Description

Calibration, IF Attenuators (contq)
(Special Function 33.1)

Special Function 33.1 is used to calibrate the IF Attenuators. The HP 346 B/C noise
source MUST be connected to the Noise Figure Meter. The Noise Figure Meter turns on
the noise source and uses its own internal noise power detector to measure each IF
attenuator. This data is used to correct the gain readings during gain measurement.
After the IF attenuation calibration is completed, this data is stored in the instru-
ment’s continuous memory and is retained when power is removed. Completion of IF
calibration does not set the CALIBRATION COMPLETE bit of the HP-IB status byte.

Procedure To calibrate the IF Attenuators, conneet the HP 346 B/C noise source to the instru-
ment’s INPUT connector, enter 33.1, and then press SPECIAL FUNCTION.
- = E_|F2 s
o I b _ o [ —
$5/5E Ez |25 |z tE&
= = = = =
Special Function Program cE E 5‘; “ 8 ; £ =8 % =
| Code Description EE | E£E8 == £S5 |8F TS
Name - Coe | (D) S| BE SE &2 | £8 &2
IF Attenuators | 331 = Clor | CalibrateIF | N Y N | of | Off | Off
Calibration 33.18P Attenuators
1Table categories are explained in the Special Functions Detailed Operating Instruction.
Example
LOCAL - Code - e FUNCHON s
[keystrokes) . p r ,
O (o),
Ci
{program coges)
Program The HP-IB code for IF Attenuator Calibration is CI {or 33.18P).
Codes

| HP-1B

Indications

Comments

Related
Sections
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During calibration, the NOISE FIGURE display shows “IF CAL”. IF Attenuator
Calibration takes only a few seconds. If for any reason the IF Attenuator Calibration
1s not successfully completed, error E13 (IF Attenuator Calibration failed) is displayed.

Error code E26 is displayed if the IF Attenuator calibration data is not stored in the
continuous memory. Error E26 always occurs after an error E80 (continuous memory
failure). Therefore, an IF Attenuator calibration must always be performed after an
error 80 has been cleared. Either an HP 346B or HP 346C Noise Source is needed for
calibrating the IF attenuators. The HP 346A will work only with the addition of
approximately 10 dB of gain (at the calibration frequency, of 30 MHz) between the
Noise Source and the Noise Figure Meter INPUT connector.

Error Messages and Recovery
Special Functions

HP 8370B



Bescription

Procedure

Example

Program
Codes

| HP-1B 2

HP 835708

Calibration, Input Gain Selection
(Special Function 32)

The gain setting for calibration can be selected using Special Function 32. Calibration
is performed from the start frequency to the stop frequency in steps of the specified step
size. At each frequency, calibration is done at the three most sensitive RF attenuator
gain settings (that is, +20,+10, and 0 dB). These settings are the default value for
Special Function 32. Three other sets of gain settings can be selected using the special
functions shown below. Selection of the gain settings to be calibrated depends upon the
specific application. Selecting a calibration gain setting does not initiate a calibration
sequence.

To select an alternate gain setting for calibration, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

B = 2 @ g
= - S | = = w o B = B2
s5 | EE | Eg |EE X g8
& o o [ D e == I =
Special Function Program &?E = ﬁ c‘(:: 'fg' B = f-‘“a E
Code £ 828 /== 58 Eg | gS
= = = = =4 @ o e, &
Description Gode @ S ZE| 8 88 &85 @wo
+20,+10,and 04B | 32.0 COor N N N n On On
32.08P
+10,0, and —104dB | 32.1 Clor Y N Off | Off. | Off
32.18P
0,—10,and -20dB | 32.2 C2or Y N N Off | Off | Off
32.28P
~10, —20, and 323 C3or Y N N Off | Off | Off
—30dB 32.35P
! Table categories are explained in the Special Function Detailed Operation Instruction.
To select +10, 0 and —10 dB as the gain settings for calibration:
LOCAL - Code — s FUNCHION mm,
[keystrokes) :
OO (o],
L HP-18 2 ,
{pregram codes) 2
For HP-1B codes, refer to Procedure above.
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Calibration, Input Gain Selection (contd)
(Special Function 32)

Comments The gain settings, other than the default values, are used primarily when the Noise
Figure Meter is calibrated with high gain external to the Noise Figure Meter.

Ifexternal gainis not being used during calibration and Special Function 32.1 is active,
error code E27 (too much loss while calibrating) may be generated. If external gain is
not being used during calibration and Special Function 32.2 or 32.3is active, error code

E27 will be generated.
DUTs in the specified range of —~20 to +40 dB can be measured using Special Function
32.0.

Related Calibrate

Sections Special Functions
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Controller Capability of the Noise Figure Meter

Description

Procedure

Example

Indications

Comments

HP 8970B

(Special Function 4)

The Noise Figure Meter can be used as a limited controller for an external device
connected to the HP-IB connector. This capability is limited to operating in the Talk
Only Mode (outputting data to a recording device such as a printer). The Noise Figure
Meter can also be controlled by an external controller when Special Funection 4.0 is
active. Only one of the two capabilities can be active at any one time.

To select an HP-IB control capability, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

= ” S, | TE |5
E> £2 Bw B2 £  ETE
< |28 5= 52 | 2§  S2
Special Function Program | @5 | £, 28 2B =8 SE
e £E ) ES S5 85 | EF | ES
flescription Code m 5  #= 85 | 88 &5 | &3
Normal Talker and | 4.0 None N Y N NC | NC On
Listener Mode
Refer to Special 4.1
Function 46.0
Talk Only Mode 4.2 None N Y N NC | NC | Off
*Table categories are explained in the Special Funetion Detailed Operation Instruction.
To select the Talk Only Mode.
LOCAL - Data -~ e ELECHION ma,
{keysirokes] SPECIAL

m Cannot be selected via HP-IB

{pregram codes}

When Special Function 4.2 is active, the HP-IB TALK annunciator lights.

Inthe Talk Only Mode, the instrument continuously outputs data to a recording device
that is in the Listen Only Mode. The data output format and content is controlied by
Special Function 43. Refer to the HP-IB portion of this section for additional
information on this Special Function.

Since the Noise Figure Meter has a second bus (System Interface Bus) to control the
system L.O, the Noise Figure Test Set and plotter, Special Function 4.1 is no longer used.
Refer to Special Functions 45, 46 and 47.
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Controller Capability of the Noise Figure Meter (contq)
(Special Function 4)

Comments An external controller cannot be used when Special Function 4.2 is active.

{cont'd)
The active function of Special Function 4 is not affected by PRESET, Special Function
0.0, or the LINE switch.

Related Special Functions.
Sections System Interface Bus Control
372
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Data Output to Oscilloscopes, Recorders and Plotters

Description

Procedure

HP 8970B

(Special Functions 7, 8, 20 through 25, and 47)

The Noise Figure Meter can output analog data to an oscilloscope, an X-Y recorder,or a
strip chart recorder. The Noise Figure Mster can only be used with an analog
oscilloscope. Digital data can be output to a plotter on the Hewlett-Packard Interface
Bus or the System Interface Bus. Digital data can also be output to the HP 8757 Scalar
Analyzer on the System Interface Bus. However, only one of these devices can be used
at a time. Since the setup procedures and operation are similar for all five devices, the
operating information for all are covered in this operating instruction.

Normally it is simpler to perform a setup procedure using the oscilloscope and thendo a
plot or switch to a recorder mode (or use an oscilloscope camera) if a permanent record is
required. In the example following the general procedure, this type of setup will be
shown.

To select one of the oscilloscope, recorder, or plotter output functions, key in the
corresponding Special Function code and then press the SPECIAL FUNCTION key.

= = s, =g s
] L B = ow o & o
‘ §8 55 Ez EE Zz :E
: : = == Z®% £  EE ZE
Special Function Program | S 2 | =% 2E& zE =S T
Cle | EE | E8 S| 85 EF ES
Description Cote | QD) =< | 2E S5153 &3 53
Output to Oscilloscope
Noise Figure and Gainj 7.0 [A0or7.08FP] N Y N On On On
Test Pattern 71 |Alor7.18P| N Y N Off Off Off
Noise Figure Only 72 A20r725P| N Y N Off Off Off
Gain Only 73 tA30r735SP| N Y N Off Off Off
Cursor enabled for 7.4 | A8 or 7.48P N Y N On On On
oscilloscope display
Cursor disabled for 75 [ABor755P | N Y N Off Off Off
oscilloscope display
Enter Oscilioscope Limits
Noise Figure Lower 81 |NLor81SP| N Y Y NC 0 0
Limit
Noise Figure Upper 8.2 |[NUor828P| N Y Y NC 8 8
Limit
Gain Lower Limit 8.3 iGLor338P| N Y Y NC 0 0
Gain Upper Limit 84 GUor845P: N Y Y NC 490 40
Recorder Functions
Go to Lower Left 200 {LLor2008P. N N N O Off Off
Go to Upper Right 21.0 |[URor21.08P, N N N Off Off Off
Plot Noise Figure 220 |Ador2208P N Y N Off Off Qff
Plot Gain 230 |ABor2308P, N Y N Off Off Off
Strip Chart Mode 24.0 |ABor24.08P| N Y N Off Off Off
{X = Noise Figure;
Y = Gain)

'Tabie categories are expiained in the Special Function Detailed Operating Instruction.
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Data Output to Oscilloscopes, Recorders and Plotters (contd)
(Special Functions 7, 8, 20 through 25, and 47)

Procedure
(cont'd)

Example
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Sm s E 2=
= LB | e = e 2 £
2Z| EE EEB|88 5 EBE
. s S == | L8 LF = s Pl
Special Function Program | 8 Tg 8 m&s > ZE
Cade EE 28 =25 | 82|85 €8
N == 2 = oo o= e o2 P ® g, (=]
Description Code m AL mE O b | A5 &0
Plotter and HP 8757 Scalar Analyzer Functions
Plot the grid with units, title |25.0) PAor N N N Off | Off | Off
and curves. 25.08P
Plot only the grid and 2511 PGor N N N Off  Off | Off
annotation. 25.18P
Plot only the data curves. 25.2 22D2 é)i; N N N Off | Off | Off
5.
Select the Noise curve pen. 253 NPor N N N Off 1 1
25.35P
Select the Gain curve pen. 254, GPor N N N Off 2 2
25.45P
Write the plot title for next plot.[25.5| WT or N N N Off | HP 8370B
25.558P Noise Figure
Meter
Enable plotter commandson  [147.0 Plor N Y N NC | NC | Om
the System Interface Bus. 47.08P
Enable plot data on the 4717 PMor N Y N NC | NC | Off
Hewleti-Packard Interface Bus. 47.18P
Enable plot to HP 8757 472, ZPor N N N On On On
Scalar Analyzer. 47.28P )
Disable plot to HP 8757 Scalar |47.3| ZQor N N { Off | Off | Off
Analyzer. 47.38P
Number of measurement fre- 475! ZSor N N N NC 0 0
guencies per HP 8757 Scalar 47.55P
Analyzer display refresh.
*Table categories are explained in the Special Function Detailed Operation Instruction.

The following example shows how to set up the Noise Figure Meter to output a swept
CORRECTED NOISE FIGURE AND GAIN measurement result to an oscilloscope and
then to plot noise figure and gain results independently. It is assumed that the Noise
Figure Meter is already making this type of measurement in one of the Measurement

Modes. It is also assumed that the oscilloscope has A vs B {or X/Y) capability.

Data Output to an Oscilloscope

NOTE
The oscilloscope must be an analog oscilloscope. Digital oscilloscopes

will not work with the Noise Figure Meter.

The oscilloscope display will flash intermittently if data from a swept
measurement is being output to both the oscilloscope and the HP 8757

Scalar Analyzer.

a. Connect the Y-AXIS, X-AXIS, and Z-AXIS outputs on the rear panel of the Noise

Figure Meter tothe A, B, and Z (or horizontal, vertical, and Z) inputs of the oscilloscopé
as appropriate. Select the DC mode for all oscilloscope inputs.
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Data Output to Oscilloscopes, Recorders and Plotters (conta)
{Special Functions 7, 8, 20 through 25, and 47)

Example b. To display thetest pattern on the oscilloscope screen press 7. 1 SPECIAL FUNC-
(cont'd) TION (or send HP-IB code Al).

NOTE

Inthe following step, first adjust the position controls on the oscillocope
to place the test pattern on the left side and the bottom. Then, adjust the
gain controls to position the right side and top.

c. Adjustthe oscilloscope controls until the test pattern just fills the screen (touching
the outer lines on all four sides). See figure below. Verify that the vertical and
horizontal lines cross near the center of the screen.

Figure 3-15. Test Pattern an Oscilloscope

NOTE

In the following steps it is assurned that the DUT has a noise figure
range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the specified
frequency range,

d. To display the noise figure and gain fraces on the oscilloscope screen, press 7.0
SPECIAL FUNCTION (or send HP-IB code A0).

e. Todisplay the noise figure lower limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MIN or press 8.1 SPECIAL FUNCTION (or send HP-IB
code NL). If the left display shows the default value of 0.000 dB, continue with the next
step. If the display shows a different value, press 0 and ENTER {or send HP-IB code
OEN).

f. Todisplay the noise figure upper limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MAX or press 8.2 SPECIAL FUNCTION (or send HP-IB
code NU). The default valueis 8.000 dB. To change the upper limit to 4 dB, press 4 and
ENTER (or send HP-IB code 4EN).
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Data Output to Oscilloscopes, Recorders and Plotters (conta)’
(Special Functions 7, 8, 20 through 25, and 47)

Example g. In a similar manner, use front panel key GRAPHIC SCALE GAIN MIN (8.3

(cont'd) SPECIAL FUNCTION or HP-IB code GL) and front panel key GRAPHIC SCALE
GAIN MAX (8.4 SPECIAL FUNCTION or HP-IB code GU) to display and change the
lower and upper limits of the gain trace. The default values of 0.000 and 40.00 are
satisfactory for this example.

h. To display the corrected swept measurement, press CORRECTED NOISE FIG-
URE AND GAIN {or send HP-IB code M2).

1. For a repetitive swept measurement beginning at the start frequency, press
START FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is
similar to that shown below. There should be a noise figure trace and a galn trace.

Figure 3-16. Swept Measurement on Oscilloscope

NOTE

If desired, the intensity of the gain trace can be adjusted relative to the
noise figure trace. This can be done by turning the GAIN TRACE
adjustment on the rear panel of the Noise Figure Meter (see Figure 3-8).

j. To stop the sweep press AUTO again (or send HP-IB code Wo). Note that a
different HP-IB code is required to turn off the sweep since this function cannot be
toggled over the HP-IB.

NOTE

Step j completes the procedure for setting up the Noise F' tgure Meter for
an oscilloscope display. If a permanent record of the measurement
results is required, use an oscilloscope camera or perform the sections
following the procedure for “Outputiing Data to the HP 8757 Scalar
Analyzer on the System Interface Bus.” Procedures are given foroutput-
ting data to a plotter on the System Interface Bus or the Hewlett-Packard
Interface Bus and for plotting data on an X-Y recorder.
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Data Output to Oscilloscopes, Recorders and Plotters (contaq)

Example
(cont'd)

(Special Functions 7, 8, 20 through 25, and 47)
Outputting Data to the HP 8757 Scalar Analyzer on the System interface Bus

NOTE

If an analog oscilloscope is not available, the HP 8757 Scalar Analyzer
can be used to display the noise figure and/or gain curves from a swept
measurement.

The curves are drawn on a calibrated display. The oscilloscope display
is not calibrated until Special Function 7.1 and the oscilloscope gain
controls have been used. The Scalar Analyzer provides a means of
seeing what a plotter output will look like before a plot is done.

k. Connect the HP-IB connector of the HP 8757 Scalar Analyzer to the SYSTEM
INTERFACE BUS connector of the Noise Figure Meter.

NOTE
In this configuration the HP-IB connector of the Scalar Analyzer is
unavailable for other purposes.

1. Verify that the address set by Special Function 47.4 is the same as the address of
the Scalar Analyzer. The default address for Special Function 47.4 and the Scalar
Analyzer is 16.

m. Enable a plot to the Scalar Analyzer using Special Function 47.2.

n. The Noise Figure Meter can be set to allow a specific number of measurement
frequencies between each refresh of the Scalar Analyzer display. Special Function 47.5
is used to enter the number of measurement frequencies between each display refresh,
and the number of measurement frequencies between each refresh can be set from 0 to
255. The defaultis 0. A default of zero means that the display will be refreshed at the end
of each sweep.

NCTE
Thetimethat is required to complete a swept measurement is indirectly
proportional to the number of measurement frequencies between each
refresh of the display.
To enter the number of measurement frequencies between each display
refresh, press 47.5 SPECIAL FUNCTION, key in the number desired
and press ENTER.

NOTE
In the following steps it is assumed that the DUT has a noise figure
range of 0.5 to 4 dB and a gain range of 0 to 25 dB over the specified
frequency range.

The 7.X series of special functions, that apply to an oscilloscope, can
still be used with the Scalur Analyzer. There is one exception, Special

Function 7.1 is not appliceble to the Sealar Analyzer, and if Special
Function 7.1 is used, the output to the Scalar Analyzer is suppressed.
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Data Output to Oscilloscopes, Recorders and Plotters (contd)

Example
(cont'd}

378

Operation

{Special Functions 7, 8, 20 through 25, and 47)

0. Todisplay the noise figure and gain traces on the Scalar Analyzer display, press
7.0 SPECIAL FUNCTION (or send HP-IB code AD).

p. Todisplay thenoisefigurelower limitin the left display, press the front panel key
GRAPHIC SCALE NOISE MIN or press 8.1 SPECIAL FUNCTION (or send HP-IB
code NL). If the left display shows the default value of 0.000 dB, continue with the next
step. If the display shows a different value, press 0 and ENTER (or send HP-IB code
0EN).

q. Todisplay the noise figure upper limit in the left display, press the front panel key
GRAPHIC SCALE NOISE MAX or press 8.2 SPECIAL FUNCTION {or send HP-IB
code NU). The default value is 8.000 4B. To change the upper limit to 4 dB, press 4 and
ENTER (or send HP-IB code 4EN).

r. In a similar manner, use front panel key GRAPHIC SCALE GAIN MIN (8.3
SPECIAL FUNCTION or HP-IB code GL) and front panel key GRAPHIC SCALE
GAIN MAX (8.4 SPECIAL FUNCTION or HP-IB code GU) to display and change the
lower and upper limits of the gain trace. The default values of 0.000 and 40.00 are satis-
factory for this example.

s. To display the corrected swept measurement, press CORRECTED NOISE
FIGURE AND GAIN (or send HP-IB code M2).

t. For a repetitive swept measurement beginning at the start frequency, press
START FREQ and then AUTO (or send HP-IB codes FAW1). Verify the display is
similar to that shown below. There should be a noise figure trace and a gain trace.

HFBI70B Noise Figure Meter

4.000 ‘ 25 .00
[ — S
-—-—m
= =
£ =
o =3
= —— 2
= © Y I g
— \ o
fmm)
z \\ //’r N z
0.000 0.000
300 FAEQ. { 130.0 MHz/DIV ) 1600

Figure 3-17. Swept Measurement on the Scalar Analyzer
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Data Output to Oscilloscopes, Recorders and Plotters (contq)

Example
(cont'd)

HP 8970B

(Special Functions 7, 8, 20 through 25, and 47)

u. To stop the sweep press AUTO again (or send HP-IB code W0). Note that a differ-
ent HP-IB code is required to turn off the sweep since this function cannot be toggled
over the HP-IB. Disable commands to the Scalar Analyzer using 47.3 SPECIAL
FUNCTION.

Outputting Data to a Plotter on the Sysiem Interface Bus

NOTE
The following Hewlett-Packard plotters can be used with the Noise
Figure Meter: HP 9872B, 7440A, 7470A, 7475A, 7550A. In general, most
Hewlett-Packard plotters that use HP-IB and support the common
command core of HP-GL will work with the Noise Figure Meter.

The maximum number of points that can be plotted is 251. If an attempt is made to
plot more than 251 points, error code E39 will appear when Special Function 25.X is
entered to start the plot. The maximum number of points is determined by the sweep
START FREQ, STOP FREQ and STEP SIZE. Generally the number of points can be
arrived at using the following equation:

(STOP FREQ — START FREQ) 1
+

Number of plot points = STEP SIZE
. (STOP FREQ — START FREQ)
the fr al f = +
If the fractional part o STEP SIZE 1

does not equal 0, then add 1.

v. Connect the plotter to the SYSTEM INTERFACE BUS connector on the Noise
Figure Meter.

w. Special Function 47.0 (plotter is on the System Interface Bus) active.

x. The address of the plotter must match the address of the plotter stored in the
Noise Figure Meter. Use Special Function 40.3 (plotter system interface bus address) to
display and change, if necessary, the address of the plotter stored in the Noise Figure
Meter. The default address for the plotter is 5.

NOTE

When the plot starts, Error 45 (E45) will be given if the Noise Figure
Meter can not find the plotter at the address set by Special Function

40.3, the plotter is not turned on or the plotter is not connected to the
SYSTEM INTERFACE BUS connector with an HP-IB cable.

v. The default title of the plot will be HP 8970B Noise F igure Meter. The user can
supply a title using Special Function 25.5. The title is placed at the top of the plot grid
and can be sixty-five (65) characters long. The title is entered with ASCII characters (in
decimal) using the front panel numeric key pad. When using HP-IB, the titleis sent the
way it will appear on the plot. For example, a title would be sent over HP-IR using the
following format:

OUTPUT 708;“WT This would be a title of up to 65 characters.”
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Data Output to Oscilloscopes, Recorders and Plotters (conta)

Example

3-80

Operation

z. The pensused to make the plot can be selected using Special Functions 25.3 {noise

(Special Functions 7, 8, 20 through 25, and 4a7)

and 25.4 (gain curve). The default pens are 1 (noise) and 2 (gain).

aa.

ab.

ac. The plotted traces will be the same as the traces that were displayed on the

Perform a SINGLE or AUTO sweep to gather data for the plot.

NOTE

The plot will be aborted if an HP-1B command is sent to the Noise Figure
Meter or a front panel key is pressed during the plot.

Start the plot by using Special Function 25.0, 25.1 or 25.2.

NOTE
If Special Function 7.1 (test pattern) was selected earlier and Special

Function25.0,25.1 or 25.2 has been selected, the plotter will not produce
a plot.

If the Noise Figure Meter measurement is UNCORRECTED, the gain
curve will not be plotted.

oscilloscope.

Outputting Data to a Plotter on the Hewlett-Packard Interface Bus {(GNE)

ad. Connectthe controller and the plotter o the HP-IB connector on the Noise Figure

Meter.

NOTE
The controller should be able to accept a very large string onthe order of

1000 to 6000 bytes or more depending on the nurmber of points that areto
be plotted.

In general, the controller should be able to accept the number of points
as described in the following equation:

P = 1000 + [12 (N)]
Number of Points

P
N = Total Number of Noise Figure and Gain Points

i

ae. Special Function 47.1 (plot data is on HP-IB) must be active.

af. The address ofthe plotter must match the address that the controller will use later
to send data to the plotter.

NOTE
If the controller sends a command to the Noise Figure Meter when it is

expecting to have a plot read, the plot is aborted. Hitting a front panel
key alsc aborts the plot.

When Special Function 47.1 is selected and a plot is started, the Noise
Figure Meter’s front panel will display “Plot.” If data is not read from
the Noise Figure Meter, the front panel will continue to display “Plot”
until data is read, the Noise Figure Meter receives an HP-IB command
or a front panel key is pressed.

HP 83708



Data Output to Oscilloscopes, Recorders and Plotters (contq)

Example
(cont'd)

" HP 8970B

(Special Functions 7, 8, 20 through 25, and 47)

ag. The following program example shows how to get data from the Noise Figure
Meter to the controller and from the controller to the plotter:

NOTE

The program assumes that the address of the Noise Figure Meter is set
to etght and the plotter address is set to five. Also, it is assumed that a
measurement has been made and now it is desired to plot the data.

This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.

10 DIM A$[30000] ISetup a large string for the plot data.
26 CUTPUT 708;"PM” Read plot daia on HP-IB.

30 OUTPUT 708;"PA” IStart the piot.

40 ENTER 708;A% 'Get the piot data.

50 QUTPUT 705:A% tSend data to plotter at address 5,

80 END

ah. The plotted traces should be the same as the traces that were displaved on the
oscilloscope.

Piotting Data on an X-Y Recorder

ai. Connectthe X-AXIS, Y-AXIS, and Z-AXIS outputs from the Noise Figure Meterto
the X, Y, and pen lifts inputs of the X-Y recorder. Select DC mode on all recorder inputs.

aj. Toadjustthelowerleft point on the recorder, press 20.0 SPECIAL FUNCTION
(or send HP-IB code LL) and adjust the X and Y zero-set controls on the recorder.

ak. Toadjust the upper right point on therecorder, press 21.0 SPECIALFUNCTION
(or.send HP-IB code UR) and adjust the X and Y vernier controls on the recorder.

NOTE

The X-AXIS and Y-AXIS output voltages from the Noise Figure Meter
vary from 0 to 6 V. Therefore, it may be necessary to adjust the recorder
to accommodate this range of voltages.

al. Check both the upper and lower limits on the recorder and readjust as required.

am. To plot a single sweep of the noise figure results, press 2 2 . 0 SPECIAL
FUNCTION and then SINGLE (or send HP-IB codes A4W2). When the single sweep is
complete, the Noise Figure Meter remains tuned to the stop frequency.

an. To plotasingle sweep of the gain results, press 23. 0 SPECIAL FUNCTION and
then SINGLE (or send HP-IB codes A5W2). When the single sweep is complete, the
Noise Figure Meter remains tuned to the stop frequency.

ao. The plotted traces should be similar to the traces that were displayed on the
oscilloscope.
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Data Output to Oscilloscopes, Recorders and Plotters (contq) _
(Special Functions 7, 8, 20 through 25, and 47)

Program For HP-IB codes, refer to Procedure.
Codes
Comments For the oscilloscope, recorder and plotter modes, whatever is displayed in the NOISE

FIGURE displayistreated as a noise figuretrace. For example, if Special Function 9is
active, the power measurement information displayed is output to the oscilloscope,
recorder or plotter as if it were noise figure information. Noise figureis displayed in the
units selected by Special Function 10 and gain is displayed in dB.

Special Function 8 or the front panel Graphic Scale Keys are used to set both noise
figure and gain limits.

Special Function 24 selects the strip chart mode. This mode is useful in plotting noise
figure and gain versus time. For example, it can be used to plot noise figure versus
emitter current on an X-Y recorder or to drive an external meter. The X-AXIS outputis
the noise figure information and the Y-AXIS output is the gain information.

Related Display Units Selection

Sections Measurement Modes 1.0 through 1.9
Special Functions

3-80.2
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Description

Procedure

HP 89708

Display Control
(Special Function 16)

Special Function 16 allows the user to select the kind of information that will beshown
by the left front panel display or to disable the front panel displays.

Special Funetion 18.0 enables the left display to display the measurement frequeney. In
this mode the front panel displays function normally.

Special Function 16.1 enables the left digplay to display the IF into the Noise Figure
Meter (Measurement Modes 1.1 through 1.4) or the [F into the Noise Figure Test Set
(Measurement Modes 1.5 through 1.9). Special Function 16.1 is particularly useful in
Measurement Modes 1.2 and 1.7. In these modes the left display normally displays the
measurement frequency beforeit has been down converted. With Special Function 16.1
the IF into the Noise Figure Meter or Noise Figure Test Set is displayed.

Special Function 16.2 blanks the left (frequency) display. In this mode, parameters
being displayed or changed are shown in the left display until the ENTER or
FREQUENCY key is pressed. When the START FREQ or STOP FREQ key is pressed,
the start and stop frequencies are displayed. Once the start and stop frequencies have
been entered, press the FREQUENCY key to blank the left display again. The left
display is blank during a SINGLE or AUTO sweep.

Special Function 16.3 blanks all the front panel displays. The displays are not updated.
The message dISP Off is displayed in the right displays. The Noise Figure Meter runs
slightly faster in this mode.

To select one of the Display Control special functions, key in the special function
desired and then press the SPECIAL FUNCTION key.

- > -
£z | EE|E= EE| 2|2k
. . gex |22 == | Z2E | = | FE
Special Function Program [ &z | ST | CE 2 | 28| =8
e 23 EE 2 5 EE EC
Descripticn Code | (NNT) ES ZE S 838 | g8 | &2
Measurement 16.0 DF or N Y Y On On On
frequency is 16.08P
displayed
InputIF is 16.1 DI or N Y Y Off | Off | Off
displayed 16.18P
Measurement 16.2 BF or N Y Y Off | Off | Off
frequency is not 16.28P
displayed
Front panel 16.3 BA or N Y Y Off | Off | Off
displays are 16.35P
disabled
1Table categories are explained in the Special Function Detailed Operating Instruction.
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Display Control (contq)
(Special Function 16) S

Exampile To blank the left (frequency) display:
LOCAL - Code -~ e F NG O,
leystrokes OEOOE (o)
{program codes]

Program For HP-IB codes, refer to the Procedure above.
Codes

| HP-I5 4

Related Measurement Modes 1.1 through 1.9
Sections
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Display Resolution
(Includes Special Function 12)

Description The Noise Figure Meter can vary theresolution of the INSERTION GAIN and NOISE
FIGURE displays.

The table below shows the maximum resolution (to the right of the decimal point)
allowed by Special Function 12.

12.08P WMaximum 12.1SP Less Resolution : 12.28P Less Resofution
Display Besaluticn on NOISE FIGURE on GAIN
NOISE FIGURE
FdB dd.dd dd.d
F d.ddd d.dd
Y dB dd.dd dd.d
Y d.ddd d.dd
Te K ddd.d ddd
INSERTION GAIN
dB dd.dd dd.éd
Procedure To select the desired display resolution, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.
o = = s =
T £2 B Tz |2 |22
g2 /85|52 55| =% E&
Special Function Program | & = E ‘:?; “ 8 ; E 2SI X3
Coke |£5 ) ES |22 g2 |EEF|ES
Bescription Cote | (MDY |SE 5= | SE |53 | £8| 53
Maximum resolution | 12.0 X0or N Y N On On On
for both INSER- 12.08P
TION GAIN and
NOISE FIGURE
displays
Less resolution on 12.1 X1 or N Y N Off Off Off
NOISE FIGURE 12.1 8P
display
Less resolution on 12.2 X2o0r N Y N Off Off Off
INSERTION GAIN 12.25P
display
"Table categories are explained in the Special Function Detailed Operation Instruction.
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Example

Program
Codes

| HP-1B

Indications
Commenis

Related
Sections
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Display Resolution (contd)
(includes Special Function 12)

To have less resolution in the NOISE FIGURE display:

LOCAL - Code -~ s FUNCHON mo,
keystrokes \ \
perseles) DEOO [,
X1
{program codes] :

For HP-IB program codes, refer to Procedure above.

The NOISE FIGURE and INSERTION GAIN displays reflect the resolution corres- ..

ponding to the selected Special Function.

Special Function 12 also affects the resolution of the HP-IB output. The HP-IB output
always has one digit more of resolution than the front panel displays.

Display Units Selection
Special Functions

HP 8970B



Description

Procedure

Example

Program
Codes

| HP-IE 4

Indications

Comments

HP 8970B

Display Units Selection
(Special Function 10)

Noise measurements can be output in the following display units:
a. noise figure in dB (F dB)
b. noise figure as a ratio (F)
¢. Y factor in dB (Y dB)
d. Y factor as a ratio (Y)
e. equivalent input noise temperature in kelvins (Te K)

To select a NOISE FIGURE display unit, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

_ = £ 2gl=s
En | SE|E= B2 | = T8
@ oa | @ 52 £ .2 - = = 2
i i g2 | c=E | 5% &5 | BEE £F
Special Function Program “E | T2 |92 |=E | =S  =E
Code Z2E |28 2= |88 | 8% |88
- 5 |22 | EEB |80 | 28 2o
Description Code m S22 = | 868 | &5 a0 | #Fa
FdB 16.0 | NOor 10.08P N Y Y On On On
F 10.1 | Nilor10.18P N Y Y Off Off Off
Y dB 10.2 | N2or 10.28P N Y Y Off Off Off
Y 10.3 | N3or 10.38P N Y Y Off Off Off
Te K 104 | N4or 10.45P N Y Y Off Off Off

TTable categories are explained in the Special Function Detailed Operation Instruction.

To have measured noise displayed as Y factor in dB:

LOCAL - Code - s FUNCHON svmne,
{keystrokes) [ 1 ] [ ° J { i ] [ " ] @;ﬁi‘é’%ﬁu
CB»
[program codes) N2

For HP-IB program codes, refer to Procedure above.

The selected display unit appears on the right side of the NOISE FIGURE display.
Special Function 10 has no effect on the INSERTION GAIN display.

32 dBis the maximum value that can be displayed in units of F dB. Readings above this
value cause the NOISE FIGURE display to show two dashes © = — ”, The smoothed
number is the value that is checked against 32 dB. Therefore, if the display is flashing
between approximately 30 dB and “ — — 7, increasing the smoothing may provide a
stable display if the noise figure is less than 32 dB.

The maximum value allowable for Te K is 9999K (noise figure of 15.5 dB).
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- Display Units Selection (conta)
(Special Function 10)

Comments The maximum value allowable for F is 9999 (noise figure of approximately 40 dB).

{cont'd)
Equations for the display units are as follows:

noise power added by DUT + noise power out due to source

noise power out due to source
(when the source is a 290K)

F(dB)=10log F

- power measured with noise source On

power measured with noise source Off

YdB)=10log Y

Thot = Y X Teota
Y-—-1

Te=

where: Tao is the equivalent temperature of the noise source when itis On
and
Teow 1s the equivalent temperature of the noise source when it is Off.

Related Display Resolution
Sections Noise Figure (Uncorrected) and Noise Figure and Gain (Corrected)

Smoothing
Special Functions
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Description

Procedure

HP 8970B

ENR Table Entry

The ENR key is used to store, recall or display an ENR (Excess Noise Ratio) table. The
Noise Figure Meter can store the ENR tables for five noise sources. Each table can
have up to thirty-five frequency/ENR pairs. This information is used to improve the
accuracy of the noise figure and gain calculations made by the Noise Figure Meter.
The information entered is the actual Excess Noise Ratio (ENR) value at the specified
frequency. All noise sources have this calibration information available. In the case
of the HP 346A, B and C Noise Sources, a separate printout is supplied, and a graph or
table is printed on the side of the Noise Source showing the ENR versus Frequency
data. The frequency/ENR pairs shown on the printout or graph are the values that
are entered into one of the ENR tables. The valid frequency range for entries is from 10
MHz to 99999 MHz. The valid power range for the ENR entries is from —6 to +50 dB.

During a measurement the Noise Figure Meter searches the ENR table until the
measurement frequency is found. If the measurement frequency is between ENR table
entries, the Noise Figure Meter will interpolate the ENR data. If the measurement
frequency is higher than the highest table entry, the Noise Figure Meter will use the
ENR value of the highest table entry. If the measurement frequency is lower than the
lowest table entry, the Noise Figure Meter will use the ENR value of the lowest table
entry. When power is initially applied to the Noise Figure Meter, the ENR table
contains the default value of 15.20 dB at all frequency points. After an ENR table is
entered for a specific noise source, this information is retained in the continuous
memory and need not be re-entered each tirne power is turned off and on.

This discussion will cover the following areas:

* Entering a new ENR (Excess Noise Ratio) table
s Editing an ENR table
* Viewing information on stored ENR tables

NOTE
The Noise Figure Meter has five tables (Tables (-4) that are used for
ENR data. Tables 1-4 are used to store ENR data. Table 0 contains the
ENR data that is currently being used. Information in Table 0 can be
stored to Tables 1-4. Informationin Tables 1-4 can be recalled to Table 0.

If ENE data has not been previously entered into any of the tables (as
with a new Noise Figure Meter), the tables will contain the following
default information: The frequency points will be 10, 100, 1000 through
26000 (every 1000 MHz) and 26500 MHz. There won’t be any default fre-
guencies after the thirty-first (31) table entry. The ENR value will be
15.20 dB for each frequency point.

Setting the ENR Source Identifier.

NOTE

The ENR source identifier is a unique number used to identify the Noise
Source associated with one of the stored ENE tables. The ENR source
tdentifier should be set beforethe ENE data is entered into the table. i a
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(cont'd)
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ENR Table Entry (conta)

table other than Table 0 is to be edited, that table will have to be
recalled into Table 0, before the table can be edited. ENR editing is
always done to Table 0. To recall a table, key in the following sequence:

RECALL ENR X

X is the number of the table (1-~4) to be recalled. Rel will appear in the
INSERTION GAIN display and Enr will appear in the NOISE FIG-
URE display. After the table number is keyved in, the displays return to
what they were displaying before the recall.

1. Press 5.5 SPECIAL FUNCTION. A five digit number will appear in the left
display; if the number is less than five digits, leading zeros will be added to the
number. In either case, five digits will be displayed. This number is used fo
identify the Noise Source associated with the ENR table currently in Table 0. The
last five digits of the Noise Source serial number are suggested as the number to
use as the identifier.

With Special Function 5.5 activated, key in the new identifier. The number will
begin to appear in the left digsplay: press ENTER. The values in the other two
displays are dependent on what action the Noise Figure Meter is performing and
are not affected by the entering of the Noise Source identifier.

Entering or Editing an ENR table
NOTES

The following procedure describes how to enter a new ENR table. The
same procedure is used if an existing ENE table is being edited.

The following discussion describes four kevs used to look at data, enter
data or edit data in an ENRE table after the ENR key has been pressed.

¢ The UP ARROW and DOWN ARROW aliow the user to scroll be-
tween ENR tables (Spectal Function 5.6) or to seroll through infor-
mation within a table (ENER Editing).

s The DECREASE key is used to delete an ENE entry. Press the
DECREASE key and the frequency currently being displayed is
deleted. This key is very helpful in deleting unwanted defauit
frequencies.

¢ The INCREASE key is used to insert a new ENR entry before the
ENR data currently being displayed. After pressing INCREASE the
ENR table entry number, in the NOISE FIGURE display, will be
the same number that was displayed before the INCREASE key
was pressed. The INSERTION GAIN display will show an ENR of
15.2dB. Theleft display will show a frequency that is the average of
the old frequencies that surround the new entry. The new frequency
and ENR value can be entered using the procedure in steps 2
through 4.

If data is read, over the Hewlett-Packard Interface Bus, from the
Noise Figure Meter during ENR Table Entry, the Noise Figure Meter
will output a special HP-IB code for the NOISE FIGURE window. For
more information about this special HP-IB code, refer to the Error
Messages and Recovery Detailed Operating Instruction.
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Procedure
(cont'd)

HP 8970B

1.

ENR Table Entry (contd)

If a new ENR table is being entered, go to step 2. If an existing ENR table is to be
edited, continue with this step.

If the table to be edited is not in Table 0, the table will have to be recalled. Use the
following key sequence to recall an existing ENR table:

RECALLENRX
X is the number of the table {1—4) to be recalled.
When doing a recall, rcl appears in the INSERTION GAIN display and Enr
appears in the NOISE FIGURE display. When the table number is keyed in, the
displays return to what they were displaying before the recall was done.

Press the ENR key. The displays will be as shown below:

FFFF | EEEE | T-NN

FFFF is the first frequency in Table 0. EEEE is the ENR for the first frequency in
Table 0. T is the ENR table number (in this case 0). NN is the ENR table entry
number (1 through 35).

NOTE

When editing, T is the number of the most recently recalled table. T
will be zero if a change has been made to the table after it was recalled.

The MHz annunciator in the left display will be blinking. This indicates that the
frequency can be changed, if desired. To change the frequency, key in the new
frequency and press ENTER. The new frequency will appear as it is typed. If an
error is made before ENTER is pressed, press NOISE FIGURE. This will return
the original frequency to the display. The new frequency can then be re-entered. If
an error was made after ENTER was pressed, press DOWN ARROW and then UP
ARROW. The MHz annunciator in the left display will begin blinking indicating
that the frequency can be changed. If the default frequency is being used, press
ENTER. In either case, pressing ENTER will cause the dB annunciator in the
INSERTION GAIN display to begin blinking,

The blinking dB annunciator indicates that the ENR value can be changed, if
desired. To change the ENR value, key in the new value and press ENTER. The
new ENR value will appear as it is typed. With one exception, the error recovery
procedure is the same as that described for frequency in step 3. If the error is made
after ENTER is pressed, press DOWN ARROW and ENTER. Then re-enter the
ENR value. If the default ENR value is being used, press ENTER. In either case,
pressing ENTER will cause the MHz annunciator in the left display to begin
blinking and the next entry in the table will be displayed.

Once the frequency and the ENR value have been entered, the ENR table entry
number, in the NOISE FIGURE display, will increase by one. If any values have
been entered, the ENR table number will be set to zero.
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Procedure
(cont’d)

Program
Codes

\ HP-15 4

Comments
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8.

ENR Table Entry (conta)
Repeat steps 3 and 4 as needed to make all ENR table entries.
After all frequencies and ENR values have been entered, the information must be
stored to Table 1, 2, 3 or 4. If the information is not stored, it will be lost the next time
one of the tables (Tables 1-4) is recalled to Table 0. The store procedure will save the
Noise Source identifier and the ENR data.
To store the information, key in the following sequence:

STORE ENR X

X is the number of the table (1-——4) where the information is stored.
When a storeis keyedin, the INSERTION GAIN display shows Sto and the NOISE
FIGURE display shows Enr. After the table numberis entered, the displays return
to what they were previously displaying.

To terminate ENR table entry mode, press FREQUENCY or send HP-IB code FR.

Viewing Information on Stored ENR Tables

Press 5.6 Special Function. This special function will cause the following information
to be displayed:

HIX T-NN

HII is the ENR source identifier. T is the ENR table number. NN is the number of
entries in the table. The INSERTION GAIN display does not have any information
displayed in this mode.

Information on other tables can be viewed by using the UP ARROW and DOWN
ARROW keys.

NOTE

Ifdatais read, over the Hewlett-Packard Interface Bus, from the Noise
Figure Meter when Special Function 5.6 (HP-IB code NS) is active,
the Noise Figure Meter will output e special HP-IB code for the
NOISE FIGURE window. For more information about this special
HP-IB code, refer to the Error Messages and Recovery Detailed
Operation Instruction.

Pressing ENTER causes the Noise Figure Meter to resume normal measurement mode.

The HP-IB code to enable ENR table entry is NR. The HP-IB code for Special Function
5.5 (Noise Source identifier) is SN. The HP-IB code for Special Function 5.6 (Noise
Source catalog) is NS,

The following program is an example of how to download an ENR table into the Noise
Figure Meter:
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ENR Table Entry (contd)

Comments NOTE
(cont'd) This program example was written in BASIC language 3.0 using the HP
9000 Series 200 Model 236 computer.
10 DIM Frea{5,40),Enr(5,40)
20 Nfm=708 1Address of the Noise Figure Meter
30 N=20 INumber for frequency/ENR pairs.
40 DATA 10,15.20,100,15.40,1000,15.20,2000,15.2,3008,15.00
5G DATA 4000,15.00,5000,15.10,6009,15.20,7000,15.20,8000,15.38
60 DATA 9000,15.40,10000,15.50,11000,15.60,12000,15.60,
70 DATA 13000,15.45,14000,15.50,15000,15.35,16000,15.30,
8¢ DATA 17000,15.30,18000,15.30
90 T==t
100 FOR =1 TON IFILL UP A TABLE
110 READ Freg(T I} IREAD FREQUENCY VALUE
120 READ EndT.,h) IREAD ENR VALUE
130 NEXT |
140 OUTPUT Nim"NR” GO INTO ENR EDIT MODE
150 FOR =1 TON ISEND THE ENR TABLE
160 QUTPUT Nfrm;Freq(T,!);"EN";Enr(T 1};“EN"
170 PRINT “SENDING FREQ/ENR VALUES OF: ":Freq(T,I),Enr(T.1}
180 NEXT |
180 GUTPUT Nfm;"FR" 'END ENR ENTRY
200 PRINT
210 PRINT “DONE DOWNLOADING THE ENR TABLE.”
220 END
The ENR tableis used during both UNCORRECTED NOISE FIGURE measurements
and CORRECTED NOISE FIGURE AND GAIN measurements.
The specific ENR vs. frequency data that is used is determined by the stimulus
frequency and the measurement mode that has been selected. Refer to Measurement
Modes 1.0 through 1.9 Detailed Operating Instructions for additional information.
Special Function 0.9 or PRESET has no effect on data stored in the ENR tables.
Special Function 0.9 or PRESET sets Table 0 as the table that is used for calibration
and the measurement.
Related Measurement Modes 1.0 through 1.9
Sections Spot ENR, Thet, Teow and ENR Table Selection.
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Description

HB-IB Output
Format

) HP-1B 2

HP 8970B

Error Messages and Recovery

The instrument generates error messages to indicate operating problems, incorrect
kevboard entries, or service-related problems. The error message is cleared when the
error condition is removed. The error messages are grouped by error code as follows:

Error 10 through Error 49 and Error 106. These are operating and entry errors which
indicate that not all conditions have been met to assure a calibrated measurement, or
that an invalid keyboard or HP-IB entry has been made. Operating errors can usually
be cleared by using the front panel controls, changing the equipment setup, or correct-
ing the HP-IB code. Entry errors requirethat a new kevboard entry or function selection
bemade. A number of errors in this group may represent instrument malfunctions. The
operator should try to clear the error condition using the corrective actions shown in the
table below before referring the unit for service.

Error 60 through Error 80. These are service errors which provide servicerelated
information. Service errors are discussed in Section VIII of the Service Manual.

Error 100 through Error 105. These are Noise Figure Test Set operational and service
errors.

Errors may also be classified as volatile or nonvolatile,

Nonvolatile errors typically occur when the instrument has received conflicting
commands from the operator. The instrument stops making measurements and waits
for the conflict to be resolved by the operator. An example of this type of conflict is
selecting a corrected measurement when a calibration has not been performed. All
hardware errors are also nonvolatile.

Volatile errors typically represent invalid entries of either frequency, special function
codes, numerical data, or HP-IB characters. Volatile errors are cleared when a front
panel key is pressed or when a serial poll is performed over the HP-IB. Upon clearing a
volatile error, the invalid entrv isignored by the instrument and measurements resume
as if the entry was never received.

The last volatile or nonvolatile error generated can be displaved using Special
Function 99.1 (HP-IB code ER). The error may already be resolved or can be active.
When the error is requested over HP-IB, the error will be displayed using the error code
or can be displaved in English. Using the English display, an error code does not have
to be interpreted. The Comments section, at the end of this instructicn, contains a
prograra for displaying the error in English.

The HP-IB output format for errors is:

+90DDDE+06CRLF
Fixed Data__]- -[Line Feed
Error Code b Carriage Return
Fixed Exponent

For example, Error 10 is output to the HP-IB as +90010E-+06CRLF. This format differs
from normal data outputs since normal data outputs will never exceed 1 x 10°. Oncean
error has been input to the computing controller, the error code is simply derived by
subtracting 9 x 10*° from the input number, and then dividing the result by 1 000 000.

3-93

Operation



HP-IB Output
Format

\HP-IE 4
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Error
Dispiays
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Error Messages and Recovery (contq)

Special Codes Over HP-1B. When a read of the Noise Figure Meter is attempted during
the following operations: ENR editing, ENR catalog, Noise Figure Test Set Coarse or
Fine Tuning Calibration, the Noise Figure Meter will output special HP-IB codes forthe
NOISE FIGURE window. The special HP-IB codes are given below:

ENR Editing +BOTNNE+06
Fixed Data } { Fixed Exponent
ENR Table Number ENR Table Entry Number
ENR Catalog . +BOTNNE+06

Fixed Data } { —E Fixed Exponent
ENR Tabie Number ENR Table Entry Number or
Entries in Table

Noise Figure Test Set
Fine Tuning Calibration: +80363E+06
Fixed Data —E. Fixed Exponent

Special Function number for a
Fine Tuning Calibration

Noise Figure Test Set,
Coarse Tuning Calibration: +80640E+06

Fixed Data _-[:_ Fixed Exponent

Special Function number fora ..
Coarse Tuning Calibration

One purpose for these special codes would be to read back from the Noise Figure Meter
until the codes stop being sent, which would mean the task is complete. This would be
useful when doing a coarse of fine tune calibration. .

Timeouts should not be used with these special codes. If a timeout is used,itshould beat
least sixty seconds. This is necessary because it may take the Noise Figure Meter many
seconds to set up the special code for output. This is the case for coarse and fine tune
calibration.

There are three types of error displays. All three use the format shown above to output
the error message to the HP-IB. The following examples illustrate each tvpe:

The display above shows the general error display format. £ means error while the
number is the error code.
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Error
Dispiays
{cont'd})

Error
Messages

Error Messages and Recovery (contd)

This display indicates that a measurement overflow has occurred or that themeasured
noise figure exceeds 32 dB. This display is output to the HP-1B as E99 using the HP-IB
output format 90099E+06CRLF.

The display above indicates that the data is not ready. This display is output to the
HP-IB as a special reserved number (30000E+06CRLF).

The table below describes all operating and entry errors. The error code, message, and
the action typically required to remove the error-causing condition are given. Addi-
tional information pertaining to particular errors is also given.

Error
Code

Volatile [V]) or
Nonvelatile [NV]

Message

Recommended Action/Comments

Hardware Error

General Remedy: Press PRESET and check that input signal is within the specified
amplitude and frequency range.

10

11

12

13

14

NV

NV

A/D conver-
sion failed.

A/D converter
overflow.

Input
overflow.

IF attenuator
calibration
failed.

Proper IF or
RF attenua-
tors cannot be
selected.

Refer to Service-Related Errors in Section VIII,
Service.!

Set IF and RF attenuators to autorange (Special
Functions 70.0 and 60.0). If error persists, refer
to Bervice-Related Errors in Section VIII,
Service.! Also check for proper operation of the
Noise Source.

Set RF attenuators to autorange (Special
Function 60.0). If error persists, refer to Service-
Related Errors in Section VIII, Service.!

Refer to the Calibration, IF Attenuators Detailed
Operating Instruction. If error persists, refer to
Service-Related Errors in Section VIII, Service.:

Refer to Service-Related Errors in Section VIII,
Service.?

! Bection VIII, Service, isin the Service Manual. The part number of the Service Manualis on the title page of this manual.
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Error Messages and Recovery (contd)

Error | Volatile (V] er .
Code | Nonvotatile (NV] Message Recommended Action/Eamments
Hardware Error [cent'd)
18 NV Frequency calibration failed. | Refer to Service-Related Errors in
Section VIII, Service.!

19 NV Noise Figure Test Set YIG Refer to the Comments section at
Filter calibration (coarse or | the end of this instruction,
fine) failed.

Not Properly Calibrated For Corrected Measurement
General Remedy: Repeat calibration.
20 NV Not calibrated. Perform calibration prior to select-
ing CORRECTED NOISE FIGURE
AND GAIN measurement.

21 NV Current frequency is out of Select frequency within calibrated
calibrated range or not a range, calibrate over a new fre-
calibrated point in Modes quency range, or refer to Special
1.5~1.9 Function 39, in Modes 1.5—1.9.

22 NV Current RF attenuation not | Select appropriate input gain
calibrated calibration range (Special

Function 32).

23 NV Not calibrated in the current | Perform calibration in current
measurement and sideband | measurement and sideband modes.
modes.

24 NV Not calibrated for the Perform calibration. (Changing
current IF (Measurement any IF requires recalibration; refer
Modes 1.1, 1.3, 1.6 and 1.8}, to Special Functions 3 and 19.)

25 NV Not calibrated for the cur- Perform calibration. (Changing
rent LO frequency (Meas- the 1O frequency requires
urement Mode 1.2 and 1.7). recalibration; refer to Special

Function 3.)

26 NV Internal I¥F attenuators not | Refer io the Calibration, IF

calibrated. Attenuators Detailed Operating
Instruction.
27 NV Overflow while calibrating. | Too much loss in calibration sys-

tem. Check input gain calibration
setting (Special Function 32).
Check for proper Noise Source

! Section VI, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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{cont'd)

HP 8970B

Error Messages and Recovery (contq)

Volatile [V} or J

Error .
Gode | Nonvolatile (NV] f Message flessmmenﬁed Astion/Cemments
Not Properly Calibrated For Corrected Measurement (cont'd)
operation. Verify that the Noise
Scurce can supply enough ENR
{Excess Noise Ratio), Refer to
comments,

28 NV Noise Figure Test Set fine Refer to the Comments section at
tuning calibration is needed. | the end of this instruction and the

Noise Figure Test Set YIG Filter
Calibration Detailed Operating
Instruction.
29 NV Noise Figure Test Set coarse | Refer to the Comments section at
tuning calibration is needed. | the end of this instruction and the
Noise Figure Test Set YIG Filter
Calibration Detailed Operating
Instruction.
Invalid Frequency Error
General Remedy: Change frequency parameter and repeat measurement.

30 vV Start frequency is greater Set start frequency (or lower limit)
than stop frequency during | to a value less than the stop
calibration or plot. Or, the frequency {or upper limit).
lower Hmit is greater than
the upper limit (noise or
gainj during sweep.

a1 v Number of calibration points | Reduce the number of calibration
exceeds 181. points. (Reduce calibration range

or increase step size.)

32 Vv LO (set by Special Funetion | Change IF, START FREQ, STOP
3.1) frequency will be out of | FREQ, or sideband selection so
range. that system 1O does not tune

through 0 MHz.

33 v IF into Noise Figure Meter If single sideband has been select-
will be out of range. ed, change START FREQ, STOP

FREQ, or LO {set by Special Func-
tion 3.1) frequency so that the dif-
ference between the LO (set by
Special Function 3.1) frequency and
the start or stop frequency is
greater than 10 MHz and less than
2047 MHz (modes 1.1 to 1.4) or
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Error Messages and Recovery (contd)

Error ]
Messadqes Error | Volatile (V) or .
(cont’dg) Sode | Nonvolatile (NV) Message Recommended Action/Comments
Invalid Frequency Error {cont'd)
26500 MHz (1.6 to 1.9),
If sum function (Special Function
2.3} is being used, change START
FREQ, STOP FREQ or LO (set by
Special Function 3.1) frequency so
thatLO plus START or STOP FREQ
is within 10-2047 MHz range.
34 NV Double sideband is not Use single sideband (Special
allowed in Measurement Function 2.1--2.3) with
Modes 1.2 0r 1.7. Measurement Modes 1.2 or 1.7.
Entry Error
General Remedy: Check and repeat entry.
35 Vv Entered value is out of range. | Re-enter new value.
36 v Undefined special function. | Check, then re-enter correct
special function code.
37 Vv Cannot enter specified Select proper function that
parameter. allows entry of this parameter.
38 v Noise Figure Test Set IF Refer to the Comments section at
will be out of range. the end of this instruction.
39 v The number of plot points Change START FREQ®, STOP
exceeds 251, FREQ or STEP SIZE to reduce
the number of plot points below
251. Also, refer to the Data Oui-
put to Oscilloscopes, Recorders
and Plotters Detailed Operating
Instruction.
€IZE) HP-B Errors
General Remedy: Check and repeat entry.
40 A% Undefined HP-1B code. Check, then re-enter correct HP-IB
code.
41 v Invalid HP-IB characters. Check, then re-enter valid HP-IB
characters.
42 NV System Local Oscillator not | Refer to the Comments section at
found on System Interface the end of this instruction.
Bus with 46.0 SP active.
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Error Messages and Recovery (contd)

Error .

Messages Error | Volatile (V] or .

(cont’dg) Gode | Nonvalatile (NV) Message Recommended Actien/Comments
QGEEY  HP-IB Errors fcont'd)

43 v Codes received while in Talk Only send codes when the instru-
Only Mode (4.28P). ment is addressed to listen.

44 NV Noise Figure Test Set not Refer to the Comments section at
found when 45.0 SP or 45.1 the end of this instruction.

SP is active.

45 NV Plotter was not found on the Refer to the Comments section at
System Interface Bus at the the end of this instruction.
address specified by 40.3 5P,

Or, the HP 8757 Scalar
Analyzer was not found on
the System Interface Bus at
the address specified by

47 48P,

46 NV Pass through deviee not Refer to the Comments section at
found on the System Inter- the end of this instruction.
face Bus or 40.6 SP set
incorrectly.

47 NV Noise Figure Meter did not The Noise Figure Meter pass
find a controller on the Sys- control capability (Special Func-
tem Interface Bus while tion: 49.1) is not being used, select
passing control. Special Function 49.0. Also, refer

to the comments section at the end
of this instruetion,

48 NV Two or more controllers are Refer to the Comments section at
on the System Interface Bus. | the end of this instruetion.

Service Errors

60- NV Service-related errors. Refer to Service-Related Errors in

79 Section VIII, Service.?

80 NV Continuous memory failure, Refer to Comments below.

Noise Figure Test Set Errors

100 V Noise Figure Test Set fine Reduce the number of points by

tune table will overflow. changing the START FREQ,
STOP FREQ or STEP SIZE; then,
perform a fine tune calibration.

101 NV Noise Figure Test Set Refer to Section VIII, Service' and
self-test failed. Special Function 98.7.

102 NV Auto sweep was aborted to Start sweep again with SWEEP
protect Noise Figure Test AUTO key. Also, refer to comments.
Set switches.

! Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Error Messages and Recovery (conrq)

Error

{\Eesstadg)es E:]r:ar Nzg?;;;i{gi:iﬂ Message Recommended Action/Comments
cont’

Noise Figure Test Set Errors (coni'd)

103 NV Noise Figure Test Set cannot | Select Special Function 17.1.
perform a single sideband
measurement at this
frequency.

104 NV Interpolating across the Ensure that the frequency of
Noise Figure Test Set’s interest is a calibrated point.
bands is not permitted.

