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Function Keys

To Prepare for a Measurement

To Modify the Display Scale

Chapter 1
Operating the HP 4195A

A simple and easy to use set of keys and softkeys, make
using the HP 4195A for measurement and analysis an easy
task. When a key is pressed, the ralated set of softkeys are
displayed, and when a softkey is pressed, an additional set
of related softkeys may be displayed (the softkeys are
arranged in & ftree format ) depending OnN the function se-
lected. Consequently, operation s made easier by the
reduced number of front panel keys, and by the context
sensitive displayed set of softkeys. The keys are grouped
by function, Measure, Sweep, Marker/Line-Cursor, etc.
The softkeys are displayed by pressing the appropriate key
in the related function key group. The following is a sum-
mary of the HP 4195A’s primary functions and their related
Keys.

® Network/Spectrum/impedance/&parameter selection
( CONFIG )

e S11/521/512/822 selection { CONFIG )

input Port selection { CONFIG )

e Display parameters, T/R-6, T/R-T, {T}-8, SWR, dBuY,
dBm/Hz sefection ( FORMAT )

e Normalize, 1-port partial CAL, i-port full CAL selection
{ CAL)

¢ User math definition, ON/OFF { DEFINE MATH )

*

Rectanguiar/Smith/Polar/Tabie sefection { DISPLAY )
COMMENT, Phase Expand ( DISPLAY )

Autoscale, Log Scale ( SCALE REF )

Superimpose, Storage { VIEW )

Trace A/B ONJOFF ( DISPLAY )

Trace C/D ONJOFF ( VIEW )

¢ & & & & B
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To Use the Markers

MARKER/LINE CURSOR
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To Extend Functions

RSP SPECIAL FUNCTION

e USER SAVE

[otrme Bl et Heoorv() Ewone
OO0 O

MATH
PROGRAM OHERATOR

oo

Blue key and Green key

s & & @ 8

Frequency/DC Bias/Power Sweep seiection ( MENU )
SPOT frequency entry ( MENU )

Lin/Log Sweep selection { MENU )

Partial Sweep/Program Sweep ( MENU )
Continuous/Singte/Manual Sweep selection { MENU o
TRIG/RESET )

TRIG/RESET key initiates a sweep when the WAIT TRIC
lamp is on while in the SINGL.E sweep mode. in the
CONT sweep mode pressing the TRIG/RESET key re
starts the sweep.

VIDED FILTER performs four time avaraging.

Frequency, Resolution Bandwidth, and input attenuator are
set with the {¢] and [§] keys or the numeric entry keys
When data is entered using the numeric entry keys, the
ENTER, MHz/V or other unit keys must be used to termi
nate the entry.

e 2 @ 2 ¢ 2 & @ @

MKR=MAX, MKBR+CENTEHR, MKR-+REF, MKR-»SPAN,
NEXT PEAK [ MKR-)

Single Marker, Dual Marker, Cursor, Cursor with Marke
selection { MODE )

Noise Marker { MODE )

User Defined Function { USER DEFINE )

CATALOG, SAVE, GET, PURGE ( SAVE/GET )

PLOT, PRINT, DUMP { COPY )

TALK ONLY, HP-IB Address ( COPY or MORE )
Impedance Equivalent Circuit Analysis { MORE )

Partial Analysis { MORE )

User Program edit/execution { PROGRAM )

+, % [, {, ) selection { MATH OPERATOR )

SiN, COS, LOG, LN, SQR, MAX, MIN, complex, selectio
{ MATH OPERATOR)

Blue key enables shiftkey operations while the blue ke
is set to on.

Green key 2nables only single shiftkey operation afte
the green key is pressed.
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General Measurement Sequence

CONFIG

PRESET
CONNECTIONS

CONTROLS

CALIBRATE

DEVICE UNDER TEST

AUTOSCALE

With simple, easy, operation procedures, the HP 4195A can
perform many types of measurement and analysis. The
foliowing basic operation sequence is common to all
functions.

Press the CONFIG key to select between network, spec-

_ trum, impedance and S-parameter.

Initialize the HMP 4195A
Connect the required accessories {0 the HP 4193A.
Set up the HP 4195A as follows.

1. Press the FORMAT key to select dBm, dBuV, V and
other measurement parameters.

2. Press DISPLAY key to select displayed formal. { RECT,
TABLE, SMITH, POLAR)

3. Press the SWEEP keys to set frequsncy rangs.
( START, STOP, CENTER, SPAN ).

Remove errors that can affect the quantity of the
measurement,

Connect the device under test { DUT ).

Optimize display setting.
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Step1: CONFIG  Select network, spectrum, impedance or S-parameter mea-

WE FHiFs ) e surement function. Press CONFIG key for this seiection.
:FEF EREF c MkE 250 06 Bed. o n; NETWORK
&, ana 1820.0 T dE
£ By 1 H =g
PR D ey 4 SPECTRUM
IMPEDANCE

. S-PRMTR

aenu
v oy TLE0 My

1060 3500 B0 005 GAG DEA o PORT

FEMIAGY sH: 2T11.15 sec PaluE b= 135, I= 10dEs SELECT

Step 2: PRESET When the PRESET key is pressed, the HP 41954 is Initial-

ized for network, spectrum, impedance or S-parameter
measurements,

initizlization ysing the PRESET key

MEASURE group
FORMAT T/R{dB}-8 { network/S21/312 )
dBm { spectrum )
|Z}-8 (impedance )
RL-€ ( 811/522)

PORT R1 { spectrum )}
T1/R1 { network/impedance/S11 )
T2/R1 (821 ), T1/R2 { §12),T2/R2 (5 22)

TRACE group
DISPLAY rectan X-A&B
SCALE REF REF= 0 dB, 10 dB/div { network )
REF= 0 dBm, 10 dB/div { spectrum )

SWEEP group
Sweep mode CONT { SINGLE in program )
Sweep type  LIN Sweep
Parameter FREG Sweep

Range 0.001 Hz -~ 500 MHz, sweep of 401
points
RBW AUTO, 300 kHz
Measurement unit ( lower box )
Source amplitude 0 dBm
Atten 20 dB
DC Bias CFF

Setiings not affected by the PRESET key

CONFIG ( Network/Spectrum/impedance/S-parameter )
User math function and user defined function settings
User Program

Data stored in the registers (except Aand B)

® @ & @
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Step 3: CONNECTIONS

HP 41852A Transmission
[Reflection Test Set

O

(I

S1 RETL S22 Rz
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T

.
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HP 41952A/8
TRANSMISSION
/REFLECTION
TEST SET

MERSUREMENT
PORY

The HP 4185A has two output and four input terminals
which can be configured to perform different measure-
ments. The following accessories are used with the hp
4195A.

Transmission Measurements
Power splitter or Transmission/Heflection Test set

Reflection Measuremenis
Transmission/Reflection Test Set

Spectrum Measurements
No special equipment required

Direct impedance Measurements
HP 41951A Impedance Measurement Kit

S-parameter Measurements
Two Transmission/Reflection Test Sets

Reflection Test Set, two HP 41952A Transmission/
Reflection Test Sets, and the HP 41851A Impedance Mea-
surement Kit,

Power splitters are normally used for transmission mea-
surements. However, if reflection measurements are also
performed, the HP 41952A Transmission/Reflection Test
Set should be used. '
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When two HP 41952A Transmission/Reflection Test Seis
are used, the DUT's forward and reverse transmission and
reflection factors can be measured. These measurements
are made without disconnecting and changing the direction

of the DUT, making S-parameter measurement is an easy
process.

Connect the HP 41951A impedance Measurement Kit io
the HP 4195A as shown in the figure. The 4185A can be

used to measure impedance directly when used with the
HP 41951A.
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1. FORMAT
HE THOEK
fARELF EIFEF o MR ORE 988 BUR . g9B o dBr
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- -y
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2. DISPLAY
3. SWEEP

RE THGRK

A:REF BiREF o MKR 250 peg oes. ead oz TYPE
2. 008 1ae.a TR dB fin log
(@B 10 deg 3 L. S
: : ’ ' - HRECTN
up down
T " RESOLUTN
ST

................. e REFRE
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By DIV STRPT @dLoAnL M

16,88 36,00 TGP SR8 BEO A06. 588 H:

Select the display measurement parameters. When it
FORMAT key is pressed, softkeys like those shown in it
example to the left will be displaved. The softkeys di
ptayed upon the screen depends on the existing setting
Select the required measurement parameters.

Select displayed format from RECT, TABLE, SMITH an
POLAR. When rectan A-B is selected, horizontal axis reg
resents measured datz A and vertical axis represents me:
sured data B.

Select the measurement frequency range using the CER
TER and SPAN keys, or by using START and STOP key:
The [¢] and (&) keys are used to aid entry data. Note th
the marker/cursor control knob cannot be used f¢
this purpose.

Frequency, signal level, and DC bias level can be swept b
selecting the proper softkey in the SWEEP MENU.

/ Select either linear or log sweep.

Select the sweep direction.

Set the sweep points, steps, and time.

erre ——Select the sweep parameter - frequency, signal level, or D

bias.

procran ——— Fress this softkey to perform a programmed points sweep.

Press this softkey to perform a partial sweep.

REWI308 wHi 701,15 ec RANGECR. 16.1o ioabe BemiT ——Press this softkey to select the trigger mode - CONT, SIp

GLE or MANUAL.
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Step 5: CALIBRATE

Calibration Standard

NE TWORK

CAL IBRATION STANDARD DEFINITION
for NETHORK/S-PAPH
UPEN @ 200888 (3] +188.308¢ [F:
SHORT:  ©.80800 iRl +8, 980880  (H)
LOAD @+ S5 8208 {21 +8.20888n EH)

in the case of high frequency network and impedance
measurement, the cables and test sets will greatly affect the
measurement results. To obiain the most accurate mea-
surements, it is necessary to reduce the errors caused by
the measurement system. The HP 4195A analyzer is
equipped with a variety of calibration modes to. meet dif-
ferent measurement requirements. ;

Transmission Measurement
Normalize
Normalize + isolation

Refiection Measurement
Normalize ( OPEN )
1-port Partial { OPEN, LOAD )
1-port Full { OPEN, SHORT, LOAD )

Impedance Measurements
Calibration { CAL: OPEN, SHORT, LOAD)
Compensation { COMPEN: 0S, 0()

Calibration is not allowed during spectrum measurement.
However, when a high loss probe is used, the User Math
Function should be used to compensate for the loss.

Typical calibration procedures for different types of mea-
surement will be described next.

Any types of calibration standard can be used for calibra-
tion but their calibrated data must be entered correctly. For
axampie, if a 7 mm OPEN standard is used, 0.108pF of its
capacitance value should be entered using the following
procedure.

1. Press CAL key.

2. Press mare 1/2 softkey.

3. Press CAL STD modify sofikey.

4. Press OPEN CAL STD softkey.

5. Type OPENSTD:==0, 108E-15 and press ENTER.

Use the same procedure to modify 0Q and 50Q standard
values.
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Transmission Measurement
- Normalization

O

FOWER
SPLITTER

[—
ST R1T: S22 R2T2
® 99 OO0
THRU

Normalization is an easy and commonly used calibration
method. It eliminates transmission measurement errors.
Make a "thru” connection to establish the 0 dB and O de-
gree references as shown in the figure, then perform the
foliowing procedure.

