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REPORTING OF ERRORS
You can improve this manual by recommending improvements using DA Form 2028-2 located in the back of the
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SECTION O
INTRODUCTION

0-1. SCOPE
This manual describes Spectrum Analyzer PL-

1391/U and provides instructions for operation (Part I)
and maintenance (Part Il). Throughout this manual the
PL-1391/U is referred to as the Tekronix Model 7L5.
0-2. INDEXES OF PUBLICATIONS

a. DA Pam 310-4. Refer to the latest issue of
DA Pam 310-4 to determine whether there are new

editions, changes, or additional publications pertaining to
the equipment.

b. DA Pam 310-7. Refer to the DA Pam 310-7
to determine whether there are modification work orders
(MWQ's) pertaining to the equipment.

0-3. FORMS AND RECORDS

a. Reports of Maintenance and Unsatisfactory
Equipment. Maintenance forms, records, and reports
which are to be used by maintenance personnel at all
maintenance levels are listed in and prescribed by TM
38-750.

b. Report of Packaging and Handling
Deficiencies. Fill out and forward DD Form 6 (Packaging
Improvement Report) as prescribed in AR 700-
58/NAVSUPINST 4030.29/AFR 71-13Imco P4030.29A
and DLAR 4145.8.
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c. Discrepancy in Shipment Report (DISREP)
(SF 361). Fill out and forward Discrepancy in Shipment
Report (DISREP) (SF 361) as prescribed in AR 55-
38/NAVSUPINST 4610.33B/AFR 75-18/MCO P4610.19C
and DLAR 4500.15.

0-4. REPORTING EQUIPMENT IMPROVEMENT
RECOMMENDATIONS (EIR)

EIR’s will be prepared using SF Form 368,
Quality Deficiency Report. Instructions for preparing
EIR’s are provided in TM 38-750, The Army Maintenance
Management System. EIR’s should be mailed direct to
Commander, US Army Communications and Electronics
Materiel Readiness Command, ATTN: DRSEL-ME-MQ,
Fort Monmouth, NJ 07703. A reply will be furnished
direct to you.

0-5. ADMINISTRATIVE STORAGE
For information concerning storage, refer to section 2.

0-6. DESTRUCTION OF ARMY ELECTRONICS
MATERIEL

Destruction of Army electronics materiel to prevent
enemy use shall be in accordance with TM 750-244-2.
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Fig. 1-1. 7L5 Spectrum Analyzer.
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SECTION 1. SPECIFICATION

Introduction

To effectively use the 7L5 Spectrum Analyzer,
the operation and capabilities of the instrument must be
known This instruction manual covers general operating
information about the instrument. Service information,
such as circuit description and calibration are contained
in the Service manual.

Description

The 7L5 is a 5 MHz spectrum analyzer with
digital storage. Frequency stability is within 5 Hz/hr and
center frequency (dot) can be read with six digit accuracy
immediately after turn-on. There is no need to fine tune
the display Complex measurements and analysis can be
made with relative ease. Built-in micro-processing
circuits decode control settings, process frequency and
reference level information, and optimize sweep time and
resolution for the selected frequency span.

The 7L5 with 80 dB or more of spurious free
dynamic range, provides the ability to measure wide
relative amplitudes. Nanovolt sensitivity provides very
low-level signal and noise measurements.

The 7L5 display is fully calibrated in dBm, dBV,
or volts/div The reference level can be accurately set to 1
dB increments. A front panel input buffer control
increases front-end immunity to intermodulation distortion
while maintaining a constant reference level. To
accommodate a wide variety of impedance sources, the
7L5 uses quick disconnect plug-in input impedance
modules of 50 @, 75 @, 600 @, 1 MQ/28 pF and
customized units to meet special requirements.

Digital storage allows any 7000-Series
mainframe, with crt readout, to present clean, easy to
photograph, displays. A smooth integrated display
provides an accurate analysis of most displays. Two
complete displays can be held in memory for comparison
Two modes select either the conventional peak display or
a digitally averaged display.

ELECTRICAL CHARACTERISTICS

The following electrical characteristics apply
when the 7L5 Spectrum Analyzer, in combination with a
Plug-In Module, are normally installed in a 7000-Series
oscilloscope and after a warm-up of ten minutes or more.

Frequency Characteristics
Range
Input Frequency: 10 Hz through 5 0 MHz.
Dot Frequency: 0 Hz through 4999.75 kHz.
Accuracy
20° C to 30°C: +(5 Hz + 2 x 10°° of dot

readout).

0°C to 50°C: +(20 Hz + 10 of dot
readout).