105 NV The YIG filter temperature | Repeat the procedure that was
control loop will not lock, used prior to error E105 being
inside the Noise Figure Test | generated. Refer to Section VIII,
Set. Service,! for the Noise Figure
Meter or the Noise Figure Test Set.

106 NV Uses selected LO not See chapter 3
on the SIB Special Functions 96.N

Comments Error code E19 can be generated for either a coarse or fine tuning calibration of the
Noise Figure Test Set. Check all cables and ensure that the LO INPUT,RFINPUT and
IF OUTPUT signal paths have been properly connected. If the error occurs after
another attempted calibration, the Noise Figure Meter is unable to locate the Noise
Figure Test Set’s YIG filter passband.

Ifafine tune calibration is being performed, a coarse tune calibration may beneeded. A
coarse tune calibration is needed when the Noise Figure Measurement System 1is
initially put together and the system local oscillator is a sweeper or if repairs aredoneto
the Noise Figure Test Set. Also, if a fine tune calibration is being performed, loss after
the Noise Source can cause this error. Some calibration setups, with loss between the
Noise Source and the Noise Figure Test Set, may require the use of a preamplifier. It is
possible to do a fine tuning calibration with the Noise Source connected directly to the
Noise Figure Test Set’s INPUT, if a preamplifier is not available. The Noise Source
should have at least 12 dB ENR (Excess Noise Ratio) for a fine tuning calibration
without a preamplifier. For additional information, refer to the Noise Figure Test Set
YIG Filter Calibration Detailed Operating Instruction.

Error code E21 is generated if the current frequency is out of the calibrated
measurementrange. In Measurement Modes 1.5 through 1.9 the current frequency may
be in the calibrated measurement range, but the frequency may not be an actual
calibrated frequency. Since corrected measurements are very susceptible to small
changes in the system noise figure, it is not advisable to expect good data between
calibration points, especially if the points are separated by many megaherts,

Also, because of discontinuities in the band crossings of the Noise Figure Test Set, the
Noise Figure Meter cannot interpolate across the Noise Figure Test Set’s band
crossings. Forinstance, when one calibration pointisin SSB1 and anotherisin S8B2,
a corrected measurement of noise figure and gain would not yield a valid data point
that did not require interpolating calibration data for a frequency between the two
calibration points.

* Bection VIIL, Service, is in the Service Manual. The part namber of the Service Manual is on the title page of this manual.
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Error Messages and Recovery (contd)

Special Function 39.1 can be used to disable E21, for interpolated calibration data.
Special Function 39.0 (default after a PRESET) enables E21.

Error code E27 usually occurs because the noise figure of the measurement system is
too high during the calibration of the third input gain setting at one or more calibration
frequency. Either a HP 346B or HP 346C Noise Source is needed for the calibration
of an HP 8971C Option 002. The HP 346A will work witk the HP 8971C Standard
or HP 8971C Option 001. But, the HP 8971C Option (02 requires the addition of
approximately 10 dB of gain between the Noise Source and the Noise Figure Meter
INPUT connector. Consider the error code as only a warning, and that the ability of
the instrament to make valid measurements is most likely not impaired.

If error code E22 occurs during the actual measurement, do one of the following:
1. Increase the instrument’s smoothing factor and try to recalibrate.

2. The DUT probably has 30 dB or more of gain, causing the Noise Figure Meter to use
the attenuator setting of the third calibration setting. Attach a 10 dB attenuator
to the output of the DUT and use special functions 34.3, 34.4, and 34.1 to correct
for the loss.

3. Add a preamp to the measurement system and recalibrate.

Error code E28 is generated when the Noise Figure Test Set needs a fine tuning
calibration for the current set of frequencies defined by START FREQ, STOP FREQ
and STEP SIZE. The calibration can be performed using Special Function 36.3. If a
point between those defined by START FREQ, STOP FREQ and STEP SIZE needs to
be fine tuned, Special Function 36.4 can be used. The error could have been generated
due to the following reasons:

¢ The YIG filter, in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used.

* The current frequency of the Noise Figure Test Set YIG filter has been interpolated
from the fine tuning calibration data.

¢ The Noise Figure Test Set has been fine tuned, but the temperature has drifted
more than five degrees centigrade, since the last Fine Tuning Calibration. The YIG
heater Joop must be reset and new fine tuning data gathered. Use Special Function
36.3 to reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning
Calibration using Special Function 36.3.

Error code E29 is generated if a Noise Figure Test Set coarse tuning calibration is
required before making a single sideband measurement within the frequency range of
2401 to 26500 MHz. Special Function 64.0 (refer to the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction) must be performed. The Noise
Source (HP 346B or HP 346C) must have an ENR (Excess Noise Ratio) of at least 12
dB from 2401 to 26500 MHz to coarse calibrate an HP 8971C Option 002.

Error code E38 is generated when the signal being input to the Noise Figure Test Set
does not fall between 10 to 26500 MHz. Check the parameter (START FREQ, STOP
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Error Messages and Recovery (contd)

FREQ, STEP SIZE, Special Functions 3.0 or 3.1 and Special Functions 2.0 through
2.3} that may have caused E38 or do 2 PRESET and re-enter the parameters. Verify
that the measurement signal falls between 10 to 26500 MHz.

Error code E42 is generated when the System Local Oscillator is not found at the
address specified with Special Function 40.1. Verify that the System Local Oscillator
is connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS (HP-IB) connector. Also, verify that the address of
the System Local Oscillator is the same address that is specified with Special Function
40.1.

If the Noise Figure Meter is not going to control the System Local Oscillator, error E42
can be eliminated by using Special Function 46.1. Special Function 46.1 is retained
in memory, when the Noise Figure Meter is turned off. The next time it is desired
to have the Noise Figure Meter control the System Local Oscillator, Special Function
46.0 will have to be active.

Error code E44 is generated when the Noise Figure Test Set is not found at the address
specified by Special Function 40.2. Verify that the Noise Figure Test Set is connected
to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-PACKARD
INTERFACE BUS connector.

If the Noise Figure Meter is not going to control the Noise Figure Test Set, Special
Function 45.2 can be selected to avoid E44. The next time it is desired for the Noise
Figure Meter to control the Noise Figure Test Set, Special Function 45.0 or 45.1 will
have to be selected.

Emror code E45 is generated when the plotter is not found at the address specified
by Special Function 40.3. Verify that the plotter is connected to the SYSTEM
INTERFACE BUS connector and not to the HEWLETT-PACKARD INTERFACE
BUS connector. Also, verify that the address of the plotter is the same as the address
specified by Special Function 40.3.

This error can also be generated when the HP 8757 Scalar Analyzer is comnected
to the System Interface Bus. The error could be a transient situation, which clears
itself in five seconds or so, as a result of the untimely interruption of a Noise Figure
Meter/Scalar Analyzer conversation. The interruption could be caused by pressing
front panel keys or by calculator commands in the middle of 2 measurement.

If the error doesn’t clear itself, follow the steps outlined in the first paragraph for
the plotter. With one exception, the address of the Scalar Analyzer is specified using
Special Function 47.4.

Error code E46 is generated when the “pass through device” is not found at the address
specified by Special Function 40.6 (or HP-IB code PT). Verify that the “pass through
device” is connected to the SYSTEM INTERFACE BUS connector and not to the
HEWLETT-PACKARD INTERFACE BUS connector. Also, verify that the address
of the “pass through device”, sent with the PT command, is the valid address of the
“pass through device” on the System Interface Bus. The address specified with Special
Function 40.6 must be the same as the address sent with the PT command.
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Errorcode E47 is generated when the Noise Figure Meter expects to find a controlier on
the System Interface Bus and the controller is not found. Error E47 could be caused by
Special Function 49.1 being enabled when it is not desired. If Auto-Pass-Control is not
desired, select Special Function 49.0 to disable Auto-Pass-Control. If Auto-Pass-
Control (Special Function 49.1) should be active, verify, that the other controller is
connected to the SYSTEM INTERFACE BUS connector and not to the HEWLETT-
PACKARD INTERFACE BUS connector. Also, verify that the address of the control-
ler is the same as the address specified by Special Function 40.5.

Error code E48 is generated when the Noise Figure Meter has detected the existence of
another controller on the System Interface Bus; the Noise Figure Meter was told
(Special Function 48.0) that it would be the controller. Verify that a controller is
connected to the HEWLETT-PACKARD INTERFACE BUS connector and not to the
SYSTEM INTERFACE BUS connector,

In systems where there are multiple controllers on the System Interface Bus that are
sharing resources such as a local oscillator or a plotter, only one of the controllers
should be enabled to be the system controller or active controller at any given fime.
Verify that the other controllers are not set to be the system controller, at turn-on. If the
Noise Figure Meter has been told to be the system controller, it will display “Ctrl on” in
the right display after power-on. If the Noise Figure Meter has been told not to be the
system controller, the message “Ctrl OFF” will appear in the right displays just after
power-on.

Error 48 may also be generated if the HP 8757 Scalar Analyzer is powered-up while
connected to the System Interface Bus. First verify that the HP-IB connector on the
Scalar Analyzer is connected to the SYSTEM INTERFACE BUS connector on the
Noise Figure Meter. If the two instruments are connected correctly, re-initialize the
Scalar Analyzer using Special Function 47.2. This should clear error 48.

Error code E80 indicates a continuous memory failure. The instrument may not retain
data when powered down. However, the ability of the instrument to make valid
measurements may not be impaired. If E80 occurs, press PRESET and proceed. The
occurrence of E80 implies that stored information such as the IF attenuator calibration
was not retained. Therefore, error code E26 will appear. Perform an IF attenuator
calibration (refer to the Calibration, IF Attenuators Detailed Operating Instruction). If
E80 persists, service should be performed on the internal battery and related circuits.
Refer to Service-Related Errors in Section VIII, Service.}

Error code E102 indicates that auto sweep has been aborted, in Measurement Modes 1.5
through 1.9. After one hundred sweeps, auto sweep is aborted to protect the switches in
the Noise Figure Test Set. To disable auto sweep abort (and error code E102), use
Special Function 97.3. PRESET will re-enable auto sweep abort and error code E102.

The following program describes how an error can be displayed in English, over HP-IB:

NOTES
This program was written in BASIC language 3.0 using the HP 9000 Series 200
Model 236 computer.

This program assumes that the Noise Figure Meter has an HP-IB address of 8 and
the interface card has a select code of 7. Also, it is assumed that an error has
occurred.

! Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Error Messages and Recovery (contd)

Comments 100 OUTPUT 708;“HT ER” OUTPUT FREQUENCY, INSERTION GAIN
{cont’d) !AND NOISE FIGURE DISPLAYS AND DISPLAY
ITHE ERROR.
110 ENTER 708;W1,W2,W3 'GET THE FREQUENCY, INSERTION GAIN AND
NOISE FIGURE DISPLAYS.
120 PRINT “The last Noise Figure Meter error was; ";W1
130 OUTPUT 708 “FR” ISTOP THE ERROR REPORTING DISPLAY

140 Error_num=W1 ISETUP FOR ERROR READBACK
!

{ THE NEXT LINES ASK FOR THE TEXT OF THE ERROR
! NUMBER THAT IS CONTAINED IN THE VARIABLE W1.
!

150 QUTPUT 708; “ER ";Error_num;“EN"  ISETUP ERROR TEXT T0 READ.
160 ENTER 708: Errmes$ 'READ THE TEXT.

170 PRINT Errmes$

180 END

Related Calibrate

Sections Calibration, IF Attenuators
Calibration, Input Gain Selection
IF Attenuation Selection
Measurement Modes 1.1 through 1.9
Remote Operation, HP-IB
RF Attenuation Selection .
Service-Related Errors, Section VIIT!
Specizal Functions

} Section VIII, Service, is in the Service Manual. The part number of the Service Manualis on the title page of this manual.
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Description

Procedure

HP 8970B

Fixed Frequency Increment

The tuned frequency of the instrument can be changed by using a combination of the
FREQINCR, 4 and W keys. The FREQ INCR key is used to set the fixed increment
size. The M , and W keys step the fizxed frequency up or down by the value of the
current frequency increment. These keys provide a convenient method of controlling
the fixed frequency of the instrument for applications such as locating the minimum
noise figure of an amplifier.

The allowable range of values for a frequency increment is:

¢ 1to 2037 MHz for Measurement Modes 1.0 and 1.4

* 1to 26500 MHz for Measurement Modes 1.5 and 1.9

¢ 1to 99999 MHz for Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

Fractionalincrements are rounded to the nearest 1 MHz. If an attempt is made to enter
an illegal frequency increment, error code E35 is displayed and the entry is not made.

The Measurement Mode selected determines the fixed frequency increment default.
The table below lists the defaults for each of the Measurement Modes.

Measurement Fixed Frequency
Mode increment
1.0and 1.4 20 MHz
1.1,12 and 1.3 200 MHz
l.5and 1.9 250 MHz
16,1.7and 1.8 500 MHz

As shown in the table, the Measurement Modes have been placed into four groups. If
the fixed frequency increment is changed for one Measurement Mode, the fixed
frequency increment is changed for all the measurement modes of the group. When
going from one measurement mode to another, the fixed frequency increment of the
previous measurement mode is automatically saved by the Noise Figure Meter.

To change the size of the frequency increment, press the FREQ INCR key, enter a value
for frequency in MHz, and then press the ENTER key.

Use 4 or W to step the frequency up or down by the current frequency increment.

Pregram Stored in! Can Be Preset fand Special
Code {ontinuous Stored and HP-18 Clear} | Function 0.9
Front Panel Key m Memory Recalled Conditions Conditions
FREQ INCR N Y Y 20 MHz 20 MHz
> 3 Ur — - — —
W DN — e — —

VTable categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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Codes
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indications
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Fixed Frequency increment (contq)

To set the frequency increment to 50 MHz:

LOCAL Function e Daita weemms,  Funiction
{keystrokes) (o] %) (%) @
L HP-B 3 FN50MZ
[program codes) Code T g;l:aL Function

To decrease the tuned frequency by the current frequency increment:

LOCAL Function

{keystrokes) @

 HP-IB 2

DN
{program codes)

Holding either the 4 or W key down causes the frequency to step continuously.
However, the frequency is slower to change when stepped downward.

In addition to the HP-IB program codes given in Procedure above, HZ and MZ are the
program codes for Hz and MHz, respectively.

The currently programmed frequency increment is displayed in the left display for as
long as the FREQ INCR key is depressed. After FREQ INCR is pressed, the new
frequency increment data can be entered. This data is displayed in the left display until
the ENTER key is pressed. The function is then implemented and the instrument
returns to the last selected measurement,

When either 4 or W is pressed, the tuned frequency is changed in the selected
direction. The new tuned frequency is displayed in the left display and the instrument
continues with the selected measurement.

Front panel frequency increment values should be entered in integer MHz units. If a
decimal MHz entry is made, the instrument rounds the entry to the nearest integer (0.5
MHz and above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

If 4 or W is pressed rapidly in succession, the left display updates the frequency

each time the key is pressed. The noise measurement may be delayed { — — — — will
appear in the NOISE FIGURE display), especially if smoothing is used.

HP 8970B



Fixed Frequency Increment (cont'd)

Comments For highest repeatability, always tune in the same manner (direction and step size) as
(cont'd) the calibration was done.

Related Fixed Frequency Tuning

Sections Measurement Modes 1.0 through 1.9

Preset Conditions and Power-Up Sequence
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Fixed Frequency Tuning

The FREQUENCY key is used to display the frequency to which the instrument is
tuned and to enter a new fixed frequency value. The allowable frequency range is:

¢ 10 to 2047 MHz . in Measurement Modes 1.0 and 1.4
¢ 10 to 26500 MHz in Measurement Modes 1.5 and 1.9
¢ 10to 99999 MHz in Measurement Modes 1.1 through 1.3 and 1.6 through 1.8

The Measurement Mode determines the default for fixed frequency tuning. The
defaults are given in the table below.

Measurement Mode Fixed Frequency
l.0and 14 30 MHz
1.1,122and 1.3 10000 MHz
1.5and 1.9 3000 MHz
1.6,1.7 and 1.8 46000 MHz

As shown in the table above, the Measurement Modes have been placed into groups. If
the fixed frequency is changed for one Measurement Mode, the fixed frequency is
changed for all the Measurement Modes of the group. When going from one
Measurement Mode to another, the previous fixed frequency is automatically saved by
the Noise Figure Meter.

The tuned fixed frequency of the instrument can also be changed by using a
combination of the FREQ INCR key to set the increment size, and the M and W keys
to step the fixed frequency in the selected direction.

The FREQUENCY key acts asa “clear entry” key. It clears entries in progress, returns
the instrument to the last selected measurement with the left display showing the
current tuned frequency, and halts the sweep if it is in progress.

To display the current tuned frequency and enter a new tuned frequency, press
FREQUENCY, enter the value of the new frequency in MHz, and press ENTER.

Program Stored in! Can Be Preset fand Special
Code Continuous Stored and | HP-IB Clear) : Function 0.9
Front Panel Key m Memory Recalled Conditions fenditions
FREQUENCY FR Y Y 30 MH:z 30 MHz
! Table categories are described in the Preset Conditions and Power-Up Sequence Detailed Operating Instruction.
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| HP-15 2

Indications

Comments

Related
Sections

HP 8970B

Fixed Frequency Tuning (contd)

To tune the instrument to a new frequency of 100 MHz:

LOCAL Function . Data . Eunction
ieystrokes) ()0 j(e])  [om)
CRED FR100MZ
T T T
(program codes] Code. ;a]; Fuaction

"The HP-IB program code for FREQUENCY is FR. The program codes for Hz and MHz
are HZ and MZ.

Pressing the FREQUENCY key clears an incomplete entry, displays the current tuned
frequency, and enables the entry of a new tuned frequency. As the entry numbers are
pressed, the specific numbers appear in the left display. When ENTER is pressed, the
instrument is tuned to the specified frequency and the instrument continues to make
the the last selected measurement.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz
entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above is rounded up).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument,
rounds all HP-IB tuned frequency inputs to the nearest MHz.

Ifno other prefix key has been pressed, any digits entered followed by ENTER will be
interpreted as if the FREQUENCY key were the prefix.

For highest repeatability, always tune in the same manner (direction and step size) as
the calibration was done.

Fized Frequency Increment
Measurement Modes 1.0 through 1.9
Preset Conditions and Power-Up Sequence

3-109

Operation



Description

3-110

Operation

Fixed IF or LO Frequency Selection
{Special Functions 3 and 19)

Special Function 3 displays and allows entry of the fixed IF and LO frequencies. This
special function is used when the measurement signal is down converted prior to being
mput to the Noise Figure Meter (Measurement Modes 1.1 through 1.4) or the Noise
Figure Test Set (Measurement Modes 1.6 through 1.9).

Special Function 19 is ONLY used in Measurement Modes 1.5 through 1.9. Special
Function 19 displays and allows the user to change the internal IF between the Noise
Figure Meter and the Noise Figure Test Set. The internal IF can only be changed when
the measurement frequency is between 1601 and 26500 MHz.

Special Function 3.0 is used to display and enter the fixed IF for Measurement Modes
1.1, 1.3, 1.6 and 1.8. If no entry is made, the Noise Figure Meter uses the last entered
value. The fixed IF value does not apply when the instrument is operated in
Measurement Modes 1.0, 1.2, 1.4, 1.5, 1.7 or 1.9. The allowable range of values for IF
entries is 10 to 2047 MHz (Measurement Modes 1.1 and 1.3) or 10 to 26500 MHz
(Measurement Modes 1.6 and 1.8).

Special Function 3.11s used to display and enter the fixed local oscillator frequency for
Measurement Modes 1.2, 1.4, 1.7 and 1.9. If no entry is made, the Noise Figure Meter
uses thelast entered value. Ifthe instrument is operated in Measurement Modes 1 0,11,
1.3, 1.5, 1.6 or 1.8, the fixed local oscillator frequency does not apply. The allowable
range of values for the local oscillator is 10 to 99999 MHz (Measurement Modes 1.7 and
1.9) and 0 to 99998 MHz (Measurement Modes 1.2, 1.4, 1.7 and 1.9).

Special Function 3.2 is used to display the user controlled local oscillator frequency in
Measurement Modes 1.6 through 1.9. Special Function 3.2 is particularly useful in
Measurement Modes 1.6 and 1.8. The frequency that the user controlled loeal oscillator
should be set to is displayed. If zero is displayed, an error exists with the Special
Function 3 frequency and Special Function 2 frequency mix.

Special Functions 19.2 through 19.4 are used when the Noise Figure Test Set is
configured with the Noise Figure Meter. These special functions are used to change the
internal IF between the Noise Figure Meter and the Noise Figure Test Set. Special
Functions 19.2 through 19.4 can only be used when the measurement frequency is
greater than 1601 MHz. The default IFs, for Special Functions 19.2 through 19.4, have
been carefully chosen; only small deviations from the defaults should be used and only
if the particular measurement requires that the default be changed.

Special Function 19.5 is used to display the current frequency (IF) thatis being input to
the Noise Figure Meter.

Front panel frequency entries should be made in integer MHz units. If a decimal MHz

entry is made, the instrument rounds the entry to the nearest integer (0.5 MHz and
above are rounded up).
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Procedure

Example

HP 89708

Fixed IF or LO Frequency Selection (contd)
(Special Functions 3 and 19)

To select a fixed IF or LO frequency, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key. Next, enter the appropriate value using
the DATA keys and press ENTER.

= = | e =
T, £5 2. 22|25 52
g2 S5 58 52|28 f:
Special Funstion Program | « £ E w | L8| = E| = S| o= E
Cde |28 EE =3 ! 85| EEF| &S
Description Code m SF  BE=E| SE  SG a5 | oe

Fixed IF 3.0 IFor N Y Y NC 30 30
{formodes 1.1 and 1.3) 3.08P MH:z MHz
{for modes 1.6 and 1.8) 3500 MHz
Fixed L.O Frequency 3.1 LFor N Y Y NC 100600, 10000
{for modes 1.2 and 1.4) 3.18P MH:z MHz
{for modes 1.7 and 1.9) 44000 MHz

Display User Controlled]| 3.2 Ul.or N N N OFF | OFF OFfF
LO frequency in 3.28p
Measurement Modes
1.6 through 1.9

Fixed IF for Noise 19.2 S2or N Y Y NC 700 700
Figure Test Set 19.28P MHz MH:z
band 2 (SSB2)

Fixed IF for Noise 19.3 S3or N Y Y NC 450 450
Figure Test Set 19.3S8P MHz MHz
band 3 (SSB3)

Fixed IF for Noise 19.4 S4or N Y Y NC 25 25
Figure Test Set 19.4S8P MHz MHz
band 4 (DSB)

Display Noise Figure 19.5 S5 or N N N NC NC NC
Meterinput frequency. 19.55P

‘Table categories are explained in the Special Function Detailed Operation Instruction.
To select a fixed IF of 70 MHz:
LOCAL p Code - Function p— Data -— Function
{keysirokes)
CICIC] [ogm, CIC)
PHP-E IF70MZ
. T .
(program codes) Function TDI& Function
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Fixed IF or LO Frequency Selection (contd)
(Special Functions 3 and 19)

The HP-1B codes for Hz and MHz are HZ and MZ, respectively. For Special Functions
3 and 19 program codes, refer to Procedure.

When Special Function 3.0, 3.1 or 19.2 through 19.4 is selected, the left display shows
the current IF or LO frequency. When a new frequency valueis entered, it appears in the
left display only for as long as the ENTER key is depressed. When the ENTER key is
released, the left display returns to the display that was present when the special
function was entered.

When Special Function 19.5 is selected, the left display shows the current frequency
being input to the Noise Figure Meter. The display is cleared by pressing the
FREQUENCY key.

If error code E32 is displayed when attempting to enter a fixed LO frequency, the
entered frequency is outside the range specified for the LO. If the entered frequency was
incorrect, re-enter the correct frequency. If the LO frequencies are incorrect, they can be
changed using either Special Function 42.3 or 42.4 (refer to Programming the System
1.0 Detailed Operating Instruction).

The Hz unit, provided for HP-IB, is for programmer convenience. The instrument
rounds all HP-IB tuned frequency inputs to the nearest MHz.

Error Messages and Recovery
Measurement Modes 1.1 through 1.9
Programming the System LO
Special Functions

HP 8970B



HP-IB and System Interface Bus (SIB) Addresses

Description

) HP-1B 2

HP 8970B

(Special Function 40, 47 and 96)

There are two HP-IB and eight SIB (System Interface Bus) addresses.

The two HP-IB addresses are really both addresses of the Noise Figure Meter. One
address is the address of the Noise Figure Meter. The other address is called the “Pass
Through Address” of the Noise Figure Meter. The “Pass Through Address” is used
when an external controller on the Hewlett-Packard Interface Bus (HP-IB) wants to
control a device on the System Interface Bus (SIB). The Pass Through Address is set
up automatically by the Noise Figure Meter, only after Pass Through Mode has been
initialized using Special Function 40.6 (or HP-IB code PT). The Pass Through Address
is one greater than the Noise Figure Meter’s address if it is even and is one less than
the Noise Figure Meter’s address if it is odd. Refer to the System Interface Bus Control
Detailed Operating Instruction for more information about Pass Through Mode and
the Pass Through Address.

Special Function 40.7 can be used to display the Pass Through Address.
The eight SIB addresses are listed beiow:

® System Local Oscillator ¢ Systern Interface Bus

¢ Noise Figure Test Set ¢ Pass Through Device

* Plotter ¢ Pass Control

* User Controlled Local Oscillator o HP 8757 Scalar Analyzer

The System Local Oscillator is used with the Noise Figure Meter in Measurement
Modes 1.1 through 1.4 and the Noise Figure Meter and Noise Figure Test Set in
Measurement Modes 1.5 through 1.9.

The Noise Figure Test Set is configured with the Noise Figure Meter in Measurement
Modes 1.5 through 1.9 to extend the frequency range of the Noise Figure Meter.

The plotter is connected to the System Interface Bus to give a permanent record of a
noise figure or gain measurement.

The user controlled local oscillator is used with the Noise Figure Measurement System
(Noise Figure Meter, Noise Figure Test Set and System Local Oscillator) in Measure-
ment Modes 1.6 through 1.9. Along with a mixer or the device under test, the user
controlled local oscillator provides the first level of frequency conversion.

The system interface bus address is the address of the System Interface Bus (SIB)
connector on the back of the Noise Figure Meter. This address only needs to be changed
if some other instrument on the System Interface Bus has to use the default address
that has been set up for the System Interface Bus.

The pass through device address is used in Pass Through Mode. The pass through
device address selects an instrument on the System Interface Bus that is going to be
controlled by an external controller connected to the Hewlett-Packard Interface Bus
(HP-IB). For more information on using Pass Through Mode and the pass through de-
vice address, refer to the System Interface Bus Control Detailed Operating Instruction.

The pass control address is the address of the controller that will alternate control
responsibilities with the Noise Figure Meter. The two instruments will alternate
control on the System Interface Bus. Thisis an advanced capability and does not need
to be set under normal circumstances.
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HP-IB and System Interface Bus (SIB) Addresses (contd)
(Special Function 40, 47 and 96)

Description

) HP-1B g

(cont'd)
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The HP 8757 Scalar Analyzer is connected to the System Interface Bus for a calibrated

visual representation of a noise figure and/or gain measurement.

The HP-1B and SIB addresses can be displayed and changed by Special Functions 40,
47 and 96. The selected address is displayed in decimal in the left display. The decimal
value of the factory set addresses are as shown below:

Noise Figure Meter=8

Pass Control Address=16
System Local Oscillator=19
Noise Figure Test Set=10
Plotter=5

A list of allowable addresses is given below.

System Interface Bus=8

Pass Through Device (There isn’t

any factory set address.)
User Controlled LO=20
HP 8757 Scalar Analyzer=:16

ASCII Address Codes .

Becimal

LISTEN

TALK

Equivalents

.~ n
=]

3

e N - R g g

W00 w1 U P 02 B ks O N

VoI A

P, NHEMECC I NHOYOZENr R = IOEMEO QW R @

00
01
02
03
04
05
06
a7
08
09
10
11
12
13
14
15
16
17
18
18
20
21
22
23
24
25
26
27
28
29
30
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HP-IB and System Interface Bus (SIB) Addresses (conrd)

Procedure

Example

HP 8970B

(Special Function 40, 47 and 96)

To display the current HP-IB or SIB address, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

To change an HP-IB or SIB address, first display the current address. Then, enter a
decimal number from O to 30 for the new address and press the ENTER key.

- = = s =
= - - B B SE
=3 | BE &g | EE TE g%
2= |22 2 ZE EE ==
Special Function Program @ & & f w 28 EI 23 IE
Cote | £%T 25 £Z/2S EF S
Description Code (MR = E = | SEl S £ | Sa
Noise Figure Meter 40.0 None N Y NC NC 8
HP-IB Address
System LO SIB 40.1 EAor N Y NC NC 19
Address 40.15P
Noise Figure Test 40.2 HT or N Y NC NC 10
Set SIB Address 40.28P
Plotter SIB Address 40.3 HP or N Y N NC NC 5
40.38P
System Interface 40.4 HS or N Y N NC NC 8
Bus Address 40.48P
Pass Control SIB 40.5 HCor N Y N NC NC 16
Address 40.55P
Pass Through Device | 40.6 PTor N Y N NC NC NC
5IB Address 40.68P
Display the Noise 40.7 VPor N N N NC NC Off
Figure Meter’s Pass 40.78P
Through Address
HP 8757 Scalar 47.4 ZRor N N N NC 16 16
Analyzer SIB 47.48pP
Address
User Controlled LO 96.2 None N Y N NC NC 20
SIB Address
“Table categories are explained in the Special Function Detailed Operation Instrection.

To display the system L.O address and change it to 20:

LOCAL - Code —, Function L p— Function
e OO00 (m 00 @
(pregram codes) Code D;Ea Function
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HP-IB and System lntérface Bus (SIB) Addresses (contd)

Program
Codes

€D

Indications

-Comments

Related
Sections
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(Special Function 40, 47 and 96)

The program code to display the SIB address of the system LO is EA. The system LO
address can be changed by entering a decimal number from 0 to 30 and then EN (the
program code for ENTER). The other addresses are changed in a similar manner. The
HP-IB address of the Noise Figure Meter cannot be read or changed over the HP-IB.

The HP-IB or SIB address of the corresponding special function appears in the left
display when Special Function 40 is selected. When an address is changed, the new
address appears in the left display for as long as the ENTER key is depressed. When the
ENTER key is released, the instrument returns to the last selected measurement.

Do not set the Noise Figure Meter address equal to any of the other addresses.
Controller Capability of the Noise Figure Meter

Remote Operation, HP-IB
Special Functions

HP 89708
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Procedure

g v

IF Attenuation Selection
(Special Functions 70, 71, and 72)

IF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 72.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific IF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. [t is possible to introduce some very subtle errors in
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functions is
contained in Section VIII, Service!

To select a specific IF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

- o = e =
Ex | 2E T TE | ES| TS
gx o©& 521 52 EE S=
Special Function Pregram wg | = 2 & E =E | =58 “_; =
Code £% B2 2 £ 88 Ex | 28
Description Code Y HP-iB = EE | SE | 22 fFE 22
IF Attenuation Selestion
Auto 70.0 | I0 or 70.0SP N N N On On On
0dB 70.1 | 11 or 70.1SP Y N N Off Off Off
5dB 70.2 | 12 or 70.28P Y N N Off | Off Off
10 dB 70.3 | 18 or 70.3SP Y N N Off | Off Off
15dB 70.4 | 14 or 70.45P Y N N Off Off Off
20 dB 70.5 | 15 oxr 70.55P Y N N Off | Off Off
25 dB 706 | 16 or 70.6SP Y N N Off | Off Off
30 dB 70.7 | I7 or 70.7SP Y N N Off Off Off
35 dRB 70.8 | 18 or 70.88P Y N N Off Off Off
Disptay IF Attienuator Selings
Display IF 71.0 | Slor71.08P N N N Off | Off Off
Atftenuator
iF Attenuator Held
IF Attenuator 72.0 | TH or 72.08P Y N N Off | Off Off
Hold

'Table categories are expiained in the Special Functions Detailed Operating Instruction.

' Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.

HP 8970B
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IF Attenuation Selection (contd)
(Special Functions 70, 71, and 72)

To select the IF attenuator hold function:

LOCAL RTINS i, (- — Function
[keystrokes]
DEOET [o)s,
L HP-1B 2 IH
{pregram codes)

For HP-IB codes, refer to Procedure,

When Special Function 71 is implemented, three digits appear in the left display. The
digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding
attenuator is switched into the 20 MHz IF Assembly circuits (see Service Sheets 3and 4
in Section VIII, Service?). The first (most significant) digit represents 20 dB. The second
digit represents 10 dB. The third (least significant) digit represents 5 dB. To obtain the
IF attenuator setting, add the attenuation that is represented by each digit. For
example, a display of “1 0 1” indicates an IF attenuator setting of 25 dB.

The following table lists the IF attenuation available (Special Function 70.1 through
70.8) and the ones (1) and zeros (0) that are displayed using Special Function 71.0.

Attenuation Special Attenuator
(dB) Function 20 4B 10 dB  dB
0 70.1 0 0 0
5 70.2 0 ) 1
10 70.3 0 1 0
15 70.4 0 1 1
20 705 1 0 0
25 70.6 1 0 i
30 70.7 1 1 0
3B 70.8 1 1 .

If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the
calibration sequence does not overridethem. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. Itis also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Calibrate

Manual Measurements
R¥ Attenuation Selection
Special Funections

1 Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Loss Compensation
(Special Function 34)

Special Function 34 corrects for loss between the noise source and the device under test
(BUT), and the DUT and the Noise Figure Meter. The loss in dB and the temperature of
the loss must be entered prior to enabling loss compensation (Special Function 34.1) or
else the default values of 0 dB and 0K are used.

The temperature of the loss is the ambient temperature. Therefore, both the loss before
the DUT and the loss after the DUT are assumed to be at the same temperature. Only
one temperature can be entered for both losses. The temperature of the loss can be
entered in Kelvins, degrees Fahrenheit, or degrees Celsius. Temperature units are
selected by Special Function 11.

The allowable range of loss in Kelvins is 0 to 9999. The allowable range of loss in dB is
~100 to +100.

To display, enter, or enable loss compensation, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.

= Z £, |2 5.
Special Function Prgram | &= | ET | BE | 2% | £8 SE
G | 2% ES| -2 |83 EE|ES
Deseription Lode  (MRP S SE| S5 | 22 | £5 | &3
Turn loss com- 34.0 1O or N Y N On On On
pensation off. 34.05P
Turn loss com- 34.1 Ller Y Off Off Off
pensation on. 34.15P
Display and enter 34.2 LAor N Y N NC | 0dB | 04B
the amount of loss 34.28P
between the noise
source and the DUT

in dB.
Display and enter 34.3 LTor N Y N NC 0K 0K
the temperature of 34.35P
losses (units are
determined by Spec-
ial Function 11).
Display and enter 344 LB or N Y N NC | 0dB | 0dB
the amount of loss 34.48P
between the DUT
and the Noise Fig-
ure Meter in dB.

‘Tabie categories are explained in the Special Functions Detailed Operating Instruction.
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Loss Compensation (contq)
(Special Function 34)

To compensate for a loss of 3 dB between the noise source and the DUT at a temperature

of 290K (assume Special Function 11.0 is active — temperature in K) and to enable the
loss compensation function:

- Codes - Function o [l2ta  m— Function
Lo | DO0E [ =)
(keystrokes) m m m m T e [zj ( ° (o]} [gma]
0D (o),
LAZENLT290ENL1
L HP-IB 2 ‘Gode‘-——]— | LCgﬁe'
{program codes}. Data - Function
' :Function g Data
Code

‘For HP-IB codes, refer to Procedure above.

If Special Function 34.0 or 34.1 is selected, the left display returns to the previously

selected display. The INSERTION GAIN and NOISE FIGURE displays are not
affected by this function.

When a loss compensation entry is made in dB, the temperature of the loss should also
be entered.

The Noise Figure Meter assumes that the loss was not present during calibration.

Ifa 2dB attenuatoris being used inthe measurement, 2 dB would be entered as the loss.
If the loss varies with frequency, the ENR table can be modified to provide proper
compensation. In order to do this, enter a new ENR table in which the effective ENR at each
frequency has been determined by subtracting the loss (at that frequency) from the noise
source ENR. Although this assumes the noise source and the loss are at the same temperature
the following example shows that for loss cases, the resultant error is negligible.

For typical adapter losses of <0.5 dB and anoise source 5 deg K (actually warmer than usnal)
hotter than the adapter, the difference between the actual combined cold temperature (T cold
combined) and the temperature on the bulkhead of the noise source is only 0.54 deg K. This
is derived from the following equation:

T, = T, *loss + (I-loss) * T,
wherethe losses are in linear terms i.e. 10*(losses_dB/10) and the temperatures are in Kelvin,

The error in noise figure caused by the -0.54 K error in T cold is less than 0.01 dB for a DUT
with a one dB noise figure.

Special Functions
Temperature Units Selection
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Manual Measurement Functions
(Special Functions 14 and 15)

The manual measnrement functions calibrate and measure noise figure using a
thermal (hot/cold) noise source. They also can be used to display either the current
measurement or the result of the manual measurement. Manual measurement
functions are used for fixed frequency measurements only.

Three general requirements must be understood when performing manual measure-
ments:

1. A stable reading must be stored in the Noise Figure Meter’s memory prior to
disconnecting the noise source. This stable reading can be obtained by either
activating the next manual measurement special function or by using the Trigger
Selection Special Function (30). Since activating the next special function requires
fewer keystrokes, thatis the method used in the example shown in this instruction.

2. Thedevice under test (DUT) must first be connected to the measurement system and
the proper RF attenuation level determined. The RF attenuators must then be held
fixed (Special Function 62) for the entire manual measurement.

3. The IF attenuators must be held fixed (Special Function 72) during the two
measurement readings (noise source off and on) and again during the two
calibration readings (noise source off and on). However, the IF attenuators must be
allowed to autorange when switching between calibration and measurements, and
vice versa.

To measure, calibrate, or display manual measurements, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

= = B e =
Ex | tE v | S 52 fe
E< 32 | EE | 52 R &2
Special Function Program | 25 Z« | S ZE | =S | = E
Cole | £ | 22| 2= 53 | §F | ES
_— == =2 e EE 2o gl Em
Bescription Code m I 8 | OF o | A28 &
Make cold measure- 14.1 MC or N Y Y Off Off Off
ments (source off) 14.18P
Make hot measure- 14.2 MH or Y Y Off Off Off
ments (source on). 14.28P
Perform cold calibra- | 14.3 CCor N Y Y Off Off Off
tion {source off). 14 38P
Perform hot calibra- 14.4 CH or N Y Y Off Off Off
tion (source on). 14.45P
Normal display 15.0 PO or N Y On On On
mode. 15.08P
Display manualmeas-| 15.1 Plor N Y Off Off Off
urement results. 15.1SP
*Table categories are explained in the Special Functions Detailed Operating Instruction.
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Manual Measurement Functions (contd)
(Special Functions 14 and 15)

The following example is a general procedure for making manual measurements. It
may be necessary to determine the requirements of a specific application and make the
necessary changes to obtain the best measurement results. For example, itis possible to
make manual measurements using an external controller. Additional information on
this method is contained in the Comments section of this instruction.
Find and Hold the RF Attenuation

a. Enterthe required parameters for the Measurement Mode that is going to be used.

b. Connect the hot noise source to the DUT input. Connect the DUT output to the
measurement system setup.

¢. Press14.28PECIAL FUNCTION to obtain the noise power.

d. Press 6 2.0 SPECIAL FUNCTION to hold the RF attenuation setting. The RF
attenuation is held at this setting for the entire measurement.
Calibrate

e. Remove the DUT and connect the hot noise source to the measurement system
setup.

f. Press 1 4.4 SPECIAL FUNCTION to calibrate the measurement system for the
hot noise source.

g. Press 72 .0 SPECIAL FUNCTION to hold_ the IF attenuation setting.

h. Press 1 4 . 3 SPECIAL FUNCTION to store the hot noise source calibration
reading and to select the cold noise source calibration. Note that while the cold noise
source calibration is selected, the results are not stored until after the cold noise source
is connected and Special Function 14.2 is activated in step J.

i, Removethehotnoise source and connect the cold noise source to the measurement
system setup.

j. Press14.2SPECIALFUNCTION to select the hot noise source measurement and
to store the cold noise source calibration reading.

Measure, then Calculate and Display Noise Figure

k. Connectthehotnoisesourcetothe DUT and the DUT {o the measurement system
setup.

1. Press 7 0.0 SPECIAL FUNCTION to allow the IF attenuators {o autorange.

m. Press 72 .0 SPECIAL FUNCTION to hold the IF attenuation fixed at the new
value.

n. Press1 4.1 SPECIAL FUNCTION to select the cold noise source measurement
and to store the hot noise measurement reading.

o. Disconnect the hot noise source from the DUT and connect the cold noise source to
the DUT.
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Manual Measurement Functions (contd)
(Special Functions 14 and 15)

p. Press 15.1 SPECIAL FUNCTION to calculate and display the manual meas-
urement noise figure result. Verify that the LED in the SPECIAL FUNCTION key
lights when this special function is activated. The Noise Figure Meter continues to
make cold noise source measurements and update the display.

NOTE

The calibration date remains stored. Therefore, if another DUT is to be
tested immediately, it is only necessary to press 14.2 SPECIAL FUNC-
TION and repeat steps k through p. To exit manual measurements and
return to the normael display, press 15.0 SPECIAL FUNCTION and then
press UNCORRECTED NOISE FIGURE.

For HP-1B codes, refer to Procedure above.

When Special Functions 15.0 and any 14.N are selected, no unit annunciators are lit in
the NOISE FIGURE display. The number displayed is the power into the detector in
mW. :

When Special Function 15.1 is selected, UNCORRECTED NOISE FIGURE, COR-
RECTED NOISE FIGURE AND GAIN, or any noise figure display unit (Special
Function 10) ecan be selected.

Another way to ensure that stable readings are stored in the Noise Figure Meter’s
memory during Manual Measurements is to use the Trigger Hold Special Function
(30.1) and Trigger Execute Special Function (30.2). In this type of operation only one
measurement is taken and stored. Therefore, it is not critical if the equipment is
disconnected prior to switching Manual Measurement Special Functions.

IF Attenuation Selection
RF Attenuation Selection

Special Functions
Trigger Selection
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Measurement Modes
(Special Function 1)

The Noise Figure Meter has ten Measurement Modes available. Each Measurement
Mode, 1.0 through 1.9, is described individually in a separate Detailed Operating
Instruction. This discussion covers the capabilities and differences of the individual
modes. The following table lists the modes and shows their status in different
instrument operations.

Special Function Pregram
- Code

Descriptian Code @

Measurement Mode 1.0 Eo
1.0~10t0 2047 MHz
Measurement Mode 1.1 El
1.1—variable fre-
guency system LO:
fixed IF
Measurement Mode 1.2 E2 N Y Y Off Off Off
1.2—fixed frequency
svstem LO; varia-
bie IF; 88B
Measurement Mode 1.3 E3 N Y Y Off Off Off
1.3—variable fre-
guency system LQ);
fixed IF; mixer n
DUT
Measurement Mode 14 E4 N Y Y Off O Off
1.4~-fixed frequency
syvstem LO; varia-
ble IF; mixer in
DUT
Measurement Mode 1.5 E5 N Y Y Off Off Off
1.5—10to 26500
MHz
Measurement Mode 1.6 E6 N Y Y Off Off Off
1.6—variable fre-
quency user control-
fed LO; fixed IF
Measurement Mode 1.7 E7 N Y Y Off Off Off
1.7—fixed frequency
user controlled LO;
variable IF; SSB
Measurement Mode 1.8 E8 N Y Y Off Off Off
1.8-—variabile fre-
guency user control-
led LO; fixed IF;
mixer in DUT
Measurement Mode 1.9 Eg
1.9—fixed frequency
user controlled LO;
variable IF; mixer
in DUT

Lights Speclal!
Functlon Key
Stared In Con-
finsous Memory
Gan be Stored
and Recalled
Specia!?unc!lun
0.0 Conditians
Preset [and HP-IB
Glear} Conditions
Spaclal Function

0.9 Condlfions

z =z
g
=
3 ¢
3 ¢
3

pd
<
g

Off | Off | Off

'Table categories are explained in the Special Functions Detailed Operating Instruction,
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Measurement Modes (contq)
(Special Function 1)

The following definitions will be helpful when using the different Measurement Modes:

System Local Oscillator—The System Local Oscillator is used in Measurement Modes
1.1 through 1.9, is connected to the SYSTEM INTERFACE BUS connector and is
controlled by the Noise Figure Meter. The System Local Oscillator is used for frequency
conversion in Measurement Modes 1.1 through 1.4 and is part of the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and System Local
Oscillator) in Measurement Modes 1.5 through 1.9,

User Controlled Local Oscillator-~The User Controlled Local Oscillator is ONLY used
in Measurement Modes 1.6 through 1.9. The User Controlled Local Oscillator is used for
frequency conversion. In the Measurement Modes, the examples assume that the user
controlled LO is being controlled by the user and not by the Noise Figure Meter.
However, the Noise Figure Meter can control the user controlled LO to a limited extent.
The limited control capability is explained in the Comments section at the end of
Measurement Modes 1.6 through 1.9. If the user controlled LO is being controlled by the
user, the LO is connected to the HP-IB connector. When the user controlled LO is being
controlled by the Noise Figure Meter, the LO is connected to the System Interface Bus
{S1B) connector.

The ten Measurement Modes can be divided into the following three subsets:

a. Measurement Mode 1.0 is a stand alone mode with no external mixer or system
local oscillator required and no frequency conversion in the device under test. The
frequency range in this mode is 10 to 2047 MHz.

Measurement Mode 1.5 is similar to Measurement Mode . 1.0. Measurement Mode 1.5
requires the use of the HP 8971C Noise Figure Test Set and a system local oscillator.
The Noise Figure Meter, Noise Figure Test Set and system local oscillator form the HP
89708 Noise Figure Measurement System. The Noise Figure Meter controls the Noise
Figure Test Set and the system local oscillator. This mode does not require the use of an
external mixer (that is, external to the system) or second local oscillator. There is no
frequency conversion in the device under test. The frequency range in this modeis 10 to
26300 MHz,

b. Measurement Modes 1.1 and 1.3 both require a variable frequency system local
oscillator and an external mixer. Measurement Modes 1.6 and 1.8 both require the
Noise Figure Measurement System (Noise Figure Meter, Noise Figure Test Set and
system local oscillator), external mixer and user controlled local oscillator. The Noise
Figure Meter can be used to control the system local oscillator (Measurement Modes 1.1
and 1.3) and is used to control the Noise Figure Measurement System (Measurement
Modes 1.6 and 1.8). The Noise Figure Meter controls the system local oscillator as
directed by the system Jocal oscillator program (Special Function 41 or 42). Measure-
ment Modes 1.1 and 1.3 down convert the measurement frequency to 10 to 2047 MHz.
Measurement Modes 1.6 and 1.8 down convert the measurement frequency to 10 to
26500 MHz. Measurement Modes 1.1 and 1.6 have no down conversion in the Device
Under Test (DUT; for example, an amplifier or transistor). Measurement Modes 1.3 and
1.8 do provide for down conversion in the DUT (for example, a mixer or receiver).

¢. Measurement Modes 1.2 and 1.4 require a fixed frequency system local oscillator
and an external mixer. Measurement Modes 1.7 and 1.9 require the Noise Figure
Measurement System (Noise Figure Meter, Noise Figure Test Set and system local
oscillator), an external mixer and fixed user controlled local oscillator. The Noise
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Measurement Modes (conta)
(Special Function 1)

Figure Meter can be used to control the system local oscillator (Measurement Modes 1.2
and 1.4) and is used to control the Noise Figure Measurement System (Measurement
Modes 1.7 and 1.9). The Noise Figure Meter controls the system local oscillator as
directed by the system local oscillator program (Special Function 41 or 42). Measure-
ment Modes 1.2 and 1.4 down convert the measurement frequency to 10 to 2047 MHz.
Measurement Modes 1.7 and 1.9 down convert the measurement frequency to 10 to
26500 MHz. Measurement Modes 1.2 and 1.7 have no down conversion in the DUT (for
example, an amplifier or transistor). Measurement Modes 1.4 and 1.9 do provide for
down conversion in the DUT (for example, a mixer or receiver). Modes 1.2 and 1.7 must
be a single sideband measurement. Additional information on sideband selection is
covered later in this instruction and in the Sideband Selection Detailed Operating
Instruction.

For a2 summary of the ten Measurement Modes, refer to the Measurement Modes
Summary table.

The calibration and measurement setups and procedures are illustrated and specific
examples are provided in the Detailed Operating Instructions for Measurement Modes
1.0 through 1.9,

In the following discussion, signals present at different points in the measurement
system are compared for the different measurement modes. The following signal points
are covered:

a. The output of the noise source (for example the HP 346B).

b. The output of the system LO (Measurement Modes 1.1—1.4) and the user
controlled LO (Measurement Modes 1.6—1.9).

¢. The measurement bandwidth of the Noise Figure Meter (Noise Figure Measure-
ment System) as seen looking back into the mixer (translated to the frequency range of
the system LO (Measurement Modes 1.1-—1.4) and user controlled LO (Measurement
Modes 1.6—1.9)).

d. The input to the Noise Figure Meter (Noise Figure Test Set).

The noise source output is the same for all modes. For a noise source with a nominal
Excess Noise Ratio (ENR) of 15.2 dB, the output is broadband random noise varying
between approximately —158.8 dBm/Hz when on (hot) and —174 dBm/Hz when off
(cold). The ENR of the noise source varies slightly over the frequency range of 10 to
26500 MHz. This variation in power level is compensated for in the Noise Figure Meter
using the specific information entered into the ENR tables. Refer to the ENR Table
Entry Detailed Operating Instruction for additional information on the ENR tables.

There is no system local oscillator used in Measurement Mode 1.0. The user controlled
local oscillator is not used in Measurement Mode 1.5, In Measurement Modes 1.1 and
1.3, the system local oscillator can be swept over any range within a 2000 to 26500 MHz
bandwidth. The system local oscillator is controlled by the existing system local
oscillator programs, in the Noise Figure Meter. The system local oscillator programs
can be modified to sweep the system local oscillator up to 99999 MHz. In Measurement
Modes 1.6 and 1.8, the user controlled local oscillator can be swept over any range
necessary, needed for a measurement. The user controlled local oscillator is controlled
by the user and not by the Noise Figure Meter. The frequency that the user controlled
local oscillator needs to be set to can be displayed using Special Function 3.2. In
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Measurement Medes Summary

" F Y IF into NF Meter
e Type of Measorement | | oote) | euctem 0 Ser- {Modes 1.1-1.4) or Sideband
surement . Conversion . Controtied . .
Measurement Frequencies X Required? . IF into NF Test Set Selectisn?
Mode in DUT? L0 Required?
Modes 1.6-1.9]
19 RF Amptifier | 10- 2047 MKz No No Na N/AZ N/A2
1. Microwave > 2047 MHz Ng Yes-Variable Ne Fixed IF into NF | Sideband selection is
Amplifier frequency Meter set with required only if NF
Special Function | Meter controls System
3.0 LO.
1.2 Microwave > 2047 MHz No Yes-Fixed No Variabte IF into Double sideband is not
Amplifier freguency set NF Meter allowed. Sidebang
with Special seiection is required to
Function 3.1 calculate IF.
13 Mixer/ IF= 13- 2047 Yes Mixer-Yes, No Fixed IF into NF | Sideband selection is
Receiver MHz variable Meter set with required only if NF
frequency; Special Function | Meter controls System
Receiver-No 3.0 LO.
14 Mixer/ IF=10-2047 Yes Mixer-Yes, No Variable IF into Sideband selection is
Receiver MHz fixed fre- NE Meter required to calculate
quency set measurement
with Special frequency.
Function 3.1;
Receiver-No
15 RF or 10-26500 No Yes No N/AZ N/A2
Microwave MEz
Ampfifier
1.6 Millimeter- >26500 MEzZ o Yes Yes-Variable | Fixed IF into No sideband selection
Wave and[F=10C- frequency NF Test Set is required unless
Amplifier 26500 MEz set with Special | Special Function 3.2
Function 3.0. used io find user LG
frequency.
17 MiHimeter- >26500 MHZ No Yes Yes-Fixed Variabie IF into Double sideband is not
Wave angiF > 18 frequency set | NF Test Set allowed. Sideband
Amplifier MHz with Special selection is required to
Function 3.1. calculate IF.
18 Mixer/ IF=10- Yes Yes Mixer-Yes, Fixed IF into No sideband seiection
Receiver 26500 MEZ variable NF Test Set is required unless
frequency; set with Special | Special Function 3.2 is
Receiver-No | Function 3.0. used to find user LO
frequency.
18 Mixer/ IF>18 Yes Yes Mixer-Yes, Variable IF into Sideband selection is
Receiver MHz fixed fre- NF Test Set required to calculate
guency set gorrect measurement
with Special stgnal or user L0 fre-
Funetion 3.1; guency when Special
Receiver-No Function 3.2 is used.
' Doubie sideband = Special Function 2.0.
Lower single sideband (measurement trequency < LO frequency) = Special Function 2.1.
Upper single sideband (measurement frequency > LO frequency) = Spectal Function 2.2.
Single sideband signat up conversion {IF = measurement frequancy -+ LG frequency) = Special Function 2.3,
An externat filter is required for single sideband measurements.
2 N/A = Not Applicable
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Measurement Modes (contd)
(Special Function 1)

Measurement Modes 1.2 and 1.4, the fixed system local oscillator frequency can be set
to any point within the 10 t0 99999 MHz range. In Measurement Modes 1.7 and 1.9, the
fixed user controlled local oscillator frequency can be set to any point, necessary. The
limiting factors within each range are the frequency range of the local oscillator and
the noise source.

There is no mixer used in Measurement Modes 1.0 and 1.5. Looking back into the mixer
in Measurement Modes 1.1, 1.3, 1.6 and 1.8, the Noise Figure Meter passband translates
into two sidebands. Each s1deband is separated from thelocal oscillator frequency by a
fixed IF (the receiving frequency of the Noise Figure Meter or Noise Figure Test Set). As
thelocal oscillator sweeps, the sidebands move with it. The frequency can beincreased
or decreased within the allowable frequency range. In Measurement Modes 1.2,1.4,1.7
and 1.9, the local oscillator frequency is held fixed. As the variable IF sweeps, the
sidebands move away from the system local oscillator frequency in opposite directions
for anincreasing IF sweep and toward the local oscillator frequency for a decreasing IF
sweep. Examples of both a fixed IF and a variable local oscillator, and a variable IF
and fixed local oscillator are shown in the Noise Figure Meter Measurement Passband
figure.

The Noise Figure Meter’s input frequency range is 10 to 2047 MHz. In Measurement
Mode 1.0 a swept measurement can sweep the Noise Figure Meter’s 4 MHz passband
over the 10 to 2047 MHz range. The Noise Figure Measurement System (Noise Figure
Meter, Noise Figure Test Set and system local oscillator) has a frequency range of 10 to
96500 MHz. In Measurement Mode 1.5 a swept measurement can sweep the Noise
Figure Measurement System’s 4 MHz passband over the 10 to 26500 MHz range. In
Modes 1.1, 1.3, 1.6 and 1.8, the IF is fixed and the local oscillator frequency is swept
within the frequency ranges previously explained. In Modes 1.2, 1.4, (1.7 and 1.9), the local
oscillator frequency is fixed and the IF is swept across the 10 to 2047 MHz (10 to 26500 MHz
for modes 1.7 and 1.9) range. In Modes 1.1, 1.3, 1.4, 1.6, 1.8 and 1.9 either upper, lower,
sum or both sidebands can be accepted by the Noise Figure Meter (Noise Figure Measurement
System). However, in Modes 1.2 and 1.7, a double sideband measurement cannot be made (the
Noise Figure Meter will display error E34). In these modes, a double sideband measurement
does not make sense since the IF sweeps and the sidebands get further and further apart.
Suppose the IF is a 1000 MHz, in this condition the average between the two 4 MHz passbands,
that are 2000 MHz apart, might easily be useless data.

The frequencies displayed in the left display and entered as measurement frequencies for
various measurement conditions are shown in the following table. The display frequency
depends upon the measurement mode used and the sideband selected (Special Function 2). In
Measurement Mode 1.0 and 1.5, no external conversion is performed so the left display
represents the measurement signal (F,_ ). In Measurement Modes 1.1 through 1.4 and 1. 6
through 1.9 conversion is performed thus creating an external IF. The Noise Figure Meter

(Noise Figure Measurement System) is tuned to this IF while the system (user controlled) local
oscillator is tuned to F,
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For Measurement Modes 1.1, 1.3, 1.6 and 1.8:

ENTIRE SPECTRUM MOVES WITH SWEEPING LD
- : -

FIXED IF | FIXEDIF

POWER

- NOISE SOURCE ENR

2000 Flo—F  Fg  Fg*lF 26500

FREQUENCY {MHz}

NOISE PGWER FROM NGISE SOURCE WHEN GN

For Measurement Modes 1.2, 1.4, 1.7 and 1.9:

FIXED F|q
| | | |
SWEEPING IF SWEEPING |F
| < | |
|
|

| ‘

|
l
|
f

POWER

—1F F F +IF F - 2047

0 / L_o\ Lo L0 (sabroy 26500
FlLo—10 Fig*t0

FREQUENCY {(MHZz)

2000 Fig -2047 F
Lo (26500) L

NGISE POWER FROM NOISE SOURCE WHEN ON
VARIABLE INTERMEDIATE FREQUENCY TUNING RANGE

Figure 3-18. Noise Figure Meter Measurement Passband
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Measurement Modes (contd)
(Special Function 1)

Noise Figure Meter Left Display

AV TAVTR VLIFEEFYY

Measurement Mode
Seiected Sidehand
10and 1.5 | 1.land16 | 1.2and 1.7 | 1.3and1.8 | 1.4and1.9
Double Sideband (2.08P) Famo | Fio | gy | Fuo IF
lLower Single Sideband {2.18P) | S FroIF | Fro—1IF | Fo—IF IF
Upper Single Sideband (2.28P) Fiigna: Fro+1F | Fo+IF | Fo+IF IF
Sum (up conversion; 2.35P) Faigna: IF —Fro |[IF—Fio |IF—Fro IF

Prior to making any measurement, the Measurement Mode and sideband operation that
are best suited to that specific measurement must be chosen.