1. Press the CAL key,

2. Press the TRANS CAL menu softkey.

3. Press the NORMALIZE ( THRU ) softkey,
4. Press the THRU softkey.

5. Press the ENTER key

6. Press the return softkey when the HP 4195A beeps
and displays "THRU CAL completed".

7. Press the CORHECTION on/off softkey to enable cor-
rection { on/off ).

After the preceding procedure is completed, the HP 4195A
will display the measurement data normalized to the 0 dB
and O degree reference established during the "Thru"
calibration,

Normalization, however, does not eliminate errors such as
leakage between a DUT’s input and output. To eliminate
such errors as this, perform the Isolation CAL in addition to
the normalize CAL. To perform Isolation CAL, press the
NORM & ISN CAL softkey instead of the NORMALIZE (
THRU ) softkey. To perform an "isolation” CAL., disconnect
the DUT and terminate the input/output terminal connected
to the DUT with the correct characteristic impedance ( 500
or 75£ ).
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Reflection Measurement
- 1 port Full CAL

O

[
St RLTI Sz R2 12
@ @ O 00

HP 419528/8 1

TRANSMISSION "~ CONNECT
/REFLECTION OPENM,SHORT ,LOGAN
TEST SET

To perform 1-port Full CAL, three reference terminations:
"OPEN", "SHORT" and "LOAD" are required. With refer-
ence to these three terminations connected one by one to
the measurement terminal, the HP 4195A can minimize the
errors in refiection measurements. The calibration pro-
cedure for the 1-port Full CAL is as follows.

1. Press the CAL key.

2. Press the REFLECTN CAL menu softkey.
3. Press the ONE PORT FULL CAL softkey.
4. Press the OPEN softkey.

5. Connect the "OPEN" termination to the maasurement
port and press the ENTER key.

6. Press the SHORT softkey.

7. Replace the "OPEN" termination with the "SHORT"
termination and press the ENTER key.

8. Press the LOAD softkey.

8. Connect the "LOAD" termination {50 or 750
termination ) and press the ENTER key.

10. Press the return softkey.

11. Press the CORRECTION on/off softkey to enable cor-
rection { on/off ).

Now the HP 4195A is ready to make calibrated reflection
measurements.

Other than 1-port Full CAL, the HP 4195A can perform 1.
port Partial CAL, and Normalize CAL for calibrating reflec-
tion measurements. These two calibrations require fewer
terminations to perform, but produce less accuracy than
performing the 1-port Full CAL.

Two independent i-port Full CALs can be performed. This

allows 811 and S22 measurements to be performed with-
out recaiibrating.
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Impedance Measurement
- Calibration and Compensation

L] o
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R RN, THOET Ly e
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1 52 RZ 12
R 000
) L
HP 41851R

IMPEQRNCE
TEST HIT

The HP 4195A and HP 41951A can be used to perform
impedance measuremenis. A reflection coefficient mea-
surement method is used when making impedance mea-
surements. Therefore, the calibration procedure is almost
the same as 1-port Full CAL and is performed as follows,

1. Press the CAL key.

2. Press the CAL menu softkey.

3. Press the ONE PORT FULL CAL softkey
4. Press the OPEN softkey.

5.  Connect the 0S ( OPEN ) termination to the 41851A's
7 mim connector and press the ENTER key.

6. Press the SHORT softkey.

7. Reptace the 0S (OPEN) termination with the 0Q
{ SHORT ) termination and press the ENTER key.

8. Press the LOAD softkey

9. Connect the 500 { LOAD ) termination and press the
ENTER key.

10. Press the return softkey,

t1. Press the CORRECTN onfoff to enable correction
{ onjoff ).

After the preceding procedure { Cafibration } is performed,
the HP 4195A will eliminate the measurement errors due to
the HP 41951A Impedance Test Kit, and give the best
impedance measurement accuracy at the 7 mm connector.

When a test fixdure is connected to the 7 mm connector,
error COMPENSATION for the test fixture is required. To
compensate for fixture induced error, use the following
procedure,

—t

Press the CAL key.

2.  Press the COMPEN menu softkey.

3. Press the 85 & 00 OFFSET softkeys.
4, Press the 08 softkey.

5. Connect the test fixture leaving its test terminal open,
and press the ENTER key.

6. Press the 00 softkey.
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7. Short the test terminal of the test fixture, and press th
ENTER key,

8. Press the return softkey.

9. Press the CORRECTN on/off softkey to enable correc
tion { on/off ).

NOTE Compensation must be performed after Calibratior
is completed.

Connect the DUT {device under test) and perform thi
measurement.

When the measurement resulls are too large or too small
press the SCALE REF key to select the AUTO SCALE soft
key ( see figure ). The scale of the display can be modifiet
sither by entering a new value with the REF LEVEL softkey
the /DIV sofikey, or by incrementing or decrementing th
scale values using the (o] and (G keys. This will adjus
the scale of either trace A or B. Scale adjustment of th
frace B display scale can be performed using the
SCALE for A/8 softkey.
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Measurement Enhancements

Dynamic Range

NE%E?RK

BIREF o MKE 146 583 002 890 H:
2. 88 t80.8 TAR -2.55188 dB

I dB 10 deg 3 & deg
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Div L1y
l@f@ﬂ 3608 SPRN 208 800 809880 n:
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OsCi=_-28.8 DEH
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ATT=30DE

it
Mw »wmmwmg
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ATRI=_0 DB

The following functions enable the HP 4195A analyzer to
be used more efficiently.

e Dynamic range
e Marker
¢ Recording of measurement data

. The HP 4195A has many additional convenient functions.

Refer to the APPENDIX and the HP 4195A’s operation
manual for the most complete description of the avaliable
functions.

The HP 4195A uses the following methods to improve its
dynamic range { the differeance between the maximum level
of the input sighal compared with the noise tevel ).

1. increasing Output Signal Level
{ Transmission Measurement Only )

The HP 4195A's signal level can be changed by entering a
new valug after pressing the AMPLITUDE key, or by using
the [¢) and (@] keys. The default value is 0.0 dBm, and
can be increased to +15.0 dBm. This method is particulariy
effective with transmission/reflection test sets where the
losses are high. Raising the signai level is equivalent to
raising the input level and may cause waveform distortion.
In this case, reduce the signal level so it does not exceed
the allowable input value { RANGE value displayed on the
CRT ).

2. Charging the Input Attenuators

The input aitenuators can be set by entering a new value
after pressing the REF ATTEN or the TEST ATTEN keys, or
by using the [¢] and (g) keys. The 4195A’s maximum
aliowable input level is the RANGE values displayed in the
lower right corner of the CRT. For exampie, the figure
shows RANGE values at the time when the R1 input at
tenuator is changed. These values mean that the maxi-
mum aliowable input is +10 dBm for Rt and -20 dBm for
T1.

I the input level exceeds the allowable input range, the
dispiayed waveform could be distorted.
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3. Changing the IF Range

The HP 4185A has 3 IF ranges - normal, low distortion, ani
high sensitivity - they are described below.

Normal Mode: This mode is normally use
{ default mode ).

This mode reduces distortic
within the analyzer and |
used for low  distortio
measurement.

Low distortion Mode:

This mode reduces the inter
nal noise of the analyzer, amn
is suitable for measurement ¢
iow level signals.

High Sensitivity Mode:

The IF range can be changsed by pressing the ATTEN ke
and selecting the required softkey.

4. Narrowing the Resclulion Bandwidth

The Resolution bandwidth { RBW ) of the HP 4195A can b
set in increments of 1 and 3 within the range of 3 Hz ~ 30
kHz. RBW can be set by entering a new valua after press
ing the RES BW key, or by pressing the [g] and (G keys.

Note that the time increases as the dynamic range is in
creased by narrowing the IF bandwidth (i.e. lowering th
value . When the RES BW is set to AUTQO, the |
bandwidth is automatically set according o the frequenc
SPAN.

§. Using a Video Filier

When the VIDEQO FILTER is set to ON, the measuremer
data is displayed after the average of four measurements i
taken. This operation reduces random noise and improve
the effective dynamic range.
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The Marker  The marker functions of the HP 4195A help to reduce the
time needed to make complicated measurements. The
following describes the basic operation of the marker func-
tions (refer to Chapter 2 and beyond for more
information ). One marker is initially displayed. The fre-
gquency and the measurement data at the marker's position
are shown in the upper right corner of the display.

Press the MKR- key and the softkeys shown to the left will
be displaved.

EE;E;‘M — o wer a6 anc fon ope ne Mg e MOVES the marker to the maximum value { peak } displayed.
: PﬁgL ;:162;? ) Té% -2.87736 ggq MAX
T ' c WR"FT;N Moves the marker to the minimum value displayed.
MKR2er Modifies the REF LEVEL value so that the marker is posi-
i tioned at the reference level,
R CEWER\ )
T NEXT Modifies the center value so that the marker is positioned
- PEAR at the center.
MKR Moves the marker to the next highest peak.

‘Eif v LL?T;< 145 208 LD 285 Hi . ) ,
piii S8 wht ‘“‘5‘?”1 a5 Z’:“gixég‘?,‘i? RS more This makes it possibie to use the marker on trace B.

"More” indicates that additional softkeys are available.
These additional softkeys make it possible to use a
marker's position as the START or STOP value, or to dis-
play the noise level at 2 marker's position.

When the MODE key is pressed the softkeys shown to the
left will be displayed.

/,Normal Marker Mode
EEU‘“FM WKE -9 ,REg 0an.ped W OMKR This causes an additional rmarker { » ) - the sub-marker - to

‘ s Ot /appear. It is used for zooming, partial sweep, partial analy-
sis and deviation dispiay { delta marker }.

This turns the marker and cursor off. This function is used
o reduce the measurement time.

LINE
CURSOR .
S OMKRE T This causes the marker to toggle the cursor ofijon the
""‘.;K\“' R LEURS screen. The vaiue of measurement data intersected by the
R e cursor is displayed.
This makes it possible to determine the cursor's position
with reference to the marker position. This is convenient
k T ——— when searching for the -3 dB bandwidth.
o1 T 1458 B02 808,888 Ho
10, GE L 208 Gng P0G, R v
PN EE9 KH 273 .48 zer PANGE:F= 10, T= [Zd4Fs



Flexible Disc Drive ( FDD ) The HP 4195A can save/recall the following files using its
internai FDD.

e instrument’s setting state ( STATE file )
User Defined Function keys, User Math Function and
Calibration data are also ingluded.
- e Program Point Table ( TABLE file )
¢ Measurement Data ( DATA file )
e User Program { ASP file )

Alt files are recorded in LIF format. The figure below shows
the screen after the CAT softkey is pressed.

NE ThE a7 — Displays disc content.

TATALGS

e Leste SE: o SAVE Records instrument setup, measurement data or user
FILE MARE  IWFE ILE program.
LN
GET Rewrites an existing file and saves it.

Reads a recorded file.

PURGE
T~ Deletes files. RECOVER is used to recall files deleted by

i
HONDA_41 9% &#5F

£l DRTHR dr mistake.
Fhonr_cve pare- 5 more
o R H 22~ Used with RECOVER, and to format a disc.

When the SAVE and RE-SAVE softkeys are selected, soft-
keys which indicate the type of file to be saved are dis-
played: STATE (instrument setting ), PROG TABLE ( pro-
gram point table ), DATA ( measurement data ), and PRO-
GRAM ( User program ). One of these keys must be se-
lected. When the stored files cannot be displayed on the
screen, use the [g] and (o] keys or the NEXT PAGE and
PREV PAGE keys to see the other files that are not being
displayed on the present screen. When the GET, RE-SAVE
and PURGE keys are pressed, the file name at the top is
displayed within " ", if a desired file is moved to the top, it
is no longer necessary 1o press the alphabetic keys.
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Recording Measurement Data  Measurement data can be recorded by printing/plotting the
data or storing it on the HP 4195A's internal flexibie disc
drive { FDD ).