Each of the Detailed Operating Instructions for Measurement Modes 1.0 through 1.3 has
valid examples of the type of measurements that are made in each mode.

Calibrate
ENRTabile Entry

Fixed IF or LO Frequency Selection
Measurement Modes 1.0 through 1.9

Sideband Selection
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Measurement Mode 1.0
{Special Function 1.0)

Description - Measurement mode 1.0 is for DUTs with no frequency conversion and a maximum frequency
less than 2047 MHz. Measurements are single sideband. No external mixer or LO is required.
The typical DUT is an amplifier or a transistor. All the Measurement Modes can be set up
10 use many of the other capabilities of the Noise Figure Meter. For example, each mode can
make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND
GAIN measurements, plus the measurement results for eack mode can be displayed on an
oscilloscope and output to a recorder or plotter.

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system notse figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Set frequency parameters,

b. Calibrate in Mode 1.0 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement).

c. Insert DUT and measure.

Example Tomake a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 100
to 150 MHz range in 1 MHz steps:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. This sets
the Noise Figure Meter to Measurement Mode 1.0.

b. Set the frequency parameters for both the calibration and measurement.

c. Enter actual ENR for the Noise Source, if this has not previcusly been done.
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Measurement Mode 1.0 (contq)
(Special Function 1.0)

Example
{cont'd) Function - Data Function

LOCAL @ [ t } [ o } [ 4] ) [ENTERJ
(keystrokes) ?&23; {LLJ le_] {i}
) o)

FAT0OMZFB150MZ2SST1MZ
UHP-IB 3 Coge — I J j — Function
Data Data
d
{program codes) Function Code
Code | Data Function

d. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 88728
NOISE FIGURE METER

o BH]
cepoeges o
§ @ oo BB o ?
INPUT

SCOURCE NOISE

SOURCE
¥IF THE PREAMPLIFIER 1S NEEDED

FOR THE MEASUREMENT, 1T MUST

®PREAMPLIFICR BE USED DURING THE CALIBRATION.

Figure 3-19. Measurement Mode 1.0 Calibration Setup

e. Calibrate the equipment in Measurement Mode 1.0 by pressing CALIBRATE
twice (or send HP-IB code CA). The Noise Figure Meter was set to Measurement Mode
1.0 when PRESET was pressed.

f. To make the measurement, set up the equipment as shown below.

HP 89703
NOISE FIGURE METER
= BH

L 4
SCOURCE
NOISE] { INPUT /N pPREAMPL IFIER
SOURCE ouT (IF NEEDED:

L1
Figure 3-20. Mode 1.0 Measurement Setup

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
100 MHz to 150 MHz in 1 MHz steps and halt.
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Measurement Mode 1.0 (contd)
(Special Function 1.0)

The HP-IB code for Measurement Mode 1.0 is EQ (or 1L.0SP).

The left display shows each frequency at which a measurement is made. The
INSERTION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISEFIGURE display shows the noise figure of the DUT at the displayed frequency.

Measurement Mode 1.0 is often referred to as an RF measurement. The other nine
Measurement Modes are often referred to as microwave measurements.

Calibrate

Measurement Modes
Special Functions

HP 8970B
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Measurement Mode 1.1
(Specia!l Function 1.1}

Measurement mode 1.1 is for DUTs with no frequency conversion, but whose maximum
frequency is greater than 2047 MHz. The measurement is double sideband at a fixed low
frequency IF, or single sideband at 2 high IF frequency using appropriate filters, and is
performed with a mixer and an external system LO controlled by the Noise Figure Meter.
The typical DUT is an amplifier or a transistor. Although the input frequency to the Noise
Figure Meter is 10 MHz to 2047 MHz, the Noise Figure Meter uses the excess noise ratio,
ENR, of the noise source at the DUT input frequency. All the Measurement Modes can be
set up to use many of the other capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE
FIGURE AND GAIN measurements, plus the measurement resuits for each mode can be
displayed on an oscilloscope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.1:

a. Connect the system local oscillator to the Noise Figure Meter’'s SYSTEM INTER-
FACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is the controller on System Inter-
face Bus; Special Function 48.0is the default setting, after using Special Function 0.9.).

¢. Special Function 46.0 active (Enable system local oscillator on the System Inter-
face Bus; Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system LO must match the system 1O address thatisstored in
the Noise Figure Meter. Use Special Function 40.1 (system LO address) to display and
change this address if necessary. The default address is 19, after using Special Func-
tion 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are lsted below:

L

HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

L ]

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

® custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require 2
maximum of twenty-two characters for the frequency prefix and suffix and/or the

output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.
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Measurement Mode 1.1 (conta)
(Special Function 1.1)

Requirements  Use Special Function 42 to define a new program for other system local oscillators.
(cont'd)

Procedure ‘There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verifythatthe minimum requirements specified under Requirements are satisfied.

b. Press1.1SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.1.

¢. Set frequency parameters (including the fixed IF, Special Function 3.0).

d. Calibrate in Mode 1.1. If a preamplifier will be used in the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and measure,

Example To make a swept double sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 6 to 12 GHz range in 200 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirements
specified under Requirements are sotisfied. Refer to Comments for
brief description of using an external controller when in Measurement
Mode 1.1.

a. Press PRESET to establish initial conditions.

NOTE

Measurement Mode 1.1 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.1 SPECIAL FUNCTION to activate Measurement Mode 1.1.
¢. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.

3-136

Operation TP Ra7AN



A RSB A Vpciaululs

Measurement Mode 1.1 (contd)
(Special Function 1.1)

Example Code Function - Data
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Code Data
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Function

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

HP 89708 SYSTEM
NOISE FIGURE METER LOCAL QSCILLATOR
.l HE
cemSomEe o
e geoooBEEE T oo
SOURCE Lo OUTRUT
NOISE Q INPUT J
SOURCE IF
™S B Lo ®IF THE PREAMPLIFIER IS USED

DURING THE MEASUREMENT, IT MUST
REREAMPLIFIER MIXER BE USED DURING CALIBRATION.

Figure 3-21. Measurement Mode 1.1 Calibration Setup

f. Calibratethe equipment in Measurement Mode 1.1 by pressing CALIBRATE twice.

g. To make the measurement, set up the equipment as shown below.

HP 89788 SYSTEM
NOISE FIGURE METER LacAl QSCILLATOR
e B
fm S o o vt Qo R e ] e T
S o on EEEE D

§ 78 B0 500 9
SOURCE ] LG QUTPUT

INPUT

fuee ]
2

ags

NOISE
SOURCE

PREAMPLIFIER
ouT CIF NEEDED -
] RF Lo y

E

MIXER
Figure 3-22. Measurement Mode 1.1 Setup
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Measurement Mode 1.1 (contq)
(Special Function 1.1)

h. Press CORRECTED NOISE FIGURE AND GAIN.

1. Press SINGLE. The Noise Figure Meter will sweep the system LO from 6 GHz to 12
GHz in 200 MHz steps and halt.

The HP-IB code for Measurement Mode 1.1 is E1 (or 1.1SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.1.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain ofthe DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.1. The following
general conditions must be observed when using an external controller:

a. Connect the system local oscillator and the external controller to the HP-IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active,
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3.9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Perform a triggered calibration with the DUT out of the measurement system
(refer to the Calibrate Detailed Operating Instruction).

h. Set the Noise Figure Meter’s calibrate function on (HP-IB code is CA).

i. Set the system L.O to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-1B codes. Allow sufficient settling time for the output of the
LO to stabilize.

j. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.28P for it will be ignored.

k. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new datais ready. Itis
possible to write an SRQ interrupt routine on the Data Ready status bit. Refer to
Enabling the Service Request Condition, paragraph 3-30.
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Measurement Mode 1.1 (conra)
(Special Function 1.1)

1. Continue to loop through steps i, j and k. A method for determining when the
calibration is completed must be programmed into the external controller. One method
is to compare the frequency that is sent to the system LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete SRQ. Refer to Enabling the Service Request
Condition, paragraph 3-30.

m. Insert the DUT into the measurement system.

n. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

0. Set the system LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the LO to
stabilize,

p- Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

q. Amethod must be determined when to step to a new frequency and read the noise
figure results. Thisread operation cannot be completed until the new data isready. Itis
possibie to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Reguest Condition, paragraph 3-30.

r. Continue to loop through steps o, p, and q. A methed for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Fune-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.2
(Special Function 1.2)

Measurement mode 1.2 is for DUTs with no frequency conversion, whose bandwidth is less
than 2037 MHz but whose maximum frequency is greater than 2047 MHz. The measurement
is single sideband and requires a filter (to eliminate the undesired sideband), an external mixer
and a fixed LO. The Noise Figure Meter is tuned over a variable IF ranging from 10 MHz
to 2047 MHz. The typical DUT is an amplifier with a bandwidth less than 2037 MHz.
Although the input frequency to the Noise Figure Meter ranges from 10 MHz to 2047 MHz,
the Noise Figure Meter uses the excess noise ratio, ENR, of the noise source at the DUT input
frequency. All the Measurements Modes can be set up to use many of the other capabilities
of the Noise Figure Meter. For example, each mode can make either UNCORRECTED
NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN measurements, plus the
measurement results for each mode can be displayed on an oscilloscope and output to a
recoder or plotter,

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.2:

a. The system local oscillator is connected to the Noise Figure Meter's SYSTEM
INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator

‘address that is stored in the Noise Figure Meter. Use Special Function 40.1 (system

local oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

s HP 8350B Sweep Oscillator; Special Function 41.0

* HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

custom local oscillator; Special Function 41.5

HP 8970B
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Measurement Mode 1.2 (contd)
(Special Function 1.2)

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurermnent un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a prearnplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Select single sideband offset (use either Special Function 2.1, 2.2 or 2.3).

b. Press1.2SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.2.

c. Set frequency parameters (including the fixed frequency for the system LO, Spe-
cial Function 3.1). ’

d. Calibrate in Mode 1.2 (this is only required fora CORRECTED NOISE FIGURE
AND GAIN measurement). External filtering is required during both the calibration
and the measurement. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration,

e. Insert DUT and measure.

NOTE

The following example assumes that the Noise Figure Meter is the
controller, on the System Interface Bus. For information on using an
external controller, refer to the Comments section at the end of this
instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a
wide-band amplifierin the 3.5 to 4.5 GHz range using 20 MHz steps and a fixed system
LO of 5 GHz:

a. Press PRESET (or send HP-IB code PR) to establish initial conditions,

b. Press 2.1 SPECIAL FUNCTION (or send HP-IB code B1) to select a lower side-
band measurement.
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Measurement Mode 1.2 (contq)
(Special Function 1.2)

NOTE

Measurement Mode 1.2 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

c. Press 1.2 SPECIAL FUNCTION (or send HP-IB code E2) to activate Mode 1.2.
Note that error E33 (IF will be out of range) is displayed. This error is cleared when the
correct frequency parameters are entered in step d.

d. Set the frequency parameters for both the calibration and measurement.

- 008 e - Function - Data Function

M

®m OO
o PO &
ST @@ ENTE

OO0 [(m 00

FA3500MZFB4500MZSS20MZL F5000MZ

‘ Gode — T ] ) Function
Dy Data | b pata’
:Function Code

{program codes)

Code Function
:Data . Data
-Function Code

e. To calibrate the Noise Figure Meter, set up the equipment as shown below.

NOISE FIGURE METER LOCAL OSCILLATOR
(= ]
o ogo g coes =
® gooasniBfEEt TE o
SOURCE L0 OUTPUT
INFPUT
NOISE
SOURCE
PREAMPLIFIER
aF IFLG *¥IF A PREAMPLIFIER 18 NEEDED

OURINE THE MEASUREMENT, IT MUST
BE USED DURING CALIBRATION.

FILTER MIXER
Figure 3-23. Measurement Mode 1.2 Calibration Setup

f. Calibrate the equipment in Measurement Mode 1.2 by pressing CALIBRATE

twice (or sending HP-IB code CA).
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Measurement Mode 1.2 (contd)
(Special Function 1.2)

Example g. To make the measurement, set up the equipment as shown below.
{cont’d) HF 83708 SYSTEM
: NCISE FIGURE METER LOCAL GSCILLATOR
B8]

a Uﬂﬂ l:) onfuchoefoed

f=1=i=Twt
I e e |
i nx: DD s::xmwm = = @

SOURCE L0 ouTPUT
NOISE INPUT
SQURCE
PREAMPLIFIER
(IF NEEDERD
iF
RF‘i 3 L0

FILTER MIXER

Figure 3-24. Measurement Mode 1.2 Setup
h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from
1500 to 500 MHz in 20 MHz steps but will display the microwave measurement fre-
quency of 3500 to 4500 MHz. After the single sweep is completed, the instrument halts.

Program The HP-IB code for Measurement Mode 1.2 is E2 (or 1.2SP).
Codes
indications The left display shows each frequency at which a measurement is made and the EXT

MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

Comments An external controller can be used to control the Noise Figure Meter and system local
oscillator. The following general conditions must be observed when using an external
controller:

a. Connect the system local oscillator and the external controller to the HP.IB
connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
¢. Bpecial Function 46.1 must be active.

d. Special Fanection 4.0 (normal talker and listener) must be active. Notethat thereis
no HP-IB code for this special function.

e. Special Function 80.0 (free run} shouid be active (HP-IB code is T0).
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Measurement Mode 1.2 (contq)
(Special Function 1.2)

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Set up for a calibration with the device under test (DUT) out of the measurement
system (refer to the Calibrate Detailed Operating Instruction).

h. Set the system local oscillator to the desired frequency. Refer to the local oscil-
lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the local oscillator to stabilize.

1. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

3. Insert the DUT into the measurement system.
k. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

1. Setthe Noise Figure Meter’s SINGLE sweep on (HP-IB codeis W2)or AUTO sweep
on (HP-IB code is W1).

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP.IB &

code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. A method must be determined when to step to a new frequency and read the noise
figure results. This read operation cannot be completed until the new data is ready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

o. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements using Special Func-
tions 2.1 through 2.3.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Sideband Selection

Special Functions

HP RA7HR



Description

Requirements

HP 89708

N PSR CA VERSLE

Measurement Mode 1.3
{Special Function 1.3)

Measurement mode 1.3 is for frequency converting DUTs with a fixed IF less than 2047
MHz, and a variable LO which may be controlled (if desired) by the Noise Figure Meter.
A typical DUT is amixer or receiver. Although the input frequency to the Noise Figure Meter
ranges from 10 MHz to 2047 MHz, the Noise Figure Meter uses the excess noise ratio, ENR,
of the noise source at the DUT input frequency. All the Measurement Modes can be set up
to use many of the other capabilities of the Noise Figure Meter. For example, each mode can
make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND
GAIN measurements, plus the measurement results for each mode can be displayed on an
oscillescope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controlier in Measurement Mode 1.3:

a. The system local oscillator must be connected to the Noise Figure Meter’s SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. Theaddress of the system LO must match the system LO address thatis stored in
the Noise Figure Meter. Use Special Function 40.1 to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

* HP 8350B Sweep Oscillator; Special Function 41.0

HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HYP 8340B/8341B Sweep Oscillator; Special Function 41.4

& custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.
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Measurement Mode 1.3 (contq)
(Special Function 1.3)

Procedure There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system notise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system notse figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verifythat the minimum requirements specified under Requirements are satisfied.

b. Press1.3 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.3.

c. Set frequency parameters (including the fixed IF, Special Function 3.0).

d. Calibratein Mode 1.3. If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

e. Insert DUT and initiate sweep.

Example To make a swept CORRECTED NOISE FIGURE AND GAIN measurement in the 3.0
to 4.5 GHz range in 20 MHz steps with a fixed IF of 70 MHz:

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller on the System Interface Bus and the minimum requirements
specified under Requirements are satisfied. Refer to Comments for a
brief description of using an external controller when in Measurement
Mode 1.3.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions.

NOTE

Measurement Mode 1.3 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.3 SPECIAL FUNCTION to activate Measurement Mode 1.3.

c. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.3 (contd)
(Special Function 1.3)

Example
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d. To calibrate the Noise Figure Meter, set up the equipment as shown below.
HP 88748
NOTSE FIGURE METER

(o ER}
2 @R @ opoo =
® geeon3E82° OF @
SHURCE INPUT *IF THE PREAMPLIFIER I$ USED DURING THE MEASUREMENT,
3%%%%% 1T MUST BE USED BURING THE CAL!BRATION.
®PREAMPLIFIER

Figure 3-25. Measurement Mode 1.3 Calibration Setup

e. Calibrate the equipment in Measurement Mode 1.3 by pressing CALIBRATE
twice.

f. To make the measurement, set up the equipment as shown below.

HP 839708 SYSTEM
NOISE FIGURE METER LOCAL OSCILLATOR
o LN

B oQo oo ooonn
=) p=1 £

LD suUTPUT
INPUT

PREAMPLIFIER
{IF NEEDED)

NOISE I
SGURCE

Y~ RF, Lo

DuT
(MIXER OR RECEIVER)

Figure 3-26. Measurement Mode 1.3 Setup
g. Press CORRECTED NOISE FIGURE AND GAIN.
h. Press SINGLE. The Noise Figure Meter will sweep the system LO from 3 GHz to

4.5 GHz in 20 MHz steps and halt.
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Measurement Mode 1.3 (contq)
(Special Function 1.3)

The HP-IB code for Measurement Mode 1.3 is E3 (or 1.38P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.3.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain ofthe DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used in place of the Noise Figure Meter to control the
system LO and the Noise Figure Meter in Measurement Mode 1.2. The following
general conditions must be observed when using an external controller:

a. The system local oscillator and the external controller must be connected to the
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is TO).

f. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

g. Setup for a calibration with the DUT out of the measurement system (refer to the
Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA”. Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j. Bpecial Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1). :

L. Set the system LO to the appropriate frequency. Refer to the LO’s operating
manual for the required HP-IB codes. Allow sufficient time for the output of the system
LO to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

HP 8370R
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Measurement Mode 1.3 (contq)
(Special Function 1.3)

Comments n. Amethod mustbe determined when to step to a new frequency and read the noise

{cont’d) figureresults. This read operation cannot be completed until the new dataisready. Itis
possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

o. Continue to loop through steps |, m, and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noise Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Fune-

tions 2.1 through 2.3.
Related Calibrate
Sections Controller Capability of the Noise Figure Meter

Fixed IF or LO Frequency Selection

HP-IB and System Interface Bus (SIB) Addresses
Sideband Selection

Special Functions

Trigger Selection
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Requirements

Operation

Measurement Mode 1.4
(Special Function 1.4)

Measurement mode 1.4 is for frequency converting DUTs with a broadband variable IF
output ranging from 10 MHz to 2047 MHz and a fixed LO, which may be controlled (if
desired) by the Noise Figure Meter. A typical DUT is a receiver or mixer with a full RF
bandwidth IF or a satellite receiver block down converter. The measurernent frequencies
entered and displayed on the Noise Figure Meter correspond to the swept IF START, STOP
and STEP frequencies. The Noise Figure Meter automatically calculates the DUT’s input
frequency and uses the excess noise ratio (ENR) at this frequency for noise calculations, All
the Measurement Modes can be set up to use many of the other capabilities of the Noise Figure
Meter. For example, each mode can make either UNCORRECTED NOISE FIGURE or
CORRECTED NOISE FIGURE AND GAIN measurements, plus the measurementresults
for each mode can be displayed on an oscilloscope and output to a recorder or plotter.

The following minimum requirements are necessary for the Noise Figure Meter to act
as a controller in Measurement Mode 1.4:

a. The system local oscillator must be connected to the Noise Figure Meter’s SYS-
TEM INTERFACE BUS connector with an HP-IB cable.

b. Special Function 48.0 active (Noise Figure Meter is controller on System Interface
Bus; Special Function 48.0 is the default setting, after using Special Function 0.9.).

c. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must mateh the system local oscillator
address that is stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator address) to display and change this address if necessary. The default
address is 19, after using Special Function 0.9.

e. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:

* HP 8350B Sweep Oscillator; Special Function 41.0

¢ HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

HP 8673B/C/G Synthesized Signal Generator; Special Function 41.3

HP 8340B/8341B Sweep Oscillator; Special Function 41.4

-

custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require a
maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power. '

HP 8970B



Description
. {cont'd)
Procedure

Example

HP 89708

Measurement Mode 1.4 (contq)
(Special Function 1.4)

Use Special Function 42 {o define a new program for other system local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads fo high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if ¢ preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Set the frequency parameters. The frequency parameters include the frequency of the
system LO or DUT LO (Special Function 3.1); and the sideband selection (Special Functions
2.0, 2.1 or 2.2 for double, lower or upper sideband). Note that the START, STOP and STEP
frequencies refer to the IF frequencies. Special Function 3.1 and 2.1 or 2.2 must be used,
even if the DUT’s LO isn’t on the SYSTEM INTERFACE BUS so the Noise Figure Meter
will be able to correctly determine the DUT’s input frequency and, therefore, choose the
appropriate ENR. If the DUT has its own internal LO then disable the LO on the SYSTEM
INTERFACE BUS, (Special Function 46.1).

b. Press 1.4 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.4.

¢. Calibrate in Mode 1.4 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier will be used during the measurement, the
preamplifier must be used during the calibration.

d. Insert DUT and measure.
e. The left display shows the swept IF.

NOTE

The following example is for a DUT similar to a Direct Broadcast Satellite
(DBS) Converter. The DUT input frequency range is 11.70 to 12.50 GHz.
The Noise Source for the DUT measurement is a coax source with a coax io
rectangular adapter calibration as a mated set.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement over anIF range
of 950 MHz to 1750 MHz in 50 MHz steps, assuming a fixed DUT LO at 10.75 GHz and
upper sideband operation:

a. Press PRESET (or send HP-IB code PR) to establish initial condition.
b. Set the frequency parameters for both the calibration and measurement, including the
upper sideband selection, Special Function 2.2. Disable the LO on the SYSTEM INTER-

FACE BUS using Special Function 46.1, but input the LO frequency by pressing 3.1
SPECIAL FUNCTION and entering 10750.
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Measurement Mode 1.4 (conrq)

(Special Function 1.4)

Example
(cont'd)

LOCAL
{keystrokes)
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FUNCTION
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Code.
Data

Function

Function
Data

Code

¢. Press 1.4 SPECIAL FUNCTION (or send the HP-IB code E4) to activate Measurement
Mode 1.4.

d. To calibrate the Noise Figure Meter, set up the equipment as shown below, A preamplifier
is not necessary because of the high gain of the DUT.

HP 838788
NOISE FTGURE METER _

=) BB
coopmgmme o
[ I v I oo
= j=1=T=1=1
PO G0 s oo P

NG1SE INPUT
SOURCE

SUURCE

Figure 3-27. Measurement Mode 1.4 Calibration Setup

¢. Calibrate the equipment in measurement mode 1.4 by pressing CALTBRATE twice {or
sending HP-IB code CA).

f. To make the measurement, set the equipment as shown below. The bias TEE W/block
is used to insert the DC voltage necessary to drive the DBS down converter. Be sure the DC
is blocked flowing towards the Noise Figure Meter. The pad might be necessary to put the
expected nominal gain of the DUT within the dynamic range of the Noise Figure Meter, about
40 dB. The 50 to 75 ohm minimum loss adapter is necessary to convert the 50 ohm impedance
to the DBS down converter’s 75 ohm impedance. Press 34.4 SPECIAL FUNCTION, and
enter the loss of the 50-75 ohm adapter plus the pad and bias TEE W/block, to account for
the loss after the DUT. Press 34.3 SPECIAL FUNCTION and enter the temperature of the
loss, then press 34.1 SPECIAL FUNCTION to turn the loss compensation on. Press 6.0

- SPECIAL FUNCTION and enter the temperature of the Noise Source as measured at the
bulkhead just behind the RF connector.

3-152

Operation HP 8970B



Example
{cont'd)

Program
Codes

€D

indications

Comments

HP 8970B

T o e e i e

Measurement Mode 1.4 (contd)
(Special Function 1.4)

HE BY7ER
NGISE FIGURE METER
= gg]

SOURCE

NQOISE

SOURGE PAD
W/BLOCK
WG—COAX SG-75 OHM
ADABTER ADABTER

TO PUWER
SOURCE

Figure 3-28. Measurement Mode 1.4 Setup

g. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).
h. Press SINGLE (or send HP-IB code W2). The Noise Figure Meter will sweep from 950

to 1750 MHz in 50 MHz steps, measuring the noise figure of the DUT from 11.70 to 12.50
GHz. After the sweep is completed, the instroment halts.

The HP-IB code for Measurement Mode 1.4 is E4 (or 1.4SP).

The left display shows each IF frequency at which a measurementis made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Meter and system local
oscillator. The following general conditions must be observed when using an external
controller:

a. The system local oscillator and the external controller must be connected to the
HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.
c. Special Function 46.1 must be active.

d. Special Function 4.0 (normaltalker and listener) must be active. Note that thereis
no HP-IB code for this special function.

e. Special Function 30.0 (free run) should be active (HP-IB code is TO).
f. The correct measurement parameters (for example, Measurement Mode, frequen-

cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

3-153

Oneratinn



Measurement Mode 1.4 (contd)
{Special Function 1.4)

Comr,nents g. Setup for a calibration with the device under test (DUT) out of the measurement
(cont'd) system (refer o the Calibrate Detailed Operating Instruction).

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
J. Special Function 30.1 (trigger hold) must be active {HP-IB code T1).

k. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1),

1. Set the system local oscillator to the desired frequency. Refer to the local oscil-
lator’s operating manual for the required HP-IB codes. Allow sufficient time for the
output of the system local oscillator to stabilize.

m. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IR
code 30.2SP for Special Function 30.2 as it will reset the sweep.

n. Amethod mustbe determined when to step to a new frequency and read the noise
Rela?ed figure results. This read operation cannot be completed until the new data is ready. Itis
Sections possible to write an SRQ interrupt routine on the Data Ready SRQ. Refer to Enabling
the Service Request Condition, paragraph 3-30.

0. Continue to loop through steps m and n. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the frequency that was read from the Noige Figure Meter with the
stop frequency programmed into the Noise Figure Meter and terminate the program
after the measurement in which they are equal.

External filtering is necessary for single sideband measurements, using Special Func-
ttons 2.1 through 2.3,

Related Calibrate

Sections Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Sideband Selection
Special Functions
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Measurement Mode 1.5
(Special Function 1.5)

Measurement mode 1.5 is for DUTSs with no frequency conversion that operate at frequencies
from 10 MHz to 26.5 GHz. The HP 8971C and its LO are capable of performing both double
and single (default) sideband down conversions into the frequency range of the HP 8970B
Option 020. The typical DUT is an amplifier or a transistor. All the Measurement Modes can
be set up to use many of the other capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE
FIGURE AND GAIN measurements, plus the measurement results for each mode can be
displayed on an oscilloscope and output to a recorder or plotter.

NOTE

The HP 8871B/C Noise Figure Test Set and the system local oscillator
are required when moking o measurement using Measurement Mode 1.5.

The following minimum requirements are necessary for the Noise Figure Measurement
System (Noise Figure Meter, Noise Figure Test Set and system local oscillator) to
operate in Measurement Mode 1.5,

a. Thesystem local oscillator and the Noise Figure Test Set must be connected to the
Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP:IB cable.

b. Special Function 48.0 must be active (Noise Figure Meter is System controller on
System Interface Bus; Special Function 48.0is the default setting, after using Special
Function 0.9).

c. Special Function 45.0 must be active (Noise Figure Test Set enabled in measure-
ment modes 1.5 through 1.9; Special Function 45.0 is the default setting, after using
Special Function 0.9.) or Special Function 45.1 ( Noise Figure Test Set enabled always)
must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter, Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.)

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) io display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator pro-
grams are listed below:
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Procedure
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HP 8970B

Measurement Mode 1.5 (contq)
(Special Function 1.5)
« HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2
» HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
s HP 8340B/8341B Sweep Oscillator; Special Function 41.4
¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other systém local oscillators.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement sysiem noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note §7-2.

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.5.

d. Set frequency parameters.
e. Select sideband operation desired (Special Function i7).
f. Select appropriate smoothing {Special Function 13).

g. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction.
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Procedure
(cont'd)

Example
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uperation

Measurement Mode 1.5 (contd)

(Special Function 1.5)

h. Calibrate in Mode 1.5 (this is only required for a CORRECTED NOISE FIGURE
AND GAIN measurement). If a preamplifier is required for the measurement, the
preamplifier must be used in the calibration.

1. Insert device under test (DUT) and measure.

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 3000 to 4000 MHz range in 10 MHz steps:

a. Press PRESET to establish initial conditions. Single sideband (Special Function
17.0) is active when PRESET is pressed.

b. Press 1.5 SPECIAL FUNCTION to set the Noise Figure Measurement System to
Measurement Mode 1.5.

c. Set the frequency parameters for both the calibration and measurement.

d. Enter actual ENR for the Noise Source, if this has not previously been done.
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e. To calibrate and perform a Noise Figure Test Set Fine Tuning Calibration, set up
the equipment as shown below.
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{cont’d)

Measurement Mode 1.5 (contd)
(Special Function 1.5)
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<>

HF 8371B/C NDISE
FIGURE TEST SET

AT V]

<

HP 2978

UUTPUT

EN

INPUT

RF
INPUT

'n_l

B

NOISE FIGURE METER

p ———
@ e

NOISE SOURCE
DRIVE OUTPUT

*PREAMPLI?IERZi

INPUT

NOISE SOURCE

IF
CUTPUT

e y

4
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FOR THE MEASUREMENT, IT MUsT Y
BE USED DURING CALIBRATION.

Figure 3-29. Measurement Mode 1.5 Calibration Sefup

f. Calibrate and fine tunein Measurement Mode 1.5 by pressing CALIBRATE twice
(or send HP-IB code CA). PRESET enabled a fine tune (Special Function 36.0) to be
done each time a calibration is done.

g. To make the measurement, set up the equipment as shown below.
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Figure 3-30. Measurement Mode 1.5 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same direc-
tion as the calibration, for example, from start frequency to stop
frequency.

h. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

i. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System
will sweep from 3000 MHz to 4000 MHz in 10 MHz steps and halt.
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Measurement Mode 1.5 (contq)
(Special Function 1.5)

The HP-IB code for Measurement Mode 1.5 is E5 (or 1.58P).

The left display shows each frequency at which a measurement is made. The INSER-
TION GAIN display shows the gain of the DUT at the displayed frequency. The
NOISE FIGURE dispiay shows the noise figure of the DUT at the displayed frequency.

Calibrate

Noise Figure Test Set YIG Filter Calibration
Measurement Modes

Sideband Selection

Special Functions

Operation
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Measurement Mode 1.6
(Special Function 1.6)

Measurement mode 1.6 is for DUTs with no frequency conversion that operate at frequencies
greater than 26.5 GHz. The measurement system may be single or double sideband. The
measuring system uses double conversion with a variable 1st LO (1st IF fixed) driving an
external mixer. The first IF, which can range from 10 MHz t0 26.5 GHz (18 GHz) is further
down converted by the HP 8971C (HP 8971B) and its LO into the frequency range of the HP
8970B Option 020. If the 1st IF can be reduced below 2047 MHz then Measurement 1.1 is
a better choice than Measurement 1.6; since Measurement Mode 1.1 requires less equipment,
less noise figure is contributed by the measurement system, and a preamplifier may not be
required. The typical DUT is an amplifier or a transistor. All the Measurement Modes can
be set up to use many of the other capabilities of the Noise Figure Meter. For example, each
mode can make either UNCORRECTED NOISE FIGURE or CORRECTED NOISE
FIGURE AND GAIN measurements, plus the measurement results for each mode can be
displayed on an oscilloscope and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited conirol of the user controlled LO.
However, in the following tezt the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments
section at the end of this instruction for an explanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement

System to operate in Measurement Mode 1.6.

HP RO7NR
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

a. The Noise Figure Test Set and the system local oscillator must be connected
to the Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active {Noise Figure Meter is the system controller
on the system interface bus; Special Function 48.0 is the default setting, after using
Special Function 0.9).

¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address of the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

1. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address, if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

o HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

¢ HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
e HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.
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Measurement Mode 1.6 (contq)
(Special Function 1.6)

Procedure a. Verify that the minimum requirements specified under Requirements are satisfied.
(cont’d)
b. Press PRESET.

¢. Press 1.6 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.8.

d. Set frequency parameters (including the fixed IF, Special Function 3.0).
e. Select sideband operation desired. (Special Function 2 and 17)

f. Select appropriate smoothing (Special Function 13).

g. Enter the ENR table of the noise source.

h. Perform a Noise Figure Test Set fine tuning calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Perform a triggered calibration of the Noise Figure Measurement System, with the
device under test (DUT) out of the measurement system, in Mode 1.6 (this is only
required for a CORRECTED NOISE FIGURE AND GAIN measurement). The user
controlled local oscillator must be set up for each of the calibration points. If external
filtering and a preamplifier are required for the measurement, external filtering and
the preamplifier must be used during calibration.

J. Insert the DUT into the measurement system and make a noise figure or noise
figure and gain measurement.

Example To make a swept single sideband CORRECTED NOISE FIGURE AND GAIN meas-
urement in the 20 to 24 GHz range in 200 MHz steps with a fixed IF of 3.5 GHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a
controller and the minimum requirements specified under Requirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.6.

a. Press PRESET to establish initial conditions.

NOTE

Single sideband (Special Function 17.0) was enabled, for the Noise
Figure Test Set, when PRESET was pressed.

Measurement Mode 1.6 must be activated prior to entering the frequency
parameters to avoid error E35 (entered value is out of range).

b. Press 1.6 SPECIAL FUNCTION to activate Measurement Mode 1.6.

¢. Set the frequency parameters for both the calibration and measurement.
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Measurement Mode 1.6 (contq)

(Special Function 1.6)

d. Enter actual ENR for the noise source, if this has not previously been done.

e. Press2.1 SPECIAL FUNCTION to select a lower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency
conversion, using the user controlled local oscillator and the external mixer.

NOTE

When a single sideband measurement is being made, the user must
place ¢ filter between the device under test and the external mixer to
eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce a 3.5 GHz IF at the input of
the Noise Figure Measurement System. The correct frequency to set the user controlled
local oscillator to can be viewed by using Special Function 3.2.
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g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below.
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Measurement Mode 1.6 (contq)
(Special Function 1.6)

Example
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Figure 3-31. Measurement Mode 1.6 Calibration Setup

NOTE

A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step k). The sep-
arate fine tuning calibration is needed if @ mixer is being used out in
front of the Noise Figure Measurement System and a preamplifier is
not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning
calibration.

h. Calibrate and fine tune in Measurement Mode 1.6 by performing a triggered
calibration. The user controlled local oscillator frequency must be set up before the
Noise Figure Meter is triggered. PRESET enabled a fine tune (Special Function 36.0)
to be done each time a calibration is done. Enable the calibration and fine tune by
pressing the CALIBRATE key twice.,

i. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL GSCILLATOR
HP 8971B/C_NOISE
FIGURE TEST SET
<ﬁ =1 i
Lo RF IF

Lmzwm
INPUT INPUT CUTPUT
HP 88708 LSER CONTROLLED
NOISE FIBURE METER LOCAL. DOSCILLATOR
o BE]
T oEBE O Sonm
[=]

e
=Tt e P
=] goos B

BR R0 Sene o

N

IF

<: QUTPUT LD ®

$ MIXER “Jar

NOISE SOURCE INPUT
£ PREAMPLIFIER
DRIVE ouTPUT ouT ¢IF NEEDED) *FILTER

| ) 1
NOISE SQURCE L//

®THE FILTER 1S ADDED IF A SINGLE SIDEBAND MEASUREMENT 1S BEING MADE.

Figure 3-32. Measurement Mode 1.6 Setup
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Codes

D

Indications

Comments

D carnh

Operation

Measurement Mode 1.6 (contq)
(Special Function 1.6)

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated
points can be skipped. Also, the measurement must be done in the
same direction as the calibration, for example, from start frequency to
stop freguency. :

). Press CORRECTED NOISE FIGURE AND GAIN.

k. Perform a triggered sweep of the user controlled local oscillator and the Noise
Figure Measurement System to gather the data.

The HP-IB code for Measurement Mode 1.6 is E6 {or 1.65P). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.6.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT
at the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controlier can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that there
is no HP-IB code for this special function.

d. Special Function 30.1 (trigger hold) must be active (HP-IB code is T'1).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary for applicable
HP-IB codes.

f. Perform a triggered Noise Figure Test Set Fine Tuning Calibration and Noise
Figure Measurement System Calibration with the DUT out of the measurement
system (refer to the Calibrate Detailed Operating Instruction and the Noise Figure
Test Set YIG Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed if
a mixer is being used out in front of the Noise Figure Measurement System and a
preamplifier is not being used. An ENR (Excess Noise Ratio) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.
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Measurement Mode 1.6 (contd)
(Special Function 1.6)

Comments g. Set the Noise Figure Meter's calibrate function on (HP-IB code is CA).
(cont'd)

h. Set the user controlled local oscillator to the desired frequency, depending on the
sideband selection. If double sideband was selected, the oscillator should be set to the
measurement frequency. If lower sideband was selected, the oscillator should be set to
the measurement frequency plus the IF. If upper sideband was selected, the oscillator
should be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled local oscillator’s operating manual for the
required HP-IB codes. Allow sufficient time for the output of the user controlled local
oscillator to stabilize.

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-1B
code 30.25P for it will be ignored.

J- A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready status bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

k. Continue to loop through steps h, i and j. A method for determining when the
calibration will be completed must be programmed into the external controller. One
method is to compare the frequency that is sent to the user LO with the stop frequency
programmed into the Noise Figure Meter and terminate the program after the third
measurement in which they are equal. It is also possible to write an SRQ interrupt
routine on the Calibration Complete Status Bit. Refer to Enabling the Service Request
Condition, paragraph 3-30.

L. Insert the device under test (DUT) into the measurement system.

m. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

n. Repeat step h.

o. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IR
code 30.2SP for Special Function 30.2 as it will reset the sweep.

p. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 5-30.

q. Continue to loop through steps n, 0 and p. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency read from the Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal.
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Comments
{cont'd)

HP 8970B

Measurement Mode 1.6 (contd)
(Special Function 1.6)

User Conirolled l.ocal Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system LO and the user controlled LO are to be controlled by the same predefined
program (Special Function 41}, control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled LO is to be controlled by the custom LO program (Special Function 41.5) and
the system LOis controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the cutput power level and turning off any modulation. The Noise Figure Meter will not
check toseeif an out of range frequency has been sent to the user controlled 1.O. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controiled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlled LO must be connected to the Noise Figure Meter’s SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enabie the user controlled LO on the
System Interface bus).

¢. The address of the user controlled LO must maich the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

_ NOTE
If Special Function 96.1 is active (enable the user controlled LO) and the
Noise Figure Meter can’t find the LO at the address set by Special
Function 86.2, error code E106 will be displaved.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlled LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO wili be controlled by the custom LO program
(Special Function 41.5). If the two L.Os are being controlled by the same predefined
program, zerois entered after Special Function 96.3is enabled. If the user controlled LO
is being controlled by the custom LO program, oneis entered after Special Funetion 96.3
is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, keyinOQor 1
and press ENTER.

If the system LO and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled L.O. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LG is controlied by another predefined program, the Noise Figure Meter hasincreased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
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3-167.1

Operation

Measurement Mode 1.6 (contq)
(Special Function 1.6)

prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maximum number of
characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The cutput power
level and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom L.O program to
control the user controlled LO:

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function 41.5 is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 set to 1, thefrequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active {frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2. Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCI]
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimaliskeyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCII prefix count, F, R, suffix count, %, Z,__, P L,8 D B

| TT*T!JU%

Decimal 8? ?g Decimal
77— 80
% —i 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) 1s the frequency suffix followed by a space (decimal 32).“PL” (decimal 80 and 76)
1s the power prefix. 8 (decimal 56) is the power level, “DR” (decimal 68 and 66) is the
power suffix.
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Related
Sections

HP 8970B
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Measurement Mode 1.6 (contd)
{Special Function 1.6)

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters couid be added to
the suffix to conirol other functions.

e. Pressing the FREQUENCY key will exit the user from special function 42.7.

Calibrate

Controlier Capability of the Noise Figure Meter
Fixzed IF Selection

Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

Trigger Selection
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Measurement Mode 1.7
(Special Function 1.7)

Measurement mode 1.7 is for DUTs with no frequency conversion and operating at
frequencies greater than 26.5 GHz. The measurement system is single sideband and double
conversion. The 1st conversion is done using an external mixer and a fixed LO (wideband
1st IF). The HP 8971C and its LO perform the second conversion using a variable LO to
produce a fixed 2nd IF in the range of the HP 89708 Option 020. This is a convenient
measurement system to cover a wide measurement bandwidth at millimeter frequencies with
a less expensive fixed 1st LO. Wideband filters preceding the system’s first mixer are used
to eliminate the image to obtain single sideband measurements. (Typically these filters are
either lowpass or "waveguide beyond cutoff” highpass structures). The typical DUT is an
amplifier or a transistor. All the Measurement Mode can be set up to use many of the other
capabilities of the Noise Figure Meter. For example, each mode can make either
UNCORRECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN
measurements, plus the measurement results for each mode can be displayed on an
oscilloscope and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited control of the user conirolled LO.
Houwever, in the following text the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments
section at the end of this instruction for an ezplanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System and the user controlled local oscillator to operate in Measurement Mode 1.7.
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Requirements
{cont'd)

Procedure
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Operation

Measurement Mode 1.7 (cont'd)
(Special Function 1.7)

a. The system local oscillator and the Noise Figure Test Set must be connected
to the Noise Figure Meter’s SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active {Noise Figure Meter is system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9).

¢. Special Function 45.0 must be active {Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 {Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The defauit address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g- The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

e HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

s HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
s HP 8340B/8341B Sweep Oscillator; Special Function 41.4 |

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF
{10 to 26500 MHz). The user controlled local oscillator is not controlled by the Noise
Figure Meter.

There are many possible measurement procedures. However, the following general
procedure applies to all cases:
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Example
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Operation

Measurement Mode 1.7 (contd)
(Special Function 1.7)

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if ¢ preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.7 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.7.

d. Set frequency parameters (including the fixed frequency for the user controlled
local oscillator, Special Function 3.1).

e. Select sideband operation desired (Special Functions 2.1 through 2.3 and 17;
Special Function 2.1 is the default.)

f. Select appropriate smoothing (Special Function 13).
g. Enter the noise source ENR table.

h. Setthe user controlled local oscillator to the frequency specified by Special Func-
tion 3.1.

i. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,
refertothe Noise Figure Test Set YIG Filter Calibration Detailed Operating Instruction.

j. Calibratethe Noise Figure Measurement System in Mode 1.7 (this is only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). External filtering is
required during both calibration and the measurement. If a preamplifier is required for
the measurement, the preamplifier must be used in the calibration.

k. Insert DUT and make a noise figure or noise figure and gain measurement.

NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure
Measurement System and the user controlled local oscillator. For more
information on using an external controller, refer to Comments at the
end of this instruction.

To make a swept CORRECTED NOISE FIGURE AND GAIN measurement of a
wideband amplifier in the 20 to 30 GHz range using 200 MHz steps:

HP 8970B
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

Example a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
{cont'd) selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.
NOTE

Measurement Mode 1.7 must be activated prior to entering the fre-
guency parameters to avoid error E35 (entered value is out of range).

b. Press 1.7 SPECIAL FUNCTION (or send HP-IB code E7) to activate Mode 1.7.
¢. Special Function 2.1 was activated when Special Function 1.7 was enabled.
Special Function 2.1 is used to select single sideband operation for the first frequency

conversion, using the user controlled local oscillator and the external mixer.

NOTE
When a single sideband measurement is being made, the user must

place a filter between the device under test and the external mixer to
eliminate the unwanted sideband.
d. Set the frequency parameters for both the calibration and measurement.

e. Enter the noise source ENR table, if this has not already been done.

f. Set the user controlled local oscillator to the frequency specified by Special Func-
tion 3.1.
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Measurement Mode 1.7 (contq)
(Special Function 1.7)
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g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below. Ensure the
user controlled local oscillator frequency is set before calibration. PRESET enabled a
fine tuning calibration (Special Function 36.0) each time the Noise Figure Measure-
ment System is calibrated.

SYSTEM
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FIGURE TEST SET
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HP 237PB
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SINGLE SIDERAND MEASUREMENT 1S BEING MADE),

THEY NEED TC BE USED DURING CALIBRATION,

Figure 3-33. Measurement Mode 1.7 Calibration Setup
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

NOTE

A Noise Figure Test Set Fine Tuning Calibration may need to be done
separately from the measurement system calibration (step h). The
separate fine tuning calibration is needed if a mixer is being used outin
frontof the Noise Figure Measurement System and a preamplifier is not
being used. An Excess Noise Ratio (ENR)of 13dBor greateris needed at
the input to the Noise Figure Test Set during the fine tuning calibration.

h. Calibrate and fine tune the equipment in Measurement Mode 1.7 by pressing
CALIBRATE twice (or sending HP-IB code CA).

1. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL QOSCILLATOR

<

HP 89718/C NOISE
FIGURE TEST SET

< N
— 194 1
lQUTPUT Lo RF 17
INPUT INPUT OUTPUT
HP 8Y97Q8 USER CONTROLLEDR
NOISE FIGURE METER LOCAL OSCILLATOR -
e B8 |
:I; OUTPUT Lo
0O & Qs M gLos e ®
© o 8 QDQES fose ) o]
§oeec 288 =@ - MIXER “For
NOISE SGURCE INPUT
DRIVE QUTPUT P%EﬁM%gmz)ER *FILTER
NCISE SOURCE buT RN
-4 1 y
b L~
g y

NTHE FILTER 1S ADDED IF A SINGLE SIDERAND MEASUREMENT 1S BEING MADE.

Figure 3-34. Measurement Mode 1.7 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE thatwas used for calibration, None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop

frequency.

This example assumes that the user controlled local oscillator is tuned
to the specified frequency of 35 GHz.

j. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

k. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System
will sweep from 15000 to 5000 MHz in 200 MHz steps but will display the microwave
measurement frequency of 20000 to 30000 MHz. After the single sweep is completed, the

instrument halts.
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Measurement Mode 1.7 (contaq)
{Special Function 1.7)

The HP-IB code for Measurement Mode 1.7 is E7 (or 1.7SP). Additional HP-IB codes are
given, in the Comments section, when using an external controller.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controlier can be used to control the Noise Figure Measurement System
and the user controlled local oscillator in Measurement Mode 1.7. The following general
conditions must be observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP.IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that thereis
no HP-IB code for this special function.

d. Special Function 30.0 (free run) must be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled local oscillator to the appropriate frequency. Refer to the

local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time

for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

A Noise Figure Test Set Fine Tuning Calibration may need to be done separately from
the measurement system calibration. The separate fine tuning calibration is needed if a
mixer is being used out in front of the Noise Figure Measurement System and a
preamplifier is not being used. An Excess Noise Ratio (ENR) of 13 dB or greater is
needed at the input to the Noise Figure Test Set during the fine tuning calibration.

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.

j. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).
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Measurement Mode 1.7 (contd)
(Special Function 1.7)

k. Set the Noise Figure Meter's SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code is W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps | and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency thatis read from Noise Figure Meter
with the stop frequency programmed into the Noise Figure Meter and terminate the
program after the measurement in which they are equal.

User Controiled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system LO and the user controlled LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequenecy prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled LOis to be controlled by the custom L.O program (Special Function 41.5) and
the system LO is controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to seeif an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlled 1.O must be connected to the Noise Figure Meter's SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

¢. The address of the user controlled LO must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

NOTE
If Special Function 96.1 is active (enable the user controlled LO) and the
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.
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Operation

Measurement Mode 1.7 (contd)
{Special Function 1.7)

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlled LO are using the same predefined program (Special
Function 41). Or, ifthe user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlied by the same predefined
program, zerois entered after Special Function 96.3is enabled. If the user controlled LO
is being controlled by the custom LO program, oneis entered after Special Function 96.3
is enabled. The procedure is to key in 96.83, press SPECIAL FUNCTION,keyin0or1l
and press ENTER.

If the system L.O and the user controlled LO are to be controlled by the same prograrm,
the Noise Figure Meter has limited control of the user controlled LO. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LO1is controlled by another predefined program, the Noise Figure Meter has increased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
thenumber of characters in the prefix and in the suffix. Since the maximum number of
characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The output power
level and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO;

NOTE

When the user controlled LO is controlled by the custom LO program,
Spectal Function41.5 is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 set to 1, the frequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2. Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimal iskeyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
{Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:
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W PTL ALK

Measurement Mode 1.7 (contq)
(Special Function 1.7)

ASCII prefix count, F, R, suffix count, M, Z ,P,L,8DB

|
2 66
70 — 68
Decimal 8% gg Decimal
T em———— 80
90 ——— 39

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)
is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from special function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection
Measurement Modes

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

3-175.2
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HP 897GB

Measurement Mode 1.8
(Special Function 1.8)

Measurement mode 1.8 is for DUTs with frequency conversion and a variable DUT LO. The
measurement system expects a fixed IF at a frequency ranging from 10 MHz to 26.5 GHz.
If the 1st IF can be reduced below 2047 MHz then Measurement 1.3 is a better choice than
Measurement 1.8. Since Measurement 1.3 requires less equipment, less noise figure is
contributed by the measurement. The typical DUT is a mixer or receiver. All the
Measurement Modes can be set up to use many of the other capabilities of the Noise Figure
Meter. For example, each mode can make either UNCORRECTED NOISE FIGURE or
CORRECTED NOISE FIGURE AND GAIN measurements, plus the measurement results
for mode can be displayed on an oscillator and output to a recorder or plotter.

NOTE

The Noise Figure Meter has limited control of the user controlled LO.
However, in the following tezt the user controlled LO is not controlled by the
Noise Figure Meter; the user must control the LO. Refer to the Comments
section at the end of this instruction for an explanation of how to have the
Noise Figure Meter control the LO.

The following minimum requirements are necessary for the Noise Figure Measurement
System and user controlled local oscillator to operate in Measurement Mode 1.8.



HP 8970B

Requirements
(cont’d)

Procedure

Operation

Measurement Mode 1.8 (contd)
(Special Function 1.8}

a. The system local oscillator and the Noise Figure Test Set must be connected
to the Noise Figure Meter’s SYSTEM INTERFACE BUS conmnector with an HP-IB
cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Functior 0.9).

¢. Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 (Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set address) to display and change the address if necessary. The default
address for the Noise Figure Test Set is 10, after using Special Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0 is the default setting, after using Special Function
0.9.).

f. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

+ HP 8671B/8672A Synthesized Signal Generators; Special Function 41.2

+ HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
o HP 8340B/8341B Sweep Oscillator; Special Function 41.4

o Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum of twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. Configure the user controlled local osciliator to produce the desired frequeacy.

There are many possible measurement procedures. However, the following general
procedure appiies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
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Operation

Measurement Mode 1.8 (contq)
(Special Function 1.8)

system noise figure and therefore reduce the measurement uncertainty.
For more information on determining if a preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.

a. Verify thatthe minimum requirements specified under Requirements are satisfied.

b. Press PRESET.

¢. Press 1.8 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.8. ‘

d. Set frequency parameters {(including the fixed IF, Special Function 3.0).

e. Enter the ENR table for calibration (Special Function 5.7) and the ENR table for
the measurement (Special Function 5.8). Refer to the ENR Table Entry Detailed Oper-
ating Instruction for more information.

f. Select appropriate smoothing (Special Function 13).
g. Select sideband operation desired. (Special Function 2 and 17)

h. Perform a Noise Figure Test Set Fine Tuning Calibration. Refer to the Noise
Figure Test Set YIG Calibration Detailed Operating Instruction for more information.

1. With the device under test (DUT) removed, perform a calibration of the Noise
Figure Measurement System in Mode 1.8 (this is only required for a CORRECTED
NOISE FIGURE AND GAIN measurement). If a preamplifier is required for the
measurement, the preamplifier must be used in the calibration.

J. Insert DUT and measure the noise figure or noise figure and gain of the DUT.

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement in the 30 to 45 GHz range in 200 MHz steps with a fixed IF of 4000 MHz.

NOTE

This example assumes that the Noise Figure Meter is acting as a con-
troller and the minimum requirements specified under Requirements
are satisfied. Refer to Comments for a brief description of using an
external controller when in Measurement Mode 1.8.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
selects a single sideband measurement (Special Funetion 17.0) for the Noise Figure
Test Set.

NCTE
Measurement Mode 1.8 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of rangel.

b. Press 1.8 SPECIAL FUNCTION to activate Measurement Mode 1.8.

HP 8370R
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Measurement Mode 1.8 (contd)
(Special Function 1.8)

¢, Set the frequency parameters for both the calibration and measurement.

e C0de FUNCHON  cm— D210 co———— FUNCtORN
SleS . Or:"
SPECIAL
LOCAL @ @ @ @Fuucﬂ{m
lkeystrokes] () L.U[o)(ﬂ(o)(o) (o)
B WEOOEOE @™
CD 33T
GO0 O OC0CE) @

Code
{program codes} DA e s Function
Function Data
Code Code
Data Function

ESB1 IF4008MZFA30000MZFB4SOGOMZSSZ€JGMZ
Code—-—————-J I T eunction
Code Data

m Code

d. Enter the calibration and measurement ENR tables, if this hasn’t already been
done {Special Functions 5.7 and 5.8).

e. Press 2.1 SPECIAL FUNCTION to enable a lower sideband measurement. Spe-
cial Function 2.1 is used with the first frequency conversion, using the user controlled
local oscillator and the device under test.

NOTE

When a single sideband measurement is being made, the user must
place o filter between the noise source and the device under test fo
eliminate the unwanted sideband.

f. Configure the user controlled local oscillator to produce a 4 GHz IF at the input of

the Noise Figure Measurement System. The correct frequency to set the user controlled
local oscillator to can be viewed by using Special Function 8.2.
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Measurement Mode 1.8 (conta)
(Special Function 1.8)

Example g. To calibrate the Noise Figure Measurement System and perform a Noise Figure
{cont’d) Test Set Fine Tuning calibration, set up the equipment as shown below.

SYSTEM
LOCAL DSCILLATOR

HP 89718B/C NDISE
FIGURE TEST SET
< N
] 4 11
tuu*rpm Lo RF 1
HP 89748 INPUT INPYT QUTRUT
NOISE FIGURE METER
Le HE)
2 oo e mem o |
s m LB, =5 K | *PREAMPLIFTER / \
NGISE SOUURCE INPUT
LDRIVE OUTRPUT NOISE SOURCE
o y
*IF THE PREAMPLIFIER 1S NEEDED
FOR THE MEASUREMENT, IT MUST

BE USED DURING CALIBRATION.

Figure 3-35. Measurement Mode 1.8 Calibration Setup

NOTES

For a single sideband measurement, the external filter is not included
during calibration. During calibration the Noise Figure Meter only
accounts for loss after the device under test. Since the filter is before the
device under test, the loss of the filter is not accounted for properly.

To account for the filter’s conversion loss, enter the filter’s loss (in dB)
into the Noise Figure Meter using Special Function 34.2 {loss between
the noise source and device under test). Also, enter the room temperature
of the filter using Special Function 34.3. To turn loss compensation orn,
use Special Function 34.1.

h. Calibrate and fine tune in Measurement Mode 1.8 by pressing the CALIBRATE
key twice. PRESET enabled a fine tune (Special Function 36.0) to be done each time a
calibration is done.
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Comments

HFP 8970B

S RUL CARANALL

Measurement Mode 1.8 (contq)
(Special Function 1.8)

i. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL OSCILLATOR

HP 8971B/C NOISE

FIGURE TEST SET
G SERT
Lo

Lsuwm RF F
INPUT INPUT QUTPUT
A 188 B aure MeTER oo CRCRHS,
= ’ = PREAMPL IFIER &

(IF NEEDED:
N
=T v Rt o Yo
Jven Y o §

o cage U
g oo oo E55E =S

NOISE SOURCE INPUT lGUTPU?
DRIVE QUTPUT

I
1.0

T

* ILTER (MIXER OR RECE%QRJ RF

NOISE SOURCE
T —

®THE FILTER IS ADDED IF A SINGLE SIDEBAND MEASUREMENT IS BEING MADE.

Figure 3-36. Measurement Mode 1.8 Setup

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE that was used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency.

J. Press CORRECTED NOISE FIGURE AND GAIN.

k. Whilein trigger hold mode (Special Function 30.1), press SWEEP SINGLE. Sweep
the user controlled local oscillator from 34000 MHz to 49000 MHz in 200 MHz steps and
trigger a measurement at each frequency of interest.

The HP-IB code for Measurement Mode 1.8 is E8 {or 1.8SP). Refer to Comments for
additional information on using HP-IB program codes in Measurement Mode 1.8.

The left display shows each frequency at which a measurement is made and the EXT
MIX annunciator lights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator. The following general conditions must be
observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the Noise Figure Meter's HP-IB connector.
b. HP-IB code H1 must be active.
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Operation

Measurement Mode 1.8 (conta)
(Special Function 1.8)

¢. Special Function 4.0 (normal talker and listener) must be active. Note that there
is no HP-IB code for this special function.

d. Special Function 30.0 (free run) should be active (HP-IB codé is TO).

e. The correct measurement parameters (for example, Measurement Mode, frequen-

cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code-

Summary and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).

g. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

h. Insert the DUT into the measurement system.
i. Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

j. Setthe Noise Figure Meter's SINGLE sweep on (HP-IB code is W2)or AUTO sweep
on (HP-IB code is W1).

k. Set the user controlled LO to the desired frequency, depending on the sideband
selection. If double sideband was selected, the oscillator should be set to the measure-
ment frequency. If lower sideband was selected, the oscillator shouid be set to the
measurement frequency plus the IF. If upper sideband was selected, the oscillator
should be set to the measurement frequency minus the IF. If sum (upconversion;
Special Function 2.3) was selected, set the oscillator to the IF minus the measurement
frequency. Refer to the user controlled LO’s operating manual for the required HP-IB
codes. Allow sufficient time for the output of the user controlled LO to stabilize.

I. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.25P for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps k, I and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

User Controlled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system 1O and the user controlled LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user

HP 8970R
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Operation

Measurement Mode 1.8 (conta)
(Special Function 1.8)

controlled L0 is to be controlled by the custom LO program (Special Function 41.5) and
the system LOis controlied by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter willnot
check to seeif an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is aiways used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controlled LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. Theuser controlied LO must be connected to the Noise Figure Meter's SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

¢. The address of the user controlled LO must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Function 0.9.

NOTE
If Special Function 96.1 is active (enable the user controlled LOj} and the
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlled LO are using the same predefined program (Special
Funection 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlied by the same predefined
program, zerois entered after Special Function 96.3 is enabled. If the user controlled LO
is being controlled by the custom LO program, cneis entered after Special Function 96.3
is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, keyinCor 1
and press ENTER.

If the sysiem LO and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled LO. Control is limited
io setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlied 1.O is to be controlled by the custom LO program and the system
LO is controlled by another predefined program, the Noise Figure Meter hasincreased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maximum number of
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Measurement Mode 1.8 (contq)
(Special Function 1.8)

characters in the prefix and suffix is twenty-two, the frequency prefix and suffix
determines the number of additional commands that can be added. The output power
level and any other commands are placed in the frequency suffix,

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlied LO:

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function 41.5is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program conitrolling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Control of the user controlled LO is accomplished using
Special Funetion 42.7. With Special Function 96.3 set to 1 , the frequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active (frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2, Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
Each time a decimaliskeyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCII prefix count, F, R, suffix count, M, Z ,P1,8§D,B

TR,

. 82 56
Decimal 8 76

77— 80
90 ———— 32

Decimal

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “M7” {decimal 77 and
90) is the frequency suffix followed by a space (decimal 32). “PL” (decimal 80 and 76)
is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66)is the
power suffix.

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command,

3-182.2
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Measurement Mode 1.8 (contq)
(Special Function 1.8)

Wpelanoil

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to

the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from Special Function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
Fixed IF or LO Frequency Selection

HP-IB Addresses

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Funections

System Interface Bus Control

Trigger Selection

3-182.3
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Description

Requirements

Operation

Measurement Mode 1.9
{Special Function 1.9)

Measurement mode 1.9 is for DUTs with frequency conversion and a fixed DUT LO with
a wideband DUT TF frequencies <26.5 GHz. The measurement system uses the HP 8971C
and its variagble LO to convert the wideband DUT IFs (ranging from 10MHz to 26.5 GHz)
into the range of the HP 8970B Option 020. A typical DUT is a microwave or millimeter wave
block down converter. The measurement system’s IF is variable and the measurement
frequency entered and displayed on the Noise Figure Meter is the swept IF START, STOP
and STEP frequencies. Although the frequency entered on the Noise Figure Meter
corresponds to the DUT IF, (10 MHz to 26500 MHz), the Noise Figure Meter uses the excess
noise ratio, ENR, of the noise source at the DUT input frequency. All the Measurement
Modes can be set up to use many of the other capabilities of the Noise Figure Meter. For
example, each mode can make either UNCORRECTED NOISE FIGURE or CORRECTED
NOISE FIGURE AND GAIN measurements, plus the measurement results for each mode
can be displayed on an oscilloscope and output to a recorder or plotter.

NOTE
The Noise Figure Meter has limited conirol of the user controlled LO.
However, in the following text the user controllied LO is not controlled by the
Noise Figure Meter; the user must conirol the LO. Refer to the Comments
section at the end of this instruction for an explanation of how to have the
Noise Figure Meter conirol the LO.

The following minimurm requirements are necessary for the Noise Figure Measurement
System and user controlled local osciliator to operate in Measurement Mode 1.9,

a. The system local oscillator and the Noise Figure Test Set must be connected
to the Noise Figure Meter's SYSTEM INTERFACE BUS connector with an HP-IB
cable.

b. Special Function 48.0 must be active (Noise Figure Meter is system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).
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Measurement Mode 1.9 (contd)
{Special Function 1.9)

¢.  Special Function 45.0 must be active (Noise Figure Test Set enabled in
measurement modes 1.5 through 1.9; Special Function 45.0 is the default setting,
after using Special Function 0.9.) or Special Function 45.1 { Noise Figure Test Set
enabled always) must be active.

d. The address of the Noise Figure Test Set must match the Noise Figure Test Set
address that is stored in the Noise Figure Meter. Use Special Function 40.2 (Noise
Figure Test Set System Interface Bus address) to display and change this address if
necessary. The default address for the Noise Figure Test Set is 10, after using Special
Function 0.9.

e. Special Function 46.0 must be active (Enable system local oscillator on System
Interface Bus; Special Function 46.0 is the default setting, after using Special Function
G.9.).

. The address of the system local oscillator must match the address of the system
local oscillator stored in the Noise Figure Meter. Use Special Function 40.1 (system
local oscillator System Interface Bus address) to display and change this address if
necessary. The default address is 19, after using Special Function 0.9.

g. The correct system local oscillator program must be active if the Noise Figure
Meter is going to control the system local oscillator. The system local oscillator
programs are listed below:

o HP 8671B/8672A Synthesized Signal Generator; Special Function 41.2

e HP 8673B/C/G (Standard) Synthesized Signal Generator; Special Function 41.3
o HP 8340B/8341B Sweep Oscillator; Special Function 41.4

¢ Custom local oscillator; Special Function 41.5

The custom local oscillator program will support local oscillators that may require
a maximum oi twenty-two characters for the frequency prefix and suffix and/or the
output power prefix and suffix. The prefix and suffix define the command sequence
that will set the frequency or output power.

Use Special Function 42 to define a new program for other system local oscillators.

h. The user controlled local oscillator must be configured to produce the desired IF
(10 to 26500 MHz).

There are many possible measurement procedures. However, the following general
procedure applies to all cases:

NOTE

High measurement system noise figure leads to high measurement un-
certainty, when measuring low gain devices. A low noise preamplifier,
between the device under test and the measurement system, can lower
system notse figure and therefore reduce the measurement uncertainty.
For more information on determining if ¢ preamplifier is needed and
selection of the preamplifier, refer to Application Note 57-2.
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Measurement Mode 1.9 (conta)
(Special Function 1.9)

a. Verify that the minimum requirements specified under Requirements are satisfied.
b. Press PRESET.

c. Press 1.9 SPECIAL FUNCTION to set the Noise Figure Meter to Measurement
Mode 1.9.

d. Set the frequency parameters. The frequency pararmeters include the frequency of the
system LO or DUT LO (Special Function 3.1); and the sideband selection (Special Functions
2.0, 2.1 0r2.2 for double, lower or upper sideband}, Note that the START, STOP and STEP
frequencies refer to the IF frequencies. Special Functions 3.1 and 2.1 or 2.2 must be used,
even if the DUT’s LO isn’t on the SYSTEM INTERFACE BUS so Noise Figure Meter will
be able to correctly determine the DUT’s input frequency and, therefore, choose the
appropriate ENR. If the DUT has its own internal LO then disable the User Controlled LO
on the SYSTEM INTERFACE BUS (Special Function 96.0).

e. Enter ENR tables for calibration and measurement (use Special Functions 5.7 aﬁd
5.8).

f. Select sideband operation desired (Special Function 2 and 17).

g. Setup the user controlied local oscillator to produce the desired dutput, as specified
by Special Function 3.1.

h. Perform a Noise Figure Test Set Fine Tuning Calibration. For more information,
refer to the Noise Figure Test Set YIG Filter Calibration Detailed Operating
Instruction.

i. Calibrate the Noise Figure Measurement System in Mode 1.9 (this is only required
for a CORRECTED NOISE FIGURE AND GAIN measurement). If a preamplifier is
required for the measurement, the preamplifier must be used in the calibration.

j. Insert DUT into the measurement system and make a noise figure or noise figure
and gain measurement.

NOTE

The following example assumes that the Noise Figure Meter is the
controller. An external controller can be used to control the Noise Figure
Measurement System and the user controlled local oscillator. For more
information on using an external controller, refer to Comments at the
end of this instruction,

To make a swept CORRECTED NOISE FIGURE AND GAIN single sideband meas-
urement over an IF of 10 to 12 GHz using 100 MHz steps with a fixed user controlled
local oscillator frequency of 5 GHz.

a. Press PRESET (or send HP-IB code PR) to establish initial conditions. PRESET
selects a single sideband measurement (Special Function 17.0) for the Noise Figure
Test Set.

NOTE

Measurement Mode 1.9 must be activated prior to entering the fre-
quency parameters to avoid error E35 (entered value is out of range).

b. Press 1.9 SPECIAL FUNCTION (or send HP-IB code E9) to activate Measure-
ment Mode 1.9.
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Measurement Mode 1.9 (conta)
{Special Function 1.9)

c. Set the frequency parameters for both the calibration and measurement.

PR 11— Function P Data - Fungction
DG (o) n
)OO0 (o) mm
LOCAL ) (e Jle (oo (em)
{keystrokes)
) @) (wm)
oola
OO O OO®®

E9B1LF5000MZFA10000MZFB12000MZSS100MZ

Code__T ! i _l—__ Function
m Code Data
[program codes} Code Code
Data ee————————— Function
Eunction Data
Code Code
Data Function

d. Enterthe ENR tables for calibration (Special Function 5.7) and the measurement
(Special Function 5.8), if this hasn’t already been done. Refer to the ENR Table Entry
Detailed Operating Instruction for more information.

¢. Press 2.1 SPECIAL FUNCTION to select alower sideband measurement. Special
Function 2.1 is used to select the sideband operation desired for the first frequency
conversion, using the user controlled local oscillator and the device under test.

NOTE

When a signal sideband measurement is being made, the user must place a

filter between the noise source and the device under test to eliminate the
unwanted sideband, if the DUT doesn’t already have one prior to its first
convertor.

f. To calibrate the Noise Figure Measurement System and perform a Noise Figure
Test Set Fine Tuning Calibration, set up the equipment as shown below.
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

Exampie . NOTES
(cont'd) For a single sideband measurement, the external filter is not included

during calibration. During calibration the Noise Figure Meter only
accounts for loss after the device under test.

To account for the filter’s conversion loss during measurement, enter the
Jilter’s loss (in dB) into the Noise Figure Meter using Special Function 34.2
(loss between the noise source and device under test). Also, enter the

temperature of the filter using Special Function 34.3. To turn loss compen-
sation on, use Special Function 34.1.

SYSTEM
LOCAL OSCILLATOR

HP 8871B/C NOISE
FIGURE TEST BET

< ™
4L 1N
tnu‘rpu'r Lo RE F

HE 2S70RB INPUT INPUT DUTPUT
NOISE FIGURE METER

L= gal

s g S =5 KT

° § oo oo geoe f b o *PREAMPLIFIER / N\

NOISE SOURCE INPUT
bmvs ouTPuY NOISE SGURCE
"% v

T Rnteeed

®IF THE PREAMPLIFIER 1S NEEDED
FOR THE MEASUREMENT, IT MUST Y
BE USED DURING CALIBRATION.

Figure 3-37. Measuwrement Mode 1.9 Calibration Setup

g. Calibrate the Noise Figure Measurement System and fine tune the Noise Figure
Test Set in Mode 1.9 by pressing CALIBRATE twice (or sending HP-IB code CA).
PRESET enabled a fine tuning calibration (Special Function 36.0) each time the Noise
Figure Measurement system is calibrated.

h. To make the measurement, set up the equipment as shown below.

SYSTEM
LOCAL CSCILLATOR

HP 8871B/C NQISE
FIGURE TEST SET
< N
1] mi 1
twrpm Lo RF iF
INPUT INPUT SUTPUT
ﬁglggf‘g?alﬁfi METER LUOSCEARL %OSNJIRL.GLL?-\LTE:O%
" =] PREAMPLEIFIER x
] (IF NEEDEDD
oo B - o i o s Lo T = <:
w o = BEER0 M5
§ B 22 geng o= ¥ iF
NOTSE SOURCE INPUT LDE}T?!}T Lo
BRIVE QUTPUT
*FILTER (MIXER OR RECEDII\VJER) RF
NOISE SOURCE
I v
\ y
HTHE FILTER 15 ADDED IF A SINGLE SIDEBAND MEASUREMENT IS BEING MADE.
Figure 3-38. Measurement Mode 1.8 Setup
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Comments
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Measurement Mode 1.9 (contq)
(Special Function 1.9)

NOTE

For the Noise Figure Measurement System specifications to be valid,
the measurement must use the same START FREQ, STOP FREQ and
STEP SIZE thatwas used for calibration. None of the calibrated points
can be skipped. Also, the measurement must be done in the same
direction as the calibration, for example, from start frequency to stop
frequency,

This example assumes that the user controlled local oscillator is tuned
to the specified frequency (5 GHz).

i. Press CORRECTED NOISE FIGURE AND GAIN (or send HP-IB code M2).

J. Press SINGLE (or send HP-IB code W2). The Noise Figure Measurement System
will sweep from 10 to 12 GHz in 100 MHz steps. After the single sweepis completed, the
system halts.

The HP-IB code for Measurement Mode 1.9 is E9 (or 1.9SP). The Comments section
contains additional HP-IB codes, when using an external controller.

Theleft display shows each IF frequency at which a measurement is made and the EX'T
MIX annunciator ights. The INSERTION GAIN display shows the gain of the DUT at
the displayed frequency. The NOISE FIGURE display shows the noise figure of the
DUT at the displayed frequency.

An external controller can be used to control the Noise Figure Measurement System
and the user controlled local oscillator in Measurement Mode 1.9. The following general
conditions must be observed when using an external controller:

a. The external controller and the user controlled local oscillator must be connected
to the HP-IB connector on the Noise Figure Meter.

b. HP-IB code H1 must be active.

c. Special Function 4.0 (normal talker and listener) must be active. Note that there is
no HP-IB code for this special function.

d. Special Function 30.0 (free run) should be active (HP-IB code is T0).

e. The correct measurement parameters (for example, Measurement Mode, frequen-
cies, etc.) must be established. Refer to Table 3-9, Special Function to HP-IB Code
Summary, and Table 3-10, Front Panel Keys to HP-IB Code Summary, for applicable
HP-IB codes.

f. Set the user controlled local oscillator to the appropriate frequency. Refer to the
local oscillator’s operating manual for the required HP-IB codes. Allow sufficient time
for the output of the local oscillator to stabilize.

g. Perform a Noise Figure Test Set Fine Tuning Calibration and a Noise Figure
Measurement System Calibration with the DUT out of the measurement system (refer
to the Calibrate Detailed Operating Instruction and the Noise Figure Test Set YIG
Filter Calibration Detailed Operating Instruction).
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Measurement Mode 1.9 (conta)
(Special Function 1.9)

h. Send the command “RM 2EN RS CA.” Wait for a serial poll to return a non-zero
value, indicating calibration is complete.

i. Insert the DUT into the measurement system.
j- Special Function 30.1 (trigger hold) must be active (HP-IB code is T1).

k. Set the Noise Figure Meter’s SINGLE sweep on (HP-IB code is W2) or AUTO
sweep on (HP-IB code 1s W1).

1. Trigger a measurement using the HP-IB code T2. Do not use the alternate HP-IB
code 30.2SP for Special Function 30.2 as it will reset the sweep.

m. A method must be determined when to step to a new frequency after reading the
noise figure results. This read operation cannot be completed until the new data is
ready. It is possible to write an SRQ interrupt routine on the Data Ready Status Bit.
Refer to Enabling the Service Request Condition, paragraph 3-30.

n. Continue to loop through steps 1 and m. A method for determining when the
measurements are complete must be programmed into the external controller. One
method is to compare the measurement frequency that is read from the Noise Figure
Meter with the stop frequency programmed into the Noise Figure Meter and terminate
the program after the measurement in which they are equal.

User Controlled Local Oscillator Control

The Noise Figure Meter can control the user controlled LO to a limited extent. If the
system 1O and the user controlied LO are to be controlled by the same predefined
program (Special Function 41), control is limited to setting the frequency prefix and
suffix (Special Function 42.1). The frequency prefix and suffix are used to properly
format the command sequence that will set the LO’s output frequency. If the user
controlled LO is to be controlled by the custom LO program (Special Funection 41.5) and
the system LO is controlled by another predefined program, the Noise Figure Meter has
increased control of the user controlled LO. The additional control can include setting
the output power level and turning off any modulation. The Noise Figure Meter will not
check to see if an out of range frequency has been sent to the user controlled LO. Also, a
variable settling time is not allowed. A default settling time of 200 ms is always used.

Add the following steps to the Requirements section at the beginning of the measure-
ment instruction:

NOTE
Any steps within the measurement instruction that say to set the user
controllied LO manually may be ignored. Where the user controlled LO
was set manually the Noise Figure Meter will set the LO.

a. The user controlled LO must be connected to the Noise Figure Meter’'s SYSTEM
INTERFACE BUS.

b. Special Function 96.1 must be active (Enable the user controlled LO on the
System Interface bus).

¢. The address of the user controlled I.O must match the address of the user
controlled LO stored in the Noise Figure Meter. Use Special Function 96.2 (user
controlled LO System Interface Bus address) to display and change this address if
necessary. The default address is 20, after using Special Funection 0.9.
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Measurement Mode 1.9 (contq)
(Special Function 1.9)

Comments NOTE

{cont'd) If Special Function 96.1 is active (enable the user controlled LOjandthe
Noise Figure Meter can’t find the LO at the address set by Special
Function 96.2, error code E106 will be displayed.

d. Special Function 96.3 must be used to let the Noise Figure Meter know if the
system LO and the user controlled LO are using the same predefined program (Special
Function 41). Or, if the user controlled LO will be controlled by the custom LO program
(Special Function 41.5). If the two LOs are being controlled by the same predefined
program, zero is entered after Special Function 96.31s enabled. If the user controlled LO
is being controlled by the custom LO program, oneis entered after Special Function 96.3
is enabled. The procedure is to key in 96.3, press SPECIAL FUNCTION, kevin Oor !
and press ENTER.

Ifthe system L.O and the user controlled LO are to be controlled by the same program,
the Noise Figure Meter has limited control of the user controlled LO. Control is limited
to setting the frequency prefix and suffix. All other commands must be set manually.

If the user controlled LO is to be controlled by the custom LO program and the system
LOis controlled by another predefined program, the Noise Figure Meter hasincreased
control of the user controlled LO. The increased control can include setting the power
level and other commands. When the custom LO program is used, only the frequency
prefix and suffix section (Special Function 42.7) is valid. All commands are set using
Special Function 42.7. The frequency prefix and suffix can have a total of twenty-two
characters. Plus there are two characters (count characters) that are used to indicate
the number of characters in the prefix and in the suffix. Since the maximum number of
charactersin the prefix and suffix is twenty-two, the frequency prefix and suffix deter-
mines the number of additional commands that can be added. The output power level
and any other commands are placed in the frequency suffix.

The following procedure outlines the steps needed to setup the custom LO program to
control the user controlled LO:

NOTE

When the user controlled LO is controlled by the custom LO program,
Special Function 41.5is NOT enabled. If Special Function 41.5 were to be
enabled, the predefined program controlling the system LO would be
replaced by the custom LO program. This would be an undesirable
condition. Conirol of the user controlled LO is accomplished using
Special Function 42.7. With Special Function 96.3 set to 1 ,thefrequency
prefix and suffix defined by Special Function 42.7 will be used, without
having Special Function 41.5 active.

1. Special Function 42.7 must be active {frequency prefix and suffix). This allows
modification of the frequency prefix and suffix.

2. Modify the frequency prefix by entering the decimal count for the number of
characters in the prefix followed by the decimal equivalents of the required ASCII
prefix characters. Then, enter the decimal count for the number of suffix characters
followed by the decimal equivalents of the ASCII suffix characters. With Special
Function 42.7 active, the decimal values are entered using the front panel key pad.
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Measurement Mode 1.9 (contd)
(Special Function 1.9)

Each time a decimal is keyed in, the ENTER key is pressed. For additional informa-
tion refer to the Programming The System LO Detailed Operating Instruction
(Example 2, Using the Custom Local Oscillator Program).

For example, the desired characters could be as follows:

ASCII prefix count, F, R, suffix count, M, Z, ,P.1,8DB

TR,

Decimal 8§ gg Decimal
T e 80
90 32

Where 2 is the number of characters in the prefix. “FR” (decimal 70 and 82) is the
frequency prefix. 8 is the number of characters in the suffix. “MZ” (decimal 77 and
90) is the frequency suffix followed by a space(decimal 32). “PL” (decimal 80 and 76)
is the power prefix. 8 (decimal 56) is the power level. “DB” (decimal 68 and 66) is the
power suffix.

A space can be used between each command set. As the example shows a space was
placed between the frequency prefix and suffix and the power setting command.

In the example ten characters were used. Since twenty-two characters can be used
between the frequency prefix and suffix, twelve more characters could be added to
the suffix to control other functions.

e. Pressing the FREQUENCY key will exit the user from Special Function 42.7.

Calibrate

Controller Capability of the Noise Figure Meter
ENR Table Entry

Fixed IF or LO Frequency Selection

Noise Figure Test Set YIG Filter Calibration
Sideband Selection

Special Functions

System Interface Bus Control
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Noise Figure Test Set YIG Filter Calibration
(Special Functions 36 and 64)

When the Noise Figure Meter, Noise Figure Test Set and system local oscillator are
configured to form the Noise Figure Measurement System, the passbands of the Noise
Figure Meter and the Noise Figure Test Set must be aligned.

The alignment process involves a Coarse Tuning Calibration (Special Function 64) and
a Fine Tuning Calibration (Special Function 36).

Coarse Tuning Calibration (Special Function 64). The Coarse Tuning Calibration will be
done at the factory and needs to be done when repairs are done to the Noise Figure
Test Set.
NOTE

Sweepers are not recommended as the system local oscillator when the

Noise Figure Test Set is operating in band SSB3. High local oscillator

accuracy is needed by the Noise Figure Measurement System in this

band. A better choice is a local oscillator that is a synthesizer.

The Coarse Tuning Calibration will align the passbands of the Noise Figure Meter and
Noise Figure Test Set at the following frequencies: 2401 MHz, 3000 MHz, and every
500 MHz from 3500 MHz to 26500 MHz. At each of these frequencies, the Noise Figure
Test Set preselector YIG filter is peaked at the frequency being calibrated. The entire
calibration procedure will take about 15 minutes. The Coarse Tuning Calibration is not
needed each time the Noise Figure Measurement System is powered up. Normally, the

Coarse Tuning Calibration will only need to be done once or twice in the lifetime of a o

Noise Figure Test Set. The results of the Coarse Tuning Calibration will be saved in
memory, in the Noise Figure Test Set.

NOTE
There is a limit to the number of Coarse Calibrations that can be
performed. Due to the nature of the memory devices in the Noise F. igure
Test Set, the number of calibrations is limited to 10000.

Special Function 64.0 is used to enable a Coarse Tuning Calibration. The upper
frequency limit of the Noise Figure Test Set can be changed using Special Function
64.1. The allowable range for Special Function 64.1 is 2400 to 30000 MHz. Special
Function 64.1 is useful if the system local oscillator doesn’t go to 26500 MHz. With
Special Function 64.1, the Noise Figure Test Set can be calibrated to the nearest 500
MHz of the upper frequency limit desired.

NOTE
If the system local oscillator doesn’t go to 26500 MHz, Special Function
64.1 MUST be used. If Special Function 64.1 isn’t used, error code E19
(Noise Figure Test Set Calibration Failed) will be generated.

Fine Tuning Calibration (Special Function 36). Fine tuning calibration is used to align the
passbands of the Noise Figure Meter and Noise Figure Test Set, at the measurement
frequencies defined by START FREQ, STOP FREQ and STEP SIZE. Fine Tuning
Calibration is required when the Noise Figure Test Set is in single sideband operation
(Special Function 17.0) and the measurement frequency is greater than 2400 MHz (SSB3). .
There is no Limit to the number of times that a Fine Tuning Calibration may be |
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Noise Figure Test Set YIG Filter Calibration (contd)

(Special Functions 36 and 64)

performed. The Noise Figure Measurement System will perform better the more fre-
quently a Fine Tuning Calibration is done. However, once the Fine Tuning Calibration
is done, a new Fine Tuning Calibration should not be required unless the Noise Figure
Test Set is turned off, the ambient air temperature around the Noise Figure Test Set
changes by more than +5° C since the last Fine Tuning Calibration or the START
FREQ. STOP FREQ or STEP SIZE have been changed.

Fine Tuning Calibration is controlled by Special Functions 36.0 through 36.4.

The progress of the Coarse and Fine Tuning Calibrations may be viewed on an
analog oscilloscope, using Special Functions 97.1 and 97.2. These special functions
can be used to diagnose any measurement system setup problems. Special Functions
97.1 and 97.2 are described in the Example section of this instruction. Refer to
Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope.

The following discussion will help to give a better understanding of Special Functions
36.0 through 36.4, 64.0 and 64.1:

Special Function 36.0 will enable a Fine Tuning Calibration to be done just before the
Noise Figure Measurement System is calibrated, when a CORRECTED NOISE FIG-
URE AND GAIN measurement is to be made. Also, error twenty-eight (E28) is
enabled. Possible causes for error twenty-eight are given in the Comments section, at
the end of this instruction. Error twenty-eight (E28) is a warning to the user and is not
necessarily an indication of any hardware problem.

Special Function 36.1 will disable a Fine Tuning Calibration each time the Noise
Figure Measurement System is calibrated. The user can perform a Fine Tuning Cali-
bration using Special Function 36.3.

Special Function 36.2 disables a Fine Tuning Calibration each time the Noise Figure
Measurement System is calibrated and also disables the error twenty-eight warning.
The user can perform a Fine Tuning Calibration using Special Function 36.3. This
special function is useful if the user is not concerned with absolute accuracy and
understands the accuracy problems associated with not having the Noise Figure Test
Set fine tuned. Possible causes of error twenty-eight are found in the Comments
section at the end of this instruction. Even though the error is not displayed, a
warning indication still exists in the Noise Figure Meter's extended status byte.
Normally, using special Function 36.2 is not a good idea because it removes the
safeguard of the Noise Figure Measurement System checking to see if a Fine Tune
Calibration is needed.

Special Function 86.3 will perform a Fine Tuning Calibration of the Noise Figure Test
Set, immediately. Special Function 36.1 is enabled, since the Fine Tuning Calibration
has been completed using Special Function 36.3. Additional Fine Tuning Calibrations
are not needed unless the temperature inside the Noise Figure Test Set drifts five
degrees centigrade or new frequency points are to be measured.

Special Function 36.4 allows the user to define additional Fine Tuning Calibration
frequencies, between the frequencies set by START FREQ, STOP FREQ and STEP
SIZE. The passbands are aligned for the frequency point added by Special Function
36.4, but the point added is not a calibrated point of the Noise Figure Measurement
System. In other words, any noise contributed by the Noise Figure Measurement
System has not been factored out at the frequency point added. Special Function 36.4
may be useful for an uncorrected noise figure measurement or as a way of re-fine
tuning a single frequency point.
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Noise Figure Test Set YIG Filter Calibration (contaq)
(Special Functions 36 and 64)

To select Special Functions 36.0 through 36.3 and 64.0, key in the special function code
desired and press the SPECIAL FUNCTION key. Toselect Special Function 64.1, press
64.1 SPECIAL FUNCTION, select the frequency desired and press ENTER. To use
Special Function 36.4, press the FREQUENCY key and select the frequency desired.
Press ENTER. Then, press 86.4 SPECIAL FUNCTION.

Special Function Program
Code

Bescription Code m

Enable Fine Tuning 36.0 T
Calibration before
Noise Figure Meas-
urement System
Calibration is done.
Error E28 is enabled.

Disable Fine Tuning | 36.1 FD N Y Y Off Off Off
Calibration before
Noise Figure Meas- |
urement System
Calibration is done.

Disable Fine Tuning | 36.2 FW Y Y Y Off Off Off
Calibration before -
Noise Figure Meas-
urement System
Calibration is done.
Also, error twenty-
eight is disabied.

Perform a Fine Tun- 36.3 PF N N N Off Off Off
ing Calibration from
START FREQ to
STOP FREQ and
enable Special
Function 36.1.

Enable a Fine Tun- 36.4 FF N N N Off Off Off
ing Calibration at
the current frequency.

Enable a Coarse Tun- | 64.0 CP N N | N | o | of | of
ing Calibration.

Set the upper fre- 64.1 CU N N N NC | 26506 | 26500
gquency limit of the
Noise Figure Test
Set,

Lights Specfal!
Function Key
Stored in Con-
tinuous Memory
Can he Stered
and Recalled
Special Function
0.8 Sandltions
Preset fand HP-B
Ciear) Condhtiens
Speclal Function
0.9 Conditions

Z
et
=
o
=

Q
=1

o

n

"Table categories are explained in the Special Functions Detailed Operating Instruction.
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Noise Figure Test Set YIG Filter Calibration (contd)
(Special Functions 36 and 64)

Example To select a coarse tuning calibration:

LOCAL y Code -~ oo, (2N CH O ——

[keystrokes) IENEI B FURETR

| HP-IB 2

{program codes) cP

The following examples will describe how to perform a Coarse Tuning Calibration,

Fine Tuning Calibration and how to view a Coarse or Fine Tuning Calibration on an
oscilloscope.

Coarse Tuning Calibration. The following discussion will describe how to perform a
Coarse Tuning Calibration:

NOTE

A Coarse Tuning Calibration should only be done when the Noise
Figure Measurement System is first configured and o freerunning
source is being used as the system local ascillator or repairs have been
made to the Noise Figure Test Set.

The Excess Noise Ratio fENR) of the noise source should be 12 to 13 dB
or more from 2401 to 26500 MHz or a preamplifier may be required.

a. Connect the equipment as shown below.

SYSTEM
L.OCAL GSCILLATOR

HP 89718/C NOISE
FIGURE TEST SET
< N
2% BN
Loutrur Lo RF TF
HE 887@B INPUT INPUT QUTPUT
NOISE FIGURE METER
io ga]
=N LTI G——
“ i‘mnbggggc me §
NOISE SOURCE INPUT
lBRIVE GUTPUT NOISE SOURCE
T | g
\, J

Figure 3-39. YIG Filter Calibration Setup

b. Turn the equipment on and allow a twenty (20) minute warm up period, before
performing the Coarse Tuning Calibration.

¢. If the upper frequency limit of the Noise Figure Test Set is to be less than 26500
MHz, enter the upper limit using Special Function 64.1.
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Noise Figure Test Set YIG Filter Calibration (conrq)
(Special Functions 36 and 64)

Example d. After the equipment has warmed up for twenty minutes, press 64.0 SPECIAL
{cont’d) FUNCTION. The Coarse Tuning Calibration will take about fifteen (15) minutes.
NOTE

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Coarse Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information on this HP-IB code, refer to the Error Messages
and Recovery Detailed Operating Instruction.

e. To view the Coarse Tuning Calibration, refer to Viewing a Coarse or Fine Tuning
Calibration on an Oscilloscope, at the end of the Example section.

Fine Tuning Calibration, The following discussion will describe how to perform a Fine
Tuning Calibration:

NOTE

Fine Tuning Calibration is only required when single sideband opera-
tion (Special Function 17.0} has been selected on the Noise Figure Test
Set and the measurement frequency is greater than 2400 MHz (SSB3).

Thereis no limit on the number of times that a Fine Tuning Calibration
may be performed. But, a Fine Tuning Calibration is not needed each
time a measurement is made.

a. Connectthe equipment as shown below. The noise source should have a minimum
ENR (Excess Noise Ratio) of 13 dB. The noise source should be placed as close as
possible to the RF INPUT of the Noise Figure Test Set. If a preamplifier will be used in
the measurement, the preamplifier may be placed between the noise source and the RF
INPUT during the Fine Tuning Calibration. For Measurement Modes 1.6 and 1.7, when
there is quite a bit of loss in the measurement setup, it is possible to do the Fine Tune
Calibration by connecting the noise source directly to the Noise Figure Test Set RF
INPUT. This will ensure that 13 dB of ENR is available for the Fine Tuning Calibra-
tion. In this case, the Fine Tuning Calibration can be performed using Special Function
36.3. In Measurement Modes 1.6 and 1.7, it is also possible to do a Fine Tuning
Calibration with the external mixer in place and a preamplifier in the measurement
system, to increase the available noise power at the Noise Figure Test Set RF INPUT.
The preamplifier should be low noise or it may affect the Fine Tuning Calibration.

NOTE

Allow the equipment to warm up for twenty (20) minutes, before per-
forming the Fine Tuning Calibration.
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Noise Figure Test Set YIG Filter Calibration (contq)
(Special Functions 36 and 64)

LDCALS Yggg ?1 LLATOR
. HP 8971B/C NGISE
FIGURE TEST SET
. Ad 0
EUTP&H ) RF IF
HP 8ST7PB INPUT INPUT OUTEUY
NOISE FIGURE METER
[= af |
s B s KT
° genocBERE 0 T
NPLT
DRIVE GUyRGT ! NOISE SOURCE )
= I
Y _

Figure 3-40. Y!G Filter Calibration Setup

b. Select the start, stop and step size frequencies, using the START FREQ, STOP
FREQ and STEP SIZE keys. Refer to the Sweep Detailed Operating Instruction for an
explanation of START FREQ, STOP FREQ and STEP SIZE.

¢. The Noise Figure Measurement System is now ready to perform a Fine Tuning
Calibration. The Fine Tuning Calibration will be performed each time the Noise Figure
Measurement System is calibrated, if Special Function 36.0 has been selected. Or,
Special Function 36.3 can be selected to perform a Fine Tuning Calibration from the
START FREQ to the STOP FREQ, immediately. The calibration will take from five to
ten seconds per frequency point.

NOTE

When a Fine Tuning Calibration has been enabled and the decimal
pointis flashing in the NOISE FIGURE display, the Noise Figure Test
Set is not at operating temperature. The calibration cannot be com-
pleted untilthe instrument is up to temperature. The Noise Figure Meter
is waiting for the YIG filter temperature control loop, in the Noise
Figure Test Set, to lock. The flashing decimal can also be caused by a
power loss to the Noise Figure Test Set. The time needed for the temper-
ature control loop to lock could be fifteen minutes, if the Noise Figure
Test Set was cold or four to five minutes if the Noise Figure Test Sef was
warmed-up before it lost power. When the loop locks, the Fine Tuning
Calibration will be completed.

Itis normalfor the system local oscillator to change frequency a number
of times at each frequency point. This is part of the calibration process.

If data is read from the Noise Figure Meter, over the Hewlett-Packard
Interface Bus, during a Fine Tuning Calibration, the Noise Figure
Meter will output a special HP-IB code for the NOISE FIGURE window.
For more information about this HP-IB code, refer to the Error Mes-
sages and Recovery Detuailed Operating Instruction.
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Noise Figure Test Set YIG Filter Calibration (cont'd)
(Special Functions 36 and 64)

Example Measurement accuracy is dependent on the temperature inside the

(cont'd) Noise Figure Test Set. If the temperature drifts approximately five
degrees centigrade, since the last Fine Tuning Calibration, error twenty-
eight (E28) will be generated. The Fine Tuning Calibration must be
repeated using Special Function 36.5.

d. If a frequency not selected by START FREQ, STOP FREQ or STEP SIZE is
desired, use Special Function 36.4. To select this frequency, press the FREQUENCY _
key and key in the frequency desired. Press ENTER. Then, press 36.4 SPECIAL
FUNCTION, to start the Fine Tuning Calibration at the selected frequency.

NOTE

The passbands of the Noise Figure Meter and Noise Figure Test Set are
aligned for the frequency fine tuned with Special Function 36.4. When
the Noise Figure Measurement System is calibrated, fora CORRECTED
NOISE FIGURE AND GAIN measurement, the noise contributed by
the Noise Figure Measurement System is not factored out, at the fre-
quency fine tuned by Special Function 36.4. Unless, the frequency fine
tuned is a calibrated frequency point of the Noise Figure Measurement
System.

e. To view the progress of the Fine Tuning Calibration, refer to Viewing a Coarse or
Fine Tuning Calibration, at the end of the Example section.

Viewing a Coarse or Fine Tuning Calibration on an Oscilloscope or the HP 8757 Scalar
Anatyzer. The following discussion will describe how to view a Coarse or Fine Tuning
Calibration on an analog oscilloscope or the HP 8757 Scalar Analyzer:

Using an Oscilioscope.

NOTE
An analog oscilloscope must be used with the Noise Figure Meter. A
digital oscilloscope won’t work with the Noise Figure Meter.

a. Connect the X-AXIS, Y-AXIS and Z-AXIS outputs on the rear panel of the Noise
Figure Meter tothe A, B and Z (or horizontal, vertical and Z)inputs of the oscilloscope.
Select DC mode for all oscilloscope inputs.

b. Press 7.1 SPECIAL FUNCTION (or send HP-IB code A1) to display the test
pattern on the oscilloscope screen.

c. Using the oscilloscope’s position and gain controls, position the test pattern where
desired.

d. Press 97.1 SPECIAL FUNCTION (or send HP-IB code Y9). The oscilloseope will
now display the peaking (maximum power) ateach frequency point for a Coarse or Fine
Tuning Calibration, when enabled by Special Function 36 or 64.

NOTES
If a preamplifier is being used, the maximum and minimum oscilloscope
display limits will need to be changed to view the noise peak at optimum
scale. Special Function 97.1 sets the maximum limit to 500 and the
minimum limit to 120,
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Noise Figure Test Set YIG Filter Calibration (conta)
{Special Functions 36 and 64)

Example To change the maximum limit and minimum limit, use the front panel

(cont'd) keys of GAIN MAX (Special Function 8.4) and GAIN MIN (Special
Function 8.3). The limits are entered by pressing the appropriate key,
keying in the data and pressing ENTER.

e. When finished viewing the Coarse or Fine Tuning Calibration, press 97.2 SPE-
CIAL FUNCTION (or send HP-IB code Y8). Special Function 97.2 disables the oscillo-
scope from displaying the Coarse or Fine Tuning Calibration and restores the GAIN
MIN and GAIN MAX settings to where they were before Special Function 87.1 was
enabled.

Using the HP 8757 Scalar Analyzer.

f. Connectthe HP-IB connector of the Scalar Analyzertothe SYSTEM INTERFACE
BUS connector of the Noise Figure Meter.

g. Press 47.2 SPECIAL FUNCTION. This enables the Scalar Analyzer on the
System Interface Bus.

h. Press 97.1 SPECIAL FUNCTION (or send HP-IB code Y9).

NOTE
If a fine tuning calibration is being done, press CORRECTED NOISE
FIGURE AND GAIN. If this key is not pressed, the display will
disappear if the fine tuning colibration fails.

1. The Scalar Analyzer will now display the peaking (maximum power) at each
frequency point for a Coarse or Fine Tuning Calibration, when enabled by Special
Function 36 or 64.

NOTES
If a preamplifier is being used, the maximum and minimum display
limits will need to be changed to view the noise peak at optimum scale.
Special Function 97.1 sets the maximum limit to 500 and the minimum
limit to 120.

To change the maximum limit and minimum limit, use the front panel
keys of GAIN MAX (Special Function 8.4) and GAIN MIN (Special
Function 8.3). The limits are entered by pressing the appropriate key,
keying in the data and pressing ENTER.,

j. When finished viewing the Coarse or Fine Tuning Calibration, press 97.2
SPECIAL FUNCTION (or send HP-IB code Y8). Special Function 97.2 disables the
Scalar Analyzer from displaying the Coarse or Fine Tuning Calibration and restores
the GAIN MIN and GAIN MAX settings to where they were before Special Function
97.1 was enabled. Disable commands to the Scalar Analyzer using 47.3 SPECIAL
FUNCTION.
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Noise Figure Test Set YIG Filter Calibration (contd)

{Special Functions 36 and 64)

For HP-IB codes, refer to the Procedure above.

For a Coarse and Fine Tuning Calibration, the left display shows each Noise Figure
Test Set input frequency at which a calibration is made. The INSERTION GAIN
display shows “8971.” The NOISE FIGURE display shows “CAL.”

When viewing a Coarse Tuning Calibration, a noise peak will be drawn on the oscillo-
scope for each frequency point being coarse tuned.

When viewing a Fine Tuning Calibration, a first pass at finding the noise peak is
drawn and then a reference power line is drawn. Finally, a dot is placed where the
actual noise peak was found. These steps are repeated for each frequency point to be
fine tuned.

For a Coarse or Fine Tuning Calibration, three attempts will be made at each frequency
point, to find the noise peak. After three attempts, error code E19 will be generated.

The causes that generate an error twenty-eight (£28) are given below:

a. TheYIG filter, in the Noise Figure Test Set, has not been fine tuned at the current
frequency and coarse tune data is being used. The measurement may not be valid.

b. The current frequency of the Noise Figure Test Set YIG filter has been interpo-
lated from the Fine Tuning Calibration data. The measurement may not be valid.

¢. The Noise Figure Test Set has been fine tuned, but the temperature has drifted
more than five degrees centigrade, since the last Fine Tuning Calibration. The YIG
heater loop must be reset and new fine tuning data gathered. Use Special Funetion 36.3
to reset the heater loop and gather the new fine tune data.

Usually, the solution to error twenty-eight (E28) is to perform a Fine Tuning Calibra-
tion using Special Function 36.3.

Calibrate

Measurement Modes 1.0 through 1.9
Sweep
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Noise Figure (Uncorrected) and Noise Figure
and Gain (Corrected)

UNCORRECTED NOISE FIGURE measures the combined noise figure of the device
under test and the measurement system (including the effect of the Noise Figure Test
Set, local oscillator, mixer, cables, connectors and adapters).

CORRECTED NOISE FIGURE AND GAIN removes the measurement system noise
contribution and allows only the noise figure and gain of the device under test to be
displayed. The Noise Figure Meter must be calibrated in the measurement frequency
range and measurement mode before a corrected noise figure and gain measurement
can be made.

To measure uncorrected noise figure, press the NOISE FIGURE key.

To measure corrected noise figure and gain, press the NOISE FIGURE AND GAIN
key. If the Noise Figure Meter is not correctly calibrated, error code E20 will be

displayed.
5 3. £&2 | E.
SE 2% 33 IS
Program Code | B 8 E2 I 5
Front Panet Key L HP-1B 4 SE EE EE 2o
NOISE FIGURE M1 N Active | Active
(UNCORRECTED)
NOISE FIGURE AND GAIN M2 N N Off Off
{CORRECTED)
*Tabie categories are explained in the Preset Conditions znd Power-Up Sequence Detailed Operating Instruction.

To measure corrected noise figure and gain:

Measurement
LOCAL @ CORRECTED

{keystrokes}
AND GAIN

D

[pregram codes)

M2

For HP-IB program codes, refer to Procedure above.

When the instrument is making uncorrected noise figure measurements, the UNCOR-
RECTED LED above the NOISE FIGURE key is illuminated. The measurement result
is displayed in the NOISE FIGURE display. In addition, the INSERTION GAIN
display is blank.
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Noise Figure (Uncorrected) and Noise Figure

and Gain (Corrected) (contq)

When the instrument is making noise figure and gain measurements, the COR-
RECTED LED above the NOISE FIGURE AND GAIN key isilluminated. The gain of
the device under test (DUT) appears in the INSERTION GAIN display and the noise
figure of the DUT appears in the NOISE FIGURE display.

For CORRECTED NOISE FIGURE AND GAIN measurements, it is necessary to
calibrate the instrument each time thereis a change in measurement modes, equipment
(except the DUT), or frequency parameters (if the new frequency parameters are
outside of the calibrated range).

UNCORRECTED NOISE FIGURE and CORRECTED NOISE FIGURE AND GAIN
measurements are always corrected for T,.4 and ENR.

Measured noise can be expressed in a variety of units: F, FdB, Y, Y dB, and Te K. Refer to
the Display Units Selection Detailed Operating Instruction for additional information.

The noise figure measurement range is 0 to 30 dB. The gain measurement range (for
total noise figures less than 30 dB) is —20 to at least +40 dB, for the Noise Figure Meter.

High measurement system noise figure leads to high measurement uncertainty when
measuring low gain devices. A low noise preamplifier, between the device under test
and the measurement system, can lower system noise figure, and therefore reduce the
measurement uncertainty. For more information, refer to the Preamplifier Selection
Detailed Operating Instruction.

Calibrate

Display Units Selection
Preset Conditions and Power-Up Sequence
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Power Measurements
(Special Function 9)

Description Special Function 9 measures noise power density in dB relative to ~174 dBm/Hz with
the noise source on or off. Either an approximate or a calibrated measurement can be
made. The value ~174 dBm/Hz was chosen because this is the thermal noise 2t 290K in
a 1 Hz bandwidth. This special function can be used to make absolute power density
measurements or simply to verify that the measurement system setup is operating and
the signal path is complete. To exit from Special Function 9, press either UNCOR-
RECTED NOISE FIGURE or CORRECTED NOISE FIGURE AND GAIN.

Procedure To select a power density measurement, key in the corresponding Special Function
code and then press the SPECIAL FUNCTION key.

Special Functions 9.3 and 9.4 require that a calibration be performed prior to activating
the special function. If the calibration has not been performed, error E20 (not cali-
brated) is displayed and the special function is not activated.

Since the power measurements can be performed from any Measurement Mode, refer to
the applicable Detailed Operating Instruction for the correct calibration procedures.

= 2 g B 5
Ex EE  BEx BB £ =g
£ 22| 2= 52 L 5=
Special Function Program CE =g E E|EE | z2 1= E
Code 55 5B 5= | BEc | 2E Eo
Descriptien Cade <D “H|REes lws |as | ws
SOURCE Off 9.1 | N5or9.18P N |IY Y Off | Off | Off
(uncalibrated)
SOURCE On 9.2 | N6 or3.2SP N Y Y Off | Off | Off
(uncalibrated)
SOURCE Off 9.3 | N70r9.38P N Y Y Off | Off | Off
(calibrated)
SOURCE On 9.4 | N§or9.48p N Y Y Off | Off | Off
(calibrated)
"Table categories are explained in the Special Functions Detailed Operating Instruction.

Example To select an uncalibrated power measurement with the noise source on:
LOCAL _a— .Ccde oo— Function
(keysirokes)
L Jiz) o),
L HP-IB 2 NG
{program codes)
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Power Measurements (contd)
(Special Function 8)

For HP-IB codes, refer to Procedure above.

The NOISE FIGURE display shows the selected power measurement result in dB.

Special Functions 9.3 and 9.4 measure the power density delivered from the DUT. The
rest of the measurement system setup is corrected for by the calibration (second stage
correction).

The units shown in the NOISE FIGURE display are dB referenced to 290K {(—174
dBm/Hz). The equation is:
unknown power density 4B

290

Power displayed = 10 log

Special Functions 9.1 and 9.2 are similar to 9.3 and 9.4 execpt that they are not
calibrated and they use nominal values for noise figure. These Special Functions are
primarily used to verify that the measurement system is operating.

Special Functions 9.1 and 9.2 do not correct for the RF attenuators. There can be an
error for very low power when the lowest RF attenuation is selected.

Calibrate

Measurement Modes 1.1 through 1.9
Special Functions
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Description

HP 8970B

Uperation

Preset Conditions and Power-Up Sequence

(Includes Special Functions 0.0 and 0.9)

NOTE
Special Function 0.9 will clear and reset the Noise Figure Meier to its
default conditions. The default conditions are shown in Tables 3-19 and
3-13. Special Function 0.9 is covered in more detail in the following
paragraphs.

Power-Up. When first turned on, the Noise Figure Meter performs a sequence of inter-
nal checks after which the instrument is ready to make measurements. During the
power-up sequence, all front panel indicators light for approximately two seconds to
allow the operator to determine if any are defective. Then, “Ctr]” appears in the
INSERTION GAIN display and “on” or “OFF” appears in the NOISE FIGURE dis-
play. If the Noise Figure Meter is the System Interface Bus controller (Special Func-
tion 48.0) “on” will be displayed. If the Noise Figure Meter is not the System Interface
Bus controller (Special Function 48.1) “OFF” will be displayed. Next, “Fr” appears in
the INSERTION GAIN display and “CAL” appears in the NOISE FIGURE display
for approximately five seconds while the Noise Figure Meter performs a frequency
calibration. When the frequency calibration is completed, the Noise Figure Meter
restores the same configuration it had before the power was removed. Except that:

a. Sweep is always off.

b. The measurement is always UNCORRECTED NOISE FIGURE.

¢. The instrument always turns on in local mode (instead of HP-IR remote).
d. Calibration data is not retained when power is removed.

e. Special Functions 25, 30 through 32, 35.1, 43, 44, 49.2 through 49.4 and 60
through 72 are not remembered when power is removed.

Preset Functions. The Noise Figure Meter has three levels of preset: Special Function 0.9,
PRESET and Special Function 0.0. Special Function 0.9 is the upper level of preset;
Special Function 0.9 sets all conditions set by PRESET and Special Function 0.0 and
sets default values for some special functions, not set by PRESET. Special Function 0.9
does notreset the ENR (Excess Noise Ratio) tables and does not clear the IF calibration
data. PRESET is the second level of preset; PRESET sets all conditions set by Special
Function 0.0 and sets the default values for some of the special functions. Special
Function 0.0is the lowest level of preset. More detail is given for Special Function 0.9,
PRESET and Special Function 0.0 in the following text.

Special Function 0.9 and PRESET. Special Function 0.9 and the PRESET key set the
Noise Figure Meter to a known state. The front panel is set to the conditions listed in the
“Special Function 0.9, Preset and HP-IB Clear Conditions” column in Table 3-12,Front
Panel Summary. Table 3-13 lists the default data values that are set, by Special
Function 0.9 and PRESET, for some of the special functions. Table 3-14, Special
Functions Summary, in the Special Functions Detailed Operating Instruction provides
a complete list of Special Function 0.9 and PRESET conditions for special functions.

In the “Program Code” column in Table 3-12, program codes that are equivalentto front
panel keystrokes are listed. HP-IB codes control the Noise Figure Meter’s functions over
the HP-IB.

The “Stored in Continuous Memory” column in Table 3-12 indicates whether or not the
status of a front panel key is retained when the Noise Figure Meter is turned off.

The “Can Be Stored and Recalled” column in Table 8-12 indicates whether or not the
status of a front panel key can be stored in an internal storage register for recall at a
later time.
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Preset Conditions and Power-Up Sequence (contq)
(Inciudes Special Functions 0.0 and 0.9)

Table 3-12. Front Pane! Summary

=
= ET g
&~ 2 k= i e
SE | EE IESE
Program | € 2 S 28 E
Front Panel Key Code % g 2 Z § = “r" References and Comments
AUTO Sweep W1 N N Off | Sweep
CALIBRATE CA N N Off | Calibrate
DECREASE DE Y N 1 Smoocthing
ENTER EN - —_ —_ General Operating Instructions
ENR NR Y N NC | ENR Table Entry
FREQ INCR FN v Y |20 MHz| Fixed Frequency Increment
¥ DN _— — — Fixed Frequency Increment
- Up - - — | Fixed Frequency Increment
FREQUENCY FR Y Y |30 MHz! Fixed Frequency Tuning
INCREASE IN Y N H Smoothing
NOISE FIGURE (UNCORRECTED) M1 N N Active | Noise Figure (Uncorrected) and
Noise Figure and Gain (Corrected)
NOISE FIGURE AND GAIN M2 N N Off | Noise Figure (Uncorrected) and
({CORRECTED) Noise Figure and Gain (Corrected)
PRESET PR . — e Preset Conditions and Power-Up
Sequence
RECALL RC — — — Store and Recall
GRAPHIC SCALE
Noise Min NL Y Y 0dB | Data Output to Oscilloscopes,
Recorders and Plotters.
Noise Max NU Y Y 8dB | Data Output to Oscilloscopes,
Recorders and Plotters.
Gain Min GL Y Y 0dB | Data Quiput to Oscilloscopes,
Recorders and Plotters.
Gain Max GU Y Y 40 dB | Data Qutput to Oscilloscopes,
Recorders and Plotters.
SEQ 5Q — —_ _ Sequence
SINGLE Sweep w2 N N Off | Sweep
SPECIAL FUNCTION Sp — — — Special Functions
START FREQ FA Y Y 10 MHz| Sweep
STEP SIZE s8 Y Y |20 MHz, Sweep
STOP FREQ FB Y Y 1600 | Sweep
MHz
STORE ST — - — Store and Recall
Sweep and Calibrate Off WO B - —_ Sweep
{must be used to turn these functions
off over the HP-IB)
Y = Yes, N = No, NC = No Change, — = Not Applicable
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Preset Conditions and Power-Up Sequence (contd)
(Includes Special Functions 0.0 and 0.9)

Table 3-13. Special Function 0.9 and Preset Default Values for Special Functiens

Special Function

Preset Default Value | Special Function 0.9
Description Cade Default Vaiue
Addresses (HP-IB and SIB)
Noige Figure Meter 40.0 8
Svstem Local Oscillator 40.1 19
Noise Figure Test Set 40.2 10
Plotter 40.3 5
System Interface Bus 40.4 8
Pass Control 40.5 16
HP 8757 Scalar Analvzer 474 16
User Controlled Local Oscillator 96.2 20
HP 8757 Scalar Analyzer
Measurement frequencies per 47.5 0 d
display refresh
IF 3.0 30 MHz (Modes 1.1 and 1.3)
3500 MHz (Modes 1.6 and 1.8)
LO Fregquency 3.1 10000 MHz (Modes 1.2 and 1.4)
44000 MHz (Modes 1.7 and 1.9)
Loss Compensation
Before DUT 34.2 0dB 0dB
Temperature of Losses 34.3 oK 0K
After DUT 34.4 0dB 0dB
Measurement Mode 1.1, 1.1
Measurement Mode 1.2, and 1.2
Measurement Mode 1.3 1.3
Start Frequency 8000 MHz 80600 MHz
Stop Frequency 12000 MHz 12000 MHz
Step Size 200 MHz 200 MHz
Noise Figure Measurement System Internal
iF
SSB2 IF 19.2 700 MHz 700 MHz
SSB3IF 19.3 450 MHz 450 MHz
DSBIF 19.4 25 MHz 25 MHz
Oscilloscope Limits
Noise Figure Lower Limit 3.1 ¢ 0
Noise Figure Upper Limit 8.2 g 8
Gain Lower Limit 8.3 0 0
Gain Upper Limit 8.4 40 40
Plotter Functions
Noise Pen 25.3 1 1
Gain Pen 254 2 2
Plot Title 25.5 HP 89708 Noise Figure Meter
Programming the Systern 1O
Power Level 42.5 6§ dBm 6 dBm
Set Sequence 35.2 1—8 1—9
Smoothing Factor 13.2 1 1
Spot ENR 5.3 15.2dB 15.2dB
System LO Sideband Crossover frequency:
Measurement Modes 1.5 — 1.9 17.2 16 GHz 16 GHz=
Teold 6.0 206.5K 296.5K
Spot Thet 5.4 9893K 9893K

HP 8970B
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Preset Conditions and Power-Up Sequence (contq)

(Includes Special Functions 0.0 and 0.9)

Special Functions are off or set to their zero-suffix mode. The exception is Service
Request, which is set to enable an HP-IB code error to cause an SRQ (Special Function
44.3). In addition, default data values are set for the special functions listed in Table
3-18.

Special Function 0.0. Special Function 0.0 initializes selected special functions. It is
similar to PRESET except that default data values are not set. Existing values do not
change. Refer to Table 3-14, Special Function Summary, in the Special Functions
Detailed Operating Instruction for a complete list of Special Function 0.0 conditions.

To set the Noise Figure Meter to a known state, press the PRESET key or keyin 0.9 and
press the SPECIAL FUNCTION key.

Toinitialize selected special functions, key in 0.0, then press the SPECIAL FUNCTION
key.

To initialize selected special functions:

LOCAL oeove GOGE e, Funetion
keystrokes :
et CEEE (o)

\ HP-IB 2 cs

(program codes)

Program Code
Parameter L HP-1B 2
Special Function 0.9 0.98pP
PRESET FR
Special Function 0.0 Cs

After entering Special Function 0.9 or pressing PRESET, the INSERTION GAIN
display shows “Fr” and the NOISE FIGURE display shows “CAL” while a frequency
calibration is performed. After approximately five seconds, the left display shows 30
MHz, the INSERTION GAIN display is blank, and the NOISE FIGURE display shows
noise figure in units of F dB. Also, the UNCORRECTED NOISE F IGURE LED is
illuminated.

When Special Function 0.0 is executed, the SPECIAL FUNCTION key LED turns off
if it was on.

Special Function 0.0 does not affect any data entered by special functions or front panel
keys.

PRESET is identical to the Device Clear command over the HP-IB.
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PECELEOR

Preset Conditions and Power-Up Sequence (contq)
(Includes Special Functions 0.0 and 0.9)

PRESET does not effect calibration data or information in the ENR table.