Hard Copy The HP 4195A’s display data can be copied to a printer or
HP-GL. compatible plotter. When the COPY key is pressed,
the softkeys shown in the figure below will be displayed.
To produce a hard copy, the analyzer must be in the TALK
ONLY mode and the printer or piotter must be in the LIS-
TEN ONLY mode.

RE THORY
CEEE

1TEE BIREF o MER Z5@ 098 860.988 H:  COPY
_©.oee . IEE.E T;F‘ gE start
i 46 £ wg : eq ‘
‘ ~ S TR ey Start or stop the hardcopy function.
- ahort

" er —— Outputs screen data to plotter.

mode

e PRENT Outputs measurement data, program lists, and CAY to the
| mode .
_ : } printer.
ST .1 . -
: mode X
Hgf!B ’_/USed in the TALK ONLY mode.
er 1Re

Div DIv START G.ABE H:
.Ba .8 ST0° Pt A, Hr PLOT e 3] o
A 25 s 1L 0200, PUT, | ——— Specities how data is 1o be sent to the plotter.

DURMP Procedurs  Use the following prcedure to dump the current display to
an HP-IB printer.

i. Connect the HP-IB printer to the HP 4195A. The
printer must be set to LISTEN OMLY or LISTEN AL-
WAYS mode.

2. Press HP-IB define softkey,

3. Press Talk Only softkey. TLK lamp will turn on.

4.  Press return softkey.

5. Press DUMP mode softkey.

6. Press COPY start softkey.
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Chapter 2

Transmission Measurements with the MP 41954

ar Basic Setup The following measurement examples use a power spliti
a or the HP 41952A Transmission/Reflection Test Set (
ar directional bridge or other setup can be used to suit you
a particular needs }. The DUT used in these examples is
145 MHz bandpass filter.
Measuring Insertion Loss { Gain )
CONFIGG  Press CONFIG key and select NETWORK
PRESET  Press the PRESET key to set the analyzer {o its initial state.
CONNECTIONS  Set up the power splitter as shown in the figure.
CONTROLS 1. FORMAT T/R {dB) - & (Initial state)
O 2. DISPLAY Rectan X-A&B ( Initial state )
3. SWEEP CENTER 145 MMz
3 SPAN 100 MHz
e st a1 71 sz e 72l CALIBRATE  Perform the normalization calibration as described on pag
iT 6] @ O OO 1-10. Connect the ouiput and the input cable to the DU
's — i together to create a thru connection. Press the HP 4195A
g SPLITTER | CAL key, select the TRANS CAL menu, and press the NO§
) MALIZE ( THRU ) softkey. Then press the THRU softke
n. L and the ENTER/EXECUTE key to perform normalizatio
ol After measuring a thru, press CORRECTN on/eff softkey.
if DEVICE UNDER TEST  Connect the DUT as shown in the figure, and press TRI(
RST key to initlate a sweep.
£ AUTOSCALE  Press the SCALE REF key and select the AUYQ SCAL
Al KETWORE o BN softkey. The measurement result shown in the figure w
e S weae TR S LREET L then be displayed. The yellow trace ( trace A ) indicates ti
e A e L amplitude ratio of the two inputs (dB) and the light bl
trace { trace B ) indicates the phase difference { 6 ).
%rﬂ%"i}m??‘nfﬁw k
FERITAD KMz ST
nd . Insertion Loss Use the MKR-MAX softkey to read the insertion loss a

the frequency.
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3 dB Bandwidth  The bandwidth can easily be determined with the marker
and line-cursor.

NE THOFE L T TH

»«-?FEFH & 1EEF . -; . Egt}cg o HE LCUR%—;)'(
PR gpiTRE T B BRI eBdmed He 1. Press the MODE key and select the oMKR&LCURS
LEURS =
S . MIN softkey.
B LORS=> 2. Press the MKR>MAX softkey.
N AVRG 3. Press the 4 mode on/off softkey.
R VAEUE 4. Press the more 1/2 softkey, then press the A VALUE
e : entry softkey. DLCURS= will be displayed.

e ¥l
w“"‘“‘*’.'ff‘»\;,i‘ ?:inoff 5. Enter -3 dB.

* AVALUE 6. Set the WIDTH onfoff softkey to on/off, the -3 dB
- Tentry bandwidth is displayed at WIDTH on the upper right

OREF

e e s o e s e read corner of the screen.
Gy Bl CEMTEF LJE B0 G

12.09 ECH SPaM [ge apd o sz MOTE,

PEW:FAE KHz 2T:1 dS sec FANGE:R= 200, T+ 204Bm 272

Qut-of-Band Rejection  Use the double marker mode { 0&:-MKRS ) io determine
out-of-band rejection.

NE THORE
s o wf 35 @ER fas ogo Hr HKR-

i%g El firﬁ } d{r.} R %JL HAx 1. Press the MODE key and select the o&-MKRS softkey.
TR e B T MR 2. Press the MKR->MAX softkey. . MKR moves to the
MAX position.

' w S MKR_’REF 3. Set the A mode on/off softkey to on/off the difference
AR MKR— between o MKR and « MKR will be displayed on the
o CENTER screen.

ey amode 4. Press the active oMKR/-MKR softkey to make the

I OMKR active,
b MM@]W P e COMKRIKR 5. Press the MKR-MIN softkey and the oMKR will seek
N S SR SR, the point of greatest insertion loss. The A T/R shown

forafor® here is the out-of-band rejection { dB ).

THiy bty CENTER 1<E 30O 200,080 H:

18,89 36, 98 SPREMGEE B86 phEg.oab so more
REW: 3B Kr: $T:1.45 sec RAMGE:R= &0 T= ZLhdEn 172

Passband Ripple  Passband ripple can be measured when a partial analysis
S function is used ( The figure shows an example of a filter
RIREF | BIREF 4 MR -5 365.8TS Mz PART ANA with ripple ).

-2.pP2  1BB.S ST-R -1.39225 4B
C oo 10 deg 3 4% on off
T STORE

BRA RNG 1. Enter the double marker mode { 0&-MKRS ) and alter-
nately move the two markers to within the passband

e region with the rotary knob as shown in the figure to
- ‘\\: the left.

TV active 2. Press the SPECIAL FUNCTION MORE key, select the

L OMKRBER ANA RANGE softkey and the softkeys shown in the

figure to the left will appear.

3. Press the STORE ANA BNG softkey, set the PART ANA
onfoff softkey to ON {om/off ), and the A symbols ap-
pear at the bottom of the screen. The area indicated by
these symbols is subjected to the partial analysis.

4. Make the o MKR active, press the MKR->MAX softkey,
make also ~ MKR active and perform MKR=>MIN. When
the A mode is set to ON, the magnitude of the ripple is
displayed as A T/R{dB).

cya Ll ) Hi
REBL: 3 KHz 37:2.4d res RANGE:R= Z£, T~ ZBdEm return
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Measuring Phase Characteristics

HE TRHOF Y

APER B PEF ooMER (45 BES @Ry 000 ke
£. 600 ipl.e TR d
[ dH Hodwg 1 9 -a2v.alz Cdeg
. .;..:_'f\w_\_‘ & MORMAL
"-=—----—-w__‘,__‘__‘k-_l_\ J —
. T
EXTERD T

Liiy
1,898 18,0
FEM:IBE RHz 37:1.47

Group Delay Measurement

CONFIG
PRESET
CONNECTIONS
O
CONTROLS
N
$1 RIL 7Y 52 RZ T2
¢ QO © OO0
S @J CALIBRATE
SPLITTER
L DEVICE UNDER TEST
D DUT B
AUTQSCALE

The HP 4195A's vector network measurement functiors
makes it possible to measure phase characteristics at
same time as amplitude ratic measurements are performe
The phase measurement data is dispiayed on trace B. /
shown in the figure to the left, frace B data can be pha:
extended to more than +180°. Also the phase unit can t
changed to radians. In the next section we will measu
group delay, important in determining phase distortion.

Group delay { 1) is defined as follows.

A @ {radian) A 6(°)
1T = TS = ——————
Aw 3680° « AF

A F is the frequency difference between the two freque
cies and A 8 is the phase difference between the tv
frequencies. Thus the group delay is the degree of chant
in phase relative to a change in frequency. When ti
group delay is consiant, the phase change is linear ar
there is no phase distortion. A F is called aperture and
expressed as a percentage of measurement freqguen
range { SPAN frequency }.

METWORK
Press the PRESET key.

Used the same connections used for measuring insertit
loss.

1. FORMAT SelectT/R -1

2. DISPLAY Rectan X-A&B (Initial state)

3. Sweep CENTER 145 MHz
SPAN 20 MHz

Setup the analyzer in thru connection and conduct a
malization calibration ( same as insertion loss ).

Connect the DUT as shown in the figure to the left, a
press the TRIG/RST key.

Press the SCALE REF key, and select SCALE for A for
and B AUTO SCALE sofikeys.
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HE TUORK

fiiFEF ECPEF & MR 144 SOE BRS. BOE Hz
10 g3 488.0n TR -4.1618] B
CUE LU ST LT PP P21.582n set

#E THOER

AIFEF  EiREF 4 BRE GGG, DEE H:
.98 a0B.on a3 dE

[ s se :

1L sev 1

TEL

Div Biv CENTER 145 £080 800.000 H:

18,88 56 Bdn SPRN BE Ghe 020,880 ke
REL: 188 KHr S7:1.4F sec RANGE:R= 28,T- 20dBw
OFREG=_:.8B
hE THORK )

HIPEF g:REF o MER {44 SOB DEQ. 896 Hr
i8.en ABG . Bn Tow o -g.15845 doF
[ 4B C 3 ¥ E; H in sec

0.008 Az

Div Dl CEHTEFR 145 (BD RO

N SE, 98 e 20 B.062 HI
EEL: 198 KHz €7:1.47 sec FRNGE:RP= 20,7= Z0dBam

DFREQ=_Z.808

The default aperture value for group delay measurements is
0.5% of the frequency span width. it can be changed up to
maximum of 100%. To set the aperture, press the FOR-
MAT key, select the APERTURE entry softkey. When
DFREQ = is dispiayed, enter a value between 0.5 and 100.

The figure to the left shows the effect of different aperture
settings on group delay measurements. The trace will
gradually become smoother as the aperture span width is
Increased from 0.5%, to 1% and then 2%. The aperture
seiting must be made with care when group delay mesa-
surements are performed, becauss it influences the mea-
surement values and the resolution. When the aperture is
increased, measursment resolution increases, but the ac-
curacy along the lateral axis ( frequency )} decreases. In
group delay measurements it is necessary to know at
which aperture a measurement value was obtained.
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Measuring Gain Compression

CONFiIG
PRESET

CONNECTIONS

O CONTROLS

-

Rt 71 sz R2 12
Q Q9 000

6@%@J l CALIBRATE
N i>»i

aecriern  DEVICE UNDER TEST

WE THGRK M
#iRER 2:REF 7 *Gﬁ[ ol
1. o 188 . & € dE+
I dE 3L geg 3 ®IGHT dE:
T "_ﬂ-h“"‘,..\
.
- e
i
A
i\
-y
S
Y ol = aEm
SBE. O 30 Eﬂ Fi B dEw
PE’W 1 @ H‘w BT a8l mzer PANGE:R= 3’! T= 2@dEn

SO

All measuremsnis so far have been frequency swept me:
surements. However, signal source output { OSC leve
and DC bias can also be swept and measured with the H
4195A. In the following the OSC level will be swept !
obtain the maximum input level at which the output lev
does not change linearly { Gain Compression ).

NETWORK
Press the PRESET key.
Set up as shown in the figure on the left.