Special Function 0.9, PRESET and Special Function 0.0 do not modify any data in the
internal storage registers.

When using HP-IB code 0.9SP to issue Special Function 0.9, allow ten seconds to pass
before giving the next command.

Calibration, Frequency
Special Functions
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Programming The System LO
(Special Function 42)

Special Function 42 can be used to modify the predefined system local oscillator
programs for the HP 8340B/8341B Sweep Oscillator (Special Function 41.4), HP 83508
Sweep Oscillator (Special Function 41.0), the HP 8671B/8672A Synthesized Signal
Generators (Special Function 41.2), the HP 8673B/C/G Synthesized Signal Generator
(Special Function 41. 3) or a custom local oscillator (Special Function 41.5). Special
Function 42 can also be used to define a new program for other system local oscillators
provided the local oscillator is HP-IB compatible. However, a thorough understanding
of the HP-IB program requirements and restrictions that apply to the syvstem local
oscillator is required.

The custom local oscillator program is different from the other predefined system LO
programs. The other programs will only support a frequency prefix or suffix of two
characters, maximum. The same is true for the power prefix or suffix. The custom
local oscillator program will support a system LO that could require a maximum of
twenty-two characters in the prefix and suffix. This is true for frequency and power.

The five predefined system LO programs are stored in permanent memory (ROM).
Activating Special Function 41.0, 41.2, 41.3, 41.4 or 41.5 loads the corresponding
predefined program from permanent memory into temporary memory (RAM). The
programs stored in the permanent memory are never changed; only the program in
temporary memory can be modified. Special Function 42 can change the program data
that is stored in the temporary memory. One of the predefined programs or the last
modified program is always present in the temporary memory. And, only the program
in temporary memory can control the system LO.

Detailed examples will be used to explain the use of Special Function 42. However,
a brief definition of the purpose of the individual parts of the program that can be
changed using Special Function 42 will make the programs easier to understand:

a. Special Function 42.0 is used to display and change the auxiliary commands. The
purpose of the auxiliary commands are to set the system LO to continuous wave (CW)
operation.

b. Special Function 42.1 is used to display and change the CW prefix and suffix.
The purpose of the prefix and suffix is to correctly format the frequency commands
from the Noise Figure Meter to the system LO. The format is different for different
LOs. Frequency data of up to five digits is located between the prefix and suffix. The
frequency information is determined by the frequency parameters entered into the Noise
Figure Meter during the measurement setup and by the measurement mode in which
the instrument is operating. The custom local oscillator program (Special Function
41.5) overrides Special Function 42.1. Refer to Special Function 42.7.

c. Special Function 42.2 is used to display and change the settling time (in ms). The
purpose of the settling time is to ensure that the Noise Figure Meter waits a sufficient
amount of time after issuing the frequency command and the anxiliary commands to
allow the system LO output to stabilize.
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Programming The System LO conq
(Special Function 42)

Description d. Special Functions 42.3 and 42.4 are used to display and change the minimum and

(cont’d) maximum frequencies that the program will accept. These entries are in MHEz. In most
cases, they will represent the frequency capability of the system LO. However, they do
not affect the system LO but are only used by the Noise Figure Meter to determine if a
requested frequency parameter will be accepted. If an attempt to enter an out-of-range
frequency is made, the Noise Figure Meter displays one of the invalid frequency entry
eITOT INessages.

e. Special Function 42.5 is used to display and set the output signal power level of
the system local oscillator. The allowable range is 0 to 30 dBm. If 2 level less than zero
or greater than thirty is desired, the auxiliary commands {Special Function 42.0) need
to be used to set the level. Do not use Special Function 42.5 to exceed the minimum or
maximum output signal power level limits of the local oscillator being used. For Special
Functions 41.0 through 41.4, Special Function 42.5 sets the command sequence {prefix
and suffix) automatically as the power level (0 to 30 dBm) is entered. Special Function
41.5 (custom local oscillator program) requires that Special Function 42.6 be used with
Special Function 42.5. The order is Special Function 42.6 then Special Function 42.5.

f. Special Function 42.6 is used only when the custom local oscillator (Special Function
41.5) program has been selected. Special Function 42.6 is used to properly format the
command sequence that will set the output signal power level. Special Function 42.6 is
used to set the power prefix and suffix in place of Special Function 42.0. The prefix and
suffix are set much like Special Function 42.1 sets the frequency prefix and suffix. Once
Special Function 42.6 is set up, Special Function 42.5 is used to set the power level.
With Special Function 42.6 the prefix and suffix can total as many as twenty-four (24)
characters. The twenty-four characters inciude the count character for the prefix, the
prefix characters, the count character for the suffix and the characters for the suffix.
The count characters indicate the number of characters that are in the prefix or suffix.

g- Special Function 42.7 is used only when the custom local oscillator (Special
Function 41.5) program has been selected. Special Function 42.7 is used to properly
format the command sequence that will set the output frequency. Special Function
42.7 is similar to Special Function 42.1 (prefix and suffix). With Special Function 42.1
the prefix and suffix, used to format the output frequency, is limited to four (4) ASCII
characters. With Special Function 42.7 the prefix and suffix can total as many as
twenty-four (24) characters. The twenty-four characters include the count character for
the prefix, the prefix characters, the count character for the suffix and the characters
for the suffix. The count characters indicate the number of characters in the prefix or

suffix.

Predefined The listings for the five predefined programs are shown below. Each listing shows the

Program data that is stored in permanent memory. Also shown are the system L.O Commands

Listing (Special Functions 42.0 through 42.7) and the data that can be modified by each special
function.

3-211.2
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Programming The System LO (conrq)
(Special Function 42)

Predefined The following conventions are used in the program listings:
Program
Listing (cont’'d)

L HP-18 a. All HP-IB program codes consist of ASCII characters. The numbers and letters
shown before the parentheses (in Special Functions 42.0, 42.1 and 42.5 through 42.7)
are the ASCII characters that make up valid HP-IB program codes.

There is one exception, the custom local oscillator program. “Count” is not ASCIL
Count is used to show the position in the program where the prefix and suffix count
characters are to be placed. The count character indicates the number of characters in
the prefix or suffix. (econt’d on page $-213)
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Programming The System LO (contq)
{Special Function 42)

Predefined System LO Predefined Program Listings
Program
Listings HP834DB/8341B c
(cont’d) System L0 Commands {41.4) or HP BE71B/86T24 | HP 8673B/C/G | | aca!%ssfgiiaatar
[Special Function 42) | HP gs;ig?agiu.ﬁj Program {41.2) Program (41.3) Program (41.5)
42.0 Auxiliary (0) M(77)} R (82 } MM
Commands ) o(ag) JAMOEf 17 g } RF on 0 (79)
) N(78) D (68) D (68)
©) 7(55) } FMoff 10 g Vod- (68|
() () A (g5) | wation S (83) { o¢-
() ) o) | °fFf T (34) ] &
© ©) P (80) A 5| Bon
(0} () 0 (48) T84} °
5 oe
{719
{0)] 0 {0 F 0
© () ) F (70}
(V)] (0) ) ©
(0) (0) () {0
() (0) () 0)
(0) 0)
42.1 Prefix C®e7) P(80) F (70) Special Function
W87 (255) R (82) 42.1 is not used
Suffix M(77) Z(30) M (7 with Special
Z(90) 0(48) Z (90 Function 41.5.
Refer to Special
Function 42.7.
42.2 Settling Time 60 ms 20 ms 30 ms 30 ms
42.3 Minimum 2000 MHz 2000 MHz 2000 MHz 10 MHz
Freguency
42.4 Maximum 26500 MHz | 18000 MHz 26500 MHz 60000 MHz
Frequency
42.5 Output Signal 6 dBm 7 dBm 8 dBm 8 dBm
Power Level
42.6 Power Prefix Count (4)
P (30}
0 (79)
W (87
Space (32)
Power Suffix Count (5)
Space (32
D (68)
B (86)
M (T
; (59)
42.7 Frequency Count (5}
Prefix F (70)
R (89)
E (69)
Q (81
Space (32)
3-212
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Predefined
Program
Listings
{cont’d)

Procedure

HP 89708

U PTLAULL

Programming The System LO (contq)
(Special Function 42)

External LO Predefined Program Listings [cont'd)

HP83408/8341B
System L0 Commands {41.4) or HP 86718/86728 | HP 8673B/C/G Cusiom
[Snecial Function 42) | HP 83508 (41.0) | Program (412) | Program (413) ‘f,"”a‘ Oscillator
Program rogram {41.5)
Frequency Count (5)
Suffix Space (32;
M(7TT)
H a2
Z (90)
1 (69)

b. The numbers shown within parentheses are the decimal equivalent of the required
ASCII or count character. (It is this decimal value that is entered into the Noise Figure
Meter) For example, in the first line of the listing for the HP 8671B/8672A program, the
entry is M(77). The M is the first ASCII character of a valid HP-IB program code for the
HP 8671B/8672A. The 77 is the decimal equivalent of the letter M.

The two exceptions to this rule are (0) in the HP 8340B/8341B/8350B program and (255)
in the HP 8671B/8672A program. The (0) entry is used as a placeholder. Itis ignored by
the Noise Figure Meter and is not transmitted on the HP-IB. In the HP 8340B/8341R/
83508 program (Special Functions 41.0 and 41.4), there are no preset auxiliary
commands. This area contains zeros because no single program can control all possible
HP 8340B/ 8341B/8350B configurations. This portion of the program must be correctly
entered by the user tomatch the configuration of the HP 8340B/8341 B/8350R used with
the Noise Figure Meter. The (255) in the HP 8671B/8672A program is used by the Noise
Figure Meter to establish that, when controlling the HP 8671B/8672A, leading zeros
must be sent if they are required to complete five digits of frequency data.

¢. The numbers shown without parentheses (in Special Functions 42.2, 42.3, and 42.4)
are the actual values used for that function. For example, the “60 ms” shown as the
settling time for the HP 8340B/8341B/8350B program is the actual settling time
allowed by that program.

d. The comments following the brackets, such as in the HP 8671B/8672A program,
are the functions performed by each HP-IB code. Note that many two-character HP-IB
codes use the first character to establish the instrument function and the second
character to establish the setting of that function.

In all the programs, 2 maximum five digits of frequency information are sent between
the prefix and the suffix. This information is generated by the front panel settings of
frequency parameters on the Noise Figure Meter.

To activate a specific programming function, key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key.
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Programming The System LO (contq)
(Special Function 42)

Procedure
(con’t) _ .z E,|ZE|5.
£5  EE  Eg | EE == | BE
ax oo a o = o b =] —
Special Function Program &= == | 3% | £ EE | £ 2
e |25 EE 3225|3235
Bescripto o | @REy | SE| S5 3T B | 8§ Es
Auxiliary Commands 42.0 | AC or 42.08P N Y Y NC C 0
CW Prefix and Suffix 421 | PSor42.18P N Y N NC NC | CW:MZ
Settling Time in ms 42.2 | TM or 42.25P N Y N NC NC 60
Minimum Frequency in MHz | 42.3 | MN or 42.38P N Y N NC NC 2000
Maximum Frequency in MHz | 424 | MX or 42.4SP N Y N NC NC 26500
Output Signal Power Level 42.5 | PL or 4258P N Y Y NC NC 6.0
dBm
Power Prefix and Suffix 426 | PC or 4265P N Y N NC NC | POW
(Special Function 41.5) DBM;
Frequency Prefix and Suffix 42.7 | FCor42.7S8P N Y N NC NC | FREQ
(Special Funetion 41.5) MHZ;
' Table categories are explained in the Special Functions Detailed Operating Instruction.

3-214

Operation

Entering Data

Special Function 42.0 allows for modification of the auxiliary commands of the program !
stored in temporary memory. If one of the predefined system LO programs is to be
modified, Special Function 41.0 through 41.5 should be activated first to ensure that the
correct program is in the temporary memory.

An auxiliary command is simply an HP-IB program code required to control one function
of the system L.O. Each program code consists of one or more ASCII character. The decimal
equivalent of each ASCII character is stored in one of the fifteen data locations available
for auxiliary commands.

The general procedure for entering data using Special Function 42.0 is as follows:
a. Determine what system LO functions are to be controlled by the Noise Figure Meter,

b. Use the system LO’s manual to look up the HP-IB program codes for the above
functions.

¢. Use Table 3-11, located in Remote Operation near the front of this section, to look up
the decimal equivalent for each of the ASCII characters used for the program codes.

d. On the Noise Figure Meter, press 42.0 SPECIAL FUNCTION to display the current
number stored in the first of the fifteen data locations, Enter the decimal equivalent of the
desired ASCII character from the front panel of the Noise Figure Meter. The allowable
range of decimal values is 0 to 255.

e. Pressthe ENTER key on the Noise Figure Meter’s front panel. The next data location

available for modification will appearin the Noise Figure Meter’s left display. If no change
to the existing data is desired, press ENTER to advance to the next data location.

HP 8970B



Procedure
(cont’d)

HP 8970B
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Programming The System LO (contq)
(Special Function 42)

. Continue stepping through the data locations until all fifteen have been filled. I all
of the auxiliary command data locations are not used in a specific application, always
enter zeros in the remaining locations to avoid possible HP-IB command errors.

After all fifteen locations are displayed, the Noise Figure Meter returns to the previous
front panel setup the next time ENTER is pressed. It is also possible to exit Special
Function 42.0 at any time by pressing FREQUENCY (and still retain the data).

Special Function 42.1 allows for modification of the CW prefix and suffix commands
(Special Functions 41.0 through 41.4 ONLY) for the system local oscillator program.
The prefix is the system LO’s HP-IB program code for CW. The suffix is the system LO’s
program code for MHz. The CW prefix and suffix commands are entered in a manner
similar to the auxiliary commands (that is, the decimal equivalent of each ASCII
characteris entered into the Noise Figure Meter). However, the prefix and suffix HP-IB
program codes must each be two ASCII characters or less because only four data
locations are available for this Special Function. Enter zeros in any data locations that
are not used. The allowable range of decimal values is 0 to 255. '

For Special Functions 42.2 through 42.5, the decimal value is entered directly into the
Noise Figure Meter. The settling time is entered in ms. The allowable range is 0 to 65530
ms. Frequency is entered in MHz. The allowable range is 0 to 99999 MHz.

The output power is entered in dBm. The allowabie range is 0 to 30 dBm.

Special Function 42.6 is ONLY used with the custom local oscillator program (Special
Function 41.5). Special Function 42.6is used to properly format the command sequence
thatis used to set the output signal power level. Special Function 42.6 allows entry of the
prefix and suffix for the output signal power level. The count character for the prefix,
the prefix characters, the count character for the suffix and the suffix characters can be
a maximum of twenty-four (24) characters. The prefix, suffix and count characters are

- entered in a manner similar to the auxiliary commands (thatis, the decimal equivalent

of each ASCII character is entered into the Noise Figure Meter. Since the count
characters are decimal, they are entered as they are.) Once the prefix and suffix have
been entered, Special Function 42.5is used to enter the actual power level (0to 30 dBm).
For an example of using the custom local oscillator program and Special Function 42.6,
refer to Example two (2) at the end of this instruction. With the other local oscillator
programs (Special Functions 41.0 through 41.4), Special Function 42.5 sets the power
level and the prefix and suffix for the output signal power level.

Special Function 42.7 is used with the custom local oscillator program (Special
Function 41.5) ONLY. Special Function 42.7 is used to properly format the command
sequence that is used to set the output frequency. Special Function 42.7 allows entry of
the prefix and suffix for the output frequency. The count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters can be a
maximum of twenty-four (24) characters. The prefix, suffix and count characters are
entered in a manner similar to the auxiliary commands (thatis, the decimal equivalent
of each ASCII character is entered into the Noise Figure Meter. Since the count
characters are in decimal, they are entered as they are.) For an example of using the
custom local oscillator program and Special Function 42.7, refer to Example two (2) at
the end of this instruction.
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Programming The System LO (contq)
(Special Function 42)

Procedure Modified data can be entered in any order. For example, the settling time can be
{cont’'d) modified prior to changing the frequency prefix and suffix.

Running the System LO Program
Before the program can be run, several conditions must be met:

a. The system local oscillator must be connected to the Noise Figure Meter’s
SYSTEM INTERFACE BUS connector with an HP-IB cable.

b. Special Funection 48.0 active (Noise Figure Meter is the system controller on
System Interface Bus; Special Function 48.0 is the default setting, after using Special
Function 0.9.).

¢. Special Function 46.0 active (Enable local oscillator on System Interface Bus;
Special Function 46.0 is the default setting, after using Special Function 0.9.).

d. The address of the system local oscillator must match the system local oscillator
address thatis stored in the Noise Figure Meter. Use Special Function 40.1 (system local
oscillator address) to display and change the address, if necessary.

e. Select the proper measurement mode, 1.1 through 1.9.

f. The internal sweep of the system LO (if one exists) should be off.

Once the above conditions are met, the system LO program stored in the Noise Figure
Meter's temporary memory runs whenever a frequency value is entered from the front
panel of the Noise Figure Meter and the system LO is required. The program is also
triggered each time an auxiliary command is changed when a system LO is connected.

When the program is running the following sequence oceurs:
a. A frequency command is given.

/ b. The power level is set.
c¢. The auxiliary commands are given.

d. The Noise Figure Meter waits for the programmed settling time and ther makes a
measurement.

This sequence is repeated until all of the frequencies required by the measurement setup
have been sent and the measurement results obtained.

m Each time the frequency is changed the Noise Figure Meter issues an HP-IB command
string. The Noise Figure Meter sends the following HP-IB commands to the system LO
In the order indicated:

. REN and ATN are both set true.

. the LO’s listen address is sent.

ATN is released (that is, set false).

. the frequency command is sent.

the power command is sent.

the auxiliary commands are sent.

carriage return (CR) and line feed (LF) are sent.

0 e Ao o
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Programming The System LO (contq)
(Special Function 42)

Because the frequency command precedes the auxiliary commands, a Preset or
Initialize command cannot be used in the auxiliary commands. These type of
commands will prevent the system LO from tuning to the required frequencies because
after the L.O tunes to the requested frequency, it will be reset to its original frequency.

Example 1—Modifying the Output Power Level for a Predefined Program

In example 1, the HP 8671B/8672A program is modified for different output power
levels. Modifying the output power level will probably be the most frequent change
made to this predefined program.

NOTE
The actual power level command is not contained in the predefined
program. The power level is entered with a separate Special Function.

a. On the Noise Figure Meter, press 41.2 SPECIAL FUNCTION to load the HP
8671B/8672A program from permanent memory to temporary memory.

b. Changing the output power level is a simple procedure. Press 42.5 SPECIAL
FUNCTION and key in the level desired (0 to 30 dBm). Press ENTER. Be sure not to
exceed the limits of the system LO being used. For a power level less than 0 dBm or
greater than 30 dBm, the auxiliary commands can be used.

¢. Each time the power level is changed, step b is repeated.
Example 2—Using the Custom Local Oscillator Program

The Custom Local Oscillator (Special Function 41.5) Program is meant to be used with
local oscillators that require anywhere from two (2) to twenty-two (22) ASCII characters
to define the command sequence that sets the output frequency or output power. Special
Functions 42.0 (Auxiliary Commands), 42.2 (Settling Time), 42.3 (Minimum Frequency),
42.4 (Maximum Frequency) and 42.5 (Qutput Signal Power Level) are still valid when
using the Custom Local Oscillator Program. Special Function 42.1 is not valid with the
Custom Local Oscillator Program.

The following procedure outlines the steps to be followed when using the Custom Local
Oscillator Program:

a. Press 46.1 SPECIAL FUNCTION. This disables the system local oscillator
commands on the System Interface Bus.

b. Press 41.5 SPECIAL FUNCTION. This brings the Custom Local Oscillator
Program from permanent memory (ROM) to temporary memory (RAM).

NOTE
Once the parameters for Special Function 41.5 have been selected,
enabling Special Function 41.5 again will set the default conditions.

¢. Press 42.0 SPECIAL FUNCTION. Modify the auxiliary commands, if desired, as
described earlier under Entering Data.
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Programming The System LO (contq)
(Special Function 42)

Examples d. Press 42.2 SPECIAL FUNCTION. Enter the settling time of the local oscillator
(cont’d) being used.

e. Press 42.3 SPECIAL FUNCTION. Enter the minimum frequency of the local
oscillator being used.

f. Press 42.4 SPECIAL FUNCTION. Enter the maximum frequency of the local
oscillator being used.

g. Press 42.6 SPECIAL FUNCTION. Enter the count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters for the
output signal power level. The prefix and suffix can be found in the local oscillator’s
operating manual. The prefix and suffix are used to format the command sequencethat
sets the power level. The prefix, suffix, count character for the prefix and count
character for the suffix can be a maximum of twenty-four (24) characters. The count
character indicates the number of ASCII characters in the prefix or suffix. The prefix
and suffix should be entered using the following format:

CPPPPCSSSS

C equals the decimal count character. P equals the prefix ASCII characters. Sequals the
suffix ASCII characters.

Usethe front panel to enter the ASCII characters using their decimal equivalents. Since
the count characters are in decimal, they are entered as they are. Press ENTER each
time a decimal number is keyed in. :

h. Press 42.5 SPECIAL FUNCTION. Enter the power level (0 to 30 dBm) using the
front panel keys. Press ENTER.

1. Press 42.7 SPECIAL FUNCTION. Enter the count character for the prefix, the
prefix characters, the count character for the suffix and the suffix characters for the
output frequency. The prefix and suffix can be found in the local oscillator’s operating
manual. The prefix and suffix are used to format the command sequence that sets the
output frequency. The prefix, suffix, count character for the prefix and count character
for the suffix can be a maximum of twenty-four (24) characters. The count characters
indicate the number of ASCII characters in the prefix or suffix. The prefix and suffix
should be entered using the following format:

CPPPPCSSSS

Cequalsthe decimal count character. P equals the prefix ASCII characters. S equals the
suffix ASCII characters.

Usethe front panel to enter the ASCII characters using their decimal equivalents. Since
the count characters are in decimal, they are entered as they are. Press ENTER each
time a decimal number is keyed in.

J- Press 46.0 SPECIAL FUNCTION. This enables the system local oscillator on the
System Interface Bus. :
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Procedure

S RIUE CALAILL

Programs Available to Control The System LO

(Special Function 41)

Special Function 41 selects predefined programs to control the system LO. Special
Function 41.0 selects the program for the HP 8350B Sweep Oscillator, Special Function
41.2 selects the program for the HP 8671B/8672A Synthesized Signal Generators,
Special Function 41.3 selects the program for the HP8673B/C/G Synthesized Signal
Generator, Special Function 41.4 selects the program for the HP 8340B/8341B Sweep
Oscillator and Special Function 41.5 selects the program for the custom local oscillator.
A listing of these programs is contained in the Comments section of this instruction.

The programs are activated when Special Function 46.0 (enable system local oscillator
on the System Interface Bus), a Measurement Mode (1.1 through 1.4 or 1.6 through 1.9),
and the correct predefined program has been selected. The programs can be modified
using Special Function 42 {System Local Oscillator Commands). Refer to the Pro-
gramming the System Local Oscillator Detailed Operating Instruction for additional
information on how to modify these programs.

To select one of the predefined programs key in the corresponding Special Function

_code and then press the SPECIAL FUNCTION key.

Special Function Program
Code

Lights Special!
Function Key
Stared in Con-
finuous Memery
Can be Stored
and Recalled
Special Fenction
0.0 Conditiens
Presel {and HP-IB
Clear]) Conditions
Special Function
0.9 Conditions

Description Code m

HP 83508 Sweep 41.0 J0 or 41 0SP
Oscillator Program

HP 86718B/8672A Synthe- | 41.2 J2 or 41.28P
sized Signal Generator
Program

HP 8673B/C/G Synthe- | 413 J3 or 41.35P N Y N NC NC Off
sized Signal Generator

z
et
Z
Z
O
Z
O
o
=

Z
oy
rd
Z
(@]
Z
@]
[on)
=3

Program’ ‘

HP 8340B/83418 Sweep 41.4 J4 or 41 48P N Y N NC NC Off
Oscillator Program :

Custom Local Oscillator 41.5 45 or 41.58P N Y N NC NC Off
Program

‘ Table categories are explained in the Special Functions Detailed Operating Instruction,

* If the HP 86738 Option 008 or HP 86730 Synthesized Signal Generator is used as the system local oscillator, the auxiliary
commands for the predefined program (Special Function 41.3) will need o be modified. For additional information, refer to the
Comments section at the end of this instruction.

Example

HP 8970B

To select the predefined program to control the HP 8671B/8672A:

LOCAL - Code - Function
(keystrokes)
) b
J2
{program cades)

3219
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Programs Available to Control The System LO (contq)
(Special Function 41)

Program For HP-IB codes, refer to Procedure.
Codes
Comments A listing of the predefined programs is provided here for a quick reference. A complete
explanation of these programs and instructions on how to modify them are contained in
the Programming the System LO Detailed Operating Instroction.
System L8 Predefined Program Listings
HPB340B/83418 Custom
System LG Commands {414} or 1P 8671B/8672A HP 8673B/C/G Local Oscillatar
[Special Function 42] | #P 8??23535;“ i} Pregram {41.2) Program (41.3) Program [41.5}
42.0 Auxiliary (0) M(’?’T)} R (82 } M (7T
Commands S oag) JAMoff 175 | RFon 0 (79)
M N{’?S)} D (88) D {68
) 755 | FMoff | 45 ﬁ"g‘ - (58)
(0 (0) Ay | BT S (83)
(©0) ©) 048) § ° TEOL,. o
(0) (0) P (80) As) [ 0%
) () 0 (48) TEy| >
0 0 0 Space(32) ;fn
© ) ) o9 |°
(0] 0 ©) F (70)
0 (8)] )] F (70) ]
{) (O (0) {0
(@) 1) 0 0
(0 0) ()] ®
42.1 Prefix cEn P(RO) F (70 Special Funection
W{ET) (255) R (82) 42.1 is not used
Suffix M(77) Z(90) M (7T} with Special
Z(90) 0(48) Z{(90) Function 41.5.
Refer to Special
Function 42.7.
42 2 Settling Time 60 ms 20 ms 30 ms 30 ms
42.3 Minimum 2000 MHz 2000 MHz 2000 MHz 10 MH:z
Frequency
42.4 Maximum 26500 MHz | 18000 MHz 26500 MHz 60000 MHz
Frequency
42.5 Qutput Signal 6 dBm 7dBm 8 dBm 8 dBm
Power Level
42 6 Power Prefix P (80)
Q9
W (87)
Space (32)
Power Suffix Space (32)
' D (88)
B (66)
MTH
:(69)
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(cont’d)

Related
Sections

HP 8970B

Al SA T A SR

Programs Available to Control The System LO (cont'a)
(Special Function 41)

System LD Predefined Program Listings (con'd]

HP8340B/83418 Custem
System LO Commands {414} or HP B671B/8672A HP 8673B/C/G Lacal Oscillator
{Special Function 42} | HP 83508 (41.0 Program [41.2) Program (41.3} Program [41.5)
Program i
42.7 Frequency ¥ {70)
Prefix R (82)
E (69)
Q8L
Space (32)
Frequency Space (32)
Suffix M@an
H (72)
Z(90)
; (59)

The HP 8673B Option 008 and HP 8673D Synthesized Signal Generators use K-band
amplifiers. The amplifier is used when the output signal is greater than or equal
to 16 GHz. The amplifier used in instruments prior to serial number prefix 2030A
produce excessive broadband noise which can degrade the noise figure of the Noise
Figure Measurement System. If one of these signal generators is being used as the
system local oscillator and the output signal is greater than or equal to 16 GHz, the

K-band amplifier must be removed from the output signal path.

Taking the K-band amplifier out of the signal path involves modifying the auxiliary
The following HP-
IB program code needs to be added to the auxiliary commands: 9SV. The decimal
equivalent of each ASCII character (95V) is entered into the Noise Figure Meter. The
decimal equivalents of the ASCII characters are as follows: 9 (57), S (83) and V (86).
Modifying the auxiliary commands is described in the Entering Data section of the

commands (Special Function 42.0) for Special Function 41.3.

Programming the System LO Detailed Operating Instruction.

After the K-band amplifier is removed, the local oscillator must be able to supply the
minimum LO power required by the Noise Figure Test Set (+8 dBm for HP 8971B and
standard HP 8971C, and 1 dBm for HP 8371C Option 001) over the oscillator’s complete
bandwidth. H the local oscillator can’t supply this level, another local oscillator will

have to be selected.

Controller Capability of the Noise Figure Meter
Measurement Modes 1.1 through 1.9
Programming the System LO

Special Functions
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RF Attenuation Selection
(Special Functions 60, 61, and 62)

Description RF attenuation selection, display, and hold are available in all measurement modes. It
should be noted, however, that only the hold capability (Special Function 62.0) is
normally used by most operators. The hold is required during manual measurements
(refer to the Manual Measurements Detailed Operating Instruction for additional
information). The selection and display of specific RF attenuation settings are more
likely to be used during adjustment procedures, performance tests, or troubleshooting
procedures. In some specialized applications these capabilities can be helpful, but care
must be exercised when using them. It is possible to introduce some very subtleerrorsin
the measurements that the Noise Figure Meter may not be able to guard against.
Additional information on how to use and interpret these Special Functions is
contained in Section VIII, Service.!

Procedure To select a specific RF attenuation setting, display, or hold, key in the corresponding
Special Function code and then press the SPECIAL FUNCTION key.

. > 5 Be
S 2E | B | T2 ES| S5z
82 S8 | 52| ES| 22| ES
Special Fungtion Program s | E ﬁ § S ZE =8 LB
Code £2 | E2 =5 E£S| B3 =S
Description Code L HP-IB 3 SE  ZE 8 23 £EE &=
RF Attenuation Selection
i

Auto 60.0 RO or 60.08P N N N On On On

+20 dB 60.1 E1 or 60.18P Y N N Off Off Off

+10 dB 60.2 R2 or 60.2SP Y N N Off Off Off

0dB 60.3 R3 or 60.38P Y N N Off Off Off

—10dB 60.4 R4 or 60.48P Y N N Off Off Off
—20dB 60.5 R5 or 60.58P Y N N Off Off Off
—-30dB 60.6 R6 or 60.65P Y N N Off Off Off

Display RF Attenuator Settings
Display RF Attenuator 61.0 SE or 61.08P N N N Off Off Off
RF Attenuator Hold
RF Attenuator Hold 62.0 RH or 62.08P Y N N Off Off Off

* Table categories are explained in the Special Functions Detailed Operating Instruction.

! Section VIII, Service, is in the Service Manual, The part number of the Service Manual is on the title page of this manual,
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RF Attenuation Selection (contq)
(Special Functions 60, 61, and 62)

Exampie To select the RF attenuator hold function:

LOCAL - Code - Fanction

(keysirokes)

BB [,
RH
[program codes)

Program For HP-IB codes, refer to Procedure.
Codes
Indications When Special Function 61 is implemented, four digits appear in the left display. The

digits are either “1” (yes) or “0” (no) to indicate whether or not the corresponding 10 dB
pads and 20 dB amplifier are switched into the Input Assembly circuits (see Service
Sheet 1 in Section VIII, Service’). The first, third, and fourth digits each represent ~-10
dB (10 dB Pad No. 1, 10 dB Pad No. 2, and 10 dB Pad No. 3, respectively). The second
digit represents +20 dB (20 dB Input Gain Amplifier). To obtain the RF attenuator
setting, add the attenuation that is represented by each digit in the display. For
example, a display of “1 1 1 0” indicates an RF attenuation setting of 0 dB.

The following table lists the RF attenuation available (Special Functions 60.1 through
60.6) and the ones (1) and zeros (0) that are displayed, using Special Function 61.0.

Attenuation Special Attenuater or Amplifier
a8 Funetion
B -10 4B +20 dB -10 d8 -104d8
+20 60.1 W 1 0 ¢!
+10 60.2 g 1 1 0
0 60.3 1 1 1 0
—10 60.4 1 0 0 0
- 20 60.5 1 0 1 ¢
-30 60.6 1 0 1 1
Comments If any of the 60 or 70 series of Special Functions (except 60.0 and 70.0) are active, the

calibration sequence does not override them. Therefore, to calibrate on one range only,
use any of these Special Functions except 60.0 or 70.0. It is also true that if any of these
Special Functions are inadvertently active, the calibration sequence will not cover the
expected gain range.

Related Calibrate
Sections IF Attenuation Selection

Manual Measurements
Special Functions

' Section VIII, Service, is in the Service Manual, The part number of the Service Manual is on the titie page of this manual.

3-223

HP 89708 Mraratinn




Description

Procedure

Sequence
(Includes Special Function 35)

The sequence feature allows the user to predetermine the recall order of the storage

registers. Manual sequence (recall of registers one at a time) or automatic sequence
(continuous recall of registers) can be selected.

Ninedigits are used in a sequence. Any combination of registers I through 9is allowed.
Zeros used within a sequence are ignored.

To set the sequence (that is, the recall order}, key in 35.2 SPECIAL FUNCTION. The
register to be recalled at each step of the sequenceis displayed in turn in the left display.
If a changeis desired, enter the new register number and press ENTER. If no changeis
desired, press ENTER to advance to the next step of the sequence. After all nine
registers have been displayed, the Noise Figure Meter returns to normal measurement,
Pressing the FREQUENCY key at any time terminates setting the sequence.

To select the manual sequence mode, key in 35.0 SPECIAL FUNCTION. The
instrument steps through the defined sequence one step at a time each time the SEQ key
is pressed. When the end of a sequence is reached, it starts over.

To select the automatic sequence mode, key in 35.1 SPECIAL FUNCTION. Press the
SEQ key to start automatic sequencing. The instrument starts a continuous recall of

registers in the predetermined sequence. To stop an automatic sequence, press the SEQ
key again.

- To clear the sequence (that is, set the sequence to 000 000 000), key in 35.3 SPECIAL

FUNCTION.

To set the sequence to 1 through 9 in order, press PRESET.

Speciai Function Pregram

Code

Description Code L HP-IB 2

Lights Speetal!
Function Key
Stored in Con-
tinuoys Memory
Can be Stored
and Recalled
Spacial Function
0.9 Condltins
Preset {and HP-IB
{iear) Conditlons
Spselal Function
6.9 Conditions

Manual Sequence 35.0 | QM or 35.08P N
Automatic Sequence 35.1 | QA or35.1 8P N
Set Sequence 35.2 | QS or3528P N
Clear Sequence 35.3 | QC or 35.35P N

A A
*

77z
Z0
o l:4

538
)
©

Off Off Off

* Enables Special Function key LED to light when SEQ is pressed.
' Table categories are explained in the Special Functions Detailed Operating Instraction.
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ST AAULL

Sequence (cont'd)
{(Includes Special Function 35)

To set the register recall sequence to 1, 2,7, 2 and 5:

PR Y — Function Data Function

CEOE [

|

ENTER

LOCAL

{REVSUBKBS] ENTER

ENTER
ENTER

ENTER

HEEEEHMNEEE
HEEEHEEEE

9

STEN2EN7EN2ENSENOENOGENOQE

ITTTTTITITITITI

=

E

=

€ZD

{program codes}

on
Data

Funct
Funct
Funct

ion
fata

Funct

on
on
on
100

Code ~—j

Funet
fon
Data

Functen -——-|
Datg —t ©Q
Function ——-'

Data
[fata
Bata

Data
Funct

Funet

The program code for the SEQ key is SQ. The program code for the ENTER key is EN.
Refer to Procedure, above, for HP-IB program codes for Special Function 35.

When the Noise Figure Meter is in the manual sequence mode, pressing the SEQ key

causes the storage register being recalled to appear in the left display while the key is
depressed.

When the Noise Figure Meter is in the automatic sequence mode, the SPECIAL
FUNCTION key LED lights. Register numbers are not displayed during automatic sequencing.

Register numbers can be repeated in a sequence string.

If fewer than nine register numbers are used for a sequence string, zeros should be
entered so that the sequence always has nine digits in it.

For a list of front panel functions that can or cannot be stored and recalled {therefore,
can or cannot be used in a sequence), refer to Table 3-12, Front Panel Summary, in the
Preset Conditions and Power-Up Sequence Detailed Operating Instruction. For a list of
special functions that can and cannot be stored and recalied, refer to Table 3-14, Special
Function Summary, in the Special Functions Detailed Operating Instruction.

Preset Conditions and Power-Up Sequence
Special Functions
Store and Recall
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Operation

Sideband Selection
(Special Functions 2 and 17)

Special Functions 2.0 through 2.2 are used when external down conversion is used with
the Noise Figure Meter or Noise Figure Measurement System (Noise Figure Meter,
Noise Figure Test Set and system local oscillator). Special Functions 2.0 through 2.2
convey to the Noise Figure Meter the sideband operation (double sideband, upper
sideband or lower sideband) being used with the external down conversion. Special
Function 2.3 is used when up-conversion is employed with the Noise Figure Meter or
Noise Figure Measurement System.

Special Function 2 is used in Measurement Modes 1.1 through 1.4, 1.7 and 1.9. Special
Function 2 is optional with Measurement Modes 1.6 or 1.8. Since the user controlled
local oscillator, used in Measurement Modes 1.6 and 1.8, produces a fixed IF and is not
controlied by the Noise Figure Measurement System, Special Function 2 is optional.
However, if Special Function 3.2 (display user controlled local oscillator frequency in
Measurement Modes 1.6 through 1.9) is desired, Special Function 2 will have to be used.

In Measurement Modes 1.2 or 1.7, one of the single sideband special functions must be
selected or else an error code (E34) is displayed. The reason a double sideband
measurement cannot be made in Modes 1.2 or 1.7 is that the frequency at which the
measurement is being made is ambiguous. Therefore, one of the two single sideband
special functions must be selected and the other sideband must be filtered out after the
device under test (DUT) for a meaningful sweep. This eliminates any noise thatis added
by the DUT that may fall in the undesired sideband.

Itisin Measurement Modes 1.1,1.3,1.4,1.6, 1.8 and 1.9that the choice between single or
double sideband becomes necessary. The followin g brief description will help clarify the
choices available:

a. Special Function 2.0 selects a double sideband measurement. The measured result
is an average of the noise figure at two frequencies; in Measurement Modes 1.1through
1.4, the system local oscillator frequency plus the IF and the system local oscillator
minus the IF;in Measurement Modes 1.6 through 1.9, the user controlled local oscillator
frequency plus the IF and the user controlled local oscillater frequency minus the IF.

b. Special Function 2.1 offsets the measurement frequency to the system local
oscillator frequency minus the IF, in Measurement Modes 1.1 through 1.4. Special
Function 2.1 offsets the measurement frequency to the user controlled local oscillator
frequency minusthe IF, in Measurement Modes 1.6 through 1.9. The Noise Figure Meter
uses the ENR (Excess Noise Ratio) value of the offset measurement frequency. When
using Special Function 2.1 an external filter is needed to eliminate the unwanted
sideband.

c. Special Function 2.2 offsets the measurement freguency to the system local
oscillator frequency plus the IF, in Measurement Modes 1.1 through 1.4. Special
Function 2.2 offsets the measurement frequency to the user controlled local oscillator
frequency plus the IF, in Measurement Modes 1.6 through 1.9. The Noise Figure Meter
uses the ENR value of the offset measurement frequency. When using Special Function
2.2 an external filter is needed to eliminate the unwanted sideband.

d. Special Function 2.3 offsets the measurement frequency to the IF frequency minus
the system local oscillator frequency, in Measurement Modes 1.1 through 1.4. Special
Function 2.3 offsets the measurement frequency to the IF frequency minus the user
controlled local oscillator frequency, in Measurement Modes 1.6 through 1.9. The Noise
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Sideband Selection (contq)
(Special Functions 2 and 17)

Figure Meter uses the ENR value of the offset measurement frequency. Special
Function 2.3 is useful for frequency upconversion characterization.

Special Function 17 is only used in Measurement Modes 1.5 through 1.9. With the
exception of Measurement Mode 1.5, the measurement signal is converted twice. The
first conversion is done using an external mixer and the user controlled local oscillator.
The second conversion is done using the Noise Figure Test Set and the system local
oscillator. Special Function 17 selects a single sideband (SSB) or a double sideband
(DBS) measurement, for the second conversion (or the first conversion, in the case of
Measurement Mode 1.5). The sideband selection for the first conversion (Special
Function 2) does not have to be the same as the sideband selection for the second
conversion. And the sideband selection for the second conversion does not have to be
the same as the sideband selection for the first conversion.

For measurement signals from 10 to 2400 MHz, single sideband operation is all that is
available. For measurement signals greater than 2400 MHz, single and double
sideband operation are available.

Normally, thereis noneed to change Special Function 17. Special Function 17.0 (single
sideband) is the default. Special Function 17.0 bas been chosen for best system
performance,

The following descriptions will help to clarify Special Function 17:

a. Special Function 17.0 selects single sideband operation, for the Noise Figure
Measurement System, when the Noise Figure Test Set input frequency is greater than
2400 MHz. Step ¢ describes how to set the single sideband operation to either lower or
upper sideband. The measurement frequency is offset from the system local oscillator
frequency plus or minus the IF, depending upon how Special Function 17.2 has been set
up.

The IF into the Noise Figure Meter (the difference between the Noise Figure Test Set
input frequency and the system local oscillator frequency) is a fixed value of 450 MHz,
set by the Noise Figure Measurement System. The IF can be changed using Special
Function 19.3. For more information on Special Function 19.3, refer to the Fixed IF or
LOFrequency Selection Detailed Operating Instruction. Normally, there is no reason to
change Special Function 19.3.

b. Special Function 17.1 selects double sideband operation, for the Noise Figure
Measurement System, when the Noise Figure Test Set input frequency is greater than
2400 MHz. The measured resultis an average of the noise figure at two frequencies; the
system local oscillator plus the IF, into the Noise Figure Meter and the system local
oscillator minus the IF, into the Noise Figure Meter.

The IF (the difference between the Noise Figure Test Set input frequency and the system
local oscillator frequency) is a fixed value of 25 MHz, set by the Noise Figure Measurement
System. The IF can be changed using Special Funetion 19.4. For more information on
Special Function 19.4, refer to the Fixed IF or LO Frequency Selection Detailed Operating
Instruction. Normally, there is no need to change Special Funection 19.4. ‘

c. Special Function 17.2 is used with Special Function 17.0. Special Function 17.0
selects single sideband operation, for the Noise Figure Measurement System; Special
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Sideband Selection (contaq)
(Special Functions 2 and 17)

Function 17.2 selects either lower or upper single sideband operation. Special Function
17.21s used to enter a value from 2400 to 30000 MHz. Once the value is entered, a Noise
Figure Test Set input frequency at or below the entered value will be a lower sideband
measurement and a Noise Figure Test Set input frequency above the entered value will
be an upper sideband measurement.

The procedure is to press 17.2 SPECIAL FUNCTION,; key in the data (2400 to 30000
MHz) and press ENTER. Once Special Function 17.2 is set up, Special Function 17.0
may be keyed in, if desired. After PRESET, 2401 to 16000 MEz is lower sideband and
16000 to 26500 MHz is upper sideband.

To select Special Function 2 or Special Function 17 , key in the corresponding Special
Function code and then press the SPECIAL FUNCTION key. In the case of Special
Function 17.2, the SPECIAL FUNCTION key is pressed then data is keyed in and the
ENTER key is pressed.

Specizl Function Program
Code

]
Description Code m

Lights Special!
Fungtion Key
Stored in Cen-
tinuous Memory
Can be Stored
and Reealled
Spesial Funelion
1.0 Conditions
Preset {and HP-IB
Clear) Conditions
Spesiat Function
0.9 Condilions

Double Sideband (no 2.0 BG or 2.08P
frequency offset)

Lower Single Sideband 2.1 Blor2iSP
{measurement frequency
less than LO frequency}

Upper Single Sideband 2.2 B2 or 2.28P Y Y Y Off Off Off
{measurement frequency
greater than 1O
frequeney}

Signal Up Conversion 2.3 B3 or 2.38P Y Y Y Off Off Off
IF = Figna plus Fio

Single Sideband measure- | 17.0 B4 or 17.08P N Y Y On On On
ment for Noise Figure
Test Set input
frequencies >2400 MHz

Double Sideband 17.1 B5or 17.18P N Y Y Off Off Off
measurement for Noise
Figure Test Set input

frequencies >2400 MHz

Lower and Upper side- 17.2 CFor 17.28P N Y Y NC 16 16
band cross-over frequency GHz | GHz

Z
d
el
-
g
)
3
-
=]

et
e
et
o
3
O
=3
Q
=

! Table categories are explained in the Special Functions Detajled Operating Instruction.
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Sideband Selection (cont’d)

(Special Functions 2 and 17)

To select lower single sideband frequency offset:

T LI

- LOCAL s COGE o, Function
[keystrokes)
G [oam
B1
fprogram codes)

For HP-IB codes, refer to Procedure.

For indications, refer to the “Lights Special Function Key” column in the table in

Procedure above.

Measurement Modes
Measurement Modes 1.1 through 1.9
Special Functions

3-229
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Smoothing (Averaging)
(Includes Special Function 13)
The purpose of smoothing is to reduce jitter in both the NOISE FIGURE and

INSERTION GAIN displays. Numbers that are sent to both of these displays are
averaged before being displayed.

The Noise Figure Meter has two modes of smoothing: exponential and arithmetic
(straight averaging). The equation for exponential smoothing is:

new measurement N n-1
o t

new display = (previous display)

where n is the smoothing factor.

The equation for arithmetic is:

n measurements
n

new display =

where n is the smoothing factor.

The smoothing factor can range from 1 to 512 in factors of two. Each time the
INCREASE key is pressed, the smoothing factoris doubled (until the smoothing factor
is512). Each time the DECREASE key is pressed, the smoothing factoris halved (until
the smoothing factor is 1). A stable display can usually be obtained by increasing the
smoothing factor.

When exponential smoothing is used for a fixed frequency measurement, the display is
updated approximately five times per second for all smoothing factors. However, when
alarge smoothing factoris used, the Noise Figure Meter is slow to respond to changesin
the noise measurement when tuning from one fixed frequency to another.

Arithmetic smoothing makes the number of measurements indicated by the smoothing
factor and averages them before the result is displayed. The display is updated each
time n measurements are made, where n is the smoothing factor. With a smoothing
factor of 1, sixteen measurement updates are made each second. With a smoothing
factor of 512, the measurement update interval is typically forty seconds to one minute.

Calibration and swept measurements always use arithmetic smoothing automatically.
Either exponential or arithmetic smoothing can be selected for fixed frequency
measurements,

To display the smoothing factor, key in 13.2 SPECIAL FUNCTION. If a change is
desired, key in the new smoothing factor and then press the ENTER key.

The smoothing factor can also be changed from the front panel. Press INCREASE for
more smoothing or press DECREASE for less smoothing. Each time one of these kevsis
pressed the smoothing factor changes by a factor of two.

To select exponential or arithmetic smoothing for fixed frequency measurements only,
key in the corresponding Special Function code and then press the SPECIAL
FUNCTION key.

HP 8970R
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Smoothing (Averaging) (contq)
(Includes Special Function 13)

Procedure
3
(cont’d) - - 2w | o
% R Ee =S| =g
§8 |85 2E | Es | =% | E:s
Special Function Program Sg | E E wslEE | =8  =E
R = = = o 2B oo ™ £ o
Code =8 Bg& | 2 2SS | HE | B
- = = 2 e &= Ee g o £a &
Jescription Cade =2 | @B | 08 Hs LT | oo
Exponential smoothing mode for fixed | 13.0 | VO or 13.08P N Y N On On On
frequency measurements
Arithmetic smoothing mode for fixed 131 | V1or13.18P N Y N Off Off Off
frequency measurements
Displays and allows entry of smooth- 13.2 | AF or 13.28P N Y N NC 1 1
ing factor
' Table categories are explained in the Special Functions Detailed Operating Instruction.
Example To select exponential smoothing and a smoothing factor of 4:
Code Function Data : Fpnction

LOCAL (1 )[3][-][0] Bzﬁl#nu

(keystrokes) m ) (2) | @?E:%#;u @

\HPIB g VOF2

{program codes)

Program Program Code

(é’% Parameter m
INCREASE IN
DECREASE DE
Smoothing Factor = 1 FOor AF1IEN
Smoothing Factor = 2 F1 or AF2EN
Smoothing Factor = 4 F2 or AF4EN
Stnoothing Factor =8 F3 or AFSEN
Smoothing Factor = 18 ¥4 or AF16EN
Smoothing Factor = 32 F5 or AF32EN
Smoothing Factor = 64 F6 or AF64EN
Smoothing Factor = 128 F7 or AF128EN
Smoothing Factor = 256 F8 or AF256EN
Smoothing Factor = 512 FG or AF512EN

For HP-IB codes for Special Function 13, refer to Procedure above.

3-231

HP Ra7NR ~



indications

Comments

Related
Sections

3-232

Operation

S 4 N e

Smoothing (Averaging) (contq)
(Includes Special Function 13)

The current smoothing factor is displayed in the left display whenever the INCREASE
key or the DECREASE key is depressed.

The smoothing factor can be changed while swept measurements are in progress.
However, the smoothing factor cannot be changed during calibration.

For fixed frequency measurements, arithmetic smoothing is mainly useful in HP-IB
systems. Exponential smoothing is best for reading measurement results on the front
panel display or on an oscilloscope.

When using exponential smoothing, any time the fixed frequency changes, a number of
measurements equal to the smoothing factor is made before any results are displayed.
During this time the NOISE FIGURE display shows four dashes ( — — — — ),

In exponential smoothing, to reduce the settling fime after a large measurement
change, press the FREQUENCY key to reset the display to the current measurement
value.

Calibrate

Fixed Frequency Tuning
Special Functions
Sweep

HP 8970R
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Special Function Catalog
(Special Function 50)

Special Function 50 displays the contents of the eight line special functions catalog
either sequentially or by individual line. The catalog can be used to quickly determine
the present status of many of the special functions. For a concise explanation of the
special function catalog, refer to the Special Function Catalog Summary shown below.

Special Function 50.N displays the Special Function Catalog. 50.0 SP sequences through 8 catalog
lines. 50.1 through 50.8 SP dispiay the specified catalog line. For example:

@ @ @ @ @ Displays the N = 1 line.

The first dispiayed digit (N} is the catalog line number. Each of the digits is the suffix ofa
specific Special Function as shown in the table below,

SP Code sufixes

This dispiay indicates the
following Special Functions:

1.4,22,40,50
N 1 2 3 4  —————— Digit positions
l;é’gE SPECIAL FUNCTION PREFIXES
1 1 2 4 5 ——rmenne OGP code prefixes No= 1
Z 10/8° | 11 157 | 13
3 16 4 15 T
4 30 X 32 3
5 35 415 | 43 17
5 €0 | 70 T
7 45 26 47 48
g 28 WA 36 NZA

10—4=10.0 through 10.45P; §=9,18P; 6+ 9.28P; 7=9.33P; 8= 9.48P.
23=12.15P ;and 12.25P selected.
¢ Indicates selected analog cutput; 03 =7.0 through 7.35P; 4= 22.08P; 5= 23.05P; 6 = 24.0SP; 7 = 82.05P,

*indicates selected Systemn LLO program: 0=41.08P (HP 8350B); 2=41.25P (HP 86718/8672A)
3=41.35P (MP B673B); 4=41.48P (HP 83408); 5+ 41.58P {Custom LO program}

5 0—6=60.0 through 60.6 SP; 9=83.0SP through 63.55F

£0=Normai display; 1=80.0SP {Voitmeter Mode, Noise Source OH}; 2= 81,08P (Voitmeter Mode, Noise
Source On}.

Figure 3-41. Special Functions
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Special Function Catalog (contq)

(Special Function 50)

To select a specific special function catalog display, key in the corresponding Special

Function code and then press the SPECIAL FUNCTION key.

s | .E 5,28 5,
§5 55 Bz |zf 5% &g
Special Function Program cg | % | a5 | =8 Eg | < =
Code £ | B! E=2 | €8 F®  £8
Bescription Code SE|SE S &2 £5 | &2
Sequence through all 50.0 GO or 50.08P N N N Off Off Off
eight lines at once
Display Line 1 50.1 G1 or 50.18P N N N Off Off Off
Display Line 2 50.2 G2 or 50.28P N N N Off Off Off
Display Line 3 50.3 G3 or 50.35P N N N Off Off Off
Display Line 4 50.4 G4 or 50.45P N N N Off Off Off
Display Line 5 50.5 G5 or 50.58P N N N Off Off Off
Display Line 6 50.6 G6 or 50.65P N N N Off Off Off
Display Line 7 50.7 G7 or 50.78P N N N Off Off Off
Display Line 8 50.8 (8 or 50.88P N N N Off Off Off
' Table categories are explained in the Special Functions Detailed Operating Instruction.
To display line 2 of the special function catalog:
i (L sem—— Function

LOGAL
{keystrokes)

) I=)

[

SPECIAL
FUNCTION

(program codes)

G2

For HP-IB codes, refer to Procedure above.

When Special Function 50.01s selected, the Noise Figure Meter automatically sequences
through all eight lines, showing the status of each line for approximately one second in

the left display.

When Special Functions 50.1 through 50.8 are selected, the status of the corresponding

line is displayed in the left display until another function is selected.

Under the left display are reference characters N, 1, 2, 3, and 4. N refers to the line
number and 1, 2, 3, and 4 refer to digit positions in the display.

To read the special function catalog information via HP-IB, use Special Functions 50.1
through 50.8 and read oneline at a time. The HP-IB output format must be set to output

all three displays (HP-IB code H1 or 43.1SP).

Special Functions

HP 89708
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Special Functions

General Information. Special Functions extend user control of the instrument beyond
that normally available from dedicated front panel keys. They are accessed via
keyboard entry of the appropriate numeric code terminated by the SPECIAL FUNC.-
TION key. The codes consist of a prefix, decimal, and suffix. Special Functions are
grouped by their prefixes into five categories as follows:

Prefix

Thisinitializes selected Special Functions. Refer to Table 3-14, Special Function
Summary, for a complete listing of initialized Special Function conditions.

Prefixes 1 to 49

These are User Special Functions which are used during normal instrument
operation when a special configuration, a special measurement, or special
information is required. These Special Functions are deseribed in the Special
Function Summary, Table 3-14.

Prefixes 50 to 59

These are Catalog Special Functions and are used to display the status of
Special Function settings. Refer to the Special Function Catalog Detailed
Operating Instruction for additional information.

Prefixes 60 to 79

These are Auxiliary Special Functions which are normally used for servicing
the Noise Figure Meter. However, some of these Special Functions must be
used for manual measurements (HOT and COLD). Refer to Section VIII
(Service’), and the IF Attenuation Selection and RF Attenuation Selection
Detailed Operating Instructions for additional information.

Prefixes 80 to 9%

These are the Service Special Functions used to assistin troubleshooting an
instrument fault. The functions available are quite diverse — special internal
measurements, software control, and special service tests and configura-
tions. These Special Functions are discussed in detail in Section VIII,
Service.’

Special Function Summary Table. A summary of User, Catalog, and Auxiliary Special
Functions is given in Table 3-14. Most of the Special Functions are explained in more
detail in other operating instructions.

The “Lights Special Function Key” column indicates which Special Functions, when
active, light the SPECIAL FUNCTION key LED on the front panel.

The “Stored in Continuous Memory” column indicates whether or not the status of a
Special Function can be retained when power is removed from the Noise Figure Meter.

The “Can Be Stored and Recalled” column indicates whether or not the status of a
Special Function can be stored in an internal storage register for recall at a later time.

The “Special Funection 0.0 Conditions” column indicates the status of each Special
Function (that is, on, off, or no change) when Special Function 0.0 is selected.

" Bection VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Special Functions (contq)

The “Preset (and HP-IB Clear) Conditions” column indicates the status of each Special
Function when the front panel PRESET key is pressed (or HP-IB code PR is sent). In
addition, this column indicates default data values that are set for some Special
Functions.

The “Special Function 0.9 Conditions” column indicates the status of each Special
Function when Special Function 0.9 is selected. In addition, this column indicates
default data values that are set for some Special Functions. Special Function 0.9 is the
highest level of preset that the Noise Figure Meter has. Special Function 0.9 sets up
everything that is set by PRESET or Special Function 0.0 and more. When Special
Function 0.91s selected it doesn’t have any effect on the ENR tables or the IF calibration
data. Special Funection 0.9 does set the defaults for all Hewlett-Packard Interface Bus
(HP-IB) and System Interface Bus (SIB) addresses and the system local oscillator
programs.

To use a Special Function, key in the corresponding code, then press the SPECIAL
FUNCTION key.

To select Measurement Mode 1.1 (Special Function 1.1}

o COGE  w— Functien
LBCAL

(keystrokes) G @?Eﬁ%ﬁ‘én
L HP-15 2

{program cadss]

E1

The numeric code appears in the left display as it is being entered. Pressing the
SPECIALFUNCTION key activates the selected Special Function. Refer to the “Lights
Special Function Key” column in Table 3-14 for a list of Special Functionsthatlight the
key LED.

Calibration, Frequency

Calibration, IF Attenuators

Calibration, Input Gain Selection

Controller Capability of the Noise Figure Meter
Data Output to Oscilloscopes, Recorders and Plotters
Display Control

Display Resolution

Display Units Selection

Fixed IF or LO Frequency Selection

HP-IB and System Interface Bus {SIB) Addresses
IF Attenuation Selection

Loss Compensation

Manual Measurement Funections

Measurement Mode 1.0

Measurement Mode 1.1

Measurement Mode 1.2

Measurement Mode 1.3

Measurement Mode 1.4

HD earnh
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Special Functions (cont'd)

Measurement Mode 1.5

Measurement Mode 1.6

Measurement Mode 1.7

Measurement Mode 1.3

Measurement Mode 1.9

Noise Figure Test Set YIG Filter Calibration
Power Measurements

Preamplifier Selection

Preset Conditions and Power-Up Sequence
Programming the System LO

Programs Available to Conirol the System LO
RF Attenuation Selection

Sequence

Sideband Selection

Smoothing

Special Function Catalog

Spot ENR, Ty, Teaid and ENR Table Selection

System Interface Bus Control
Temperature Units Selection
Trigger Selection

et A RN A
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Table 3-14. Special Function Summary (1 of 15}

Operation

) = Ej =t =
- LS = & 2 =
Special Function Pragram BEIEERE LS ES £ 5
s wE w8 ioe BE S 2 i ® E References and
Code Bescription EB|gZIP=E 5B 2% | o6
. SE|SEEE|8a 83 | 2 o Comments
Name Code™ |(IEAED Sfim= 35 |0s £5 | & a
Initialize 0.0 CS | Initializesmany Special | N | — | — | — Preset Condi-
Special Functions tions and Power
Functions 0.9 — Initializesorsetsdefaults| N | N | N | — — — Up Sequence
for all Special Functions
Measurement 1.0 Eo Mode1.0(10—2047MHz N | Y | Y 1On: On On | Measurement
Mode Selection measurement) Mode 1.0
(NoiseFigure | 13 | E1 | Mode 1.1 (fixed IF: N | Y !Y |Off Off | Of | Measurement
Meter) variable freq. sys. LO) Mode 1.1
1.2 E2 Mode 1.2 (variable IF; NIY Y Off Off Off | Measurement
fixed freq. sys. LO; 88B) Mode 1.2
1.3 E3 Mode 1.3 (fixed IF; NiY | Y Offi Off Off | Measurement
variable freq. sys. LO; Mode 1.3
mixer is DUT)
1.4 E4 Mode 1.4 (variable IF; NIY |Y [Off Off Off | Measurement
fixed freq. sys. LO; mixer Mode 1.4
is DU
Measurement 1.5 E5 | Model.5{10t0 26500 N | Y | Y |Qff] Off Off | Measurement
Mode Selection MHz) Mode 1.5
(NoiseFigure | 16 | g6 | Mode16(fixedIF; varia- | N | Y | Y |Off| Off | Off | Measurement
Ié/!eaésur)ement ble user controlled LO) Mode 1.6
ystem 1.7 E7 Mode 1.7 (variable IF; N Y Y [Off] Off Off | Measurement
fixed freq. user controlled Mode1.7
1LO;8SB
18 E8 Mode 1.8 (fixed IF; vari- N | Y |Y |Off| Off Off | Measurement
able user controlled LO; Mode 1.8
mixer in DUT)
1.8 Eg Mode 1.9 {variable IF; N Y Y Of Off Off | Measurement
fixed user controlled LO; Mode 1.9
mixerin DUT.)
Sideband 2.0 BO Double Sideband N Y Y |On! On On Sideband
Frequency (no offset) Selection
Offset 21 | Bl | LowerSingleSideband | Y | Y | Y (Of Off | Of
(Fsignnl < FIJO)
2.2 B2 Upper Single Sideband Y| Y Y (Off Off Off
Figna > Fro)
2.3 B3 Signa] Up Conversion Y | Y Y Offf Off Off
IF = Fepa + Fro

*Most Special Functions can be programmed using either the code number followed by SP or the HE-TB Code.

N =Ng; Y= Yes; NC = No Change; — = Not Applicable
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Table 3-14. Special Function Summary {2 of 15]

= £ %2z
ELs2p 158 £ | 52
Special Function Program RS ELEE B =8 - References and
Code Description £ '§ S S= 23| B | 3 c :mf:zta“
Name Cote* |@IED) SEZE 88 88 £8 | &2 amiments
Enter IF and 30 IF IF {for Modes 1.1 & 1.3) NI Y | Y |NCBMHz30MHz FixedIForLO
LO¥requencies {for Modes 1.6 & 1.8) 3500 ; 3500 | Freguency
MHz | MH2z | Selection
31 LF | LO(forModes1.2&1.4) | N | Y | Y [NC|10000 ! 10000
MHz | MHz | Measurement
{for Modes 1.7& 1.9) 44000 | 44000 | Modes, Special
MHz | MHz | Function 1
3.2 UL | Display the User Con- N |N|N IO Off Off
trolled LO Frequency in
Measurement Modes 1.6
through 1.9
Control 4.0 | none | Normal Talker and N |Y N |NC| NC On | Controller Cap-
Function 412 — | Listener —_— e | e b — —_ ability of the
Selection 42 | none | Talk Only N | Y | N INC| NC | of | NoiseFigure
ENR, THOT 5.0 S0 : Use ENR Table N|Y'!Y On; On On | Spot ENR, Tuor,
Settingsand | 51 | S1 | UseSpotENR Y | Y | Y Offf Off | Off |TcooandENR
DNRTable | 55 | SE | DisplayCurrentENR | N | N | N |0ff| off | og | TableSelection
Selection indB
53 | NR | EnterandUseSpotENR | N | ¥ | Y |NC 15.2dB|15.2dB
5.4 TH | Enter and Use THOT N | Y | Y INC| 9893K | 9893K
55 | SN | Enter Noise Source N |Y |NI|NC| NC | NC
identifier
56 | NS | NoiseSource catalog N NI N |NC NC NC
5.7 EC . ENR table number for N|Y:!Y NC| ¢ 0
. calibration
58 | EM | ENR table number for N|Y Y |NC| o 0
- the measurement
TCOLD 6.0 TC  Enter TCOLD N | Y | Y |NC 296.5K |296.5K | Spot ENR, Txor,
Setting Teorn and ENR
! Table Selection
Output to 7.0 A0 | Noise Figure and Gain NIYIN On| On On | Data Qutputto
Oscilloscope 71 | Al | TestPattern N |Y | N IOfff Off | Off | Oscilloscopes,
72 | AZ | Noise Figure Only N | Y [N |off off | og |Becordersand
7.3 A3 | Gain Only N|Y | N|Offf Off Off
7.4 AB Cursorenabledforoscil- | N | Y | N |On| On On
loscope display
75 A9 Cursor disabled foroscil- | N | Y | N |Off Off Off
loscope display
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y = Yes; NC= No Change; - = Not Applicable

1Special Function 4.1 is no longer used, Refer to Special Function 46,
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Table 3-14. Special Function Summary [3 of 15)

uperation

= £ | 22 <
= L OB |y ]| Be ,,,.S E o
£285EsE5 SE | ES
Special Funttion Pragram %5 § =28 "_“_;'g =3 %g References and
Code Description £gigeie=28 8% | 29 Comments
Name Code* |{ZENT) S| BESE ba £8 | 89
Enter 81 NL | Noise Figure Lower N|Y Y [NC 0 0 Data Qutput to
Oscilloscope Limit Oscilloscopes,
Limits . . Recorders and
8.2 NU ﬁc;s_e Figure Upper N Y |Y NC 8 8 Plotters
it
8.3 GL | Gain Lower Limit NI/ Y|Y |NC| o ¢
8.4 GU | Gain Upper Limit N|Y Y INC| 40 40
Power 91 N5 | SOURCE Off (ancal) NiY Y  Off Off Off | Power
Measurements | g5 | Ng | SOURCE On (uncal) N | Y |Y  |off| o | of |Measurements
9.3 N7 | SOURCE Off (cal) N | Y | Y |Offf Off Off
9.4 N8 | SOURCE On (caD N |Y|Y |Ooff] Off Off
Noise Figure 10,0, NO | FdB N|Y Y I!On!| On On | Display Units
DisplayUnits | 101 | n; | F N |Y|v offf off | of | Selection
162 N2 | YdB NI1Y | Y |Offf Off Off
03| N3 | Y NIY | Y Off Off Off
104 | N4 | TeK NIY |Y |Of Off Off
Select Noise 11.0 D¢ | K NIY|Y |Onf On On | Temperature
Source Temp. o . Units Selection
Units for Data 11 b1 C N Y| Y of off Off {Also see Special
Input 112 D2 °F N Y v Oﬁ Off Off Functions 5.4,
6.0 and 34.3)
Display 120 ! X0  Maximum Resolution NIY | N !Onl On On | Display
Resolution 121 | X1 | Less Res. on Noise N | Y |N|og off | og | Resolution
Figure
122 | X2 | LessRes.onGain N | Y !IN Offf Off Off
Smoothing 13.0 Vo Exponential Smoothing | N | Y I N |On! On On | Smoothing
(Averaging) | 131 | V1 | ArithmeticAveraging | N | Y | N |off| off | o | (Averaging)
13.2 | AF | Smoothing Factor N|Y | N |NC 1 1

*Most Special Functions can be propgrammed using either the code number followed by SP or the HP-IE Code.
N=No; ¥ =Yes; NC = No Change; — = Not Applicable

HP a70R
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Table 3-14. Special Function Summary [4 of 15)

= |E | %g =
£2/55(B5 EE =5 | g%
. . Ex T 22 0% S8 ==
Special Function Program Ge|ESaE S| E3 | &8
- w=lwiige BE <= | B References and
Code Description £/ 22255 8% | T Comments
Name Code* |{TAT) SEEES288 £8 | 22
Manual 141 ¢ MC | Cold Measurement NIY|Y [Offi Off Off | Manual
Measqrement (SOURCE-off Measurement
Functions 14.2 | MH | HotMeasurement N |Y|Y|o# off | of | Functions
(SOURCE-on)
14.3 | €CC | Cold Calibration N Y Y |Off] Off Off
(SOURCE-off)
144 | CH | HotCalibration NIY | Y Offf Off Off
(SOURCE-on)
15.0 PO Display Current NIN|Y |On On On
" Measurement
15.1 P Digplay Manual Y NIY Off: Off Off
Measurement Results
Display 16.0 | DF | Measurementfrequency N | Y | Y |On| On On | Display Control
Control is displayed in left
window.
16.1 DI Input to Noise Figure N | Y |Y |Offf Off Off
Meter (Modes 1.0 through
1.4) or Noise Figure Test
Set (Modes 1.5 through
1.9) displayed.
16.2 | BF | Frequencydisplayis NIY | Y IOff]| Off Off
blanked.
16.3 | BA | Alldgisplays are blanked. Y Y Off Off Off
Sideband 17.0 B4 Single Sideband N|Y|Y {On| On On | Sideband
Frequency Operation (Modes 1.5 Selection
Offset through 1.9)
171 B5 | Double Sideband NI{Y Y |Off Off Off
Operation (Modes 1.5
throngh 1.9)
17.2 CF | Upper and Lower side- N|Y | Y |NCI16GHz |16 GHz
band crossover
frequency selection
Noise Figuare 19.2 52 Internal IF for SSB2 N | Y Y NC| 700 700 | FixedIForLO
Measurement MHz | MHz | Frequency
System 19.3 | S3 | Internal IF for SSB3 N ! Y |Y |NC| 450 | 450 | Selection
Internal IF MHz | MHz
19.4 S4 Internal IF for DSB N Y ! Y [NC25MHz[25MHz
19.5 S5 Display Noise Figure N | NIN|NC| NC NC
Meter input freguency
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y= Yes; NC = No Change; — = Not Applicable
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Table 3-14. Special Function Summary (5 of 15)

perauoil

=  E | Fg s
S cEBwBE SE e
. . fxoa 88 58 =B 5=
Special Function Program Sg EE»EEE S5 =%
L e =B e8iws T2 | S References and
Code Description £8 2E212=/88 E% | 85 Comments
Name Code” | (CEETD SZEEISEES £8 | &8
Recorder 20.0 | LL | GotoLower Left N N |N|Of Off Off | Data Outputto
Functions 210 | UR | Goto Upper Right N |N | N offf o | of | Oscilloscopes,
Recorders and
22.0 Ad Plot Noise Figure N ;Y | N Of Off Off | Plotters
23.0 | A5 | PlotGain N, Y | N Offf Off Off
240 | A6 | X-AXISOutputisNoise | N | ¥ | N [10Off| Off Off | Data Outputto
Figure and Y-AXIS Oscilloscopes,
Gutput is Gain (Strip Recorders and
Chart mode) Plotters
Plotter 25.0 | PA | Plotgrid and data N | N | N Offf Off Off | Data Qutputto
Functions 2.1 | PG | Plotgridandaxeslabels | N | N | N |off| o | off | Oscilloscopes,
Recorders and
252 1 PD | Plotdataonly N | N | N |[Of Off Off | Plotters
253 | NP | Selectnoisepennumber | N | N | N [NC 1 1
254 | GP | Selectgainpennumber | N | N | N |NC 2 2
255 | WT | Selectplot name N|N|N|NC|, #HP HP
8970B | 8970B
Noise | Noise
Figure | Figure
Meter | Meter
Trigger 30,0 | TC | FreeRun NiN N|On| On On | Trigger Selection
Selection 301 | T1 | Hold N | N | N|off| Ooff Off
30.2 | T2 | Execute NIN N |Of Off Off
Frequency 31.0 | YO0 | Automatic N{N|N|On| On On | Calibration,
Calibration Frequency
311 Y1 Disable Frequency Cal NiN | N |Of Off Off
312 | Y2 | Perform!FrequencyCal | N | N | N |Off, Off Off
Input Gain 32.0 Co 20,10 and 0 dB N NIN|(Onf On On Calibration,
Calibration | 591 | 3 | 10,0 and—10dB Y NN |of| off | off | mpuiGain
3221 C2 | 0,—10and—20dB Y |NI{N|Of Off Off
323 C3 | -10,—20and—304dB Y N N |Offi Off Off

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.

N =No; Y = Yes; NC = No Change; — = Not Applicable

HP 0701
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Table 3-14. Special Function Summary (6 of 15)

b RS NS

. = E -4 =
= =S(a % w & 8 '-E 2]
— sS8558E5 23 | E£
Special Function Program A5 ETINEEE S8 3
- eSwEledEE = E S References and
Code Bescriptian EB|PeIPE IS 2% 28
* DE | SE ES 8 2B 2 en Comments
Name Code” QLA SEp= S8 es a5 | Bo
IF Attenuators | Seefootnote | Calibrate IF Attenuators | N . Y | N (Off | Off Off  Calibration, IF
Calibration below’® Attenuators
Loss 34.0 1o Off N|Y N |Onl On On | Loss
Compensation | 341 L1 On YIY | NIOfF| Of off | Compensation
34.2 LA | Enter Loss before DUT N | Y |N |NC|0dB | 0dB
indB
34.3 LT | Enter Temperature of N|YIN NC| 0K 0K
Losses
344 LB | Enter lLossafter DUT N Y :N:NC| 0dB | 0dB
indB
Sequepce 350 QM | Manual NI/ N N |On} On On | Sequence
Functions 351 QA | Automatic N*| N | N |Off] Off | Off
352 QS | Set N|Y |N|NC 1-9 | 1-8
353  QC | Clear N | N | N IOff| Off Off
Noise Figure 36.0 FT | EnableFine Tuning N:{!Y Y | On| On On | Noise Figure
Test Set YIG Calibration before Noise Test Set YIG
Filter Fine Figure Measurement Filter
Tuning System Cal. (Error E28 Calibration
Calibration enabled.)
36.1 FD | Disable Fine Tuning NIiY|Y |Off: Off Off
Calibration before Noise
Figure Measurement
System Calibration is
done.
36.2 FW | Disable Fine Tuning Y | Y | Y |Offf Off Off
Calibration before Noise
Figure Measurement
System Calibration is
done. Also, exrror twenty-
eight is disabled.
36.3 PF | Perform a Fine Tuning N N | N IOffI Off Off
Calibration from START
FREQ to STOP FREQ
and enable Special
Function 36.1.
364 FF | Enable a Fine Tuning N N |NI|Of Off Off
Calibration at the
current frequency
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y =Yes; NC = No Change; — = Not Applicable

IF Attenuators Calibration; Special Function 33.1 (HP-IB Code CT}. IF 8pecial Function 33.1 is used, the gair accuracy specification will be
degraded from €.15 @B to a typical value of 0.25 dB. For more information, refer to the Calibration, IF Attenuators Detailed Operating

Instruction.

*Enabies Special Function Key LED to light when SEQ is pressed.
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Table 3-14. Special Function Summary {7 of 15)

=_ |52 s
SzsEzge 5t
) ) Ex|SBI B2 52 2T | 5=
Special Function Program S| ECIBEES E8 £ E References and
Code Bescription £ BE2=|88 EF | ES Comments
Name Code* | {TET) SEGESESS £8 | &3
Interpolated 38.0 1 DG | Disables interpolated N Y | Y NC| O On | Calibration
Measurements measurements in Meas-
urement Modes 1.5t0 1.9
39.1 | EG | Enablesinterpolated NIY | Y INCI Off Off
measurements in Meas-
urement Modes 1.510 1.9
HP-IB and SIB | 40.0 | none | DisplavandEnterNoise | N | Y | N {[NC! NC 8 HP-iIBand SIB
Addresses Figure Meter Address Addresses
40.1 | EA | Display and Enter Sys. N|Y N |NC| NC 19
LO Address
40.2 { HT | Displayand FnterNoise | N1 Y | N INC| NC 10
Figure Test Sei Address
40.3 | HP | Display and Enter N|Y | N NC! NC 5
Plotter Address
40.4 | HS | Display and Enter Sys- N|Y | NINCI NC 8
tem Interface Bus
Address
40,5 | HC | Display and Enter the NIY N |NC NC 16
Pass Control Address
40.6 | PT | Display and Enterthe N|Y NI|NC, ¢ 0!
Address of the Pass
Through Device on the
System Interface Rus
40.7 | VP | Display the Pass N N | N |NCI NC NC
Through Address of the
Noise Figire Meter
System LO 410 | JO HP 83508 Sweep NI Y| N NC| NC On | Programs
Programs Oscillator Availabie to
42| J2 |HPS67IB/8672ASyn. | N | Y | N INC| NC | off g"nt‘;f ol gg
Sigmal Generator ystem
41.3 J3 HP8673B/CSyn.Signal | N | Y | N |NC| NC Off
(Generator
41.4 J4 HP 8340B/8341BSweep | N ! Y | N |Off | Off Off
Oscillator
41.5 J5 Custom Local Oscillater | N | Y | N (Off! Off Off
*Most Special Functions can be programimed using either the code number followed by SP or the HP-1B Code.
N=No; Y =Yes; NC = No Change; — = Not Applicable

'Also, Pass Through Mode is disabled.
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Table 3-14. Special Function Summary (8 of 15)

111 ooIvLD

== 2 E 2 £
— - = o = Se
§2 5Bz 2L I  EE
i i = =S5 |EE| ES =
Special Function Pragram . &g 5 “ &3 Eg =3 g-g References and
Code Description EE(ESEZ B3 8% | B8 Commenis
Name Code” |(IXT) SEBES5 88 £8 | B2
System LO 42.0 | AC | Auxilliary Commands NIiY | Y [NC| NC t] Programming
Commands | 451 | PS |CWPrefixandSuffix | N | Y | N INC| NC cw,Mmz| the System LO
422 ¢ TM | Settling Time in ms N!Y|N |NC|/ NC 680
42.3 | MN | Min Frequencyin MHz N!Y N NC/ NC 2000
424 | MX | Max Frequency in MHz N Y !N |NC| NC [26500
425 | PL | Powerlevelin dBm N|Y|Y INCi NC |6dBm
426 | PC | PowerPrefixandSuffix | N | Y | N [NC| NC NC
(Special Function 41.5)
427 | FC | Frequency Prefix and NJ|]Y N |NC| NC NC
Suffix (Special Funetion
41.5)
HP-IB Data 43.0 | HO | NOISE FIGURE Only NIN|N|Oe| On On | Referto Remote
Output . , Operation,
. 43.1 H1 Frequency (leftdisplay), | N | N | N |off| O Off
Selection INSERTION GAIN, ?Ii:rj;tthgckard
NOISE FIGURE ntertace bus
43.2  H2 | Sendgainreferenceand | N | N | N |Off! Off Off
second stage temperature,
while calibrating,
Service 440 | Q0 | DisableSRQCapability | N | N | N |0#! Off Off | Referto Remote
Request {clears all enabled Operations,
conditions}) Hewlett-Packard
441 Q1 |EnableDataReadyto |N |N | N |Off| off | og | [nterfaceBus
cause an SRQ
442 | Q2 | EnableCalCompleteto | N | N | N (Off| Of Off
cause an SRQ
443 | Q3 Enable HP.IB Code NIN|N | Onl On On
Error to cause an SRQ
444 | Q4 | Enable SRQonthe N[N |N|Of Off Off
System Interface Bus
445 Q5 Enable System Interface | N { N | N [Off| Off Off
Bus contrel active
446 Q6  EnableInstrumentError | N | N | N |Off| Off Off
to cause an SRQ
44.7 | BRM | SetStatus Byte Mask NININ 4 4 4
*Most Special Functions can be programmed using either the code number followsd by 8P or the HP-IB Code.
N = No; Y= Yes; NC=No Change; — = Not Applicable
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— g mm——————

= z 22 =
Ez B e E2EE S
— 5232 SBESE ES
Special Function Pregram SSIET SFCT EE T F
- welelie8lesS 22w S References and
Fode Descriptian EE|EE E=E33| 85 S S Comments
Name Code” |€TNT) SZEE SRR EE 8
Service Request | 44.8 Q8 Enable ExtendedStatus | N | N | N [Off | Off | Off
(cont’d) Byte
449 | RE Set Extended StatusByte! N | N | N | © 0 8]
Mask
Noise Figure 45.0 | TE | EnableNoiseFigureTest| N | Y | N INC| NC | On | System Interface
Test Set Contrel Setin Modes 1.5 — 1.9 Control
451 ] TS | EnableNoiseFigureTest! N | Y | N INC | NC | O
Set on 8IB in all Modes
452 | TD | Disable Noise Figure N | Y | N |NC|NC Off
Test Set on SIB
System Local 46.0 | LE Enable LO on SIB N | Y N |NC|NC | On | SIRControl
Qscillator
Control
46.1 | LD | Disable LO on SIB NI|]Y | Ni{NC|NC off
Plotter and 47.0 PI Plotteris on SIB NI Y NC | NC | On | Data Qutputto
HP 8757 Scalar Oscilloscopes,
Analyzer Control Recorders and
on SIB Plotiers and
SIB Control
47.1 | PM | Enable plot datatobe N Y | N |NC|NCI|Off
read on HP-IB .
472 | ZP | EnableScalarAnalyzer | N | N | N (Oni Cn | On
commands on SIB
47.3 | ZQ | DisableScalarAnalyzer | N | N | N |Off| Off | Off
commands on SIB
47.4 ZR | Display andenterScalar | N | N | N INC| 16 16
Analyzer SIB address
475 Zs Enter measurement N N |NINC| 0 ¢
frequencies per Scalar
Analyzer display refresh
SIB Controller 48.0 | 8C | Noise Figure Meteris N|]Y | N INC: NC . On |SIBConirol
System Controller or SIB
48.1 | NC | NoiseFigureMeterisnot | N | ¥ | N (NC| NC | off
System Controller on STB
482 | DC | Disable controller colli- N | Y { N INC| Off | Off
sion, on SIB, error (K48} |
*Most Special Fugctions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y=Yes; NC=NoChange; — = Not Applicable

HFP 8970B
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Tabie 3-14. Special Function Summary (10 of 15)

4Lk OO UL

= = ﬂf ®2 =
I LS Sl a 2 =
Special Function Pragram a5 EEBswE 58§ | £F
- o= =l z22E8 = | =5 References and
Code Bescription EEIEECE S5 8% | g8 Comments
Name Code* | QENT) SEBESESS! £8 | &2
Sharing 49.0 | DP | Disable Auto Pass NiY | N |NCH NC On | System Interface
Control on the Control on the System Control
System Interface Bus
InterfaceBus | 491 | gp | Enable Auto Pass N|Y|N|NC NC | of
Control on the System
Interface Bus
49.2 | CR | Noise Figure Meter N N | N |NCI NC Off
releases control of the
System Interface Bus
493 | CT | NoiseFigureMetertakes | N | N | N INC NC Off
control of the System
interface Bus
494 | SB | NoiseFigureMeterdoes | N i N | N NC| NC Off
a serial poll on the
System Interface Bus
495 | DD | Enablea selectivedevice | N | N | N |Off Off Off
clear of the Pass Through
Device on the System
Interface Bus
496 | DS | Enableadeviceclearon | N | N | N [ Off Off Off
the System Interface
Bus, if the Noise Figure
Meter is the active
controller
49.7 I8 Enable an interfaceclear | N | N | N |Off | Off Off
on the System Interface
Bus, if the Noise Figure
Meter is the system
controller
Special 50.0 GO Scan Special Function NIN N IOf Of Off | Special Function
Function Catalog Lines Catalog
Catalog 501 | Gl | Linel Status N |N | N of| of | of
502 | G2 | Line?2Status N I|IN | N|Off Off Off
50.3 i G3 | Line3Status NININ |Of Of Off
504 | G4 | Line4 Status N N N Ooff| Off Off
50.5 G5 Line 5 Status N|N I N Of Off Off
*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=0No; ¥ = Yes; NC= No Change;, — = Not Applicable
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Table 3-14. Special Function Summary {11 of 15)

Uperation

= |E %2 g
E-eE2|B. B8 == | B
gx w252 ES BE | 52
Special Function Program Ec ESFE L8| 58 | £
. sSimB e85 =2 | ©5 References and
Code Description EB|ESCEIES 8% G Comments
Name Code™ | GAEY SE ZE 85|88 £8 22
Special 506 | G6 | Line§ Status N |N | N lofg| of | Of
Funection .
Catalog 50.7 1 GT7 | Line7 Status N N | N IOff] Off Off
{cont’d) 508 | G8 | Line8 Status N IN I N [Off| Off Off
RF Attenua- 60.0 RO Auto NIN|N O On On | RF Attenuation
tion Selection 60.1 Rl +904dR Y NIN O Of OFf Selection
60.2 | R2 | +10dB Y | N N |Offi Off Off
60.3 0dB Y | N | N |Offf Off Off
604 | R4 ~10dB Y | N | N [Offi Off Off
60.5 -20dB Y { N | N Offf Off Off
606 ¢ R6 | —30dB Y I N | N Off] Off Off
Display RF 61.0 | SR | DisplayRF Attenuators | N | N | N 10ff| Off Off | RF Attenuation
Attenuator Selection
Settings
RF Attenuator | 62.0 | RH | RF Attenuatorsareheld | Y | N | N [Off | Off Off | RF Attenua-
Hoid in the configuration that tion Selection
exists when Special Fune-
tion 62.0 is activated
Individual RF | 63.0 Z0 Select RF through Path Y | N | N |Of Of Off | RF Aitenuation
Attenuator Selection
Selection 63.1 Z1 feiect 10dBPadNumber | Y | N | N |Off; Of Off Refer to Section
VIII, Service!
63.2 Z2 Select 20 dB Input Y N | N Off Off Off
Amplifier
63.4 Z4 Select 10dBPad Number | ¥ | N | N (Off| Off Off
2
63.5 Z5 Select 10dBPad Number | Y | N | N [Off| Off Off
3

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IB Code.
N=No; Y= Yes; NC=No Change; — = Not Applicable

1Section VIIL, Service, is in the Service Manual. The part number of the Service Manual is on. the title page of this manual.

HP RAa7NR
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Table 3-14. Special Function Summary [12 of 15)

- l.2l_ |E. %t 5.
s5 855585 2% | EE
Special Function Program og|=% #EIZE S& | =8 References and
Code Description £E|E8 52 S5 BT 88 Comments
Name Code* | CRXT) S2IZESEES £ 22
Noise Figure 640 @ CP | Enableacoarsecalibra- | N | N | N [NC! NC Off | Noise Figure
Test Set YIG tion of the Noise Figure Test Set YIG
Filter Coarse Test Set Filter
Calibration | g4 | cU | Selects the upper N | N[N |NC NC | og | Calibration
frequency of the Noise
Figure Test Set
IF Attenuation | 70.0 Ic Auto NIN N {Onl On On | IF Attenuation
Selection 70.1 n 0db Y IN | N ol of Off Selection
70.2 12 5db Y | N | N Offi Off Off
70.3 I3 10db Y | N | N IQf| Off Off
70.4 I4 165db Y | N | N [|Off| Off Off
70.5 1) 20db Y | N | N |Of| Off Off
70.6 16 25db Y | N | N |Of| Off Off
70.7 I7 30 db Y N | N Off Off Off
70.8 18 35db Y | N | N [Offf Off Off
Display IF 71.0 SI Display IF Attenuators | N | N | N [Off | Off Off | IF Attenuation
Attenuator Selection
Settings
IF Attenuator | 72.0 1H IF Attenunatorsareheld | Y | N | N |Off| Off Off | IF Attenuation
Hold in the configuration that Selection
exists when Special Func-
tion 72.0 is activated
Voltmeter 80.0 | VC | Noise Source Off Off| Off Off | Refer o Section

Mode

81.0 | VH | NoiseSourceOn Off | Off Off VIIL, Service!

Recorder Test | 82.0 A7 Enable Recorder Test
Functions 821 | XV | X-AxisTest
822 | YV | Y-AxisTest

Off | Off Off | Refer to Section
NC 0 0 VI, Service!

NC

22 ZzZ |2 =z
2 72 2 | o
ZZ 2 |4

*Most Special Functions can be programmed using either the code number followed by SP or the HP-IR Code.
N No; Y= Yes; NC = No Change; — = Not Applicable

1Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual,
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Table 3-14. Special Function Summary {13 of 15)

- g %f a2 =
= - =el 2 Zew
Special Function Program Sz E|25|SE &8 | =% References and
Code Bescription £% 83|5= 83 g?_‘;‘ E8 Comments
Name Code” | CTRED SE ZE|SE|8a| £ | 23
Keyhoard Test | 90.0 | KY | Display Key Codes N N N Of| On Off | Refer to Section
. VIII, Service!
80.1 K1 Key Test—Row 1 NI|N|N|Of| On Off
90.2 1 K2 | KeyTest—Row 2 N{iN NI|Of; On Off
903 | K3 | KeyTest—Row3 NININIOf On Off
90.4 K4 Key Test-—Row 4 NN NIOf On Off
90.5 K5 | Key Testi—Row 5 N|N|N . Of On Off
806 i K6 | KeyTest—Row#8 N IN{|{NIOf{ On Off
90.7 K7 Key Test—Row 7 NIN|NI!Of On Off
908 | K8 | KeyTest—RowS§ N N !N |Off On Off
Display Test 91.0 | DT | Enable Display Test NIN| N Of| Off Off | Refer to Section
VIII, Service?
0 MHz Hold 92.0 vue | Off NIN|N|{On| On On | Refer to Section
921 | Ul | On Y | N|Y |og| o | of | VHL Service
RAM 93.0 Al Sets the address for N N | N |[NC| Cal Cal | Referto Section
Inspection/ modification or inspec- Data | Data | VIIi, Service!
Modification tion and enables auto-
or ROM increment mode
%fif.z?m“ 93.1 | AD | Sets the address for N | N !N |NC| Cal | Cal
Ties modification or inspec- Data | Data
i tion and disables auto-
increment mode
93.2 - MB | Selects modification or NINI|NI|Of Of Off
! inspection of a byte in
RAM or inspection of a
‘ bytein ROM
933 . MW | Selects modificationor | N | N | N |0ff| of | Of
! inspection of a word in
RAM or inspectionof a
word in ROM
93.4 | MF | Selects modification or N | NIN|Of Of Off
inspection of a floating
point value in RAM or
inspection of a floating
point value in ROM

*Most Special Functions can be programmed using either the code number foliowed by SP or the HP-IB Code.
N = Ne¢; Y = Yes; NC = No Change; — = Not Applicable

'Section VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual,
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Table 3-14. Special Function Summary {14 of 15)

m—— A

EzsElzg g & 2| gz
Spesial Function Program c;% = ;’: = ‘%% e -gi- c.% =2
B g . 2= 282288l T2 = E References and
Code Description =E2.ES2S 80 €| B0
Nams Code* m SZSE SEES £ 2 S3 Comments
Noise Figure 94.1 —_ Disable hysteresis cali- NI IN|N|Of Off Off | Referto Section
Meter YIG bration when frequency VIII, Service!
Filter Tuning is changed
Functions 94.2 | EH | Enablehysteresis cali- NIN N /On!l On On
bration when frequency
is changed
94.3 — YIGDACisnotupdated | N | N | N |Of Off Off
when frequency is
changed
944 | UY ' YIGDACis updated N N NIOnl On On
when frequency is
changed
Default ENR 95.6 | ND | Seteall ENR values to N |N|NIOf] Off Off | Referto Section
15.20 dB and Noise VIII, Service’
Souree ID No. to 00000
User Con- 96.0 — Disables LOcommands | N | Y | N NCi NC On | System Interface
trolled LO on the System Interface Bas Control
Functions Bus (SIB).
96.1 — Enables LO commands N | Y |N|NC| NC Off | System Interface
on the SIB. Bus Control
96.2 — User Controlled LOSIB | N | Y | N NC| NC 20 HP-IB and SIB
Address Addresses
96.3 — User Controlled LO N|Y | NINC| NC 0 Measurement
Program; 0O=same used Modes 1.6-1.9
by system LO; Comments
1=custom LO program section
Debug 97.1 Y9 | Enablesdebug N N | N |NC Off Off | Refer to Section
Oscilloscope oscilloscope plots VIII, Service'
Plots 972 | Y8 | Disabledebug N|N N(NC| On | On
oscilloscope plots
Noise Figure 973 | DA | Disable auto-sweep NI Y |Y Oofff o Off | Refer to Section
Test Set abort, error £102. VIII, Serviee!
Functions . .
974 - Reset Noise Figure Test N IN | N |Of Of Off | Refer to the
Set YIG Filter Heater. HP 8971B
Service Manual
*Most Special Functions can be programimed using either the code number followed by SP or the HP-IE Code.
N=No; Y=Yes; NC=No Change; ~ = Not Applicabie

"Sectior: VIII, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Table 3-14. Special Function Summary {15 of 15)

perdiuivil

= BB B8 E= | T2
i i gx 02 5252 22 | 52
Special Function Program R .Ef %3 >EES =B References and
Code Description 23 B2 £ 53 2% | g8 Comments
Name Code” | GIEDD S ZESERES| &8 | &2
Hewlett- 98.1 — Enable HP-IB and SIB N | N | N |Of| Off Off | Refer to Section
Packard test VIII, Service!
Interface Bus
and System
Interface Bus
Test
Noise Figure 98.2 — Enable RAM test. N | N | N |Off| Off | Off | RefertoSection
Meter RAM VIII, Service!
Test
Noise Figure 98.7 - Enable NoiseFigureTest | N | N | N [ Off | Off Off | Referto Section
Test Set Self Set Self Test VIII, Servicel
Test
Last Error 99.1 | ER | Recalllasterrorissued N NI N |Of Off Off | RefertoSection
VIII, Servicel
Noise Figure 99.7 -— Display Noise Figure N N | N |Offi Off Off | Refer toSection
Test Set Test Set Frrmware VI, Service!
Firmware Datecode
Datecode
Noise Figure 93.9 1 SD | Display Noise Figure N | N | N  Off Off Off | Refer to Section
Meter Meter Firmware VIII, Service!?
Firmware Datecode
Datecode

*Most Special Functions can be programmed using either the code nurmber followed by SP or the HP-IB Code.
N =No; ¥ = Yes; NC = No Change; — = Not Applicable

18ection VIIL, Service, is in the Service Manual. The part number of the Service Manual is on the title page of this manual.
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Spot ENR, Thot, Tcoid and ENR Table Selection

(Special Functions 5 and 6)
Description Special Functions 5 and 6 perform the following functions:

a. Special Function 5.0 enables use of the ENR (Excess Noise Ratio) data that was
previously entered (refer to the ENR Table Entry Detailed Operating Instruction). This
function disables spot ENR. (Spot ENR can be re-enabled using Special Function 5.1).

b. Special Funetion 5.1 enables use of the previously entered spot ENR value (refer
to Special Function 5.3). The ENR table is disabled and the single spot ENR value will
be used at all frequencies. (The ENR table can be re-enabled using Special Function
5.0).

¢. Special Function 5.2 enables the current value of ENR being used by the instru-
ment to be displayed,

d. Special Function 5.3 enables entry and use of a spot ENR value. The allowable
values for spot ENR range from —7 to +17 dR.

e. Special Function 5.4 enables entry and use of Tue. Some noise sources are speci-
fied in terms of Tu instead of ENR. The allowable values for Tu.: (in Kelvins) range
from 0 to 14824. The equation to convert Th (in Kelvins) to ENR is:

ENR = 10 log (T1x/290 —1)

f. Special Function 5.5 enables display and entry of the noise source identifier. Up to
five digits, within the range of 0 to 60000 can be used to identity the noise source. For
example, the serial number of the noise source for which the ENR table data was
entered can be used.

g. Specizl Function 5.6 enables display of the noise source catalog. The noise source
catalog special function allows the user to examine each of the ENR tablesg; the usger is
able to see how many entries are in each table.

h. Special Function 5.7 allows display and entry of the ENR table that will be used
for calibration. Tables 0 through 4 can be selected for a calibration. Special Function
5.7 is useful in Measurement Modes 1.3, 1.4, 1.8 and 1.9, where two noise sources may
be required.

1. Special Function 5.8 allows display and entry of the ENR table that will be used
for a measurement. Tables 0 through 4 can be selected for the measurement.

J. Special Function 6.0 enables entry of a value for Teald. Thet and Tews are used for
hot/cold manual measurements. The allowable values for T (in Kelvins) range from
0 to 9999,

Procedure To enable use of the ENR table data or spot ENR data, or to display the current ENR or

noise source catalog, key in the corresponding Special Function code and then press
the SPECIAL FUNCTION key.

To display and enable entry of spot ENR, Tua, Teoq, the noise source identifier, the ENR
table number for calibration or the ENR table number for a measurement, key in the

corresponding Special Function code and then press the SPECIAL FUNCTION key.
Next, enter the appropriate value using the DATA keys and press ENTER.
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Spot ENR, Thot, Teold and ENR Table Selection (contaq)

Procedure
(cont'd)

Example

Program
Codes

) HP-15 2

Indications

HP 8970B

(Special Funciions 5 and 6)

o - ] e
TxltE|s. Tz 25|
BES/Ss 52 EE2 T ES
Special Function Pragam | S | ET (B8 <5 | S5 =3
me | =% FE 22 35 33 &5
Description Cote | (Y |SE|SE S5 |22 £8 22
Use ENR Table Data| 5.0 | S0or5.08P N Y Y On On On
UseSpotENRData | 5.1 [Sior518P| Y Y Y Off Off Off
Display Current 52 S8Eor528P;: N N N Off | Off | Off
ENRindB
Enter and Use Spot 5.3 |NEorb38P| N Y Y NC [1524Bi152dB
ENR
Enter and Use The: 54 |THorbd4SP| N Y Y NC 9893K 9893K
Enter Noise Source 55 |SNor555P| N Y N NC NC NC
Identifier
Noise Source Catalog! 56 [NSor56SP! N N N NC NC NC
ENR Table for 57 ECord78P| N Y Y NC 0 0
Calibration
ENR Table for 58 |EMor58SP| N Y Y NC 0 0
Measurement
Enter T 60 TCor80SP| N Y Y NC |296.5K|296.5K
‘Table categories are explained in the Specizal Furetions Detailed Operating Instruction.

To enter and use a value of 9800K for Ty (assuming Special Funection 11.0is active).

LOCAL s COGE e, Function - Data - Fungtion

e 10 e 00O @

L HP-1B 2 THO800EN

{program codes) Code —— Da!ta T Function

For HP-IB codes for Special Functions 5 and 6, refer to Procedure above. The program
code for ENTER is EN.

When Special Function 5.2 or 5.3is active, the current ENR or spot ENR is shown in the
left display in units of dB. If 2 new spot ENR value is entered, it appears in the left
display for as long as the ENTER key is depressed.

When Special Function 5.4 or 6.0 is active, Thot or Teow is shown in the left displayin the
temperature unit selected by Special Function 11. If a new value is entered for either
Thot 0T Tecia, it appears in the left display for as long as the ENTER key is depressed.
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Spot ENR, Thot, Tcoid and ENR Table Selection (contd)

(Special Functions 5 and 6)

Indications When Special Function 5.5 is active, the left display shows five digits. No units are
(cont'd} displayed.

When Special Function 5.6 is active, the left display shows the ENR identification
number of one of the ENR tables. The right display shows the ENR table number and
the number of entries in the table.

When Special Function 5.7 or 5.8 is active, the left display shows the number ofthetable
that is currently being used for calibration or measurement. If a new table number is
entered for calibration or measurement, it appears in the left display for as long as the

ENTER key is depressed.
Related ENR Table Entry
Sections Manual Measurement Functions
Special Functions

Temperature Units Selection
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Description

Procedure

Example

Program
Codes

Indications

Comments

Related
Sections

HP Ra70R

UpEeraron

Store and Recall

Up to ten instrument configurations can be stored in the Noise Figure Meter’s storage
registers. Front panel settings that are stored and recalled are FREQUENCY, FREQ
INCR, START FREQ, STOP FREQ, and STEP SIZE. Table 3-14, Special Function
Summary, in the Special Functions Detailed Operating Instruction has a complete
listing of special functions that can and cannot be stored and recalled.

Press STORE and a Data key (a single digit 0-9 to identify the storage register).
Press RECALL and a Data key (a single digit 0-9 to identify the storage register).

To recall an instrument configuration that has been stored in register 2:

LOCAL Function Data
fkeystrokes}) @
L HP-1B RC2
(program codes) Code —— L pata

Program Code

e \HE-B g

STORE ST
RECALL RC

When the stored contents of a register are recalled, the instrument configuration
changes to the recalled parameter values.

if any key other than a digit is pressed after STORE or RECALL, the store or recall
entry will be rejected.

The data in the storage registers is not affected by PRESET or Special Function 0.0.
When the Noise Figure Meter is turned off, data stored in the registers is retained.
Preset Conditions and Power-Up Sequence

Seguence
Special Functions
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Sweep

Description The Noise Figure Meter (Noise Figure Measurement System) can sweep the measure-
ment frequency from START FREQ to STOP FREQ. The frequency changesin discrete
steps (as set by STEP SIZE) rather than in a continuous analog manner.

The allowable sweep range depends on the measurement mode selected.
Weasurement Range of Swee Conditions
Mode ¢ "
1.0 16 to 2047 MHz
1.1 11099998 MHz | Depends on the frequency range of the system LO
and the noise source.
1.2 >10 to <2047 MHz | System LO must be set up so that variable IF
sweeps 10 to 2047 MHz.
1.3 1to 99998 MHz | Depends on the frequency range of the system LO
and the noise source.
1.4 10to 2047 MHz | IF port response of mixer is being measured. Left
display shows IF.
1.5 10 10 26500 MHz
1.6 11099999 MHz | Depends on frequency range of user controlled local
oscillator and the noise source.
1.7 10 to 26500 MHz | User controlled local oscillator must be set up so
that variable IF sweeps 10 to 26500 MHz
1.8 1 10 99999 MHz Depends on frequency range of user controlied local
oscillator and the noise source.
19 10 to 26500 MHz | IF port response of mixer is being measured. Left
display shows IF.
Depending on the Measurement Mode selected, the START FREQ, STOP FREQ and
STEP SIZE default to different values. The following table lists the default frequencies
for the Measurement Modes.
START STOP STEP
Measurement Modes FREQ FREQ SIZE
10and 14 10 MHz 1600 MHz 20 MHz
1.1,1.2and 1.3 8000 MHz 12000 MHz 200 MHz
i5and 1.9 10 MHz 26500 MHz 250 MHz
16,1.7and 1.8 45000 MHz | 50000 MHz 500 MHz
3-258
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Description
(cont'd)

Procedure

HP Ra7NR

Vperauion

Sweep (cont'd)

As shown in the table, the Measurement Modes have been placed into four groups.
When the start, stop and step size frequencies are changed for one measurement
mode, the start, stop and step size frequencies are changed for all the measurement
modes of the group. When selecting a new Measurement Mode, the Noise Figure Meter

automatically saves the start, stop and step size frequencies from the previcus meas-
urement mode,

The minimum step size is 1 MHz. The maximum number of frequency points allow-
able in one sweep is

STOP FREQ — START FREQ 41
STEP SIZE

fracti art of
If the fractional part o STOP FREQ — START FREQ | .

STEP SIZE

does not equal §, then add 1.

However, the maximum number of frequency points that should be used when the
sweep is displayed on an oscilloscope is 251. If more points are swept, multiple

readings could occur at some points. Other limitations may be caused by the system
LO.

Two sweep modes are available: Auto and Single. Each mode uses the sweep para-
meters that were previously set. Auto mode executes a repetitive sweep, restarting at
the end of each sweep. Single mode executes one sweep only. At the end of a single
sweep, the instrument remains tuned to the stop frequency.

Sweep Range Selection. The START FREQ and STOP FREQ keys set the starting
and stopping points of the frequency sweep. STEP SIZE sets the frequency increment.
Sweep parameters are selected in a Function - Data - ENTER format. Note that all
frequency inputs from the front panel are in MHz.

Sweep Mode Selection. Press the desired mode key (AUTO or SINGLE) to initiate a
sweep. To turn a sweep off, press the active sweep mode key a second time.

T @D v =

L S = o, g g 0

5 E S 3 =E ES

= % RS 2 E

Program Gede =2 @ ® - = S

Front Panel Key = e 25 ge

GGy  :=:= SE £ &3

AUTO Wil N N Off Off

SINGLE w2 N N Off Off
START FREQ FA Y Y 10MHz | 10MHz
STEP SIZE S8 Y Y 20MHz | 20MHz

STOP FREQ FB Y Y 1600 MHz | 1600 MHz
iTable categories are explained in the Preset Conditions and Power-Up Seguence Detailed Operating Instruction.
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Program
Codes

| HP-IB 2

Indications

Comments

3-260

Operation

Sweep (cont’d)

To sweep from 100 MHz to 400 MHz in 50 MHz steps once only:

115 OUiIubD

LOCAL
{keystrakes]

D®E)
OOE

Funetion
START
FREQ
STOP
FREG

SINGLE

Function

)

FA100MZFB400MZSS50MZW2

Codes ——1 [ I I ! T— coge
L HP-1B Data J Function
{program codes) Function Data
Code Code
Data Fum_:tion
Program Code
Parameter
Hz HZ
MHz MZ
Sweep Off Wo

For additional HP-IB program codes, refer to Procedure above.

When the START FREQ or STOP FREQ key is pressed, the left display shows the
currently programmed start or stop frequency. The instrument tunes to that frequency
and continues measuring there. As 2 new start or stop frequency is entered, it appears
in the left display. When the STEP SIZE key is pressed, the left display shows the step
size only for as long as the key is held down. A newly entered value is displayed for as
long as the ENTER key is held down.

When the AUTO or SINGLE key is pressed, the LED within the corresponding key
Lights to indicate that the instrument is in the sweep mode.

Ifthestop frequencyis less than the start frequency,the instrument sweeps downward.
The sweepis slower when it operatesin this manner. However, calibration and plotting
to an X/Y recorder must be performed in ascending frequency order only.

Pressing the AUTO key starts a sweep atthe current frequency if the current frequency
is not outside the start-stop range. If the current frequency is outside the start-stop
range, the auto sweep starts at the programmed start frequency. To assure that an auto
sweep starts at the programmed start frequency, press START FREQ, then AUTO.

TIT onrnT



Comments
(cont'd)

Related
Sections

HP 89708B

— e e —

Sweep (contd)

AUTO and SINGLE are toggle keys, and they stop the sweep when pressed a second
time. However, program codes W1 and W2 do not toggle over the HP-IB. Use program
code WO to stop a sweep over the HP-IB.

Any front panel key except LOCAL, DECREASE, INCREASE, SPECIAL FUNC-
TION, NOISE FIGURE, and NOISE FIGURE AND GAIN stop the sweep when
pressed.

AllHP-IB codes except DE (DECREASE Smoothing), IN (INCREASE Smoothing), M1
(UNCORRECTED NOISE FIGURE), M2 (CORRECTED NOISE FIGURE and GAIN )
and PT (Pass Through Mode) stop the sweep when given.

START FREQ, STOP FREQ, and STEP SIZE set the calibration parameters. During
calibration, the maximum number of frequency points allowed in a sweep is 181.

If the last step of a sweep causes the frequency to exceed the programmed stop fre-
quency, the Noise Figure Meter tunes a partial step to reach the programmed stop
frequency.

HP-1B code W2 (single sweep) should be the last code given before a single sweep is
triggered.

Calibrate
Measurement Modes 1.0 through 1.9
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System Interface Bus Control
(Special Functions 45 through 49 and 96)

The Noise Figure Meter has two IEEE 488.1 connectors, the Hewlett-Packard Inter-
face Bus (HP-IB) and System Interface Bus (SIB). The System Interface Bus is
actually an HP-IB port that the Noise Figure Meter uses to control such instruments
as the system local oscillator, the user controlled local os cillator, a plotter and the Noise
Figure Test Set. All instruments that the Noise Figure Meter can control are connected
to the SIB connector. The external computer, used to control the Noise Figure Meter, is
connected to the HP-IB connector. Also, connected to the HP-IB connector are any
other instruments that the external computer needs to control, such as, the user
controlied local oscillator, if itis not being controlled by the Noise Figure Meter, or other
HP-IB devices.

When an instrument is connected to the SIB, a special function is used to enable or disable
the Noise Figure Meter from sending that instruments commands, on the SIB. Special
Functions 45 through 47 and 96 are used to control the HP 8971B/C Noise Figure Test Set
{Special Function 43), system local oscillator (Special Function 46), plotter (Special Function
47), or the user controlled local oscillstor (Special Function 96).

The Noise Figure Meter has the capability of sharing control responsibilities with
another instrument on the System Interface Bus. Special Function 49 deals with
passing control between controllers on the System Interface Bus and control of the
System Interface Bus. The Noise Figure Meter can be configured to the following
Special Function 49 conditions:

* Special Function 49.0; do not pass control automatically.

* Special Function 49.1; pass control automatically.

* Special Function 49.2; release control of the SIB.

* Special Function 49.3; take control of the SIB.

® Special Function 49.4; perform a serial poll on the SIB.

® Special Function 49.5; perform a selective device clear of the pass through device.

* Special Function 49.6; perform a device clear on the SIB, if the Noise Figure Meter is
the active controller.

* Special Function 49.7; perform an interface clear on the SIB, if the Noise Figure
Meter is the system controller.

The structure of the System Interface Bus requires that one and ONLY one Instrument
be the system controller on the SIB. As called outin the IEEE 488.1 specification, “The
system controller is defined as the device that controls the REN and IFC lines on an
IEEE 488.1 interface.” Special Function 48 conveys to the Noise Figure Meter if it will
be the system controller (Special Function 48.0) or if the Noise Figure Meter will not be
the system controller (Special Function 48.1).

Finally, the Noise Figure Meter has the capability of allowing an external computer, on
the Hewlett-Packard Interface Bus, to gain control of an instrument on the System
Interface Bus. The mode used is called Pass Through Mode. Pass Through Mode is
described in the Example section of this instruction.

The following descriptions will give a better understanding of Special Functions 45
through 49 and 96:

a. Special Function 45.0 enables the commands for the Noise Figure Test Set to be
sent on the SIB in Measurement Modes 1.5 through 1.9.

HP 8970B



Description
(cont’d)

HFP 8970B
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System Interface Bus Control (contq)
{Special Functions 45 through 49 and 96)

b. Special Function 45.1 enables the commands for the Noise Figure Test Set to be
sent on the SIB in Measurement Modes 1.0 through 1.9. When Special Function 45.1 is
active, the Noise Figure Test Set is set to bypass mode (SSB1) in Measurement Modes
1.0 through 1.4. This means that the measurement signal is passed straight through
the Noise Figure Test Set, with only a 3 dB loss.

c. Special Function 45.2 disables the commands for the Noise Figure Test Set.

d. Special Function 46.0 enables the commands for the System Local Oscillator to be
sent on the SIB in Measurement Modes 1.1 through 1.9.

e. Special Function 46.1 disables the commands for the System Local Oscillator in
Measurement Modes 1.1 through 1.9.

f. Special Function 47.0 conveys to the Noise Figure Meter that the plotter is on the
System Interface Bus. The use of Special Function 47.01s described in the Data Qutput
to Oscilloscopes, Recorders and Plotters Detailed Operating Instruction.

g. Special Function 47.1 conveys to the Noise Figure Meter that the plot data is to be
read on the Hewlett-Packard Interface Bus (HP-IB). The use of Special Function 47.1 is
described in the Data Output to Oscilloscopes, Recorders and Plotters Detailed Operat-
ing Instruction.

h. Special Function 48.0 enables the Noise Figure Meter to be the system controller
on the System Interface Bus. Error forty-eight (E48) is generated if another controller
has been enabled as controller on the System Interface Bus and Special Function 48 is
active.

1. Special Function 48.1 conveys to the Noise Figure Meter that it is not the system
controller on the System Interface Bus. This special funetion is useful if another
controlier is to share the System Interface Bus with the Noise Figure Meter.

J. Special Function 48.2 disables error forty-eight (E48). Error forty-eight occurs
when the Noise Figure Meter has been told that it will be the controller on the System
Interface Bus (Special Function 48.0) and the Noise Figure Meter detects another
controlier on the System Interface Bus. Ifthis special function is to be used, ensure that
the error condition does not exist. Check cabling carefully.

k. Special Function 49.0 disables auto-pass control. For instruments with auto-pass
control capabilities, control is not automatically passed between the Noise Figure
Meter and another controller.

l. Special Function 49.1 enables auto-pass control. For instruments with auto-pass
contro! capabilities, control is automatically passed between the Noise Figure Meter
and another controller. Control is passed automatically only if the pass control address
(Special Function 40.5) has been set up previously.

m. Special Function 49.2 tells the Noise Figure Meter to release active control of the
System Interface Bus. This special function is useful if control of the System Interface
Bus is to be shared. Special Function 49.2 should be used before another controller is
toid to take control.

n. Special Function 49.3 tells the Noise Figure Meter to take active control of the
System Interface Bus. Special Function 49.3 is only useful if there are more than two
controllers on the System Interface Bus and control of the System Interface Bus is to
shared. This special function should be used after all other controllers have been told to
release control of the System Interface Bus.
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Procedure
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System Interface Bus Control (contq)
(Special Functions 45 through 49 and 96)

o. Special Function 49.4 tells the Noise Figure Meter to do a serial poll on the System
Interface Bus. The request is usually given by an external computer over the Hewlett-
Packard Interface Bus, using the HP-IB code SB. For a serial poll program example,
refer to the Comments section, at the end of this instruction.

p- Special Function 49.5 performs a selective device clear of the “pass through
device” on the System Interface Bus. This task will be done before the next HP-IBread
of the Noise Figure Meter can be done,

q. Special Function 49.6 performs a device clear on the System Interface Bus, if the
Noise Figure Meter is the active controller. This task will be done before the next HP-IR
read of the Noise Figure Meter can be done.

r. Special Function 49.7 performs an interface clear on the System Interface Bus, if
the Noise Figure Meter is the system controller. All instruments on the System Inter-
face Bus are unaddressed to listen or talk. This task will be done before the next HP-IB
read of the Noise Figure Meter can be done.

s. Special Function 96.0 disables the commands for the User Controlled Local Oscil-
lator from being sent on the SIB in Measurement Modes 1.6 through 1.9.

t. Special Function 96.1 enables the commands for the User Controlled Local Oscil-
lator to be sent on the SIB in Measurement Modes 1.6 through 1.9.

u. Special Function 96.3is used to let the Noise Figure Meter know which predefined
program (Special Function 41) will be controlling the User Controlled Local Oscillator.
Once Special Function 96.3is active, a zerois entered if the System Local Oscillator and
the User Controlled Local Oscillator will be controlled by the same predefined program.
A oneisentered if the User Controlled Local Oscillator will be controlled by the custom
local oscillator program.

To select one of the System Interface Bus Control special functions, key in the corre-
sponding Special Function code and then press the SPECIAL FUNCTION key.

o0 ow
=8 = -_ =

Eo|tE 3. Selx2E Z:

S| SEIEE 8 25| 28

. . £ == ST ST EEZE

Special Function Program | & S« L& E 2o | ZE

mo e o = o = e BT | o

Lode | £ 58 == B892 23| 2

Description Code (P -F &= S5 &S &5 oo

Enable Noise Figure 45.0 TE N Y N NC NC On
Test Setin

Measurement Modes 1.5

through 1.9

Enable Noise Figure 45.1 TS N Y N NC NC Off
Test Setin all
Measurement Modes
Disable Noise Figure 45.2 T N Y N NC NC Off
Test Set in all
Measurement Modes

“Table categories are explained in the Special Functions Detailed Operating Instruction.
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HP 8970B

System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

Special Function

Description

Code

Program
Cade

\HP-1B 2

Lights Special!
Function Key

tinuous Memory

Stored in Con-

Gan be Stored
and Recalled

Spacial Functien
(.0 Conditions

Presel (and HP-IB
Clear) Gonditions

Special Fungtion
0.9 Conditions

Enable System Local
Oscillator on the System
Interface Bus

Disable System Local
Oscillator on the System
Interface Bus

Plotter is on the System
Inerface Bus

Enable plot data to be
on the Hewlett-Packard
Interface Bus

Enable Noise Figure
Meter to be the system
controller on the System
Interface Bus

Disabie Noise Figure
Meter as the system
controller on the System
Interface Bus

Disable error 48 (E48)

Disable auto-pass
control

Enable auto-pass control

Noise Figure Meter
releages active control of
the System Interface
Bus

Noise Figure Meter
takes active control of
the System Interface
Bus

Noise Figure Meter
performs a serial poll on
the System Interface
Baus

Perform a seletive de-
vice clear of the pass

through device on the
System Interface Bus

46.0

46.1

47.0

47.1

48.0

48.1

48.2
49.0

49.1
49.2

49.3

45.4

49,5

LE

1D

Pl

PM

sC

NC

DC
Dp

EP
CR

CT

SB

DD

z

Z

Z 2z 227

=4

e

Z < oz

Z

z

2

Z

Z2 Z=Z

=z

N

N

Z
<

2
@

NC

NC

'NC

NC

NC

NC
Off

Off

Off

Off

2
@]

Z
@

NC

NC

NC

NC

Off
NC

NC

Off

o
=

o
=5

On

Off

Off

Off

Off
Off

Off

Off

Off

'Table categories are explained in the Special Functions Detailed Operating Instruction.
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{cont'd)

Example

3-266

Operation

System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

Special Functien

Description

Code

Program
Code

\HP-18 4

Lights Speclal!
Function Key

tinuous Memory

Stored in Con-

Can be Stored
and Recalied

Special Funstion
0.0 Canditlons

Preset fand HP-18

Clear) Conditlons

Speeial Function
0.9 Conditions

Perform a device clear
on the System Interface
Bus, if the Noise Figure
Meter is the active
controlier

Perform an interface
clear on the System
Interface Bus, if the
Noise Figure Meter is
the system controiler

49.6

497

DS

IS

Z

Z

N

z

O

ff

Off

5

Q
=

Off

Disable the User
Controlled O on the
System Interface Bus

Enable the User
Controlled L.O on the
System Interface Bus

Informs the Noise
Figure Meter which pre-
defined program will
control the User
Controlled Local Oscil-
lator; 0O=same as the
System Local Oscillator;
I=custom local oscil-
lator program

96.0

96.1

96.3

NC

NC

NC

NC

NC

NC

On

Off

*Table categories are explained in the Special Functions Detailed Operating Instruction.