1. FORMAT T/R (dB) - @ (Initial State)
2. DISPLAY rectan X-A&B (Initial Stats)
3. SWEEP  Press the MENU key and the PRMTR ke
Select OSC LVL (dBm ).
START -26 dBm
STOP 0 dBm

Make a thru connection and perform a normalization ca
bration as described in the first setup in this chapter ( inse
tion loss measurements ).

Connect the DUT ( amplifier ) as shown in the figure on ti
left, and press TRIG/RST key. :

Press the AUTO SCALE softkey.

The ampilifier's characteristics are shown in the figure
the left. { The figure shows trace A only. } In this measur
ment, the spot frequency was 10 MHz. The frequency ci
be changed by pressing the SWEEP MENU key to sele
the PRMTH menu and using the SPOT FREQ softkey.

The 1 dB gain compression point of the amplifier can |
obtained by the following operation sequence.

1. Press the MODE key and select the o MKR&LCUI
softkey.

2. Press the MKR+MAX softkey.

3. Set the A mede onjoff softkey to ON ( onjoff ).

4. Press the more key and select the A VALUE en
softkey. DCURS= will appear on the screen, enter
and the input level at which the gain is reduced by 11
can be determined.
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and SWR

Chapter 3
Reflection Measuremenis with the HP 4195A

Chapter 2 demonstrated how to use the HP 4195A analyzer
for transmission measurements. This chapter will describe

“how to use the HP 4195A to make reflection measure-

ments, another important aspect of network analysis.

To measure reflection parameters, a directional coupler or
bridge is required to pick up the reflected signal. A power
splitter is also required to feed the signai to both the refer-
ence channel and the directional coupler ( bridge). The
setup is for this measurement is accomplished by connect-
ing the HP 41952A/B Transmission/ Reflection test set as
illustrated in the figure at the left. The HP 85044A is used
in the measurement examples given in this chapter.

The reflection characteristics of a device is normally mea-
sured in the form of return loss, reflection coefficient, and
SWR. The relationship between these three factors is as
follows.

Refiection
Coefficient (T}

Reflection Voltage

it

Input Voliage
=511 {o0r 822 ) = p<¥
( p is the absoiute vaiue of T, and & is phase angle }
Return loss {(dB ) =-20log { p )}
1+ p

CET—

1-p

SWR =

An example of a reflection measurement is given next.
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CONFIG
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CONNECTIONS
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LRY B %5 CALIBRATE

HF 41852A/8
TRANSMISSION
/REFLECTION Ly
TEST SET

GuT

DEVICE UNDER TEST

AUTOSCALE

Measuring Return Loss

$11 flath RETURN LOSS

fiREF BiREF o MKR SE OB D0R. 902 s
12.28 12,99 RL -R24.B71 dB

¢ dB 1t BB 3 AL ~5.12%76 DB

FLIURME 0SS

?%%QRWTN"”H
Teldepy 4
pangt

TRANSE

Dl Bl D80 sz
i i = NIl BRI
FEMIZOR #'Hz 2T:1.48 see FéMGE:F= 30, T= Z04Ewm

Measuring Reflection
coefficient

Measuring SWR

S11 of S-PARAMTR

Make sure to select S-parameter 511 with the CONFIG ke
Parameters indicating reflection such as RL - &, || -
I'x - 'y, SWR - @ can only be used when 511 or 822 me:
suraments are made.

Press the PRESET key to initialize the analyzer.
Connect the HP 41952A as shown in the figure on the left.

1. FORMAT RL - 8 { Initial state)

2. DISPLAY rectan X-A&B (Initial state)

3. SWEEP CENTER 145 MHz
SPAN 100 MHz

Perform 1-port Fuli Calibration as follows., Press tr
CAL key and select the 5-PRMTR CAL menu softkey. The
press the ONE PORY FULL CAL softkey. Connect 8
OPEN, SHORT and 50 Q standard in sequence to the H
85044A’s test PORT and press the corresponding softke
and the ENTER/EXECUTE key. Then press the retu
softkey to display previous softkeys and press the COF
RECTION on/oif softkey.

Connect the DUT (a 145 MHz bandpass filter ) as shown |
the figure and press TRIG/RST key.

Press the SCALE REF key and select the AUTO SCAL
softkey.

The figure to the left indicales the return loss for tt
145 MHz bandpass filter with previously measured tran
mission characteristics.

Press the FORMAT key and select the || - @ softkey
start the reflection coefficient measurement.

Press the FORMAT key and select the SWR - 8 softkey
start the SWR measurement.
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CONFIG
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CONNECTIONS
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CALIBRATE
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LB LOD B L 800 s
B sec FeNGEiF= 20 Ts Z3dbw

REL 238 #'H: 71004

S-parameters { 811, 821, §12, 8§22 ) characterize a two port
device. Measurements of S-parameters can be made only
by terminating the circuit with a resistor. This faciiitates
measuraments of incident and reflection vollages as the
circuit need not be opened or shorted, as in the case of h-
parameters. These advaniages make them specially suited

to measure circuit systems at high frequencies. Each S
parameter can be defined as follows.
S-parameter Definition Significance Direction  Imput
511 -E-%-— 32=0 iggﬁi:iﬁmion Forward Ti/RL
s21 -—:-‘171- al={ (F;gir:ax(‘clloss] Forward T2/R1
S12 % al=0 2:‘{???055} Reverse T1i/R2
s22 2ila1=0 QuTput TePIeSHON  Reverse  12/R2

S11 can be measured using the following procedure.
S-PRMTR, S11

PRESET key

Connect the HP 419524 as shown in the figure on the left.

(When POLAR or SMITH is se-
iected, it is automaticaily selected.)

1. FORMAT TI'x - I'y

2. DISPLAY POLAR
3. SWEEP  CENTER
SPAN

145 MHz
10 MHz

Perform a 1-port full CAL. Use the same procedure as
described in the previous setup. Connect the standards to
the left test set.

Connect the DUT ( 145 MHZ bandpass filter } as shown in
the figure and press TRIB/RST key.

Press the SCALE REF key and select the AUTO SCALE
softkey. The figure to the left shows a POLAR display of
the 145 MHz bandpass filter's S11 characteristics. Each
point of the measurement trace indicate the phase and
amplitude of the reflection coefficient [ of the DUT. The
display of the reflection coefficient in the center of the
POLAR display is 0 which indicates that there is no reflec-
tion at all. The outermost circle is | I'|=1 which indicates
that ail of the signal is being reflected back from the device
{ 100% reflection ).
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To measure S22, press the CONFIG key and select t+
$22 softkey. Perform a 1-port full CAL, the same as for tr
§11 measurement. Connect the standards to the right te:
set. The characteristics shown in the figure on the left a
displayed. Measuring the S21 or $12 can be performed t
pressing respective softkey, however it would be necessal
to first setup the DUT for a thru connection and then pe
form a normalize calibration.

Once the reflection coefficient I' has been measured,
DUT's impedance is easily determined. Use the sar
setup as used to measure the S11 and S22 paramelers, s
the disptay to Smith chart, then the R-X value, inductanc
(L} and capacitance {C} can be read from the Smi
Chart by using the marker. The figure on the left shov
the 145 MHz bandpass filter measured input impedance.
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Chapter 4
Spectrum Measurements with the HP 4195A

in chapters 2 and 3 the relationship between input, output,
and reflected waveforms were measured using a sine wave,
in which only the amplitude or phase differed. In an actual
circuit, pure sine waves are seidom realized due to the
circuit non-linearity, (i.e. distortion or noise). Non-linear
circuits are widely used for modulation and mixing. The
HP 4195A’s spectrum analysis function is used to measure
such non-linearity. This chapter will describe level, distor-
tion and noise measurement using the HP 4195A’s spec-
trum analysis function,

No external test sets are required to perform spectrum
measurements. The DUT is connected directly to one of
the HP 41958A's four input ports: R1, R2, T1 or T2. An RF
amplifier is used for the DUT in the examples. Modify the
instrument setups shown to suit the DUT being measured.
In the case of measurements involving amplifiers, use an
attenuator if the amplifier output exceeds +20 dBm.

Press the CONFIG key and select the PORT SELECT soft-
key to switch the HF 4195A’s input ports. Then select port
R1, T1, R2 or T2.

The HP 4195A’s spectrum function measures the absolute
value of the input level. In the following example we will
measure an amplifier’'s output tevel. The measurement
sequence is as follows.

SPECTRUM

Press the PRESET key to set the analyzer to an initial state.

Set up as shown in the figure on the left.

1. FORMAT dBm

2. DISPLAY rectan X-A&B { Initial state )

3. SWEEP  CENTER 145 MHz
SPAN 100 MMz
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Measuring Noise Level
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Press the SCALE REF key and select the AUTO SCAL
softkey,

When the measurement results shown in the figure 10 th
left are displayed, press the MKR-+ key and select th
MKR-~MAX softkey. The marker ( oMKR ) on the trace the
moves to the peak point on the displayed trace. The abst
ute amplitude level (dBm), and the frequency at th
marker position are displayed in the upper right corner ¢
the screen. Press the ATTEN key of the input port bein
used to change the setting of the attenuator so the wave
form disptayed will be measured with the maximur
dynamic range.

By using the HP 4195A’s noise marker function the spec
frum density of the normalized noise at a bandwidth of
Hz can be read directly. The measurement is performed ¢
follows:

1. Set the marker to the desired frequency.

2. Press the MKR= key, and select the more 1/2 softkey 1
display the more 2/2 menu.

Set the NOISE onfoff softkey to ON (on/off ), to sta
reading the noise levels.
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Measuring Yotal
Harmonic Distortion

CONFIG
PRESET

CONNECTIONS

O CONTROLS

1
st R1ITT Sz Rz 12| AUTOSCALE
O QO C OO0
,;,__\ : AMPELIFTER
L aSMH? UNBER TEST
HARTIUA TS T TORT § O
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=T | dBm

BV Giy START 12D 828 888.838 Hz
ig.eg 18.08 sTOP 450 088 028,088 H:
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SARIIB**(RIRE/PRI+IBH*(E¥RE/ZATII /1B (R1-20)

SPECTRUM

Press the PRESEY key fo initialize the HP 4105A,

Set up as shown in the figure on the left,

1. FORMAT dBm ( initial state )
2. DISPLAY rectan X-A&B ( Initial state )
3. SWEEP  START 100 MHz

STOP 450 MHz

Press the SCALE REF key and select the AUTO SCALE
softkey.

Operate the marker as described in the following sequence.

1.
2.

oo

Press the MKR-> key and select the MKR->MAX softkey.
Type R1=MKRA and press the ENTER key. The ampii-
tude value of the fundamental Is assigned to variable
register R1.

Select the NEXT PEAK softkey.

Type R2=MKRA and press the ENTER key. The ampli-
tude of the second harmonic is assigned to register R2,
Select the NEXT PEAK softkey.

Type R3=MKRA and press the ENTER key. The ampii-
tude of the third harmonic is assigned to register R3,
Type as follows and press the ENTER key.

SQR {104{R2+2/20)+10x+(R3+2/20))/10w+(R1/20).100

The ratic of distortion {% } of the second and third
harmonic is displayed at the botiom of the screen.

Operations 1 ~ 7 above can be programmed to be exe-
cuted by using the user program function. Refer to the
exampie given in APPENDIX B.
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The HP 4195A can switch between the four input poris fo
spectrum measurements, eliminating the need for recon
necting to different points on a circuit. The HP 4185A ca
display a maximum of four traces simultaneously. Th
setup shown on the left permits simultaneous display
two spectrum waveforms.

Proceed as follows.

1.

Press the PRESET key, the CONFIG key, and select th
SPECTRUM softkey. The measurement result made b
R1 port is displayed. R1 Port is selected when th
analyzer is initialized.