To select the Noise Figure Meter as the controller on the System Interface Bus:

LOCAL
fkeystrokes)

-~

Code

.

SionlD

e NG d—

0

SPECIAL
FUNCTION

| HP-I5 2

{program codes)

SC
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(cont'd)

HP 8370B

System Interface Bus Control (contd)
(Special Functions 45 through 49 and 96)

The following examples will illustrate how the Noise Figure Meter can share control of
the System Interface Bus (SIB) with another instrument on the SIB and how the Noise
Figure Meter can be configured to pass commands from a computer on the Hewlett-
Packard Interface Bus (HP-IB) to an instrument on the SIB.

Pass Through Mode

Pass Through Mode will allow commmands to be “passed through” the Noise Figure
Meter from an external computer, on the Hewlett-Packard Interface Bus (HHP-IB), fo an
instrument on the System Interface Bus (SIB). The instrument on the SIB can be a
listener or a talker. An SRQ (Service Request) on the SIB can trigger an SRQ on the
HP-IB. Special Function 49.4 can be used to do a serial poll of an instrument on the SIB.
Parallel poll will not be supported.

NOTE
When in Pass Through Mode therate at which data is sentor received is
slowed down. Typically data is sent at arate of 0.5 ms/byte and received
atarateof 1.6 ms/byte. Thisis five and eight times, respectively, slower
than if the instrument were connected directly to the external computer.

Pass Through Mode is set up as follows:

a. When the external computer wants to communicate with an instrument on the
SIB, it sends the command PTdEN; d is the address of the instrument, on the SIB, that
the computer wants to communicate with. The Noise Figure Meter will also accept the
command PTd (carriage return; line feed) to be compatible with the HP 8757A Scalar
Network Analyzer.

NOTE
The command PTdEN does not have to be sent each time a command is
sent to the instrument on the SIB. The instrument on the SIB needs only
to be specified once.

b. The external computer can now send commands to the instrument on the SIB.
After Pass Through Mode is set up using PTdEN, the Noise Figure Meter has two
addresses, it’s address and the pass through address. The pass through address is one
greater than the Noise Figure Meter's address if the Noise Figure Meter’s address is
even and one less than the Noise Figure Meter’s address if the Noise Figure Meter’s
address is odd. So, if the address of the Noise Figure Meter is eight (8) then the pass
through address would be nine (9). If the address of the Noise Figure Meter is seven (7)
then the pass through address would be six (6).

NOTE

The pass through address can be displayed by pressing 40.7 SPECIAL
FUNCTION.

In Pass Through Mode two addresses are used up on the Hewlett
Packard Interface Bus (HP-IB). Ensure that an address is not used twice.

¢. The external computer can send commands to a device on the SIB by using the
Noise Figure Meter’s pass through address. Commands can be sent to the Noise Figure
Meter by using the Noise Figure Meter's HP-IB address.
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Operation

System Interface Bus Control (conrd)
(Special Functions 45 through 49 and 96)

For example, if the external computer wanted to control the local oscillator on the SIB
(at address 19) and the Noise Figure Meter’s address is eight (8), the external computer
may send the following commands: :

OUTPUT 708; “PT19EN” fThis sets up the pass through
ldevice address.

QUTPUT 7068; “FR10080MZ™ IThis command is sent to the
Ipass through address and then
"o the igcal oscillator.

To get out of Pass Through Mode, simply, address the Noise Figure Meter or press the
LOCALkey. Once the Noise Figure Meter is addressed, it is out of Pass Through Mode
until the next time an output is done to the pass through address.

NOTE
Error 46 (E46) is generated if the instrument on the SIB is not found or
the address of the instrument is incorrect.

If the Noise Figure Meter is addressed, all the instruments on the SIB
are re-initialized to the state they were in before Pass Through Mode
was enabled. To avoid the instruments from being re-initialized, Special
Function 45.2 (disable Noise Figure Test Set), Special Function 46.1
(disable system local oscillator) and Special Function 96.0 (disable user
controlled local oscillator) can be used before Pass Through Mode is
enabled (PTdEN). When finished with Pass Through Mode, the appro-
priate special functions for the Noise Figure Test Set, system local oscil-
lator and user controlled local oscillator should be enabled.

Passing Control On The System Interface Bus

The Noise Figure Meter has the capability of passing control to another instrument on
the System Interface Bus. An external computer, on the Hewlett-Packard Interface
Bus, determines which instrument will have control.

Instrument Configuration. The following minimum requirements are necessary for the
Noise Figure Meter to be able to pass control on the System Interface Bus:

NOTE
The following steps must be done in the order given.

a. Setthe Noise Figure Meter’s System Interface Bus address using Special Function
40.4. The default address of the System Interface Bus is eight (8).

b. Settheaddress ofthe Noise Figure Meter using Special Function 40.0. The default
address of the Noise Figure Meter is eight (8).

¢. Decide if the Noise Figure Meter or the other instrument will be the system
controller. If the other instrument can be enabled or disabled as system controlier,
either instrument can initially be system controlier. If the other instrument ean only be
enabled as system controller, the other instrument will initially have to be the system
controller and Special Function 48.1 (Noise Figure Meter is not the system controlier on
the System Interface Bus.) will have to be active.

HP 3970B
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Program
Codes

 HP-IB 4

indications

HP 8970B

Uperation

System Interface Bus Control (conta)
(Special Functions 45 through 49 and 96)

NOTE
Error forty-eight (E48) is generated if the Noise Figure Meter detects
another controller on the System Interface Bus and the Noise Figure
Meter has been told it would be the controller.

d. Special Function 48.0 will enabie the Noise Figure Meter as system controller.
Special Function 48.1 will disable the Noise Figure Meter as system controller. Use the
appropriate commands to enable or disable the other controller.

NOTE
The Noise Figure Meter is set up to be the system controller when
shipped from the factory, after memory (RAM) loss or when Special
Function 0.9 is used.

e. Connect the Noise Figure Meter, external computer and the second instrument
controller to the Hewlett-Packard Interface Bus (HP-IB).

f. Connectthe Noise Figure Meter, second instrument controller, the local oscillator,
plotter and any other instruments to be controlled to the System Interface Bus (SIR).

Computer Control. The following discussion will describe how the computer will pass
control between the Noise Figure Meter and the other controller.

If the Noise Figure Meter has control of the System Interface Bus and the other
controller needs to have control, the computer will send 49.2SP or the HP-IB code CR.
This will convey to the Noise Figure Meter to release control of the System Interface
Bus. The other controller will be told to take control, using the appropriate code forthat
instrument.

"The other controller will now have control of the System Interface Bus and the Noise
Figure Meter will display the message “Ctrl OFF.”

When the Noise Figure Meter needs to be controller, the computer must tell the other
controller to release control, using the appropriate code for that instrument. The Noise
Figure Meter is then told to take control, using 49.3SP or the HP-IB code CT. Once the
Noise Figure Meter is the controller, it will no longer display the message “Ctrl QFF.”

For HP-IB codes, refer to the Procedure above.

As a special function code is entered it appears in the left display. The code remains
there until the SPECIAL FUNCTION key is pressed.

When the Noise Figure Meteris not the System Interface Bus controller, “Ctrl” appears
in the INSERTION GAIN display and “OFF” appears in the NOISE FIGURE display.

When the Noise Figure Meter is in Pass Through Mode, “PASS” appears in the
INSERTION GAIN display and “thru” appears in the NOISE FIGURE display.

When the Noise Figure Meteris doing a plot, “Plot” appears in the INSERTION GAIN
display.
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System Interface Bus Control (contq)
(Special Functions 45 through 49 and 96)

Comments The following program example shows how an external controller would request that
the Noise Figure Meter perform a serial poll of a device on the System Interface Bus
(SIB):

NOTE

The following example assumes that the address of the Noise Figure
Meter is 708 and the address of the device on the SIB, to be polled, is 19.

This program was written in BASIC language 3.0 using the HP 9000
Series 200 Model 236 computer.

10 Spoll: ISeriaf poll of device on the Noise Figure
IMeter System interface Bus.
20 Addr=19 !Address of device on SIB 10 be polled.
30 OUTPUT 708:;“SB”;Addr;"EN" 'Tell Noise Figure Meter
fto poll device on SIB.
40  QUTPUT 708;"H1” 10utput frequency, insertion
Igain and noise figure windows.
56  QUTPUT 708;“SB” 1Show serial poll return value.
60 Error=0 {Clear subroutine error code.
70 Wait_poll: 'Wait for the serial poll to finish.
80 ENTER 708;V.W2 W3 IGet Noise Figure Meter frequency window.

9 1The value returned will be 2000 plus 19 until the
100 !poll is completed or it is aborted due to an error,
110 !such as, the device is not present or is off.
120 f
130 IF V=2000 THEN GOTO Wait_poll fWait for the serial poll to be complete.
140 !
130 !At this point, the poll is complete or is in error.
160 IWe find out which is the case in the next statement.
170 NIf the value is 1000 plus 19, there has been an error,
180 !the device was not found or it was off. If the device
190 lwas present and the serial poll worked, the value will
200 be 0 through 255, for the serial poll vaiue.

1

210 1

220 IF V>1000 THEN !An error has occurred
230 Error=1 lindicate error to program
240 ENDIF

250 !

260 'The subroutine will return V=serial pol! value

270 land Error==0, if the serial poll is valid, or Error <>,
280 lif the serial poli failed.

290 |

300 IF Error<>0 THEN

310 PRINT “SERIAL POLL FAILED"

320 ELSE
330 PRINT “SERIAL POLL VALUE ="V
340 ENDIF
350 END
Related Measurement Modes 1.0 through 1.9
Sections
3-270
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uperation

Temperature Units Selection
(Special Function 11)

Temperature units are used when loss temperature, Thor, or Toq data is entered into the
instrument. The instrument can accept temperature data entries in three different
measurement units: Kelvins (K), Fahrenheit (°F), or Celsius (°C).

To select a temperature unit, key in the corresponding Special Funetion code and then
press the SPECIAL FUNCTION key.

/o

Sy s = 2 =

o . R L a S =2
£z SE Ez |T2 =z BB
o £X S8 52|52 BE|ES
Special Function Pragram g ET 3 =8 =8
Code £ BE = £ S8 ET 23

A oaa -+
Description Code | QEE) |S2 | 25 | 8 &3 £8 | &2
K 11.0 | DOor11.058P N Y Y On On On
=C 11.1  Dlori1l.iSP N Y Y Off Off Off
°F 11.2 | D20or11.28P N Y Y Off Off Off
'Tabie categories are explained in the Special Functions Detailed Operating Instruction.

It is not necessary to select temperature units each time temperature data is entered.
Once a temperature unit has been selected, all temperature data are entered and
displayed in the same unit until that unit is changed (either by Special Function 0.9,
PRESET, Special Function 0.0, or by another temperature unit selection).

After a temperature unit has been selected, one of the special functions listed below
must be active before temperature data can be entered.

Special Range of Values
Descriplion Function
Code K °% °F
Enter and Use Ti 5.4 0 to 14834 ~273.2 to 14551 | —459.7 to 26224
Enter Teus 6.0 0 to 9999 ~273.2 to 9725.9 | —458.7 to 17539
Enter Temperature 34.3 0 to 9999 —273.2 to 9725.8 | ~458.7 to 17539
of Losses

Next, keyin a value for temperature (within the specified range) and press the ENTER
key. Up to five digits are allowed for temperature entries. If a minus sign is used, only
four digits are allowed. The maximuim resolution is to three places to the right of the
decimal point.
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| HP-15

Indications

Comments

Related
Sections
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Operation

Temperature Units Selection (contd)

(Special Function 11)

To enter a value of 75 °F for Teow:

A1E QT IUD

——— Qodg S

) IE)

Function
SPECIAL

oo )21

Function

iﬁcﬁi. es) FUNETION
o DOC [Jm O3
THP-B § D2TC75EN

[pragfam codes) Code

Code — T T T—

Func:i{m
Data

For HP-IB codes, refer to Procedure ahove.

When temperature data has been entered correctly, the selected unit appears in the left

display.

The equations used to convert from one temperature unit to another are:

K=°C+27315
°F = (9/5)°C + 32

ENR Table Entry

Loss Compensation

Special Functions

Spot ENR, Thet, Teas and ENR Table Selection

LID onMAT
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HP 83701

S RFCE R LALILL

Trigger Selection
(Special Function 30)

Special Function 30.0 selects free run triggering for continuous measurements.

Special Function 30.1 selects trigger hold to prevent continuous measurements. When
trigger hold is active, the frequency and results of the last measurement are held and
displayed. No additional measurements are made and the displayed data can be read
over the HP-IB as many times as required. Trigger hold is useful when the measure-
ment setup must be reconfigured before making the next measurement.

Special Function 30.2 triggers one measurement and then returns to the previously
selected trigger mode. Normally, this trigger execute command is used in conjunction
with the trigger hold mode. Once the measurement is complete, the results are dis-
played and are available via the HP-IB. The measurement results are also output to
an oscilloscope or recorder if one is connected to the rear panel X, Y and Z connectors.
If a smoothing factor other than one has been selected, the Noise Figure Meter makes
the number of measurements required by the selected smoothing factor before the
smoothed measurement is displayed or available via the HP-IB.

To select a specific triggering mode, key in the corresponding Special Function code
and then press the SPECIAL FUNCTION key.

N = - -
£ |E5|Ex |25 =g 2§
: . 85> == | B= | 2= EE | B
Special Function Program wg | EL. |98 ZEE| =8 = £
Code 25 | g | 2 €| 23 BT|ES

.y L o
Deseription Code m S  SE| 85| 88 | £8 22
Free Run 30.0 | TOor30.05P N N N On On On
Hold 30.1 | T1or30.1SpP N N N Off Off Off
Execute 30.2 | T2or30.25P N N N Off Off Off

*Table categories are explained in the Special Functions Detailed Operating Instruction.

To select trigger hold and then execute a single measurement and return to trigger
hold:

Code Fuaction

DO (o),
ENEIIENIE)

LOCAL
fkeystrokes)

) HP-iB 2

fpregram codes]

B SPECIAL
FUNCTION
T17T2
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Related
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LAL U1V

Trigger Selection (contd)
(Special Function 30)

For HP-IB codes, refer to Procedure.

When Special Function 30.0 is active, the front panel displays update continuously.
When Special Function 30.1 is active, the front panel displays do not change. When
Special Function 30.2 is active, the Noise Figure Meter makes one measurement and
then returns to the last selected trigger mode.

When performing a triggered calibration, only the HP-IB mnemonic code T2 can be
used. The Noise Figure Meter does not respond to the alternate 30.2SP code.

Calibrate

Measurement Modes 1.0 through 1.9
Smoothing

Special Functions

TP arnn



SECTION IV
PERFORMANCE TESTS

4-1. INTRODUCTION

The procedure in this section test the HP 8970B
Option 020 electrical performance using the specifica-
tions of Table 1-1 as the performance standards. All
tests can be performed without access to the interior
of the instrument,

NOTES
Unless otherwise noted, no warm-
up period is required for the tests.

Line voltage must be within +5%
and —10% of nominal, if the perfor-
mance tests are to be considered
valid.

4-2. EQUIPMENT REQUIRED

Equipment required for the performance tests is listed
in Table 1-11, Recommended Test Equipment in

HP 89708

Section I. Any equipment that satifies the critical
specifications given in the table may be substituted for
the recommended model(s).

4-3. TEST RECORD

Results of the performance tests may be tabulated
on the Test Record at the end of the procedures.
The Test Record lists all of the tested specifica-
tions and their acceptable limits. The results,
recorded at incoming inspection, can be used for
comparison in periodic maintenance and trouble-
shooting and after repairs or adjustments,

System performance is guaranteed if each instru-
ment in the system is calibrated.

4-4, CALIBRATION CYCLE

This instrument requires periodic verification of
performance. Depending on the use and environ-
mental conditions, the instrument should be
checked using the following performance tests at
least once every year.

4-1
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PERFORMANCE TESTS

4-5. TUNING ACCURACY PERFORMANCE TEST

Specification

Description

Equipment:

Procedure

TUNING ACCURACY: (from 10° to 40°C) +(1 MHz + 1% of frequency), +£6 MHz
maximum.

The Noise Figure Meter is tuned to the frequency where accuracy is to be tested. The
point of maximum IF signal level is found by stepping the signal source through the
passband while monitoring the level at the internal noise power detector. A power
reference is set, and the 3-dB passband frequencies are determined. The tuned center
frequency of the Noise Figure Meter is then found as the average of the 3-dB frequen-
cies. This tuned frequency is compared to limits derived from the specifications above.

Signal Generator ............cioviiuininn. HP 8340B
1. Connect the signal generator RF output to the Noise Figure Meter INPUT.

2. Turn on the equipment and allow it to warm up for one half hour. Set the signal
generator output level to —30 dBm.

3. On the Noise Figure Meter, key in 31.2 SPECIAL FUNCTION to execute a fre-
quency calibration, then key in 31.1 SPECIAL FUNCTION to inhibit any further
frequency calibrations. Key in 10.2 SPECIAL FUNCTION 1o set the display units
to read Y-Factor in dB.

4. Tune both the Noise Figure Meter and the signal generator to 20 MHz.

5. On the Noise Figure Meter, key in 80.0 SPECIAL FUNCTION to display the noise
power detector output in volts. Key in 62.0 SPECIAL FUNCTION to hold the RF
attenuators. Key in 72.0 SPECIAL FUNCTION to hold the IF attenuators.

6. Tunethesignal generator up and downin 100 kHz steps until the maximum voltage
display on the Noise Figure Meter is located. The 3-dB point should be within
approximately 4 MHz of center frequency.

7. On the Noise Figure Meter, key in 14.1 SPECIAL FUNCTION to activate the
manual measurement mode and make a cold measurement. Key in 14.2 SPECIAL
FUNCTION to exit the cold measurement mode (and store that value) and to make
hot measurements. Finally, key in 15.1 SPECIAL FUNCTION to set the Noise
Figure Meter to actively display the ratio of hot to cold values. The NOISE
FIGURE display should now indicate 0.00 dB.

8. Tune the signal generator up and down to find the 3-dB frequencies to within 100
kHz. Find the center frequency by summing the 3-dB frequencies and dividing by
two. The center frequency should be within the limits in the table in step 9.

4-2
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PERFORMANCE TESTS

1 CTLAVGILIALIELT L ThLD

TUNING ACCURACY PERFORMANCE TEST (cont'd)

Procedure 9. Repeat steps 4 through 8 for each of the frequencies in the table below.
{cont'd)
Neminal Lower Upper Eenter Frequency
Tuned 3-dB 3-dB fMHz)
Frequency Frequency Freguency
{MHz} [MhHz} [MHz) Min. Actual Max
20 18.8 21.2
100 a8 102
300 296 304
500 494 506
© 1000 994 1006
13060 1294 1308
1600 1594 1606
1800 1794 1806 |
2000 1994 2006 -
2047 2041 2053
4-3
Dowfrmsn mammn Mt n
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PERFORMANCE TESTS

4-6. INPUT SWR PERFORMANCE TEST

Specification INPUT SWR (reflection coefficient): < 1.7 (0.26); to 1600 MHz, <2.0 (0.33); 1600t0 2047
MHz, 50 ohms reference impedance.

Description "The frequency range of the Noise Figure Meter is scanned for frequencies where the
return loss is near specification limits. Then, each high point is checked individually
against the specification. This is done for several input gain settings.

Equipment Attenuator, 10dB ........ ... ... ... HP 8491A Option 010
PowerMeter ..., HP 436A
Power Sensor ....oviiiiiii i, HP 8484A/HP 8481D
Signal Generator ...............coivun... HP 83408
SWREBridge ..., Wiltron 60IN50

SIGNAL CGENERATOR

HP 29708
NOISE FIGURE METER POWER METER

o =i]

RF 1 1npUT SENSOR
DUTPUT STEP Sfpmm
rSTEP 1
]
18 dB —ﬁ POWER
ATTENUATOR J ' SENSOR
) ] L» -

STEP 4

SHR
BRIDGE
Figure 4-1. Input SWR Test Setup

NOTE
Ignore E-11 error.

Connect equipment as shown in Figure 4-1. Note that the power sensor is connected
to the test port of the SWR bridge.

Set the Signal Generator for a 10 MHz continuous wave output. Set the Signal
Generator power level to —23 dBm at the test port of the SWR bridge asread on the
power meter. Signal Generator power should be approximately —6 dBm.

On the Noise Figure Meter, key in 0.0 SPECIAL FUNCTION to initialize most
Special Functions and 60.1 SPECIALFUNCTION to sef the input gain to +20 dB.

Tune the Signal Generator to 2040 MHz. Connect the power sensor to the reflected output
port of the SWR bridge. Set a relative reference on the power meter,

Connect the test port of the SWR bridge to the Noise Figure Meter INPUT. Slowly tune
the Signal Generator in 10 MHz steps down in frequency to 10 MHz. While tuning, note
each frequency at which the power meter reading peaks at less than 10.4 dB between 1600
and 2047 MHz or 12.5 dB from 1600 down to 10 MHz below the 0 dB reference set in
step 4. For example, if the power meter display showed -11.0 dB at a frequency
between10 MHz and 1600 MHz, then the frequency should be noted. However, areading
of -13.0 dB indicates a return loss well within specifications.

Procedure 1.
2.
3.
4,
5.
4-4
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PERFORMANCE TESTS

INPUT SWR PERFORMANCE TEST (cont'd)

Procedure
{cont'd)

6. Foreach frequency noted in step 5, tune the Signal Generator and the Noise Figure Meter
to that frequency. Disconnect the SWR bridge from the Noise Figure Meter INPUT, and
set a power meter reference. Reconnect the SWR bridge to the Noise Figure Meter
INPUT. The power meter should read greater than 11.73 dB below the reference for
frequencies < 1600 MHz and less than 9.63 dB for frequencies between 1600 and 2047
MHz.

INPUT SWR PERFORMANCE TEST Min. Actuai Max,
+20 dB Input Gain Setting
Frequency
—— MHz —_— | -11.73 dB
< 1600 MHz
— MH= —_ 1 -9.63dB
+10 dB Input Gain Setting <2047 MHz
Frequency
. MHz —_— 11173 dB .
<1600 MHz
MHz e | 9,63 dB
0 dB Input Gain Setting <2047 MHz
Frequency
—e e MHz s+ =11.73 dB
. < 1600 MHz
———— MHz | -9.63dB

<2047 MHz

7. Onthe Noise Figure Meter, key in 60.2 SPECIAL FUNCTION to set the input gain
to +10 dB. Repeat steps 4 through 6.

8. Onthe Noise Figure Meter, key in 60.3 SPECIAL FUNCTION to set the input gain

to 0 dB. Repeat steps 4 through 6.

HP 8970B
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PERFORMANCE TESTS

4-7. NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST

Specification NOISE FIGURE MEASUREMENT CHARACTERISTICS Range: 0.0 to 30 dB.
Instrumentation Uncertainty: 0.1 dB for a noise source in a 0 to 55°C in z 300K
environment with a noise source ENR of 14 to 16 dB.

Description Level ratios of —0.1dB, ~1dB, ~5dB, —10dB, —15 4B, and —20 dB are generated. The
levels are measured on the power meter, and linear power ratios are computed. The
levels are simultaneously measured on the Noise Figure Meter, and linear voltage
ratios are computed. The voltage ratios are squared and then subtracted from the linear
power ratios to compute the Y-Factor error. This error is compared to accuracy limits
derived from the 0.1 dB noise figure accuracy specification. (A 15 dB ENR value is
assumed.) The reading at —20 dB and the reading at ~5 dB are used to compute a
second 15 dB ratio. This ratio is also checked for accuracy.

NOTES
This test is difficult to perform. Passing thetest requires minimum drift
in both the measurement equipment and the Noise Figure Meter. The
more rapidly the test is performed, the more closely the test results will
indicate the actual performance of the instrument. If the instrument
fails by a narrow margin, performing the test more quickly will proba-
bly allow the instrument to pass.

Since the Noise Figure Meter is highly sensitive to RF signals at its
input, spurious transmissions or notse can adversely affect performance
test results. Use short well shielded cables and a minimum of adapters
when performing this test. A screen room might be required.

Equipment Attenuator,6dB .......... ... ..., HP 8491A Opt. 006

Attenuator, 1dB Step. ................... HP 23494 A Opt. 001

Calculator ............ooiiii .. HP 41CV

Digital Voltmeter ........................ HP 3456A

Filter, Low-Pass ..........ccooiiiiiun. HP 360B or RLC F-10-1500

PowerMeter ..., HP 436A

PowerSensor .........cooiiiiiia. HP 8484 A/HP 8481D

Power Splitter ......... ..., HP 11667A

Signal Generator .................cii... HP 8340B

Procedure 1. Connectequipment as shown in Figure 4-2, except do not connect the power sensor

to the step attenuator.

2. Turn on all equipment and allow it to warm up for one hour.

3. Set the signal generator for a 50 MHz continuous wave output at —17 dBm.

4. On the Noise Figure Meter, set FREQUENCY to 50 MHz. Key in 80.0 SPECIAL
FUNCTION to display the noise power detector output in volts (voltmeter mode).
Key in 31.1 SPECIAL FUNCTION to inhibit frequency calibrations. Key in 60.5
SPECIAL FUNCTION to set the input gain to —20 dB. Key in 70.6 SPECIAL
FUNCTION to set the IF attenuation to —25 dB. Set the smoothing factor to 4 using
the INCREASE and DECREASE keys.

8. Zero the power meter and set the 1 dB step attenuator to 10 dB. Connect the power

sensor to the 1 dB step attenuator as shown in Figure 4-2.

Performance Tests

HP 8970B
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PERFORMANCE TESTS

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST (cont'd)

Procedure
(cont'd) SIGNAL GENERATOR
POWER METER
RECORDER
QuTPLUT
QUTP
o PR o |
LOW-PASS — SENSOR
FILTER LT
T Fa
L S
HP 8 T
NOISE FIGURE METER POWER
[remmm—
L= EEJ SPLITTER DIGITAL VOLTMETER
CPY EEEE, =5
P omnamBESSY T O ¥ 8 ol
meuT| ATTENUATOR l

Figure 4-2. Noise Figure Instrumentation Accuracy Test Setup

6. Peak the Noise Figure Meter display reading by tuning the signal generator up and
down in frequency in 10 kHz increments.

7. Increase the signal generator power in 0.1 dB steps until the combined INSER-
TION GAIN and NOISE FIGURE displays on the Noise Figure Meter indicate as
close as possible to 1.00000 volts. The signal generator power should be near —14.7
dBm. Note this power level as indicated on the signal generator.

dBm

8. Set the step attenuator for a power meter reading as close as possible to 1.000 «W.

9. Set the digital voltmeter to read de volts on the high resolution setting. Using the
manual trigger control, trigger several readings then stop on a typical reading.
Note this reading using full resolution.

Vde
10. Note the voltmeter mode reading on the Noise Figure Meter also using full
resolution.
Vde
11. Decrease the signal generator power by 0.1 dB.
12. Using the same technique as in step 9, take a voltmeter reading.
Vde
13. Note the new voltmeter mode reading on the Noise Figure Meter.
| Vde
14. Decrease the signal generator output power to 1 dB below that set in step 7.
4-7
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PERFORMANCE TESTS

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST {cont'd)

Procedure 15.

(cont’d)

16

17.

18.

19.

20.

21.

22.

23.

24.

26.

27.

Using the same technique as in step 9, take a voltmeter reading.

Vde
Note the new voltmeter mode reading on the Noise Figure Meter.

Vdce
Decrease the signal generator output power to 5 dB below that set in step 7.
Using the same technique as in step 9, take a voltmeter reading.

Vde
Note the new voltmeter mode reading on the Noise Figure Meter.

Vde

Decrease the signal generator output power to 10 dB below that set in step 7.

Using the same technigue as in step 9, take a voltmeter reading. (Note that the
power meter may change ranges for this reading. If it does, the voltmeter reading
taken must be decreased by a factor of 10.)

Vde

Note the new voltmeter mode reading on the Noise Figure Meter.
Vde

Decrease the signal generator output power to 15 dB below that set in step 7.
Using the same technique as in step 9, take a voltmeter reading. (Remember to

decrease this reading by a factor of 10.)
Vde

. Note the new voltmeter mode reading on the Noise Figure Meter.

Vde
Decrease the signal generator output power to 20 dB below that set in step 7.
Using the same technique as in step 9, take a voltmeter reading. (Note that the

power meter may change ranges again. If so this voltmeter reading must be
decreased by a factor of 100.)

Vde
28. Note the new voltmeter mode reading on the Noise Figure Meter.
Vdce
4-8
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PERFORMANCE TESTS

Feriormadance 1ests

NOISE FIGURE RANGE AND ACCURACY PERFORMANCE TEST (cont'd)

Procedure
(cont'd)

29. Fillinthetable below using the readings from the appropriate steps above. Forthe
column on the far right, square the readings in the previous column.

Voltmeter Noise Figure Meter Readings
Readings
(Vde) Vde fVdel2
Step 9 Step 10
_ Step 12 Step 13
Step 15 Step 16
Step 18 Step 19
Step 21 Step 22
Step 24 Step 25
Step 27 Step 28

30. Fillin the table below by computing the indicated ratios (Y-Factors). The ratios of
the second set of columns should be computed from the squared voltages from the
previous table. Subtract the ratios of the second set of columns from those of the
first set to yield the net error (difference). The result should be within theindicated

HP 8370

limits.
Ratios Difference
(Y-Faetors) Min. Actual Max
(Step 9) (Step 10)*
{Step12) | | (Step13¥ | __ | 000053 | ____ _ | +0.00054
(Step 9 (Step 1012
(Step 15) e | (Step 16 | | —000589 | __ | +£0.00803
(Step 9) (Step 10)?
(Step 18) — | (Step19?* | ____ —0.04922 —_— +0.05037
{Siep 9) (Step 10)2
(Step 21) —— | (Step22? | 020487 | | 4020064
(Step 9) (Step 10)°
(Step 24) | (Step 25)? - —0.69706 _— +0.71830
{Step 18) (Step 19)?
(Step 27) — | (Step28P® | | —089706 | +0.71330
49
o _ m



PERFORMANCE TESTS

4-8. GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST

Specification

Description

GAIN MEASUREMENT CHARACTERISTICS Range: —20 to > +40 dB. Instru-
mentation Uncertainty: +0.15 dB.

The Noise Figure Meter uses internal IF attenuator values for measuring gain. Priorto
performing the Gain Measurement Uncertainty Performance Test, the IF attenuators
are calibrated to ensure valid gain measurements.

FortheIF attenuator calibration the IF attenuators are measured by taking a reference
power reading, switching in an attenuvator and then taking another power measure-
ment. The relative power change is equal to the IF attenuator value. The power change
is calculated using a veoltmeter to measure the change in voltage from the Recorder
Output of the power meter.

The attenuator values are computed as the ratio of measured voltages (linear units)
rather than in decibels (logarithmic units). The linear value of the 15 dB attenuator is
calculated by multiplying the linear value for the 10 dB attenuator and the linear value
for the 5 dB power change observed when the attenuators change from 10to 15 dB. The
25 dB attenuator is calculated in the same way, using the 20 dB instead of the 10 dB
attenuator value. The calibrated IF attenuator values are recorded in Table 4-1 and
entered into the Noise Figure Meter.

For the Gain Measurement Uncertainty Performance Test, net gain is generated by
removing attenuation from a high gain setup. The net gain is alternately measured
first by a power meter and then by the Noise Figure Meter. The two measurements
should compare to within 0.15 dB.

NOTES
This testis difficult to perform. Passing the test requires minimum darift
in both the measurement equipment and the Noise Figure Meter. The
more rapidly the test is performed, the more closely the test results will
indicate the actual performance of the instrument. If the instrument
fails by a narrow margin, performing the test more quickly will proba-
bly allow the instrument to pass.

Since the Noise Figure Meter is highly sensitive to RF signals at its
input, spurious transmissions or noise can adversly affect performance
test results. Use short well shielded cables and a minimum of adapters
when performing this test.

Equipment Attenuator, 10 dB (2 required) ............ HP 8491A Opt. 010
Attenuator, 20dB ............. ... ....... HPF 8491A Opt. 020
Attenuator,1dBStep .................... HP 8494A Opt. 001
Attenuator, 10dB Step ................... HP 8495A Opt. 001
Filter, Low-Pass. .............ccvveenn... HP 360B or RL.C F-10-1500-
NoiseSource .......ooooiviiiiiiinn.... HP 346B Opt. 001
PowerMeter ............ ... ............ HP 436A
Power Sensor ...........ooeriiiniania.. HP 8484A/HP 8481D
PowerSplitter ........................... HP 11667A
Wideband Amplifier I .................... HP 84471} Opt. 010
Wideband Amplifier IT ................... HP 8447F Opt. 010
Digital Voltmeter ............... P HP 3456A

4-10
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure

IF Attenuator Calibration

1.

2.
3.

4.

5.

6.

7.

Connect the noise source to the Noise Figure Meter’'s NOISE SOURCE DRIVE
OUTPUT.

Turn on all equipment and allow it to warm up for a half hour.
Zero and calibrate the power meter and sensor.

Set the 10 dB step attenuator to 70 dB and connect the equipment as shown in
Figure 4-3.

DIGITAL VOLTMETER POWER METER
RECORDER
OUTPUT
HP 29728 SENSGR
NOISE FIGURE METER - OHER
= BE)| 72 ATTENUATOR  SENSOR
cewgesme = e - L
eemo SEEE° S5 ¢ APrENUATOR
SOURCE INPUT iy
St

WIDE_ BAND i}
WIDE BAND aMPLIFIER 11 SONFASS 0 o o

NOTSE AMPLIFIER I ATTENUATOR
SOURCE [ T% = 3

Figure 4-3. iF Attenuator Calibration Setup

On the Noise Figure Meter press
70.1 SPECIAL FUNCTION to set the IF attenuators to ¢ dB
60.1 SPECIAL FUNCTION to set the RF attenuators to +20 dB,

Put the power meter in range 3. Do not allow the power meter to autorange. (For the
HP 436A Power Meter, adjust the 10 dB and the 1 dB step attenuators until the
power meter reads —45 dBm. Press RANGE HOLD to set the power meter to
RANGE 3.

Adjust the step attenuators for a voltmeter reading as close to 1 volt as possible. On
the voltmeter, select single triggering. If the voltmeter has filtering, turn it on. Take
10 voltmeter readings. Using at least four digits to the right of the decimal point,
calculate the average of the readings.

(On the HP 3456 A Digital Voltmeter, press FILTER on to enable the analog filter, 10
STORE 6 to store 10 readings per trigger, SINGLE to select the single trigger mode,
MATH 2 to turn on the statistical math mode and SINGLE to trigger 10 volimeter
readings. When the voltmeter has finished taking the 10 readings, press RECALL 0
to recall the average of the readings.)

TTTY AAsATy
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure
{cont'd)

Record the average of the voltmeter readings. This is the reference voltage for the
5dB and 10 dB attenuator calculations.
Vrefl

NOTE
When using the HP 3456 A Digital Voltmeter’s statistical math mode to
calculate an average, be sure to clear the math register before triggering
the set of readings to be averaged. Press MATH 0 to clear the register
and then MATH 2 to enable math mode.

8. On the Noise Figure Meter press 70.2 SPECIAL FUNCTION to switch in the inter-

10.

1L

12,

nal 5 dB attenuator. Take 10 voltmeter readings. Using at least four digits to the
right of the decimal point, calculate the average of the voltmeter readings.

(On the HP 3456A Digital Voltmeter, press MATH 0 to clear the math registers by
turning math mode off, MATH 2 to enable the statistical math mode and SINGLE
to trigger 10 voltmeter readings. When the voltmeter has finished taking the 10
readings, press RECALL 0 to recall the average of the readings.)

Record the average of the voltmeter readings.
Vavg (5dB)

NOTE
The limits for each attenuator are shown in linear units, that is, as the
ratio of measured voltages. If an attenuator is outside its limits, it may
be defective. Refer to Section VIII in the Service Manual for trouble-
shooting information.

Compute the 5 dB attenuator value as shown:
Vrefl/Vavg(5dB) = ___________ (>2.661; <3.758 for 5 dB attenuator)

(For example, Vrefl = 0.986622 volts and Vavg (5 dB) = 0.312579 volts. 0.986622
volts/0.312579 volts = 3.15639. This value is within the stated limits.)

On the Noise Figure Meter press 70.3 SPECIAL FUNCTION to switch in the

internal 10 dB attenuator. Take 10 voltmeter readings. Using atleast four digits to

the right of the decimal point, calculate and record the average of the readings.
Vavg (10 4B)

Compute the 10 dB attenuator value as shown:

Vrefl/Vavg (10dB) = ______ (>8.414; <11.885 for 10 dB attenuator)

On the voltmeter, select internal triggering. If the voltmeter has filtering, turn it
off. Reduce the 10 dB step attenuator by 10 dB, and adjust the 1 dB step attenuator
until the voltmeter reads as close to 1 volt as possible. Select single triggering on
the voltmeter. If the voltmeter has filtering, turn it on. Take 10 voltmeter readings.

412

Proefrrwm s Tamie

TAN e P



A Ak L ALECARR L A WD AT

PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure
(cont'd}

13.

14

16,

18.

18.

20.

21.

Using at least four digits to the right of the decimal point, calculate and record the
average of the readings. This is the reference voltage for the 15 dB and 20 dB
attenuator calculations,

Vref2

On the Noise Figure Meter press 70.4 SPECIAL FUNCTION to switch in the
internal 15 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of those readings.

Vavg (15 dB)

Compute the 15 dB attenuator value as shown:

(Result from step 11) * Vref2/Vavg (16dB) = (>26.607; <37.584 for
15 dB attenuator)

. On the Noise Figure Meter press 70.5 SPECIAL FUNCTION to switch in the

internal 20 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.
Vavg (20 dB)

Compute the 20 dB attenuator value as shown:

{Result from step 11) * Vref2/Vavg (20dB) = e (>84.140; <118.850 for
20 dB attenuator)

. On the voltmeter, select internal triggering. If the voltmeter has filtering, turn it

off. Reduce the 10 dB step attenuator by 10 dB and adjust the 1 dB step attenuator
until the voltmeter reads as close to 1 volt as possible. On the voltmeter, select
single triggering. If the voltmeter has filtering, turn it on. Take 10 voltmeter
readings. Using at least four digits to the right of the decimal point, caleulate and
record the average of the readings. This is a reference voltage used in the 25 dB and
30 dB attenuator caleulations.

Vryef3

On the Noise Figure Meter press 70.6 SPECIAL FUNCTION to switch in the
internal 25 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.

Vavg (25 dB)

Compute the 25 dB attenuator value as shown:

{Result from step 16) * Vref3/Vavg (25dBy=_________ (>>266.07; <375.84 for
25 dB attenuator)

On the Noise Figure Meter press 70.7 SPECIAL FUNCTION to switch in the
internal 30 dB attenuator. Take 10 voltmeter readings. Then, calculate and record
the average of the readings.

Vavg (30 dB)

Compute the 30 dB attenuator value as shown:

(Result from step 16) * Vref3/Vavg (30dB) = (>841.4; <1188.5 for
30 dB attenuator)

HP 89708
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont’d)

Procedure 22.

{cont'd)

23.

24.

On the voltmeter, select internal triggering. If the voltmeter has filtering, turn it off.
Reducethe 10 dB step attenuator by 10 dB and adjust the 1 dB step attenuator until
the voltmeter reads as close to 1 volt as possible. On the voltmeter, select single
triggering. If the voltmeter has filtering, turn it on. Take 10 voltmeter readings.
Using at least four digits to the right of the decimal point, calculate and record the
average of the readings. This is the reference voltage for the 35 dB attenuator
calculation.

Vrefd

On the Noise Figure Meter press 70.8 SPECIAL FUNCTION to switch in the
mternal 35 dB attenuator. Take 10 voltmeter readings, and then calculate the
average of those readings. Record the average.

Vavg (35 dB)

Compute the 35 dB attenuator value as shown:

(Result from step 21) * Vref4/Vavg 35dB) = _______ {>2660.7; <3758.4 for
35 dB attenuator)

25. Enter the measured attenuator values in Table 4-1.

Table 4-1, IF Attenuator Values

Date:
Nominal Value Measured Valye
Log Units Linear Units Linear Units

5dB 3.162
10dB 10.000
15dB 31.623
20 dB 100.000
25dB 316.23
30dB 1006.0
3548 3162.3

Entering IF Attenuator Values

26.

Enter the measured attenuator values recorded in Table 4-1 into the Noise Figure
Meter:
NOTE
It is not necessary to perform steps 26a through h if vou only want to
read the IF attenuator values and record them in Table 4-1.

4-14
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST {cont'd)

Procedure a. Key in 93.1 SPECIAL FUNCTION. (This enables you to enter a RAM
{cont’d) address.) ‘

b. Keyin65452 and then press ENTER. (This is the RAM location where youwiil
find the address of the memory protection word. The memory protection word must
be modified before you can change the IF attenuator values stored in RAM.)

c. Key in 93.3 SPECIAL FUNCTION. (This displays the address of the
memory protection word.)

d. Record the address of the memory protection word, which is shown in
the left display of the Noise Figure Meter.

e. Keyin93.1 SPECIAL FUNCTION.

f. Key in the memory protection word address recorded in step d and then press
ENTER.

g. Keyin 93.3 SPECIAL FUNCTION.

h. Key in 20299 and then press ENTER. (The value 20299 disables the memory
protection and allows you to change the IF attenuator values. Turning the instru-
ment off and then on turns memory protection back on.)

i. Keyin 93.1 SPECIAL FUNCTION.

J. Keyin 65460 and then press ENTER. (This is the RAM location where vou will
find the start address of the IF attenuator calibration table.)

k. Keyin93.3 SPECIAL FUNCTION. (This displays the start address of the IF
attenuator calibration table.)

I. Add1totheleastsignificantdigit shownin theleft display of the Noise Figure
Meter and record thevalue. . (Address of the first attenuator data in
calibration table.)

m. Keyin93.0 SPECIALFUNCTION. (This enables you to enter the RAM address
ofthe first attenuator data in the calibration table. It also automatically increments
the address after pressing ENTER so that you can step through the calibration
table.)

n. Enter the number from step 1 and press ENTER.

o. Keyin 93.4 SPECIAL FUNCTION. (This enables you to read and/or modify
the 5 dB attenuator value in RAM.)

p. The number shown in the left display is the 5 dB attenuator value (in linear
units). Key in the new 5 dB attenuator value and press ENTER. {To leave the
value shown in the left display unchanged, press ENTER without keving in a
new value.)

4-15
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GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure q. Press93.4SPECIALFUNCTION to view the next attenuator value. Enter the new
(cont’d) value and press ENTER.

r. Repeat step g for each subsequent attenuator value until all values have been
entered.

8. Press FREQUENCY to return to normal operation.

NOTE
Error code E26 (internal IF attenuators not calibrated) will occur after
ES80 (continuous memory failure). To clear E26, first enter the IF atten-
uator values by followmg the procedure in step 26. Then, perform the
following:

1. Kevin 93.0 SPECIAL FUNCTION.

2. Subtract 1 from the value recorded in step 261, Enter this value into the
Noise Figure Meter and then press ENTER.

3. Keyin 93.2 SPECIAL FUNCTION. Then, key in 128 and press ENTER.
4. Press FREQUENCY to return to normal operation.

Gain Measurement Uncertainty Performance Test
27. On the Noise Figure Meter, press PRESET.

NOTE
This procedure relies critically upon the proper setup of the power meter.
If readings yield results that are out of specification, check that the cali-
bration adjustment and zero setting of the power meter are valid.
Always disconnect the power sensor from the test setup when zeroing.

28. Connect the equipment as shown in Figure 4-4.

POWER METER

‘ STEP 28 ‘

SENSOR 5 [ ]
POWER 20 dB
SENSOR : ATTENUATOR ¥

L3
'--m{::}uuu. POWER
PLITT 1@_dB STEP
STEP 49 S ER ATTENUATOR
HE 837088 L L .
NOISE FIGURE METER 19 dB 1 dB STEP
o B8] ATTENUATCOR ATTENUATOR
= omw g poso WIOE BAND WIDE BAND
2 ¢ o0 oo SEEE © S‘,‘j § 1z 9B AMPLIFIER 1 AMPLIFIER 11
SOURCE NPUT L ATTE&%E?_Q - —~
p SO, M Ly SV
T p—
LOW-PASS
Y : FILTER

Figure 4-4. Gain Measurement Uncertainty Test Setup
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GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST {(cont’d)

Procedure 29,

(cont'd)

30.

31.

32.

33.

34.

36.

37.

38.

39.

40.
41.
42,

43.

44.

On the Noise Figure Meter, press the ENR key to access the working ENR table
with in the Noise Figure Meter. Using the DATA keys and the ENTER key, modify
the 10, 100, 1000 and 2000 MHz ENR entries to correspond to the noise source ENR
chart. Exit the ENR table entry mode by pressing the FREQUENCY key.

On the Noise Figure Meter, set START FREQ, STOP FREQ, and FREQUENCY all

.to 1000 MHz.

Set the 10 dB step attenunator for 40 dB of attenuation. Set the 1 dB step attenuator
for a power level no greater than —33 dBm as read on the power meter.

On the Noise Figure Meter, press INCREASE to set the smoothing factor to 8. Press
CALIBRATE twice.

When calibration is complete, key in 81.0 SPECIAL FUNCTION to turn on the
noise source and display the noise power detector outputin volts (voltmeter mode).
Press STORE 1 to store this setting in the instrument memory.

Set a relative reference on the power meter. (Press dBREL key on HP 436).

. Set the step attenunator for 30 dB of attenuation. Note the power meter reading.

{(Power Meter =10dB Gain) ____ dB

Onthe Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading,
{Noise Figure Meter =10dBGain) 4B

On the Noise Figure Meter, press RECALL 1.

Set the step attenuator for 20 dB of attenuation. Note the power meter reading.
(Power Meter =~20dB Gain) _________dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.
(Noise Figure Meter =20dB Gain) _____ dB
Insert a 20 dB attenuator into the setup at the input to the power sensor.
On the Noise Figure Meter, press RECALL 1.
Note the power meter reading. . (Power Meter Reference) . dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain Reading,
{Noise Figure Meter Reference) ______ dB

On the Noise Figure Meter, press RECALL 1.

D cavni
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PERFORMANCE TESTS

GAIN MEASUREMENT UNCERTAINTY PERFORMANCE TEST (cont'd)

Procedure

{cont’d)

45.

46.

47.
48.

49.

51.

52.

Set the step attenuator for 10 dB of attenuation. Note the power meter reading.
(Power Meter ~30dB Gain) ____________dB
On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion

Gain reading.
(Noise Figure Meter =<30dB Gain) _________._ dB

On the Noise Figure Meter, press RECALL 1.

Set the step attenuator for 0 dB of attenuation. Note the power meter reading.
(Power Meter ~40dB Gain) ... _ dB

On the Noise Figure Meter, press NOISE FIGURE AND GAIN. Note the Insertion
Gain reading.
(Noise Figure Meter ~40 dB Gain) _________ dB

. Subtract the reading of step 42 from that of step 38. This is the value of the 20 dB

attenuator as seen by the power meter.
(20 dB Attenuator) . ___dB

Subtract the reading of step 43 from that of step 39. This is the Noise Figure Meter
reference correction factor.
(Noise Figure Meter Correction Factor) . dB

Fill appropriate values into the following table, then subtract the values for the Noise
Figure Meter from the power meter readings above them to vield the net error. The
error should be within +0.15 dB.

Power
Meter

Step 35

Step 38

Step 45
+
Step 50

Step 48
_§..
Step 50

dB

dB

dB

Noise
Figure
Meter

Sten 36

Step 39

Step 46
+

Step 51

Step 49
+
Step 51

dB

aB

dB

Error

dB

dB

dB

dB
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PERFORMANCE TESTS

4-9. INSTRUMENT NOISE FIGURE PERFORMANCE TEST

Specification

Description

Equipment

Procedure

H «a7nh

INSTRUMENT NOISE FIGURE: <7 dB + 0.002 dB per MHz on the most sensitive

input range.

A noise source is connected to the Noise Figure Meter INPUT, and the instrument
measures its own noise figure in the UNCORRECTED mode.

NOISE SOUTCE v vveevnereeseeeneene HP 346B Opt. 001

1. Connectthe noisesource betweenthe SOURCE output and the INPUT ofthe Noise

4.

Figure Meter. Turn on the Noise Figure Meter, then press PRESET. Set FREQ
INCR to 100 MHz.

Press the ENR key to access the working ENR table within the Noise Figure Meter. Using
the DATA keys and the ENTER key, modify the 10, 100, 1000, 2000 and 3000 MHz
ENR entries to corredspond to the noise ENR chart. Exit the ENR table entry mode by
pressing the FREQUENCY key.

Use the INCREASE key to set the smoothing factor to 4. Select UNCORRECTED
NOISE FIGURE.

Note the NOISE FIGURE display reading at each frequency, while using the step
up key (up arrow) to tune the Noise Figure Meter through its tuning range. The

Noise Figure measurement results should be less than those shown in the table
below.

Frequency Koise Figure [dB) Frequency Koise Figure {dB}

(MHz} Actual Maximum {MHz} Astual Maximum
10 N 7.02 1010 R 9.02
110 S 7.22 1110 S 922
210 e 7.42 1210 e Q.42
310 e 7.62 1310 I 59.62
410 e 7.82 1410 e 9.82
510 5.02 1510 — | 100,
610 — 8.22 1610 — 10.22
710 8 42 1710 - 10.42
810G - 8.62 1810 e 10.62
910 ——— 8.82 1910 T 10.82
2010 SE— 11.02
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Table 4-2. Performance Test Record {1 of 3}

ITerlouriidiice 1 esLs

1D ca7nD

Hewlett-Packard Company Tested by
Model HP 89708 Option 020
Noise Figure Meter
Serial Number Date
Resulis
Para, Test
No. Min. Actual Max.
4-5 TUNING ACCURACY PERFORMANCE TEST
Tuned Frequency
20 MHz 18.8 MHz 21.2 MHz
100 MHz 98 MHz 102 MHz
300 MHz 296 MHz 304 MHz
500 MHz 494 MHz 506 MHz
1000 MHz 994 MHz T 1006 MHz
1300 MHz 1294 MHz 1306 MHz
1600 MHz 1594 MHz 1606 MHz
1800 MHz 1794 MHz 1806 MHz
2000 MHz 1994 MHz 2006 MHz
2047 MHz 2041 MHz 2053 MHz
46 INPUT SWR PERFORMANGCE TEST
+20 dB Input Gain Setfting Frequency
MHz -11.73 dB
<1600 MH=
MHz -9.63 dB
+10 dB Input Gain Setting Frequency <2047 MHz
MHz -11.73 48
< 1600 MH=
MiHz 5.63 dB
0 dB Input Gain Setting Frequency <2047 MHz
MHz -11.73 dB
< 1600 MHz
s MHZ -9.63 dB
<2047 MHz
423
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Tahle 4-2. Performance Test Record [2 of 3)

AL SRR N AL

Results
Para. Test
No. Min. Actual Max.
4.7 NCISE FIBURE RANGE AND AGCURACY
PERFORMANCE TEST Difference
Stepd _ Step10° 0.00053 +0.00054
Step 12 Step 132 ' ‘
Step 9 Step 10? 0.00589 -+0.00803
Step 15 Step 162 ’ '
Step 9 Step 1* 0.04922 +0.05037
Step 18 Step 197 ' e
Step 9 Step 10°
- 5 —().20487 +0.20964
Step 21 Step 22
Step 9 Step 102
- 5 ~0.69706 +0.71330
Step 24 Step 25
Step 18 Step 192
- S ~(.69706 +{(.71330
Step 27 Step 28
4-8 GAIN MEASUREMEKT UNCERTAINTY
PERFORMANCE TEST
Power Meter Noise Figure
Reading Meter Reading
Step 35 Step 36
dB - dB —0.15dB +(.15dB
Step 38 Step 29
dB - dB -(}.15dB +0.15dB
Step 45 + Step 50 Step 46 + Step 51
dB — dB —-(0.15dB 4+0.15 dB
Step 48 + Step 50 Step 49 + Step 51
dB - dB —0.15dB +0.15 dB
4-24
Performance Tests HP Ra70R



Table 4-2. Performance Test Record (3 of 3}

A A AN A ARAAR AN L L UL

Results
Para. Test
Ne. Min. Actual Max.
4.9 INSTRUMENT NOISE FIGURE PERFBRMANCE TEST
Frequency
10 MHz 7.02 FdB
110 MHz 7.22 FdB
210 MHz 7.42 FdB
310 MHz 7.62 FdB
410 MHz 7.82 FdB
510 MHz 8.02 FdB
610 MHz 8.22 ¥dB
710 MHz 8.42 FdB
810 MHz 8.62 FdB
910 MHz 8.82 FdB
1010 MHz 9.02 FdB
1110 MHz 9,22 FdB
1210 MHz 9.42 FdB
1310 MHz 9.62 FdB
1410 MHz 9.82 FdB
1510 MHz 10.02 FdB
1610 MHz 10.22 FdB
1710 MHz 10.42 FdB
1810 MHz 10.62 FdB
1910 MHz 10.82 FdB
2010 MHz 11.09 FdB
! i

HP 8970B
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HP 8071B/C

Performance Tests

HP 8971B/C
PERFORMANCE TESTS

4-12. INTRODUCTION

The procedures that follow test the electrical per-
formance of the Noise Figure Test Set using the ap-
propriate specifications of Section I as performance
standards. All tests can be performed without ac-
cess to the interior of the instrument.

4-13. Equipment Required

Equipment required for the performance tests is
listed before each of the tests.

4-14. Performance Test Record

Results of the performance tests may be recorded
in the Performance Test Record at the end of this
section. Results recorded at incoming inspection
can be used for comparison in periodic mainte-
nance and troubleshooting and after repairs or ad-
Jjustments.

4-15. Calibration Cycle

The HP 8971B and the HP 8971C require periodic
verification of performance. Depending on the
use and environmental conditions, the instrument
should be checked using the performance tests at
least once a year.

4-16. Performance Test Procedures

Perform the tests in the order given and record the
data in the Performance Test Record and/or in the
data spaces provided within the text.

NOTE

All specifications of performance are certi-
fied only in the temperature range of +10
°Cto +40°C.

It is assumed that the person performing the
tests understands how to use the specified test
equipment. Equipment settings, other than those
for the instrument, are stated in general terms.
It is also assumed that the person performing the
tests will supply whatever cables, connectors, and
adapters which are necessary.

4-29
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4-17. INPUT SWR PERFORMANCE TESTS

NOTE
This SWR test applies to HP 8971Cs Standard or Option 001. For HP
8971Cs Option 002 and HP 8971Bs, you may test SSB 1 and 2 (up to
2.4 GHz) with this test, but you must use the test that follows this test

for SSB 3.
Specification N
SWR Test Specification Range
HP 8971C
Std. and Opt. 001
2.25:1 10 MHz - 18 GHz
2.5:1 18 - 26.5 GHz
HP 8971C
Opt. 002
1.5:1 10 - 1600 MHz
2:1 1.6 ~ 2.4 GHz
HP 89718
1.51 10 — 1600 MHz
2:1 1.6 -24 GHz
Description An input SWR test is performed for each of the three single sideband modes of
operation.
Equipment 10 dB Attenuator .......... HP 8493C opt 010
Signal Genperator .......... HP 8340B/41B
Scalar Network Analyzer ... HP 8757A
Power Splitter ............. HP 11667B
Detector ............. ..... HP 850258
Directional Bridge ......... HP 85027B
SMA-male Coaxial Short/
Open ...l HP 85037-60001
System ...l See the section on Programming the System LO.
Noise Source .............. HP 346B/C '

4-30

Perfarmanee Tacte FETN Ao v f o



AhA USRI Periormance ‘lests

SCALAR
NETWORK ANALYZER

HP 8372B
NOISE FIGURE METER
[ i ] HP BS71B/C_NQISE
= 85 FIGURE TEST 8¢t
oD OR o oo P
®osmmnEEEC T ¢ o . LOAD oty
Lneur i B .
il COAXIAL
SYSTEM LOCAL === =0 gkorT/0PEN
OSCILLATOR
TEST
PORT DIRECTIONAL
HP 83408 BRIDGE
SIGNAL GENERATOR i
DETECTOR
s J
POWER
SPLITTER
RF 12 dB
auT ATTENUATOR
]
i INTER-CONNECT ION )
Figure 4-6. SWR Test Setup
Procedure 1. Power up all equipment and allow to warm up for one hour.

2. Connect the system as shown in the preceeding figure. The interconmections
between the HP 8757A and the HP 83408 are as follows:

a. Connect the HP 8340B Pulse Modulation Input to the HP 8757A Modulation
Drive.

b. Connect the HP 8340B Sweep Output to the HP 8757A Sweep In 0-10V.
c. Connect the HP 8340B Z-Axis Blank/MKRS to the HP 8757A Pos Z Blank.
d. Conpect the HP 8340B Stop SWP In/Out to the HP 8757A Stop Sweep.

e. Connect a HPIB cable from the HPIB connector on the HP 8340B to the HP
8757A System Interface connector on the HP 8757A.
NOTE

Keep all connectors clean and keep the number of adaptors to a
minimum.

3. Preset the HP 8757A Scalar Network Analyzer. Turn Channel 2 OFF. Set the
SCALE to 10 dB/div. Set the measurement mode to A/R. Set the display for
MEAS —MEM.

4. On the HP 8340B(uwave test station) set the output power to —5 dBm. Set Pulse
Modulation to on. Set the Sweep Time to 100 ms. Set Sweep Mode to continuous.
Set the start frequency to 10 MHz and the stop frequency to 1600 MHz.

4-31
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11.

12.
13.

14,
. Set the HP 875

17.
18.

19.
20.
21.

22.

- A menu will appear. Press the

- Set the average to .

o 39018/

NOTE
You will test the SWR in three ranges of operation. It is not necessary
to set the YIG filter for a SWR test on the HP 8971C Standard or
Option 001,

On the HP 8757A, press (CAL).

softkey. The HP 8757A menu will
prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

. Hook the HP 8971C back up to the SWR bridge.

on the HP 8757A, and set to 32 for smoother trace.

- On the HP 8970B, press {FRESET).
10.

To establish the HP 8970B as system controller:

a. Press: (1) (6] (J (o) (SPECIAL FUNCTION)
b. Press: () (0) (PECIAL FUNCTION)

To control the system LO press: (1) (3) (SPECIAL FUNCTION) (41.3 is for an HP
8673B. Use pullout #1 on the HP 8970B to find the correct special function for
another system LO.)

To control the HP 8971C (or HP 8971B): Press: (1) () (5} (SPECIAL FUNCTION)

If your HP 8971C is an option 001, set the power of the system LO to +1 dBm
using special function 42.5.

a. Press: (1} (5) (SPECIAL FUNCTION)
b. Press:
On the HP 8970B, press: (0 (@)

A for SWR format and measure by reading the :

level. Press: gain to record the worst case SWR:

Wait, then press

Disconnect the directional bridge from the 8971C and set the HP 8340B to a start
frequency of 1600 MHz and a stop frequency of 2400 MHz.

On the HP 8757A, press (CAL).

A menu will appear. Press the SHDB. ar softkey. The HP 8757A menu will
prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.

On the HP 8970B, press: OI010;
on the HP 8757A.

Set the average to

Press the key and measure the worst case SWR by reading the |
marker level. Record the worst case SWR:

TTTY OneraT™ I/
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23.

24.
25.

26.
27.

28.

TR Qovtn /Im

Performance Tests

NOTE
If you have an HP 8971C option 002 or an HP 89718, do not continue
this test. Move on to the next SWR test to measure SSB &,

Disconnect the directional bridge from the 8971C and set the HP 8340B to a start
frequency of 2400 MHz and a stop frequency of 26500 MHz.

On the HP 8757A, press {CAL).

A menu will appear. Press the softkey. The HP 8757A menu will
prompt you to connect a short (see Figure 4-6). Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.

Set the average to - on the HP 8757A.

Press the key and measure by reading the
worst case SWR:

NOTE
If the recorded worst case SWR meets the specifications of the 2.4 to
18GHz spec, this test is complete. If it does not meet the 2.4 to I8GH:
spec but meets the 18 to 26.5GHz spec, then the worse case SWR below
18GHz must be found using the dial to determine if it meets spec.
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Table 4-3. HP 83718/C SWR Test Results

HE 3Y(15/U

Noted Frequencies | Test Result |Std and Option 001 Option 802 HP 8971B

10 MHz to 1600

MHz

Worst Case 2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1

16GHzt02.4

GHz

Worst Case 2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 21

2.4 GHz to 18

GHz

Worst Case 2.25:1 NA NA
2.25:1 NA NA
2.25:1 NA NA
2.25:1 NA NA

18GHzt026.5

GHz

Worst Case 2.5:1 NA NA
2.5:1 NA NA
2.5:1 NA NA
2.5:1 NA NA

TEEY Arama T LN
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PERFORMANCE TESTS

4-18. INPUT SWR PERFORMANCE TESTS

Specification

Description

Equipment

IXY Y OnM1 Ty A

NOTE
This SWR test applies to HP 8971C Models with Option 002, and to HP
89718 models. It covers only frequencies in SSB 8, 2400 to 18000 MHz
in the HP 89718, and 2400 to 26500 MHz in the HP 8971C Option
002. Testing lower bands can be done easily using the preceding SWER
test.

SWER Test Specification Range
HP 8971C Opt 002

2:1 24-18 GHz
3:1 18 - 26.5 GHz

HP 8971B
2:1 24 - 18 GHz

An input SWR test is performed in SSB 3 of the HP 8971C OPTION 002 and the HP
8371B.

10 dB Attenuator ................ HP 8493C option 010
Signal Generator ................. HP 8340B/41B
Scalar Network Analyzer .......... HP 8757A

 Power Splitter ............... ... HP 11667B
Detector ..o, HP 85025B
Directional Bridge ................ HP 850278
SMA-male Coaxial Short/Open .... HP 85037-60001
LO Input Cable .....ovnrnnnnn... HP 08971-60126
IF Output Cable ................. HP 11793-60006
System LO ........... ... ... See the section on Programming the

System LO.

Noise Source ........c.cvoiieu..... HP 346B/C
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HP 89703
NOISE FIGURE METER m
(= EE] ) |

5 Do = ppos =) —
z B D OQER e N
§5P PR EtEe oo §

l NOISE
SOURCE

HP 8971B/C
NOISE FIGURE
TEST ST

f §
o (—

SYSTEM
LODAL CSCILLATOR

—

Figure 4-7. Fine Peak YIG Test Setup

Procedure

—+

- Power up all equipment and allow to warm up for one hour.
- On the HP 8970B, press (FRESET).
. Set up the HP 8970B as the system controller.

a. Press: (4] (6] () (o) (SPECIAL FUNCTION)

b. Press: () (@) (SPECIAL FUNCTION)
4. On the HP 8970B, press (1) () (5) (SPECIAL FUNCTION).

. To control the system LO, press () (@) (GPECIALFUNCTION). (41.3 is for a
HP 8673B. Use pullout #1 on the 89708 to find the correct special function for
another system LO.)

[V ]

(o]

NOTE

Make sure that the correct ENR table for the noise source used is entered in
the HP 8970B. A preamplifier connected between the noise source and the
HP 9871B/C RF inpu: may be necessary to allow the YIG to be peaked above
18 GHz (Typically above 24 GHz).

6. If your HP 8971C is an option 001, use special function 42.5 to set the LO power
to +1 dBm.
a. Press: (1) (2) (3 (5) (SPECIAL FUNCTION)
b. Press:
¢. Press: (3 (4) (sPECIAL FUNCTION)
d. Press: (2) (&) 5} (@) (@) ENTER)

7. Fine Peak the YIG at frequencies to be tested.

b. Press: @0 @ @ @ED

4-36
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Press:

Press: 2} Q) & @) (18000 for HP 8971B)
Press:

Press: 5) (0} (o)

Press: (3} (6) () (3) (SPECIAL FUNCTION)

Wait until fine peak finishes before continuing.

NOTE

The fine peak above checks only the frequencies that are stepped through. If
you have other frequencies of specific interest to your application, fine peak
atthose frequencies also. Before proceeding, remove the preamplifier if used
for fine pealing the YIG.

8. Set up the equipment as shown in the following figure.

HP 83788
NOISE FIGURE METER

[z

o

f =T :::n 2 pooe
[= == et

maas O
o ::n oo BE0n

= HP 8S7:B/C NOISE
EH FIGURE TEST SET
$ 4. i LOAD =

SCALAR
NETWORK ANALYZER

SYETEM LOCAL
DSCILLATOR

TYTV Ay § o

]
o
= 5=
1NPUT = I I E
L J out COAXT AL
— AXIAL
b= === skt cren
TEST
PORT DIRECTIONAL
HP 83428 BRIDGE
SIGNAL GENERATOR R
DETECTOR
gy _J
SOWER
SPLITTER
RF 10 B
ouT ATTENUATOR
Jremm———
. d INTER-CONNECTION 4

Figure 4-8. SWR Test Tetup

9. The interconnections between the HP 8757A and the HP 8340B are as follows:

a.

Connect the HP 8340B Pulse Modulation Input to the HP 8757A Modulation
Drive.

Connect the HP 8340B Sweep Output to the HP 8757A Sweep In 0-10V.

c. Connect the HP 8340B Z~Axis Blank/MKRS to the HP 8757A Pos Z Blank.

Connect the HP 8340B Stop SWP In/Out to the HP 8757A Stop Sweep.

Connect an HPIB cable from the HPIB connector on the HP 8340B to the HP
8757S System Interface connector on the HP 8757A.
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16.

11,

12.
13.

14.
13,

16.

17.
18,

19.

20.

21.
22.
23.
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NOTE
Keep all connectors clean and keep the number of adapters to a
minimum.

Preset the HP 8757A Scalar Network Analyzer. Turn Channel 2 OFF. Set the
SCALE to 10 dB/div. Set the measurement mode to A/R. Set the display for
MEAS-MEM

On the HP 8340B(microwave test station) set the output power to —5 dBm. Set
Pulse Modulation to on. Set the Sweep Time to 100 ms. Set Sweep Mode to
continuous. Set the start frequency to 2400 MHz and the stop frequency to 2600
MHz.

On the HP 8757A, press (CAL).

A menu will appear. Press the | oftkey. The HP 8757A menu will

prompt you to connect a short (see Figure 4-7), Follow the directions on the menu.
The short and open calibrations will only take a few milliseconds each.

Hook the HP 8971C back up to the SWR bridge.
Set the average to ON on the HP 8757A, and to 32 for smoother trace.

a. Press: {avG

b. Press: :

softkey so the the AVG is set to on.
C. Press: |
d. Press:

Set the HP 8757A for SWR format and measure by reading the marker level.
a. Press:

b. Check to see if the cursor is set to on. If it is not press the
so that the cursor is set.

softkey so that the display shows SWR.

softkey

¢. Press

Set the HP 8970B to a frequency of 2500 MHz.

Measure SWR and record in the table that follows. Use the
the cursor to the low point.

Set the HP 8340B to the next 200 MHz sweep. This will be 16900 to 17100 MHz.
(% 100 MHz from the next frequency to be measured.)

Press on HP 8757A. Press the SHORT\OPEN key. Follow directions on the
display.

On the HP 8757A, turn the AVG back ON.
Reconnect the HP 8971C to the SWR bridge.
Set the HP 8970B to the next frequency(17000 MHz, 26500 MHz).

HP 8757A for SWR readout and measure by reading the marker level. Use
softkey to adjust the cursor. Record the SWR in the table that follows.

- softkey to adjust

. Repeat steps 20 through 25 for the last frequency, 26500 MHz.

AN e v f e
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NCTE
Other frequencies at multiples of 500 MHz (2500 MHz and above) can
be tested. Test any multiple that might be of interest. Repeat steps 20
through 25 for each additional frequency.

Table 4-4. HP 8371B/C SWR Test Results

Maxirnom Maximum

Noted Frequencies Test Result Option 002 HP 8971B
24GHz 1018 GHz
Worst Case e 2:1 2:1

2:1 2:1

2:1 2:1

2:1 2:1
i8 GHz to 26.5
GHz
Worst Case S 31 NA

3:1 NA

31 NA

3:1 NA
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4-19. NOISE FIGURE TEST

Specification

Description

Equipment

Procedure

4-40

Performance Tests

NOTE

This Noise Figure Test applies to all HP 8971 C instruments. This test does
not apply to the HP 8971B. The Noise Figure Gain Test (4-20), which  follows
this test, applies to the HP 8971B.

Mode Specification Conditions
Noise Figure
HP 8971C Std and Opt 001

<=18dB 10-30 MHz=
<=13dB 30-100 MHz
<=10dB 0.1-12 GHz
<=11.5dB 12-18 GHz
<=14.5dB 18-26.5 GHz

Opt 0802 only
<=5.4dB 10 MHz-1.6 GHz
< =28 dB 1.6-2.4 GHz
< =26 dB 2.4-15 GHz
< =28 dB 15-18 GHz
< =28 dB typical| 18-22 GHz
< =32 dB typical|22-26.5 GHz

Noise Figure is tested in each of the three SSB test ranges:

Results of all tests are compared with specified values to verify that the HP 8971C

@ - oo

e s

s v 8o

5 s a4

1.6 GHz t
2.4 GHz t

a4 4.

meets specifications.

Noise Figure Meter
Signal Generator

Noise Source

........

..........

..............

10 to 1600 MHz
1. Connect the Noise Figure Calibration Setup.

10 MHz to 1600 MHz

o 2.4 GHz
o 26.5 GHz

HP 8970B

See the Section on Programming the System LO.

HP 346B/C
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HP 897085
NOISE FIGURE METER m
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HP 8971C NOISE
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SYSTEM
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|

Figure 4-9. Noise Figure Catibration Test Setup

2. Warm up equipment for sixty minutes.

NOTE
Make sure that the correct ENR table for the noise source used is entered
in the HP 8970B.

. On the HP 8970B, press

4. Increase smoothing to 32. Press five times.

. Prepare the Noise Figure Measurement System for use.
a. Press: (4){e) () (o) (SPECIAL FUNCTION)
b. Press: (3 (0] (SPECIAL FUNCTION)

. Press: (1 (@) (SPECIAL FUNCTION)

. Press: (1) () (8) (SPECIAL FUNCTION)

e. Press: (J (43 (See Pull Out Card 1 on the 89708 if you are not using an
HP 8340B)

f. Press: (SPECIAL FUNCTION)

g. If you have an option 001, press: (4} (2) () (5] (SPECIAL FUNCTION) and
6. Press: (O (4) (sPECIAL FUNCTION)
7. Press: (2){e) (3] (o) (e (ENTER)

8. Set up the HP 8970B to calibrate 10 and 100 MHz.
a. Press:
b. Press: (1) (0}

o]

[}

©

=4
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¢. Press:

d. Press: (1) {0} (o)
e. Press:

f. Press: 5) (o)

9. Press: (CALIBRATE } (CALIBRATE)

10. Wait for the calibration to finish before proceeding.

11. Connect the equipment as in the following figure.

HP 88708
NOISE FIGURE METER m
(= CER

"HP 8971C

NOISE FIGURE
TEST SET

! 4] A |
BT —

SYSTEM
LOCAL OSCILLATOR

I

Figure 4-10. Noise Figure Test Setup

12, Press: (NOISE FIGURE AND GAIN).

13. Use the (START FREQ) and (STOP FREQ) keys to view 10 and 100 MHz. Measure the
noise figure at 10 and 100 MHz.

14. Record results in the table that follows,
15. Reconnect the Noise Figure Calibration Setup. (Figure 4-9)
16. Set up the HP 8970B to calibrate for 200 to 1600 MHz.

a. Press:

b. Press: () (@) @)

c. Press:

d. Press: (1) (6) (@) (©)

e. Press:

f. Press: (1) (o) (0} {Ignore E21)

17. Press: (CALBRATE) {CALIBRATE)
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18.
18.
20.
21.

22.

Wait for the calibration to finish before proceeding.

Reconnect the Noise Figure Test Setup.
Measure the noise figure from 200 to 1600 MHz.
Use the fixed frequency and keys to measure the desired frequency.

a. Press:

b. Press: 21 (@) (@)

¢. Press: [FREQ INCR

d. Press: @ @

Record the results in the following table.

Table 4.5. HP 83971C S881 Noise Figure Test Results

Performance Tests

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
16 MHz 18 dB 5.4dB
100 MHz 10 dB 5.4dB
200 MH2 10 dB 5.4 dB
300 MHz 10 dB 5.44dB
400 MH:z 16 dB 5.4 4dB
500 MHz 10 dB 5.4dB
600 MHz 10dB 5.4dB
700 MHz 10 dB 5.4dB
800 MHz 10 dB 5.4dB
900 MHz 10 dB 5448
1000 MHz 10 dB 5.44dB
1100 MH:z 10 dB 5.4dB
1200 MHz 10 dB 544dB
1300 MHz 10 dB 5.4dB
1400 MHz 10 dB 5.44dB
1506 MHz 106 dB 5.4dp
1600 MHz 10 dB 5.44dB
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Procedure 1600 to 2400 MHz
1. Connect equipment as shown in the Noise Figure Calibration Setup.
2. Warm up equipment for sixty minutes.

NOTE
Make sure that correct ENR calibration tables for Notse Source used
are entered in HP 8970B. (See HP 8470B Operating Manual).

Press:

Press: () () (J (o) (SPECIAL FUNCTION)

Press: (2) (&) () (o) (SPECIAL FUNCTION)

If you have an option 001, press: (4) (2} () () (SPECtAL FUNCTION] and (1) (ENTER)
Enable communication with the HP 8971C in modes 1.5 to 1.9

a. Press B} 50} () (0)

b. Press: {SPECIAL FUNCTION)

8. Enable Local Oscillator for fixed IF of 700 MHz

a. Press: (1) () (3) (SPECIAL FUNCTION)

b. Press: (3} () (o} (SPECIAL FUNCTION)

c. Press: (7} (0} (@) (ENTER)

- W

N oo o

NOTE
Ignore ERROR 42 whenever it appears during this test procedure.

9. Set for lower sideband measurement and select the correct LO program
{SPECIAL FUNCTION 41.X)

a. Press: (2} () (2} (SPECIAL FUNCTION)

b. Press: () (1) (J (&) (See Pull Out Card 1 on the 8970B if you are not using a
HP 8340B)

¢. Press: {SPECIAL FUNCTION)
10. Increase Smoothing to 32

a. Press: [INCREASE

b. Press: {INCREASE

c. Press:
d. Press: (INCREASE
e. Press: (INCREASE

11. Calibrate the HP 8970B
a. Press:

b. Press:
12. Wait for the calibration to finish before proceeding.

=z
[#]
g
e
n
m

13. Reconnect the Noise Figure Test Setup.

4-44



1Ll Q@A

Procedure
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14.

15.

16.

Performance Tests
Enable mode 1.5 and set the Noise Figure Meter frequency to 2000 MHz. This
puts the Noise Figure Test Set into SSB2.
a. Press: (1) () (8) (SPECIAL FUNCTION)
b. Press:

¢. Press @@ @ Q
d. Press: (1) () (3) (SPECIAL FUNCTION)

To observe results, set up a 100 MHz increment and use the fixed freq key.
a. Press:

b. Press: (0 (®)

c. Press:

d. Press: (1) () (@)

e. Press: {NOISE FIGURE AND GAIN]

Record values of noise figure in the folowing table using the fixed freq key to
step to each new frequency.

Table 4.-8. HP 9871C S5B2 Noise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency $td and Opt 001 Opt 002 Actual
1700 MH:z <10 dB <25 dB
1800 MHz <10 dB <25 dB
1300 MHz <10 dB <25 dB
2000 MHz <10 dB <25 dB
2100 MHz <10 dB <25 dB
2200 MHz <10 dB <25 dB
2300 MBz <10 dB <25 dB
2400 MHz <10 dB <25 dB

2.4 to 26.5 GHz

1.
2.
3.

Set up instruments as shown in the Noise Figure Test Setup.
Turn on power to the instruments and allow a warm up of one hour.

Preset the HP 8970B and select the correct LO program (SPECIAL FUNCTION
41.X)

a. Press:

b. Press: (4 () () {0} (SPECIAL FUNCTION )
¢. Press: () (c) (SPECIAL FUNCTION)
d. Press: (3} 2) () (2) (SPECIAL FUNCTION)
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. Press: @@ 0 0 © EFER)

f. Press: (J (&) (See Pull Out Card 1 on the 8970B if you are not using a
HP 8340B.)

g. Press: (SPECIAL FUNCTION)

4. If you have an option 001, Press: 3) (2} (3 (5) (SFECIAL FUNCTION) and @)

NOTE
The instrument responds slowly to some commands. Make sure that
each time a key is pressed the instrument recognizes it and responds.

Make sure that the correct ENR table for the noise source used is entered
in the HP 8970B.

Enable communication with the HP 8971C in modes 1.5-1.9
a. Press: )
b. Press: (SPECIAL FUNCTION )
6. Enable mode 1.5
a. Press: (1) ()
b. Press: (SPECIAL FUNCTION) (Ignore E28)
7. Set Frequency points to calibrate the YIG filter

a. Press:

b. Press: @

c. Press:

d. Press: (2)(8) (5) (@) (®) (EnTER)
e. Press:

i Press: D@ B @
8. Fine peak the YIG filter: (3) (8) () (3) (SPECIAL FUNCTION)

9. After *8971 CAL" disappears from the INSERTION GAIN and NOISE FIGURE
displavs. enable control of the YIG filter in mode 1.3 (this is accomplished by
modifying a special RAM location) Ignore E23 if it appears.

a. Press: () (3) () (1) (SPECIAL FUNCTION)
b Press: 0 0 @ 6 @ EEED
¢. Press: (3) (3) (J (3) (SPECIAL FUNCTION)

d. Write down the number in the HP 8970B display.
e. Press: (9) 3) (O (1) (SPECIAL FUNCTION)
10. Key in the number recorded above Press:
a. Press: () (3) O (2) (SPECIAL FUNCTION)
b. Press: {1} (&)
c. Press: (1J () (3) (SPECIAL FUNCTION)

11. Set measurement frequency parameters

<

4-46

Ty Ot Iy

Performance Tests



——— U A

HP Ra71R/C

12.

13.

14,
15.

16.
17,

18.

reriormance i1esis

a. Press:

b. Press: 2}(5) (o) (o)
c. Press: (FREQ INCR)

d. Press: (1) (o) @) (o) (ENTER)

Fix Intermediate Frequency (IF) to 450 MHz.
a. Press: {3) (J (o) (SPECIAL FUNCTION)
b. Press: @) @

Set smoothing to 32

a. Press: [INCREASE
b. Press: {INCREASE

¢. Press: (INCREASE

|
-
m
O
pn
)
Bl

d. Press: (INCREASE

e. Press: (INCREASE

Select Lower Sideband: Press: (2} () (i) (SPECIAL FUNCTION)
Reconnect the Noise Figure Calibration Setup.

a. Press: {CALIBRATE

b. Press:
c. Wait for the calibration to finish before proceeding.

Reconnect the system as shown in the Noise Figure Test Setup.

Take measurement at 2500 MHz

a. Press: (NOISE FIGURE AND GAIN]
b. Record results in the table that follows.

To make the rest of the measurements:
a. Press fixed freq () key
b. Record Noise Figure for each frequency.
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Table 4.7. HP 83710 5883 Nvise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure

Frequency |Std and Opt 001 Opt 002 Actual
2500 MHz <10 dB <26 dB

3500 MHz <104B <26 d8B

4500 MHz <10 dB £26dB

5500 MHz <16 dB <26 dB

6500 MHz <106 dB <26 dB

7500 MHz <10 dB <26 4B

850C MHz <10 dB <26dB

9500 MHe < 10 dB <26dB

10500 MHz < 10 dB <£26dB

11500 MHz < W dB < 26 dB

12500 MHz <11.5dB <26 dB

13500 MHz <11.5dB < 26dB

14500 MHz L£11.5dB (< 26dB

15500 MHz <11.5dB < 28dB

16500 MHz <11.5dB [<28dB

17500 MHz £11.5d8 [<28dB

18500 MH:z <14 dB < 28 dB typical
19500 MHz <14 dB < 28 dB iypical
20500 MHz <14 dB < 28 dB typical
21500 MHz < 14 dB < 28 dB typical
22500 MHz <14 dB < 28 dB typical
23500 MHz <14 dB < 28 dB {ypical
24500 MHz <14 dB < 28 dB {ypical
25500 MHz <14 dB < 28 dB typical
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PERFORMANCE TESTS

4-20. IMAGE AND THIRD HARMONIC REJECTION TEST

NOTE
This performance test applies to HP §971B instruments ONLY.

Specification
P Mode | Specification | Conditions

SSB3 >20 dB

Description This test verifies the ability of the Noise Figure Test Set to reject unwanted responses
to signals appearing at the image frequency or the third harmonic of the desired
response. The HP 8971B provides rejection of these signals in $SB modes 2 and 3.
The test consists of injecting signals at the appropriate frequency and using the HP
8970B as a measuring receiver. In SSB mode 2, the image will appear 1400 MHz above
the desired response (700 MHz IF) and in $SB mode 3 the image will appear either
900 MHz above the desired signal ( frequency <16.001 GHz) or 900 MHz below the
desired signal (frequency >16 GHz). By design, the mixer in the HP 8971B rejects
even harmonic responses and all odd responses which exceed 20 GHz, so it is not
necessary to test all possible responses.

Equipment Noise Figure Measurement System . HP 8970B, HP 8971B and supported LO.
Noise Source .........oooivinn.... HP 346B/C
Signal Generator ................. HP 8340B
Power Meter ..................... HP 436A
Power Sensor .................... HP 8484A/8481D

4-49
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Performance Testsa

HP 897¢B
NOISE FISURE METER

P

B oo oy gaoo
5 ok o EBER G
i [ringiia] BEas

o
£a

oo

|

STEPS 6-8
SIGNAL GENERATOR

HP BS71B
NOISE FIGURE
EST SET

NOISE
SOURCE

T
l ey HL ]
\—“mm-u“ mm-—qu ks&:i-ii

SYSTEM
LOCAL CSCILLATOR

|

nr syiipju

HE |

POWER METER

Figure 4-11. Image and Odd Harmonic Rejection Test Setup

[ N

. Connect equipment as shown above.

. Select the proper system LO (41.0-41.4 SP)

a. Press: (J @) (For HP 8673B only. For HP 8671B or 8672A use 41.2. For

HP 8340B use 41.4)

b. Press: (SPECIAL FUNCTION )

3. Preset the Noise Figure Meter
Press:

. Place system in mode 1.5.

a. Press: Q

b. Press: (SPECIAL FUNCTION )

1=

<

Press:
Press: ({0 (@ @
Press:

Press:
Press: 0@
Press:

Press:
Press: 2) (@) (@) (@

o

oo

50 e

. Set start, stop and step frequencies.
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10.

11.

12.

13.
14.

16.

Performance Tests

i. Press:

. Connect noise source to RF Input of HP 8971B.
. Fine tune the HP 8971B YIG filter (4 to 18 GHz).

a. Press: 3) (&) (O

b. Press: (SPECIAL FUNCTION )

¢. Wait for “8971 CAL” to disappear from the INSERTION GAIN and NOISE
FIGURE displays before proceeding to the next step.

. Set Frequency to 2401 MEz (lowest SSR3 frequency).

a. Press: [FREQUENCY

b. Press: 2) () (0
c. Press:

. Peak YIG filter.

a. Press: (3) (6D (@)

b. Press: (SPECIAL FUNCTION)

Connect the power meter to the Noise Figure Test Set IF QUTPUT. Connect the
signal source to the HP 8971B RF INPUT. Set the signal source to the image
frequency 3301 MHz. Adjust the signal source output level so that the power
meter reads —40 dBm £5 dBm. Connect The Noise Figure Test Set IF QUTPUT
to the Noise Figure Meter RF INPUT.

Select Power Measurement Mode

a. Press: (9}()

b. Press: (SPECIAL FUNCTION)

Set smoothing to 8
a. Press: [INCREASE
b, Press: [INCREASE

c. Press:
Tune the HP 8970B to the first frequency in table 4-8.

Set RF attenuator auto range.

a. Press: (8] (o)

b. Press: (SPECIAL FUNCTION )

. Tune the signal generator to the same frequency as the HP 8970B and record the

power reading from the HP 8970B in Table 4-8. It may be necessary to fine tune
the frequency of the signal generator in order to obtain the maximum reading in
the Noise Figure Meters Noise Figure display.

Set RF attenuator hold mode.

a. Press: (g)

b. Press: (SPECIAL FUNCTION
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17. Retune the signal generator to the image frequency and record the HP 8970B
power reading in column 4 of Table 4-8. It may be necessary to fine tune the
signal generator in order to obtain the maximum Noise Figure reading.

18. If applicable, tune the signal generator to the 3rd harmonic frequency shown in
column 5 of the table. Record the HP 8970B power reading in column 6 of the
table.

19. Tune the HP 8970B to the next frequency in Table 4-8 and repeat steps 15 through
18. Repeat this process until all frequencies in the table have been tested.

NOTE
It might be necessary to fine tune the source at each frequeney to obtain
the mazimum reading.

Table 4-8. Power Reference, Image and Harmonic

Source and Power Image Power 3xd Power
8970 ¥Freq Ref Freq Image Harmonic | Harmonic
{step 13) (step 15) | (step 17) | (step 17T) (step 18) {step 18)

1601 MHz 3001 MHz NA NA

2401 MHz 3301 MHz 7203 MHz

4000 MHz 4900 MHz 12000 MHz

6000 MHz 6900 MHz 18000 MHz

8000 MHz 8900 MHz NA NA

10000 MHz 10900 MHz NA NA

12000 MHz 12900 MHz NA NA

14000 MHz 14900 MHz NA NA

16000 MHz 16900 MHz NA NA

18000 MHz 17100 MEz NA NA

20. Compute the difference between the power readings of columns 2 and 4. This is
the rejection in dB. Record this value in column 2 of the following table.

21. From the results in above table, compute the rejection by subtracting the image
or harmonic power level from the reference. LIMIT >20 dB.

R 2 L GNP PR

Perfarmance Tacte
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Table 4-8. HF 387 18 Image and Third Harmonic Rejection

Image 3rd Harmonic
8970 Rejection(dB) | Rejection({dB)
Frequency | Col 2-Col 4 | Col 2~Col 6 | Specification
1661 i NA > 20 dB
2401 > 20 dB
4000 > 20 dB
6000 > 26 dB
8000 > 20 dB
10060 — NA > 20 4B
12000 S NA > 20 dB
14000 - NA > 206 dB
16000 - NA > 20 dB
18000 NA > 20 dB
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Table 4-10. Performance Test Record (1 of 6)

Hewlett-Packard Company
Model HP 8971B/C Noise Figure Test Set

Serial Number

Tested by

or syilb/o

Date

Table 4-10. Performance Test Record (T of 5)

HP 887 1B/C SWE Test Results

Noted Frequencies | Test Result |Std. and Opt. 001} Opt. 662 HP 8971B

10 MHz to 1600

MHz

Worst Case 2.25:1 1.5:1 L5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1
2.25:1 1.5:1 1.5:1

1.6GHzto 2.4

GHz

Worst Case 2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1

2.4 GHz to 18

GHz

Worst Case 2.25:1 2:1 2:1
2.25:1 2 2:1
2.25:1 2:1 2:1
2.25:1 2:1 2:1

18GHzto 26.5

GH:

Worst Case 2.5:1 3:1 NA
2.5:1 31 NA
2.5:1 3:1 NA
2.5:1 3:1 NA

Performance Tests
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Table 4-19. Performance Test Record (2 of 5/
HP 8371 SSB1T Noise Figure Test Results

reriormance lests

Noise Figure Noise Figure
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
10 MHz 18 dB 5.4dB
100 MH:z 10 dB 5.4dB
200 MHz 10 dB 5.4dB
300 ME:= 10 dB 5.4dB
400 MHz 10 dB 5.4dB
500 MHz 10 dB 5.4dB
606 MHz 16 dB 5448
700 MHz 10 dB 5.4dB
800 MH:z 10 dB 5.4dB
900 MHz 10 dB 5.4dB
1000 MHz 10 dB 5.4dB
1100 MH:z 10 dB 5.4d8
1260 MHz 10 dB 5.4dB
1300 MHz 10 4B 5.4dB
1400 MHz 10 dB 5.4dB
150¢ MHz 10 dB 5.44dB
1600 MHz 16 dB 5.44dB
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Table 4-18. Performance Test Record {3 of 5}

HP 887 1C Noise Figure Test Results

Lii QAL

Noise Figure Noise Figare
Specified Specified Noise Figure
Frequency Std and Opt 001 Opt 002 Actual
1700 MHz <10 dB <25 dB
1800 MH:z <10dB <25dB
1900 MHz <10 dB <25 dB
2000 MHz <10dB <254dB
2100 MHz <10 dB <25 dB
2200 MHz <10 dB <25 dB
2300 MHz <10dB <25 dB
2400 MHz <10dB <25 dB

TID onw1o /e
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Table 410, Performance Test Record(4 of 5)
HF 88710 S8BT Noise Figure Test Results

Noise Figure Noise Figure
Specified Specified Noise Figure

Frequency |Std and Opt 001 Opt 002 Actual
2500 MHz < 1G dB <264dB

3500 MHz <106 dB <26 4B

4500 MHz < 10 dB £26dB

5500 MHz <10 dB <26dB

6500 MHz <10 dB <2648

7500 MEz <10 dB <26dB

8500 MEz <10dB <26dB

9500 MHz <10 dB < 26 dB

10500 MHz <10 dB <26dB

11500 MHz <10 dB < 26dB

12500 MHz <115dB |<£26dB

13500 MHz <11.5d8B |<26dB

14500 MHz <11.5dB |<26dB

15500 MHz <£11.5dB |<28dB

16500 MHz <11.5dB |<28dB

17500 MHz < 11.5dB < 28dB

18500 MHz <14 4B < 28 dB typical
19500 MHz < 14dB < 28 dB iypical
20500 MHz < 14 dB < 28 dB fypical
21500 MHz <14 dB < 28 dB typical
22500 MHz <1448 < 28 dB iypical
23500 MHz < 14 dB < 28 dB fypical
24500 MHz < 14 dB < 28 4B iypical
25500 MHz < 14 dB < 28 dB typical
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Table 4-10. Performance Test Record (5 of 5}
HP 89718 Image and Third Harmonic Rejection

HE 89718/C

Fmage 3rd Harmonic

HP 8970 Rejection{dB) Rejection(dB)

Frequency Col 2-Col 4 Col 2~Col 6 Specification
1601 NA > 20dB
2401 > 20 dB
4000 > 20 4B
6060 > 20 dB
8000 > 20dB
10000 NA > 20 dB
12060 NA > 20 4B
14000 NA > 20 dB
16000 NA > 20 dB
18000 NA > 20 dB

L
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PERFORMANCE TESTS

4-21. NOISE FIGURE AND GAIN TEST (INCLUDES REPEATABILITY)

Specification

Description

4-60

- Performance Tests

NOTE
This performance test applies 1o the HP 89718 instrument ONLY

Mode Specification Conditions
Noise Figure

SSB1 <= 5dB 10 MHz-1.6 GHz

$SB2 <=25dB |1.6-2.4GHz

SSB3 <= 23dB |[2.4-12 GHz
<=24dB }12-15 GHz
<= 28 dB |15-18 GHz

Guain

SSB1 >= —4 dB |10 MHz-1.6 GHz

SSB2 >= 0dB 1.6-2.4 GHz

SSB3 >= 2 dB 2.4-12 GHz
>=1dB 12-15 GHz
>=-2dB |15-18 GHz

Gain Repeatability ] <=0.2dB

Noise Figure is tested in each of the three SSB test ranges:

a)SSB1 ........ 10 MHz to 1600 MHz
b)SSB2 ........ 1.6 GHz to 2.4 GHz
c)SSB3 ........ 2.4 GHz to 18 GHz
d)DSB ......... 2.4 GHz to 18 Ghz

SSB1 mode is a pass through mode. A 3 dB attenuator in series with the path
attenuates the signal passing through. In the SSB1 test the attenuator is tested at
several frequencies and amplitudes for gain. Measurements are made with a signal
generator and a power meter. The external 3 dB attenuator improves the match at
the output of the signal generator. Also, the microwave relays are switched 10 times
and the results are checked for repeatability. :

The Noise Figure and Gain Test for SSB2 mode checks noise figure and gain in the
frequency range of 1.6 GHz to 2.4 GHz. After the signal passes through a 3 dB
attenuator it passes through a band pass filter and another 3 dB attepuator. It is then
mixed with the local oscillator to produce a 700 MHz IF which is then amplified and
sent to the noise figure meter. The microwave relays are switched 10 times and the
results are checked for repeatability.

The Noise Figure and Gain Test of SSB3 mode checks noise figure and gain in
the frequency range of 2.4 GHz to 18 GHz. After the signal passes through a 3
dB attenuator it passes through a YIG bandpass filter and through another 3 dB
attenuator. It is then mixed with the local oscillator to produce a 450 MHz IF which
is amplified and sent to the noise figure meter. The YIG bandpass filter is tuned to

HP 8971B/C
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Equipment

Performance Tests

the low, mid, and high ends of its frequency range to check repeatability. Also, the
microwave relays are switched 10 times to check for repeatability.

The Noise Figure and Gain Test of DSB mode checks the repeatability of the microwave
switches. After the input signal passes through a 3 dB attenuator it is mixed with a
local oscillator to produce a 25 MHz IF output. It is then amplified and sent to the

noise figure meter. The microwave relays are checked 10 times for repeatability.

Results of all tests are compared with specified values to verify that the HP 8971B
meets specifications.

Noise Figure Meter ........ HP 8970B

Signal Generator .......... HP 8340B

Power Meter .............. HP 436A

Power Semsor .............. HP 8481A
Attenuator 3dB ........... HP 8483A OPT. 003
Noise Source . ............. HP 346B

SIGNAL GENERATOR

HP 83703
POWER METER NOISE FIGURE METER m
E Bg]
ceRPggmm =
S ommesBEEE" T2 o
3 dB R
ATTENUATOR SENOR J HP 89718 NOISE
% FIGURE TEST SET
Bl
] =] o
=1t

Procedure

TT O Ty 771

Figure 4-12. Gain Test Reference Setup SSB1

SSB1 — 10 to 1600 MHz

i. Connect equipment as shown in Figure 4-12.

2. On the noise figure meter:

a.

Press:

3. Enable communication with the HP 8971B on system interface bus.

a. Press: Q) E) )

b.

Press: (SPECIAL FUNCTION] {Ignore E42)

4. Enable mode 1.5 and set START FREQ to 1600 MHz.

c.
d.

€.

. Press: 8}

a
b.

Press: {SPECIAL FUNCTION )
Press:
Press:

Press:

5. Place the signal generator in local mode with output at 10 MHz.
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6. Set the power level of the signal generator to +4 dBm.

7. Check the power level of the signal generator on the power meter. Adjust the
signal generator for proper power, if necessary.

8. Set the signal generator to each of the frequencies in Table 4-11 and record the
power level on the power meter under “Output Signal Generator”. (frequencies
are 10, 100, 300, 500, 700, 1000, 1300, and 1600 MHz).

Table 4-11. HP 8971B SSBI Noise Figure Gain

Output Signal Output Output

Frequency Generator Test Set Difference Specified
10 MHz ~ — <=4dB
100 MEz e e —_— <=4 dB
300 MHz e — N — e <=4 dB
500 MHz — e ——— <=4 dB
700 MHz e e <=4dB
1000 MHz i — <=4 dB
1300 MHz —— — — <=4 dB
1600 MHz R <=4 dB

9. Disconnect the signal gemerator from the power meter. Connect the signal
generator output {after the 3 dB attenuator) to the RF INPUT of the Noise

Figure Test Set.

10. Connect the IF OUTPUT of the Noise Figure Test Set to the power meter. The
test should now be configured as shown in Figure 4-13.

11. Set the signal generator to 10 MHz. Read the power meter and record the resalt
in Table 4-11 under “Qutput Test Set”.

12. Repeat step 11 for each of the frequencies in Table 4-11.

13. Subtract the power levels measured in the “Output Test Set” column from the
power levels measured in the “Output Signal Generator” column and record in
the “Output Difference” column.

14. If any item in the “QOutput Difference” column is greater than 4 dB, repeat
measurements for that frequency and subtract again.
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15. Perform this step ten times and record each reading in Table 4-12. Verify that all

the difference between the largest and the smallest power meter readings is <=
0.2 dB

a. Press: {Ignore E-42)
b. Press:
Record the reading in Table 4-12.

HP 83728
NOISE FIGURE METER m
= EE]
=
SIGNAL GENERATOR ® oamonBEREY TT 0O
OWER MET
HP 89718 NGISE FONER METER
FIGURE TEST SET z
<
e [ K=
3 4B WER
l ATTENUATOR J l S%%S%R J
% >

Figure 4-13. Gain Test Setup SSB1

Table 4-12. HP 837 1B SSB1 Bepeatability

Reading # Reading
1
2
3
4
)
6
T
8
9
10
Largest reading
— smallest reading
&=
<= 0.2 dB
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Procedure
{cont'd) SSB2 — 1.6 to 2.4 GHz

1. Connect equipment as shown in Figure 4-14.
2. Warm up equipment for thirty minutes.

Insure correct ENR calibration tables for Noise Source used are entered in HP 89708,
(See HP 8970B Operating Manual).

3. Press:

4. Enable communication with the HP 8971B in modes 1.5 to 1.9
a. Press: (() (5} O (@)
b. Press: (SPECIAL FUNCTION )

5. Enable Local Oscillator for fixed IF of 700 MHz

Press: (1) ()

Press: (SPECIAL FUNCTION)

Press: 3} (0}

Press: {SPECIAL FUNCTION)

Press: (1) (@) (o)
Press:

eoe

P o

o

h

HP 89

788

NOISE FIGURE METER m

E _BE)

T P
e R =}

o o
) Bl =1 =111 ¥

HP 8g71B NOISE
FIGURE TEST SET

= 1 P K=

SYSTEM
LOCAL QOSCILLATOR

G

Figure 4-14. Noise Figure and Gain Calibration Test Setup SSB2/SSB3

6. Set for lower sideband measurement and select the correct LO program (SPECIAL
FUNCTION 41.X)

a. Press: 0

b. Press: '{SPECJAL FUNCTION))
c. Press: (4J (1) (J (2} (For HP 8671B/8672A only)

4-64
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10.

11.

12.

I"eriormandce 1esis

d. Press: {SPECIAL FUNCTION)

Increase Smoothing to 32.
a. Press:
b. Press:
c. Press:
d. Press:
e. Press:

. Calibrate the HP 8670B.

a. Press: [CALIBRATE

b. Press:
Wait for calibration to finish before proceeding.

. Connect Noise Source to HP 8971B as shown in Figure 4-15. Make sure all other

connections are made as shown — including HP-IB connections. Make sure the
ENR table is set for the Noise Source (See the HP 8370B Operating Mannal for
instructions).

Enable mode 1.5 and set the Noise Figure Meter frequency to 2000 MHz. This
puts the Noise Figure Test Set into SSB2.

a. Press: (YO
b. Press: (SPECIAL FUNCTION)
c. Press: (FREQUENCY

d. Press: SISO
e. Press:

f. Press: 8]

g. Press: (SPECIAL FUNCTION)

To observe results, set up a 100 MHz increment and use the (4] key.
Press: START FREQ

Press: @@

c. Press:

d. Press:

e. Press: (1) {0) (0}

f. Press:

g. Press: [NOISE FIGURE AND GAIN)

e op

Record values of gain and noise figure in Table 4-13 using the (A) key to step to
each new frequency.
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13. On the noise figure meter: (Ignore E-23)
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Table 4.13. HP 83718 5582 Noise Figure and Gain

Frequency

Gain
>=0 dB

Noise Figure
<=25dB

1700 MHz
1800 MHz
1900 MHz
2000 MHz
2100 MHz
22060 MHz
2300 MHz
2400 MHz

Press: (1) ()

Press: (SPECIAL FUNCTION )
Press:
Press: (2) () @) [©)
Press:

Press:

Press: (1 ()

Press: (SPECIAL FUNCTION)}

. Press: (FREQUENCY

Press: 2} (1 @ @

. Press:

Press:

. Press: (3) (0) (@ @

Press:
Press:
Press: 3) 5) O

Press: (SPECIAL FUNCTION)

Press: 8]

. Press: (SPECIAL FUNCTION)

Press:

. Press:

Iy on~aTy I
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w. Press: {2
X. Press: (ENTER

v. Press:

IHI

z. Press: [ENTER

8

bbh. Press: {SPECIAL FUNCTION)
cc. Press: {(FREQUENCY
dd. Press: (2) (4) (@ (o)

ee. Press: [ENTER

aa. Press:

©
©
G

gl

. Perform this step 10 times and record each noise figure and gain reading in Table

4-14. Verify that the difference between the largest and the smallest readings is
<= 0.2 dB. Increase SMOOTHING to decrease jitter if necessary.

a. Press: (wait for the HP 8971B to switch to SSB3)
b. Press:
c. Press:

d. Press: (NOISE FIGURE AND GAIN)

Record the readings in Table 4-14.

Table 4-14. HF 889718 SSB2 Repeatability

Reading #
{@ 2400 MHz) Gain Noise Figure

1

2

3

4

5

8

7

8

9

10
Largest gain Largest noise figure
— smallest gain — smallest noise figure
<=02dB <=0.2dB
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Figure 4-15. Noise Figure and Gain Test Setup §S8B2/SSB3

Fgg:gg;j re $SB3 — 2.4 10 18 GHz

1. Set up instruments as shown in Figure 4-15.
2. Turn on power to the instruments and allow a warm up of thirty minutes.
3. Preset the HP 8970B and select the correct LO program (SPECIAL FUNCTION

41.X)

a. Press:

b. Press: (J @) (For HP 8671B/8672A only)

c. Press: (SPECIAL FUNCTION )

NOTE

The instrument responds slowly to some commands. Make sure that each

time a key is pressed the instrument recognizes it and responds.
4. Enable commmunication with the HP 8971B in modes 1.5-1.9

a. Press: 810

b. Press: (SPECIAL FUNCTION)
5. Enable mode 1.5

a. Press: (1) ()

b. Press: (SPECIAL FUNCTION) Ignore E28
6. Set Frequency points to calibrate the YIG filter

a. Press:

b. Press: () (@

c. Press:
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a.

b.

Press:
Press: @) [©)
Press:

Press:
Press: (1}(o) (0} (o)
Press:

. Fine peak the YIG filter.

Press: 80

Press: {SPECIAL FUNCTION)

Periormance Tests

. After "8971 CAL" disappears from the INSERTION GAIN and NOISE FIGURE

displays, enable control of the YIG filter in mode 1.3 (this is accomplished by

modifying a special RAM location)} Ignore E23 if it appears.

o

P o

o

Press: () 3) (0
Press: (SPECIAL FUNCTION)
Press: {s)
Press:

Press: (9) 3} (0

Press: (SPECIAL FUNCTION)
Write down the number in the HP 8970B display.

. Press: 9J3) 0

. Press: (SPECIAL FUNCTION )

Key in the number recorded above

i. Press:
. Press: (3)

. Press: (SPECIAL FUNCTION)

L. Press: (1) (&)

m.

1.

0.

a.
b.

Press:
Press: 8

Press: (SPECIAL FUNCTION )

. Set measurement frequency parameters.

Press
Press: @@

c. Press:

. Press:
. Press: (@ @ (©)
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f. Press:
10. Fix Intermediate Frequency (IF) to 450 MHz.

a. Press: (3) () (o)
b. Press: (SPECIAL FUNCTION }
c. Press: (o)
d. Press:
11. Set smoothing to 32.
a. Press:
b. Press:
c. Press:
d. Press:
e. Press:
12. Select Lower Sideband.
a. Press: (2 ()
b. Press: (SPECIAL FUNCTION )
13. Connect Noise Source to HP 8970B as shown in Figure 4-14, and calibrate.

a. Press: {CALIBRATE
b. Press: (CALIBRATE

Wait for calibration to finish before proceeding.

14. Connect system as shown in Figure 4-15,

15. Take measurement at 2500 MHz.

a. Press: (NOISE FIGURE AND GAIN)
Record results in Table 4-15.

16. To make the rest of the measurements:

a. Press: (a)

Record Noise Figure and Gain for each frequency in Table 4-15.
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Table 4.15. HP 858718 5583 Noise Figure and Gain

Gain Gain Noise Figure | Noise Figure
Frequency Specified Actual Specified Actual
2500 MHz >=2dB <= 23 dB
3500 MHz >= 2 dB <= 23 dB
45600 MHz >=2dB <= 23 dB
5500 MHz >= 2 dB <= 23 dB
6500 MHz >z 2 dB <= 23 dB
7560 MHz >= 2 dB <= 23 dB
850¢ MHz >=2dB <= 23 dB
9500 MHz >=2dB <= 23 dB
10500 MHz |[>=2dB <= 23 dB
11500 MHz [>=2dB <= 23 dB
12500 MHz |>= 148 <= 24 dB
13500 MHz |>=1dB <= 24 dB
14500 MHz >=1dRB <= 24 dB
15500 MHz | >= -2 dB <= 28 dB
16506 MHz |>= -2 dB <= 28 dB
17506 MHz {>= -2 dB <= 28 dB
17. Enable mode 1.5.
a. Press: Q0
b. Press: [SPECIAL FUNCTION)
18. Set Frequency points to calibrate the YIG filter.
a. Press:
b. Press: ) ()
c. Press:
d. Press:
e. Press: Q@B ) Q)
f. Press: (ENTER)
g. Press:
h. Press: @@
i. Press:
18. Fine peak the YIG filter.
a. Press: 3) (e ()
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20.

21.

22.
23.

AAA W L

b. Press: (SPECIAL FUNCTION)

lgnore E22 or E23. It will clear when we calibrate in step 21. Wait for *8971
CAL” to clear from the HP 8970B display before proceeding.

Enable measurement mode 1.3.

a. Press: 0]

b. Press: (SPECIAL FUNCTION )

Connect the noise source to the HP 8970B as shown in Figure 4-14 and calibrate.

a. Press:
b. Press:

Wait for the calibration to finish before proceeding.
Connect the system as shown in Figure 4-15.

Set the noise figure meter to test repeatability
Press:
Press: @ @

Press: (EnTER

o

P 0

Press: (STORE

Press:

e @

Press: [FREQUENCY

Press:

B0
=
©
Q)
G
Q)

Press: (ENTER
1. Press: (STORE

Press:

o

Press: (FREQUENCY

1. Press;

@]
&
©
©
Q)

Press: (ENTER

B

Press: {sTORE

2

Press:

e

Press:

@)
O
©

o o

Press:

Press: (FREQUENCY

Press: @@

t. Press: (ENTER

H

o
o
o
m
o
-
™
i)
[
=
1
4
o
el

S’

o]
h

u. Press: (STORE

v. Press:

Ignore E23

HP Ra71R /(™
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a.a.
bb.
cc.
dd.
ee,
fi.
ge.
hh.
i.
kk.
1.
min.,

nn.

. Press
. Press
. Press
. Press

Press:

Press
Press
Press
Press

Press

Press:

Press

Press;

Press

Press:

Press
Press

Press

Y G
folololo
. @)

. G
®

. CEELFED)
@000

: (SPECIAL FUNCTION)

3880

: [SPECIAL FUNCTION
: ETER)

@)

: @)

: BT

: 8]0

: [SPECIAL FUNCTION)

Performance Tests

24. To test repeatability due to YIG tuning, perform this step 10 times:
a. Press:

Press: (NOISE FIGURE AND GAIN)

Record the gain and noise figure readings in Table 4-16.

b. Press:

Press: (NOISE FIGURE AND GAIN)

Record the gain and noise figure readings in Table 4-16.

¢. Press:

Press: (NOISE FIGURE AND GAIN)

Record the gain and noise figure readings at 17500 MHz in Table 4-16. Continue
with step 24a until 10 readings have been taken at each frequency in Table 4-16.

The value of the difference between the highest and lowest value in each column
below must be <= 0.2 dB.

TTT AmAas s ™ 7/
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Table 4-16. HP 89718 SSB3 Repeatability (YIG Tuning)

DE 3918/

2500 MHz

2500 MHz

16000 MHz

10000 MHz

17500 MHz

17500 MH:z

Gain

1

Noise Figure

Gain

1

Noise Figure
1

Gain

i

Noise Figure

1

2

L

Q0 DD

o

[u3]

@ m -

g 0w =]

o 00 ~1 O

00 =1 WY b ) n

16

10

19

10

Largest gain
— smallest gain

Largest NF
- smallest NF

<= 0.2 4B

<= 0.2 dB

Largest gain
— smallest gain

=l v T = T <1 B S JUR X

O G0 ~1 O oW b e RS

10

10

Largest NF
— smallest NF

Largest gain
- smallest gain

Largest NF
— smallest NF

<= 0.2dB

<= 0.2 dB

<= (.2 ¢B

<= 0.2 4B

25. Set the HP 8970B to test the repeatability of the microwave relays.

a. Press:

&

Press:

&0

Press;
Press:

Press:

IS L
lﬂ'elﬂ

Press:

Press:

[
3

}. Press:
k. Press:

L. Press: (SPECIAL FUNCTION)

B8EB06

Press: (SPECIAL FUNCTION)

alalsia

Press: (SPECIAL FUNCTION)

ENTER
ENTER

ENTER

a]8]8]0);

26. To test the repeatability of the microwave relays, perform this step 10 times and
record the results in Table 4-17.

a. Press: (Wait for HP 8971B to switch bands)

b. Press:
¢. Press:
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Procedure
{cont’d)

TP eariwr /M

d. Press: {NOISE FIGURE AND GAIN)

L EeriorInance Lesis

Record the gain and noise figure readings in Table 4-17.

Table 4-17. HP 897 1B §S8B3 Reaeatability (Microwave Relays)

Reading #
(@ 17500 MHz) Gain Noise Figure

1

2

3

4

5

6

7

8

9

10
Largest gain Largest noise figure
~ smallest gain — smallest noise figure
<= 0.2 dB <= 0.2 dB

DSB — 2.4 to 18 GHz (Repeatability)

i.
2.
3.

(o]

Set up equipment as shown in Figure 4-13.

Turn on power to the instruments and warm them up for thirty minutes.
Preset the HP 89708 and select the correct LO program (SPECIAL FUNCTION

41.X)

a. Press:
b. Press: () (2] ( For HP 8671B/8672A only)
c. Press: (SPECIAL FUNCTION])

. Enable control of the HP 8971B.

&

. Press: (4 5) D)

b. Press: {SPECIAL FUNCTION )

. Press: 0

d. Press: (SPECIAL FUNCTION]

©

. Enable DSB mode.

2. Press: 0O©

b. Press: {SPECIAL FUNCTION])
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6. Set the Local Oscillator for fixed IF of 25 MHz.
a. Press: 3)() ()

b. Press: (SPECIAL FUNCTION }
¢. Press:

d. Press:
7. Set smoothing to 32.

a. Press: (INCREASE
b. Press: (iNCREASE

c. Press: [iINCREASE

d. Press: (INCREASE

e. Press: (INCREASE

8. Make sure the Noise Source is connected to the HP 8970B as shown in Figure
4-13, and calibrate.

a. Press:
b. Press: Wait for the calibration to finish before proceeding.
9. Connect up system as shown in Figure 4-14.

a. Press: 1) ()

Press: (SPECIAL FUNCTION)

Press: 8]

Press: {SPECIAL FUNCTION)
Press:
Press: VO]
Press:

. Press: @0

i. Press: (SPECIAL FUNCTION )
10. Set the HP 8970B for measurements.

a. Press: (NOISE FIGURE AND GAIN ]

o

a e

B0 o o

11. Set up the noise figure meter to test repeatability.

Press: (1) () (8) /(SPECIAL FUNCTION)
Press: (FREQUENCY

Press:

o

S

Press: [ENTER

Press: {sTORE

®

Press:

h

® e

g. Press: (FREQUENCY
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h. Press: (1) (e) (@ (0} (&)
i. Press:
Ignore E23.
j. Press:
k. Press:
I. Press:
m. Press:
Ignore E38, if necessary.
n. Press: (J ()
Press: (SPECIAL FUNCTION]
Press:
Press: (©) @) ()
Press:
Press: 2) () (0}

t. Press: [SPECIAL FUNCTION}
u. Press:

v. Press:
w, Press: O
Press: {SPECIAL FUNCTION]
Press: Q

2. Press: {SPECIAL FUNCTION}
aa. Press:
bb. Press:

cc. Press: .
dd. Press:

ce. Press:

ff. Press:

gg. Press:
hh. Press:

ii. Press: 0

jj. Press: (SPECIAL FUNCTION]

e

Hoe 9

o
+

r

i

12. Perform this step 10 times and record the gain and noise figure readings in Table
4-18.

a. Press: (Wait for the HP 8971B to switch bands.}
b. Press:
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¢. Press:

d. Press: [NOISE FIGURE AND GAIN }

Iy oYilb/u

Record the gain and noise figure readings in Table 4-18. Verify that the difference
between the largest and the smallest gain (and noise figure) is less than or equal

to 0.2 dB.

Table 4-18. HP 88718 BSB Repeatability (Microwave Relays)

Reading #
(@ 18000 MHz)

Gain

Noise Figure

1

O 00 -1 et N

bt
o]

Largest gain
— smallest gain

Largest noise figure
— smallest noise figure

<=0.2dB

<= 0.2dB
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