Press the DISPLAY key, and set the TRACE B onfo
softkey to ON { onjoff ).

Type B=A and press the ENTER key. The measure
ment data in register A is transferred to register B, an
the resuit is displayed as trace B { light biue ).

Press the CONFIG key, select the PORT SELECT sof
key, and press the T1 softkey to make port Tt th
measurement port.

The signal input to port T1 is displayed as frace

( yellow ). At this time, note that trace B looks like it

being overwritten on every sweep, but actuaily it mai
tains the same data.

Press the SCALE REF key and input the value with tr
REF LEVEL or /DIV softkeys or modify the value wil
the (&) and (&) keys to display trace A in the top he
of the screen. Then press the SCALE for A/B softke
and use the same manner to display trace B in t
lower half of the screen.

Note: Traces C and D can be used when 3 or 4 irac

displays are required. Refer to APPENDIX C, pac
C-3, for four trace display.



Bagic Setup

HE 160924
L TFST FIXKTURE CONFIG
oo 8 &8 PRESET

| .

P 41351RA
FPEbaCE CONNECTIONS

TEST KIT

CONTROLS
CALIBRATE
COMPENSATION

DEVICE UNDER TEST

AUTOSCALE
£ CRISTAL RESONRTOR
BIREF o MKkKR BY 986 ARG, 028 Hz
[188.8 1Z1 326.482¢ Q
3 deg

& -26, 287! deg

1 KMz 8T:4.4% zen

DIy CENTER B0 801 408.8288 Hr

18 282.088 H:
RANGE :R=  ©&,T= BdEn

26 . a8 SPAN

"HP 4195A,

Chapter 5

Impedance Measurements with the HP 4195A

When the HP 41951A impedance test kit is used with the
a devices impedance parameters betweaen
100 kHz and 500 MHz ( (2], IY}, 8, R, X, C, L, Q, D sic.)
can be displayed directly. In this chapter, a crystal resona-
tor with a resonant frequency of 80 MHz will be measured.

To perform impedance measurements, the HP 41951A
impedance test kit and a test fixture suitabie for the DUT
are required. The HP 18092A clip test fixture is used in this
example.

IMPEDANCE
Press the PRESET key to initialize the 4195A.

Connect the HP 41951A adaptor as shown in the figure.
Do not connect the MP 16082A test fixture,

1. FORMAT
2. DISPLAY
3. SWEEP

| Z1-8 { initial state )

rectan X-A&B ( Initial state )
CENTER  80.0014 MHz
SPAN 10 kHz

Calibration must be performed to remove measuremsnt
errors induced by the 41951A test kit. Perform a 1-port full
CAL by connecting 0 (2, 0 S, 50 Q2 standards respectively to
the 7 mm connector of the impedance Test Adapter.

To obtain the best accuracy, the test fixture residuals
should be compensated for. Connect the HP 16092A test
fixture and perform OPEN/SHORT offset compensation.

Connect the DUT to the HP 16092A and press TRIG/RST
key.

Press the SCALE REF key and select the AUTO SCALE
softkey. The measurement results are displayed as shown
in the figure to the left. Trace A displays the absolute value
of impedance | Z| and trace B displays the phase angle 6.

5-1
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With the equivalent circuit function of the HP 4185A, par
meters L, R, Ca and Cb of the crystal resonator's equi
lent circuit are automatically calculated by the HP 4195
The calculation is performed using the measured i
pedance data.

Proceed as follows to perform the calculation.

1. Press the MORE kay in the SPECIAL FUNCTION st
tion, and select the EQY CKT softkey.

2. Press the CKT E softkey. { Because the DUT is a cn
tal. In case of an inductor, select CKT A or B. In csg
of a capacitor, select CKT D.)

3. When the CALC EQV para softkey is pressed, a beep
generated to indicate that the eguivalent circuit valu
are displayed in the iower part of the screen ( as shoy
in the figure on the left ),

The equivalent circuit analysis function is used to simula
impedance and admittance frequency dependent charact
istics. Proceed as follows,

1. Setect the EQV para entry softkey.

2. Enter the value of each equivaleni circuit parameter a
prass the return softkey.

3. When the SIMULATE f-char softkey is pressed, t
4195A beeps as the simulated frequency characterist
(traces C and D) are displayed with traces A and B {
and D display are simulated resulls, A and B are ach
measurements ).

Turn off traces A and B to more clearly view traces C a
D. Yo turn off fraces A and B, press the DISPLAY key a
set the TRACE A on/off and TRACE B on/off softkeys
OFF {onjoff ). To turn off traces C and D, press the VIE
key and set the VIEW C on/off and VIEW D on/off softke
to OFF { on/off ).

5-2



APPENDIX A
INTERNAL REGISTERS
An HP 4195A "Internal Register” is a memory location to or from which the user can write or read
numeric data. By using these registers, the HP 4185A can easily solve various measurement and
computational problems. Refer to APPENDIX F for the internal register listing.

Hegisters Types

The 4195A has the following four types of registers:

Array Hegister Single Regisier
Contains 401 Contains only one
elements { values ) element ( value }

General Purpose
Open to users. The HP 4195A
will not change the data E -~ J, RA - RF RO ~ R89
in these registers.

Limited Purpose

Opened to users but their Examples: Examples
application are fimited.

The HP 4195A may change the A~ D, MA, MB, X MKR, MKRA, CENTER
data or may be changed by
the data in these registers.

Data Storage

The typical applications for the registers are the storage of measurement data. Array Registers C thru
J and RA thru RJ are suitable to this purpose because each of them has a maximum of 401 ele-
ments. To store or recall the data, use register operation described below. Also, Example 4) shows
an example of storing/recaliing the data.

RAegister Operations

Mathematical operations can be performed using the registers. The syntax for operations is similar to
that found in BASIC.

Example) fOperation
Awl+d
Result Source
Destination Arguments

Register operations can be performed from the front panel, in a User Program, in a User Defined
Function and in with User Math. During front panel execution, the ENTER key shouid be pressed to
execute the operation. Front panel execution is simple, but note that when the SWEEP mode is set
to CONT, the data in registers A and B are refreshed during each sweep. The following are examples
of array registers operations and marker-related single registers definition.

A



Exampie 1) Mathematical Operation Example 2) Simulation of two filters connected in
series

Mathematical operation can be periormed R e

for either a) indivisual element of array ' i I

register or b) Entire element of array

register.

CONFIG ..... SPECTRUM
PRESET
TRIG/RST..... SINGLE mode

P
;
w m»v-w «W;mwm %""“vawm

a) Elements within array register O S
can be changed individually. S O S LA
A(100) = - 15 ENTER Example 3} Simulation of transmission character-
istic of RC filter
DR,

- —i%dbm . - .
DU : AAN
TR : .. . . {ﬂgggpﬁt
Wi T VR

_”""ﬁ“*‘"v’f’-’*%%‘“{*f‘?*“? —f"a‘]?‘*#w"""v‘d’“«*“w""“*“"W‘""&Mﬁ%ﬁ?‘%"""m’”"-"’ﬁi‘ﬁ'?fif"‘i’i’"‘i T (w) = 20 fog ( l\% ) =20 log ( W )

HP 4195A Register Operation:

A=20.LOG(1/SQR(1 +2+PlX+1E3+1E-10)-2)) ENTER

b) Entire register array can be Where Pi: Single Register containing n value
changed very simply. X:  Array register containing freq.values
A=-15 ENTER HERER | meeer o mne ) ced gD 1Rz we
‘5.Bﬂﬂ Z.98214 ;Ex

-iBdEm

v DIv ETART 106 00B.06
5. 0Rg ELERs1A LTOR 198 H08 080.8 o Ho
REW: 1 KMz 3T:1.87 seq RANGE:F= 10, Tw ifigkm

=2 R OGS R0ROL ab‘* #LET*LO8E ~ 1?1**:;1



Example 4) Using register E

as a waveform mamory

CONFIG: SPECTRUM

SPEC TRUM
A REF  BIREF ° MER 170 9BE AOR. 280 H:
5.896 6. .808 MAG  -87. 4783 B
{ dbm 3f 1 mag

i 1 :

|

oy

DIy SV

CEMTER 145 BBE 200.000 Hz

10.28 12,80 SPAN G2 BED BBE DBO H:
RBU} 3B Kz §7:3.53 sec RANGEE- @, f--iadse
e

E=A ENTER

CONFIG: NETWORK
NE THORK
AIREF  BIREF & MKE 1TB B89 ARG, 490_k:
g.29n  25p.4 ToR-33.7E4l 4%

{ 4B Il deg 1] £ m191 . 848 1.2

DIV oy CENTER 145 ROR AOQ . 80 H:
12,88 S .2 SPAN S0 DOY BAR. B8R H:
REW:300 KMz 5T:1.18 sec RANGE:Fnm

B, Te-18dBn

SWEEP Mode: SINGLE

B=E ENTER

Autoscale for B
* NE THORK
a:REF BIREF o MKR [7( BOR 288.882 Hr

g.98n -18.88 TR -39, 7378 4B
EMWdB i deg 3 A ~g7.a783 deg
e T =
7 :

Vs N
- ‘;\‘;u{_j ...... v

DIy DV CENTER 145 BRa 008,880 M=
12,80 18.88 SPRN 5B ABd 898,880 Mz
RBE:ﬁiB KHz $T:1.18 sec RANGE:R= 8, T=-12dEm

Bk

i | |
Wm&%&mwew F ?We@m\mw@f e -

Marker/Cursor Related Registers

E‘WR‘@'~1~-§ s -
\\\. “““““ i
DMERA Y e
SMKR AL T
SMER DiMeE T
MERA

LLCURS

L.CURS




APPENDIX B

USER PROGRAM
User Programs can control almost all HP 4195A functions. These User Programs enabile automated
measurements, complicated calculations and analysis to be performed quickly and easity. How to
write a program, and sample programs are covered next.
How to Write a User Program
Writing User Programs is easy. User programs are created and modified in the "Editor mode". Once
you are in the editor, the HP 4195A will automatically generate the command in the program when
you push the function keys. You create a User Program In the same way you would perform a man-
ual measurement. The following example is a procedure to write and run a simple program.

Sample Procedure for making and running a program:

Procedure Key Strokes
1. Scratch the current | ProGRAM | | scraTCH | | ENTER |
program
2. Select the Editor | EDIT | | EXECUTE]
3. Select Spectrum mode CONFIG | | SPECTRUM | | ENTER
4. Preset | PRESET| { ENTER |
5. Select the input port PORT | |SPECTRUM | [T1] |ENTER]
SELECT

6. Select frequency S50MHZ
7. Frigger TRIG/ | ENTER]

RST
8. Move the marker to the ! MKR-»] oMKR| | MKR=+ lENTER |
higher peak menu MAX
9. End the program | PROGRAM| | END| |ENTER]
10. Quit the Editor QuIT
EDITOR
11. Run the Program RUN]

B1



Sample Programs

The following programs show typical applications of user Programs. Although the key strokes are
not given for these programs, commands are entered by pressing the related keys. Also refer to
APPENDIX E where the commands are given with corresponding softkeys.

Example 1} Altemnale Transmission/Reflection measurement

This program changes the measurement port for every sweep and is suitable for the measurement
sstup given on page 3-2.

19
28
3B
40
5@
5@
78
89
89
180

Example 2} SIM wave, COS wave display

14

=
S

1)
49
5@
60
7@
8@
98
188
119

FNCI

RET

CENTER=145 MHZ
SPAN=188 MHZ
PORTI

SUTRG

SORT2

SWTRG

GOTO 50

END

SWMZ
NOF=368

FOR RB=t TO 280

A{RG =5IN(RD)
B(R® }=C0S(RG)
NEXT RO

5CL1

AUTO

5CL2

AUTO

END

Scale for A
Aufoscale
Scale for B
Autcscale

Select Network Measurement

Preset the 4715B8

Yet center freguency toc 145MH:z

Set span frequency to 190MHz

Select port T1/Rt for reflection measurement

sweep (Sweep Triger)

Select port TZ/R1 for fransmission measurement
Initiate a sweep {Swaep Triger)

Select sweep mode ito SINGLE
Set number of displaved points to 360

Substitute SIN value for the ROth elsment of A register
Substifute COS value for the RBth element of B register

When you run the program, SIN and COS waves are displayed on the CRT. it will take more than 1
min. to complete this program, because traces A and B are re-written sach time as are the A and B
registers. The following program shortens the time by using register operations. This program also
uses multi-statement technique to shorten execution time and program fength.

19
20
38
42
53
B2

SWMZ s NOP=300

FOR R@=t TO 388 T
RALRG »=5IN(R@ }; RB(RA )=COS(RG ) A

HEREPRK  poger o MKR 249 383 621,178 Hz
2.508 2,588 T/ -7ES . ?id4-18 4R

€85 10 ‘deg 3 & -1 B03BB ey

NEXT RO ST T T
A=RA;B=RB;SCL1:AUTOSCL2;AUTD : K\ S
END TNy S o

G831 M:
SEG. On 508 . fx STOR 0 400 990,880 Mz
RRW: 30D KHz $T:1.83 sec RANGE:R+ 18, T= 18dEn

v START

Div

B-2



Example 3) 3 dB Bandwidth of the filter

This program measures and displays the 3dB Bandwidth value. Refer to pages 2-1 and 2-2 for mea-
surement sequence,

1@ FNCH ! Select Neiwork Measursment

2@ RST ¢ Preset the 41884

5@ CENTER=145 MM7Z;SRAN=100 MHZ

40 SWTRG P Initiate a sweep (Sweep Triger)

5@ MCF4 Seleci marker and line cursor mode

|
EO MKMX I Marker to MAX

7% DELT! I Delia mode ON

80 MKACTS P Enable line cursor

9@ DLCURS=-3 { Move line cursor to -3dB down from marker

108 R=WID ! Imput ~3dB bendwidih into RP
112 DISP 3 DB BANDWIDTH (HZ)=" RO
128 EN

Example 4) Total Harmonic Distortion

This program calculates 2nd and 3rd harmonic distortion. Refer to page 4-1 for measurement setup
and sequence,

1@ MCF1 I Select single marker mode

20 MEMXR1=MKRA I Marker to0 MAX {Fundermantal)

3@ NXTPKiRZ=MKRA | Search the next peak (2nd Harmonics)
40 NXTPK;R3=MKRA | Search the next peak (3rd Harmonics)
5@ RO=CQR{1Q#+ (2+R2/28)+1@8xx (2#RZ/20)0 )/ 10#%(RI1/20)+120
BE@ DISP *'THD (%) ="' R@

72 END

SPECTRUM
PiREF B RE

., poe
L _dBm

o MKR 413 008 06R.50R Hz
MG -B3.3d71 ABn
L TR : e

nr Wi At *"W“‘“‘E’mﬁ et
Dty DIV CEMTER 380 002 0BD.00% H:
19,68 10,495 SEEN ABB GBC BEG. 09 Ho
THG (z5= 4. AGGEAEE70ESE-B]



Example 5) Go/No-Go Testing with Limit Line

This program specifies upper/lower limit lines +20 dB appart from the actual measurement valua (
Line No. 40 ~ 100 ), and checks if the measured value exceeds the limit { Line No. 120 ~ 240 ). Dech
sion is made by checking if register B { not displayed ), which contains difference between the actual
value and limit value, has any negative value ( Line No. 130 ~ 160 ).

18 1

20 1 GO/NO-G0 WITH LIMIT LINE

30 !

4@ FNCH

58 RET

GB& CENTER=145 MHI ;SPAN=ER MHINOP=51;0PEE
70 SHTRG

88 SPETRiDPABAUTC
98 SCL1sR@=REF:R1=0IY;S0L2;;RE
C=A+20:0=A~20;0FA1;5PCYSFD

G
=

]

o EWTPC
38 B=D-ApMRMN
IF MKRBC® THEN GOTO 212

b
=
"

|0 N A7, [P S P Y

50 B=A-D0;MKMN
E@ IF MKRB<2 THEN B0TD 218
TG |
2% DISP "FASS”
53¢ 6070 128
e |
1@ BLEP
228 DISP "#s% FAIL ##+ PRESS CONTY
2389 FAUSE
248 GOTO 128
258 END
NE THORK
A:REF  BIREF ° UKE 159 00 000.caE H:

z8.88  26.82 TiP -57.2BLE

deg

o
el -

L1y ‘DEV EéMTEET .T 2.000 M-

LB 00 2. ag SR SRS § ﬁﬂﬂ 000, D00 Mo

B.-4



APPENDIX C
USER DEFINED FUNCTION

The HP 4195A's User Defined Function can be used to define a softkey which will perform a se-
quence of key strokes. This reduces key strokes needed o obtain Total Harmonic Distortion, for
instance. Five softkeys can be individually defined. In addition, three SE ( Sweep End Function )
softkeys can be used for operations at the end of every sweep. These 8E softkeys are used for ap-
plications such as Signal Tracking and Alternate Sweep. The following example shows how to define
a "3 dB Bandwidth" sofikey.
Defining Procedure:

1. Press USER DEFINED key.

2. Press the DEFINE FCTN softkey.

3. Select the FCTN1 softkey.

DFt"
will be displayed at the bottom of the CRT.

4. Define a softkey to obtain the -3 dB bandwidth. Refer to page 2-2 for the required key strokes.
Each command should be separated by a ";".

5. The following commands should be displayed.
DF{" MCF4;MKMX;DELT1;DLCURS=-3;WIDTH1"
6. Press the ENTER key.
Notes:
1. To define SE softkeys, press SWP END FCTN softkey and then press DEFINE SE  fctn softkey.

2. Up to 85 characters can be defined for one softkey.

3. The syntax for User Defined Functions is the same as that of a user Program. This means that
execution commands such as RST and SWTRG cannot be used in combination with other
commands.

Execution:
Preset the HP 4195A and measure the transmission characteristics of the bandpass fiiter. Refer to

page 2-1 for the measurement procedure. Press the USER DEFINE key and the softkey numbered
"1". The -3 dB bandwidth is displayed as the WIDTH vailue.

e-1



Entaring Key Labels:

Any key label ( name ) can be assigned to a User Defined key. The following procedure shows how
to label softkey #1 as "3DB BW".

1. Press the USER DEFINE key.
2. Press the KEL LBL entry softkey.
3. Select the fotn 1 KEY LBL softkey
LBLt"
will be displayed.
4. Input the following using alphanumeric keys
LBL1" 3DB BW"
Upito 15 c!:\aracters can be used for a label.
5. Press the ENTER key.
Examples
Exampie 1) Filter Parameters

OFE"MCF i MRME "

OFZ"MOF 4 i MM DELT 3 DLOURS == WiIDTHT jRI=WID; RO=LCURSL ;R =LCURSR"
DFS"MCFZsMRACT L s MEMX S DELT 1 s MKACTE i DMKR=26 HHZ"

DF4“P’ECF4;MKMX;DELT *uLf‘uRa- 6Ol TQTHE;R3=MLD/9‘2,DISP SHAPE FACTOR=" RZ"
DFS"MCFZ s MKR=R@: SMKR=R1 ; ARSTR; ANAT  LIMX A ) s ARGTR y MKACT 13 MEMN s MKACTE ¢ MK MM s ANAR "

LBLI"INSERTN LOSS "
LBLZ"3dB Bl"

LBL3I"OUTBANG REJEC ¢
LEBL 4" SHAFE FACTOR
LELS"PASSBANORIFPLE

Exampie 2} Signal Track { Application of Sweep End Function )

DFA"MKMZ s MKCTR

L

LBLA"SIGNAL  TRACK

c.2



Example 3)  Alernate Transmission/Reflection Measurement ( Application of Sweep End Function )

DFAYSPCHE: PORT 1 ; SEFAG: SEFB1"
DFR"SPCHE; PORTZ ; SEFBO: SEF AT

Exampie 4) Four-channel Spectrum Measurement { Defined by User Program )
if the UJser Defined Functions are defined by a User Program, there are several merits for the user.

1) Setup of the 4195A can be made easily.

2) User Defined Functions can be stored as an ASP file on the fiexible disc. This saves disc
space when compared with a STATE file.

3) User Program Editor can be used to adit keys.

When you run the following program, instrument setup and key definition are made in cne time.

1@ FNCZ

2@ R&T

3¢ CENTER=145 MHZ ;SPAN=10@ WMHZ ;0IV=40:SCLZ;DIV=46;0F81;5PC1;5PN
100 DF1"PORT1:8CL1 s REF=0;C=A-200; DHA=MA; DMB=B: MTHA1 ; MTHB1 {PRMATRL " "
110 DFZUPORTZ : SCL2 s REF =10@; D=B-20@; DMB=HA; DMA=A; MTHA1 s MTHB1;PRMB' T1 *©
126 DF3"PORTI; GCL1 i REF =200 C=A+200; DMA=MA; DMB=B; MTHAT ; MTHB1 ;PRMA R2* "
{3@ DFA"PORT4;SCLZ i REF=3@0; 0=B+200; DMB=HA; DMA=A; MTHAT ; MTHBI ;PRMB* T2 *
144 DEGR""

159 LBLI"R1”

6@ LBLZ T

t7¢ LBL3"RE"

18¢ LBLAYTZ"

159@ LBLs""
210 SUMT;UNITA"DBM" ; UNLTE”DBM"
22@ END

SPECTRUN Math

ALREF B:REF o MkR 145 2EF 880,906 Hz
2BE.a J8p. 8 RZ ~37. 27 DER
LnEer E DEM ] a’E’ ~18.522% PEM

i

mﬂ«J‘\MWWWWw%WWH\' AR, Hrtrnnhoa

LI CENTER

TN EJQ LEER
REMT 308 thz $T:749 meoc FANGE (= "‘lﬁd T- 1MdEm

C-3



APPENDIX D

USER MATH FUNCTION

The User Math Function of the HP 4195A enables the displayed data to be as a function of the mea-
surement data. This facilitates applications which require real-time calculations such as unit conver-
sion, MAX HOLD, and compensation of external attenuators. The figure below shows an example of
a +15 dB offset being applied to the measurement vaiue by using the User Math function.

oz
O

Defining Procedure:

1. Press the DEFINE MATH key.

2. Press the DEFINE MATH A softkey.

DiiA=

is displayed on the bottormn of the CRT.

SEECTRUM
HEIPEF

i
|
A4
fr
bl

.,

T Lo R

REW AN ¢ TINE] mess FA

3. Input the following using the alphanumeric keys.

DMA=MA+15

Wl g,

3 BiFEE & MR 148 BEAE ARG QA0 Hz
B0z 1B, 80 [l & =
L odEm IC 3 Hiee

LR Ol AF e

~1BLEN FER

Where DMA ( Defined Math A ) means displayed data and MA means measured data.

4. Press the ENTER key.

D-1



Execution:

Prass the DEFINE MATH key and set the MATH->A onjoff softkey to ON (on/off ). "Math” is dis-
played on the top line of the CRT and the displayed data is offset by +15 dB.

el ﬁ@ H

DIy G CEMIER 1% Dac BOE. 080 H:
18.08 18, A6 TEPAN_ B0 Ba0 980,00 H-
FELZAN KMz STiOE] myac EANGE:Fs 3.7+ I048m

Dt =Ma+15

Sample Definitions

Exampie 1} Max Hold
DiMA=MA
DMB=MAX{MA,B)}

{ Display B ON )

-
&
B

E I’”WWWW
Tiv ”VH?E? EE BAE 980, DED Wz
[N pts] l% Ed EREY 1 206 0as.AaaR Hr

FEL: b8 HHz ST:362 msec FANGE:R= 8, T=- BdBm

Example 2) Averaging

Averaging 4 times: SPEC TRUM

o MKF B9 CRD DP9, BOE Mz
MaG -B2, 2895 4Em
MRL -B7.8357

DMA=A3/4+MA/4

!‘Ww@;wg Wf i

AYaFRGE«d TIMES -

mwwmwwmwmwww rrmw»wﬂ

Averaging 128 times

DMA=A.127/128+MA/128

CRVERRGE =128 TIPESR

e -

Ly LY TEMTEF 188 BoR 980,084 H-

18.89 JQ.EQ ZFFilg 1 B0E 980,868 H:
REL: 1B mrz CEEd msec FeRGEIRFe 3 Te gdin



Example 3} 75Q Environment Measurement
When the HP 4195A is used with an HP 11852B Minimum Loss Pad ( 5.7 dB Loss } to convert 50 Q
to 75 Q, it is necessary to set dBm referenced to 75 Q. Following equation converis measured dBm
{in80Q)todBmin 75 L.

DMA=MA+5.7
Exampie 4) Vp-p Measurement

While the HP 4195A measures voltage in Vrms, it can be converted into Vp-p using the following
squation,

DMA= 2.SQR(2)-MA
Also unit should be changed as follows.

UNITA"Vp-p"



Instrument’s

Status

APPENDIK E

SOFTKEY TREE

MARKER;‘;-"LY;E‘CUHSUR — Front Panel Key

{UDF Editor}
{SEF Editer]

E-1

#SP Editor] to MKR]
oukR | MKR= | (VKM - Command
menu MAX
MEASURE MEASURE
CONFIG ﬂEFIIETMATH
: i
By
RETWORA | [FNGE) N (ENDAL MATHA | (MTmAS A PRMTE | {PRMA
wn efl (MTHAD, LABEL
BRSCTRUM | [FNCH) 2t {FNGSE MATH=E | (4THEL} BURT | URITA)
e | diea0; LABEL
WABEDNCE | [FMCS) §iE FNCE) 2 PAMTA | {PRME|
LRREL
7] TFHEP unT § (ubeTa)
LABEL
SPRMTA DEFINE | (Oma;
Mgy e HATH &
QEFINE | (DMB]
UATHE
SPEGIAL §
chars
SORY
sELECT T return
i rm .
1 " b *
i ;
|EF Edror} [METWEIAK] EPELTAUM)
ISEF Feigr; HMBETNCE] i ied L &
ENSP Edito} |5-PRMYR]
1 [ u ®
IKPEDNCE Tm 1 posTy i oy
possn % a T
RETWORE L R ) X BORTZ
-
» ? -
S-PRATR A1 | PORT) Az {PORTY
-
< T -
SPECTAUM! 2 PORTS)
—
oot st | eatuen
TR | (POAT SOURCE | W)
CHr maro moce mare
. 1] m %)
TiRE  f (PORTS: SOUACE | (Pwh2}
Cn2
SOURCE | wRs
ot
rekam P} ratum
MEASUAE
FORBAY
I T
| ! ! T
[UDF Ediior} ENETWOHRT NEYWOAR] i
JSEE Edifoe] [St2. 573} iS58, 524 !
(AS® Exittor} {PORT:, 7, 4, 5 IPOATEY i85+, 522} {SPECTALM] #MPEDREE]
IMPEDNCE TIR-E | ORP) RZ/RA-8 | GPRE fee8 § (el B |isart £25e8 !rlwu Y18 omeT
L) el
NETWEAK TR 1are2l A/P1E ] GRPE IT|.8 18#123 CBUY BAFR] A% i) [+ 2] {iMPE}
5-PRMTR iR 1GPPE: AT [aeFs) Tx-Ty (SPF v [§4P2) La-He ARG} Lp-Rp | laea
1821,52] Reim Rsdm
SPRMTR LG | papay (L]
(S15221
SPECTRUM TIR- —Lm?ﬁn) R2RI-T | (A9 SWR.G | (5P [T amminz | 1sapa Cs-RE HP5) Co-Ro ] NP
wer g 8
cBUVINT | {SAPS) [ 8] {epa) opo {16123
LM
APERTURE [ [9FRECH APERTURE| @FREGEH | e oy
aniry iy LI 2z

L]




WETWRK] EMPEDNCE| FRRMTRE
F | -
! ! i [—
CoRRSCTS Figosmy o570 ) coEn | oensTD: conREcTa | wokR {oERETO! ]cmnecmﬁ icoRa i stz L e
eno | COARR ity Cae 8T8 e | GORRD; ;oanar Fioomeg oy ZAL 5TB
IMFEDNCE | AL waLIn SHORT [ (GHYSYEY L sHOAY ST caL ATALID: SHORT | {SKTST)
A HONE LALSTE LR —| AL ETE ROMNE [
1
SPAKTR REFLECTH — SOAD | ROSTR H wean  Logie SFRIR Lok L oSty
Chc mary Chl &TC CAL STH A, mant CAL S¥0
NS ComeN |
CaL meny man f‘"”"“"" £
E
w emRE 70 |igunin T LoMAzy
s 7an | icHRz 6t | iCHRER 40 145
I PORT EEY [ PEXTY) FEXT1] H H PORY EXT | PERTY; H
snatt | PEXTOL IPEXT] H H srel ] FERTAL
PORT PORY ! FORY
extessh R | EXTENTH £
e T MotE Mo i e
r "2 2z gl rstat J" 172 22 f‘] cwsure oy rmturn,
! § b | L
— i — 182t 823
J——
I i
i B | I ; ;
[ P HORIAE | (a1 Ta NOAMLEZE b (casin wenn campen | ey So | AT \PERS) IRRLLZE | ICALT? NORMLIZE | iCaLty
A itHAL 0PN} HOHE NISHE gy TR
WeuT f gpEry SocrmbabiEas | (Cal 36 Cmig pomt | oAl Fnl 1PETY P CNE FORY | mALTy mETY S PORT [ (CalTA NCHaisH | (CALTZ]
T LAE EBART CAL DEFECT FULL TaL FART CAL
wegt | enn GNE PORT § (0A,TH wgan oMt neuT | jegng) (Cath
5 FULL CAL ”2
WPUT E PEY) PEYT enpEay WPUT T
fz htd
~
AL ] THACAL CPEN | OPNGa) [ j orEn | IGRRGRL EE L THAL ] (THRSALL
"’:" Leatl WOLATN | (ISNGAL) SHORY | JSMTDH} sOAT | iPERY 05 125w SHORT | {SHTCRE) Pc:*' ey SHAT | SETOaL ISOLATE § ISHTAL)
Sl o) : LRt
:
POAT2 § (PERD) LOAG | LSCaL AORTY | PERE [ R T Lm0 bean | PORTZ paey LBAD | OCKL
< iRzy [ R2y | | R
I
et sawn etutn ﬁ; et | [ atum !—" E 1] e l e B —T
Lo i
H
j i |
L H H H H i
TR aGE TRACE
BrsPLAY SCALE REF
b i
H ; i ! 1 i
smclen | D5RY) COMMENT | GmT) HUDF oo YY1 [N-rEBY t
KALB [GEF Emlog {a st EBMHTHY |PonaR)
JASF Earer Hor B}
e heeR specaaL ¢ {
[ crars i H
TaEE |05 ecmn | &8I0 ] (AT BaUTO | (AuTO} AUTO AT AUTO | AT
xALE SCaE SCALE scmk soRE
snEH | osPe GATCL ] aRTy regine & REF FER B RE¥ LG REF (REF|
t an o :G,.,na ~a LEUES UEVES. LEuEL
LIS TR Aiore | o 1B o | e
POLAR ¢ Ses) PHS UMT | e
degrad ] {RADS
e IRAD) smiTh L ABOTION | (BT B BOTTOM | BTM) 2OTTON | (@TH
TRACE A | (BPAY) B OIS | PREY
or oH (CRAD; nema
POLAR MKR - {MKREF] MEFR - MKFES SCALE (880: 1) MEH - MHAEF]
TRACE B | (691 PEE . - REF aer camp 2.0 REF
onott S—— I——
L] sagang A STALE ] {SCTY 6 SGALE | {SET1} BCALE ]SS0l SCALE ] iscry
e e wlog | 4ECTE g | BGT aeovat kg 156
12 22
SCALE ] 1ss0AL)
on 02
SCALE 148017 SCALE  § {SCLY SCME | {SSCLAL SCALE 1 BCLY
i [- foratrs 15012 =4 jokiord | {SCL2™T w7 0.1 toratoss | 15021
" . T
n B €
& u ¢
% " -
¥ B =
s 1 - 15PCY}
[CL=]
: VIEWD (80D
ran Py refurn Y aetum o ot (590G}
e e T
[ BT 243 T
: ARECD ] GRS
STORE : (SPSTRY
RBeGD
- i
{5TRGY)
{87800




SWEER

MERU

;
TYPE Wy
Hnlog | BWTZ

DIRECTN | oSwhi)
ua down | SWDZ2)

PROGRAM

e

PARTIAL

TRIGOEA
man

conr | dwm PAAT SWR | (BRI} PROG S48 | (EPM5 TABLE | PTH) FREG | BWPT} no.of | MO}
mods saelt ($WRZ} an ofi (PPUOL Mo POINTS
SHGLE | (SWHR STORE | (SRSTR) swe OGBS (W2 sree | sTel
s SwP ANG watoc wh sizE
MANUAL ] (swh3s XRAEG | (BMP 5C L. | 1swe;
moon cump 4
SGRTING | (PTSATY O5C LWL | [SWes swiek | T
(dBml THIE
TRG MODE | (TRGMY) MXACTD) PADG TBL | (FTSEN TaBLE | (PTOLR) QB LWL ] (SWRS
mtxt | ITRGMZ) (MzalT sy 30t sei CLR L]
PT REAS | Ry XREG DM ] (XDMP}
TRG 1o TBL
T | mEa
FREG
roure lrn '—} sl sovona | WTENDE aum raturn
i
| L
.
MANKESLINE CURSDA
MscT
|UDF Editar ]
ISEF Ediort |
RSP Earter] [EELLH {0 mKES) b [ERETER]
| 3
!
I - :
o #ike MRF~ | KMX] wrm= | paRsTy MwE- ] (MKMXL mgme ] paksy: Loeuns~ | oamg [ LEUAS= | [CHMX]
menu MAX SERET MAX AR MAX A MAX
MR anite ] MM R Lt MKA= | Kb were |aksm LCURB= | (GRMA) MR~ aaG LOURS | [CRMN
monu ik s1om s LS [t [N Win
wurs Lo, MR- | (MRRER Mrfs | (MKRER WHAT | MKEXE) LEURSe | [CRAVI ukp= | paxreR LOURS | oRAVE
s AEF Ags sPAN ARG REF AvAG
olCURS Lo MR 1 MreTR) MER= | (aKCTR) NEXT | et H] =" WKRe | (MKCTRY o ALy
mory SENTER CENTER PEAK I oyalus CENTER VaLUE
H
HERT | NXTRIG NOISE  {iNDiSEY Atnode | iDELTH NOISE | (NOISET) WIOTH | OWIDTHY & ode | [DELTY WRTH | INIDTHIE
PEAK encit | noisEn anpll | BLTO} on Bl | NGISED enot | MIDTHG won | e Grof | NIDTHD
actve | (MRACTE] B vALUE | IOMKR]| LCWRS | (LCURSY active | (MKACTO; avauE s WLOURS)
SMKETRMRR] IMKACT T} ety POSITION B MKALGURS| MKAST sniry
KA | axgRr MKR | (MKCRY CHEF | mEFAD LGMAS | {MKERY) MXHLERS | MACRI o BEF | REFRD)
lorAiorS | (MXGRE} forador® | IMKSR2) reats toenlore | (MRGRE] forktorB | {MKCRZ] vt
ey awin st mare mars more
e are "l i = 212 i 112 272 '—[
SPECTAL FURCTION
MATH PPERATOA
t
i
- SthL | Loal; AR BIN(}
€081 L WL b meay | BAKD)
AND
B TANLT EXPL) sirary | (BORY
oR
! ATANL - complex bary | (shaTm
> Hor
1 El aBS: | e
1 Lol LMNGY [l
- PHE LNIT | (DEG) bad LIITPLY
sog fad | (RAD!
MATH mare mare mare raore
et i 24 374 454

o MKR

28*
KRS

LHE
GUASOR

SMKR &
LGURE

MARMER/LINE CURSGR
HOBE.

MEET

MCFRE

SRS

{MCFS)

oror



SPECIAL PUNETION SHECIAL FUNCTIGH
HPECIAL, FUNCTION SANEOET cory
USER DEFME
J- mk . CAT ICATY ﬁﬁECD\' GAT o s
uBFY CSERAL T 10sY corv | goen)
i ! A 1SEELE] s O abert
SaVvE #ECOVER | mEcovER
1uCFE (GEFE Y @ ECOUER)
H a (SEFBO)
worn (SEFCH} so7 | e
3 [ BEFCOl — mode
el s
JUOF) FRINT | iCPYE
< ecdde
ot | FaRMAT)
(40P st oume | oEvaan
H — maogs
PURGE]
KEY LBL KEY LaL coln | (CFYALay
onitry ey ? DUMP moce
DEFNE DEFHVE H : R
TN '] sk tem _i i aufive ‘l
WP END i 01
ECTN return | |
[ l I i :
(SavES]
oFs) ttnt asun WA KA LBLA} [RESAVES) TS (PLTF 1 BDORE- | {HADMT)
fett KET LaL P oreina uEY LB R BSABLE
; FROG  |{5AVET
(EFZE feind B2 fLe) leind: iLeLay TRBLE | {RESAVET) GRICL | IPLTERY TALK (HADMZ;
oz KEY LAl ) HEV LEL fo & oaTe, oy
GaYa {SAVED]
DFE ] waL ) il LBLGE RESAVED) et | PLTFS
2] KEY LBL teinG KEY LB — arty
pacGRan | iSAvER
{DF4y fctre | pala ~ jmesaver FLFE LSO WeaE | pons)
et KEY 134, [—— ot adarens
{DEB) eing eLl) Paf {SCLRZ)
[ KEY (B( GRITL
aLo | mscaLs SEND | {SEND
ARED
Bxrv  fauee Xt (AUTR i SEND | (SENTIPY]
UDF adit UDF sl : gy
a0 "! return celuin Down |t rekarn
AL
i ;
S— i
SPECIAL FUNCTION spécaﬁa?mmw
FAGGRAM
F k
oy PR gov ot | opse
STOP | Pston) AR NG
FAUSE | IPPAUSE)Y
eonT {jGown
b )
I®
STEF {(pSTER RanE [
{
SCRATCH | [SCRATCH)
HR-
gor |Eem it
ISPECTRUM] [NETWORKY
[MAFEDNCE]
T [S-FRMTRY
F
" ADORE. L HADMI} NORMAL | 4RNGIY NORKMAL 1 pRNat FART ANA | {ANAT] [+ ECST) EQVY {EQVEY
Qur aur aunt SEABLE ' onalt ¢ (ANAD] . "
agitor adiler el
TALK (HADME} O DISTH | pRNG2) H:BENSE | BANG2) STORE | (ARSTR) oRY fideoH) BQv EQVL;
e END [ iy k ¢ il s z i
® asTa PAUSE HISERSE | gmnas o {EQCH E\;\r EGVGA}
HEag 5 1 & v Qv
P P e Jeas [ c; IEOG4) Ec?a Eaves)
& | B | [ e
SEND {(SENOH ome  |iEacan
TC AND WAT EGW parz
SMULATE | rFCmAs) SIMULATE | fFOMRS]
HEXT R t=chiar tshar
£OV parn
#hor mpte rare e . ] o
[_. s S i —] u ratam Tatrn —I toturn 1% eniry Fobuin i
]



APPENJIX F

INTERNAL REGISTER/COMRMAND LISTING

The following are frequently-used registers and commands. This listing does not cover all registers
and commands used in the HP 4195A. Refer to APPENDIX E for complete listing of softkey-related
registers and commands.

ARREY REGISTERS

E ~J,RA ~RAF

MA

ME

Measurement data register disptayed on the
CRY as a bright yellow trace.

Measurement data register dispiayed on the
CRT as a bright cyan trace.

Superimpose data register. Displayed when
View C is set to ON.

Superimpose data register. Displayed when
View D is set fo ON.

General purpose registers.

Measurement dala registers for the User
Math Function.

Measuremeni data registers for the User
Math Function,

Contains the sweep point data.

SINGLE REGISTERS

ATR1
ATRZ
ATTH
ATT2
BTM
CENTER
DFREQ
Div

DLCURS

DMKR

DMKRA

OMKRB

LCURS

Contains R1 attenuator vaiue.

Gontains R2 attenuator value,

Cordaing T1 attenuator value.

Contains T2 attenuator value.

Contains the bottom of the display scale.
Contains CENTER value.

Contains APERTURE value.

Contains scale division vaiee.

Contains the difference value between
MKRA and LCURS. Refer to page A-3.

Contains the difference value between MKR
and SMKR. Refer to page A3,

Contains the difference value between
MKRA and SMKRA. Refer to page A-3.

Contains the defference vaive between
MKRB and SMKRB.

Contains the LINE CURSCR  position
(height) value. Refer to page A-3.

L.CURSL

LCURSR

MANUAL

MKR

MKRA

MKRB

NOP

|

av

RO { - RO9)
RBW

REF

SMKR

SMKRA

SMKRB

SPAN
START
STOP

WID

F-1

Contains the value of left most intersect
poirt. Refer to page A-3.

Contains the value of right most intersect
point. Refer to page A-3.

Containg manual sweep point vale.

Contains the value of 0 MARKER positien in
horizontai axis. Refer to page A-3.

Contains data A value specified with the
o MARKER. Refer to page A-3.

Contains data B value specified with the
o MARKER.

Contains numaber of sweep points,
Contains value of 3.141582658358.

Containg O valus.

General purpose single registers.
Contains RBW value.
Contains the top of the display scails,

Contains the vaiug of * MARKER pesition in
vertical axis. Refer te page A-3.

Contains data B value specified with the
" MARKER. Reter to page A-3.

Containg daia B value specified with the
* MARKER.

Contains SPAN vaiue.
Contains START value,
Containg $STOP value.

Contains width value (=L.CURSR-LCURSL}.
Refer to page A-3.

Contains numeric vaiue resultant from froni-
panel mathematical operation.



COMMANDS

ANAT/ANAD
ARSTR

AUTO

CMT

COoPY
CORR1/CORRO
DELT1/DELTO
DF1 ( - DFS)

DFA { - DFC)

DISP

DMA {DMB}
DPA1/DPAQ
DPB1/DPBO

DSPT ( ~ DSP5)

FNGC1
FNC2

FNC3

FNC4 ~ FNC7
GPP1 (-~ GPP4)
HADM1/HADRM2
Pt { ~ IMP12)

LBLt { ~EBLES)

LBLA {~LBLG)

LN

LMiX

MCFO
MCF1
MCF2
MCF3
MCF4
MKACTC
MKACTS
MKACT2

MKCR1

MKCR2

Partial Analysis ONJOFF,

Store Partial Analysis range.

Autpscate to the active scale.

Comment.

Starts or aborts hardcopy operation.
Carrection ONJOFF.

Deltal £ ) mode ON/OFE,

Defines User Defined Funclion #1 ( ~ #5).

Defines the Sweep End Funclion #4
{~#C}

Displays a character string, RO ~ RS9 reg-
ister data ar hoth.

Defines User Math A {or B} equation.
Trace A ON/OFF.
Trace 8 QNJOFF,

Selects the rectan X-A&XB (or other) display
format.

Selects the Network configuration.
Selegts the Spectrum configuration.
Selects the Impedance conliguration.
Selects the S-Parameter configuration.
Selects T/R-& (or other} format.

HP-1B Acdressable/Talk-onky.

Salects the | Z]-§ (or other) format.

Defines the User Defined Function #1
{ ~ #5) sofikey label.

Defines the Sweep End Funclion #A { - #C}
softkey tabel.

Moves the markers to the iocal-minimum
paints.

Moves the markers to the Ipgal-maximum
points,

Turns MARKER function off,

Selects the o MARKER mede.

Selects the o and * MARKERS mode.
Selects the LINE CURSCR mode.
Selects the c.L.CURS mode.

Selects the aclive marker to * MARKER.
Selects the active marker to o MARKER.
Selects the LCURS fo aclive,

Seigots the MARKER or LCURS reading
object to data A ffor A).

Selects the MARKER or LCURS reading
object to data B (for 8).

F-2

MKCTR
MKEXF

MKMN

MEKMX

MKREF

MKSP

MKST
MTHAT/MTHAQ
MTHE1/MTHE)

NXTPK

PORT1 { - PORTS)

PRMA (FRMB)

RST

GVAL
REV?
SAP1 [ - SAPB)

SGLY

5CL2

SCT1 (SCTR)
SEFAT/SEFAG
SEFB1/SEFB0
SEFC1/SEFCO
SPC1/SPCO
SPCHEG
SPD1/SPDO
SPH ( ~§PI4)
SPSTR
SRSTR
SWM1

Swm2
SWM3

SWP1 | ~ SWPB)
SWR1/SWRO
SWT1 (SWT2)

SWTRG

TRIGMT (TRIGM2)

TRIG
UNITA (UNITB)
WIDTH1/WIDTHO

VFTR1/VFTRO

MKR —» CENTER
MKRS - SPAN
MKR =~ MIN

MKR - MAX

MKR = REF

MKR -+ STOP
MKR ~+ START
tMattt A ON/OFF.
Math B ON/OFF,
MEXT PEAK.
Selects input port.
Enters the User Math A (or B) label.

PRESET.

Caicutates G value at the LINE CURSOR.
Displays the firmware revision code.
Selects dBm (or ather) format.

Selects the active scale change data to data
A ISCALE for Al

Selects the active scale change data to data
B (SCALE for B).

Selects the linear {or log) scale display.
Sweep End Function #A ON/QFF.
Sweep End Function #B ON/OFF.
Sweep End Function #C ONJOFF.
View C ONJOFF.

AB«r CD

View D ONJOFF.

Selects RL-# (or other) format.
STORE AB ~ C,D.

Store Partiai Sweep range.

CONT sweep mode.

SHINGLE sweep mode.

MANUAL sweep mode.

Selects Frequency (or other) éweep.
Partial Sweep ON/OFF,

Selects linear {or iog) sweep.

Sweep Trigger (=TRIG/RST).

Trigger mode int {ext),

Triggers when trigger mode is set to ext.
Ernters User Math A {or B} unit label.
WIDTH ONJOFF.

Video Fifter ONJOFF.
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