Drift
5 Hz/hour or less.
Residual (Incidental) FM
50 Hz/div to 2 kHz/div: 1 Hz (p-p) or less.
5 kHz/div to 500 kHz/div. 40 Hz (p-p) or less.
Resolution Bandwidth
Accuracy
30 kHz--30 Hz: Within 20% of selected
resolution (6 dB down).
10 Hz: Within 100 Hz +20 Hz (70 dB down).
The COUPLED setting electronically selects
the best resolution bandwidth for each setting of

the FREQUENCY SPAN/DIV control.

Shape Factor
30 kHz-3 kHz 5:1 or better (60:6 dB ratio).

1 kHz-10 Hz: 10:1 or better (60:6 dB ratio).

Amplitude Deviation
30 kHz-100 Hz: 0.5 dB or less.

30 kHz-10 Hz: 2.0 dB or less.



Input Characteristics

CAUTION

The application of a dc voltage to the INPUT of the L1 or
L2 Plug-In Modules may cause permanent damage to the
mixer circuit.

Input Impedance (Nominal):

L1 500
L2 75Q
L3 Selectable (502, 6002, and 1 MQ/28 pF).

Input Power (maximum Input level for reference
levels of 0 dBm or greater):

L1 21dBmor25Vrms

L2 21 dBmor 3.07Vrms

L3 21 dBm-input terminated 500 or 600%; 100
V (peak ac + dc) Input 1 MQ/28 pF.

Input Power (maximum input level for reference
levels below 0 dBm):

L1 +10dBm

L2 +10dBm

L3 +10 dBm--input terminated 500 or 6002,
and 100 V (peak ac + dc) with input of 1 MQ3/28 pF.

Amplitude Characteristics
NOTE

If digital storage is used, an additional quantization error
of 0.5% of full screen should be added to the amplitude
characteristics.

Residual Response

Internally generated spurious signals are -130
dBm or less referred to the input (harmonics of the
calibrator are -125 dB) with L1 or L2 plug-in module and -
143 dBV with the L3 plug-in module.

Sensitivity

The following tabulation of equivalent input noise for each
resolution bandwidth is measured with; the INPUT
BUFFER off, the VIDEO PEAK/AVG at max cw, and the
TIME/DIV set to 10 seconds.
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Equivalent Input Noise

Resolution (equal to or better than)
Bandwidth L1 L2 L3

10 Hz -135dBm | -135dBm | -148 dBV
30 Hz -133dBm | -133dBm | -146 dBV
100 Hz -130dBm | -130dBm | -143 dBV
300 Hz -125dBm | -125dBm | -138 dBV
1 kHz -120dBm | -120dBm | -133 dBV
3 kHz -115dBm | -115dBm | -128 dBV
10 kHz -110dBm | -110dBm | -123 dBV
30 kHz -105dBm | -105dBm | -118 dBV

NOTE

Sensitivity is degraded an additional 8 dB when the
INPUT BUFFER is on; e.g., at 3 kHz, the equivalent input
noise would be -107 dBm instead of -115 dBm. Noise
level will increase by approximately 10 dB when
operation Is In video peak mode,.

Intermodulation Distortion

Intermodulation products from two on-screen
signals, within any frequency span are >75 dB down for
third order products and at least 72 dB down for second
order products.

Second and third order intermodulation products
from two on-screen -53 dBV or less signals within any
frequency span are at least 80 dB down.

With the INPUT BUFFER switch on, the second
and third order intermodulation products, for any two
onscreen signals, within any frequency span, are at least
80 dB down.

Display Flatness

Peak to peak deviation, over any selected
frequency span: Quantization error must be added (see
Note under Amplitude Characteristics) if digital storage is
used.

L1 0.5dB;
L2 0.5dB;
L3 0.5dB

Reference Level
Refers to top graticule line in Log mode.

Calibrated in 1 dB and 10 dB steps for the L1 and L2
modules and 1 dB/2 dB and 10 dB for L3 plug-in module.



Range L1 L2 L3
Log -128 dBm -128 dBm/ | -128 dBm to
2 dB/Div | to +21 dBm | 139 dBV to | +21 dBm (500),
+21 dBm/ -139 dBm to
+10 dBV +10dBm (6002),
-141 dBV to
+8 dBV (Hi 2)
Log -70 dBm -70 dBm/ -70 dBm to
10 dB/Div -81dBVto | +21 dBm (500),
to +21 dBm
+21 dBm/ -81 dBm to
+10 dBV +10 dBm (600 %),
-83 dBV to
+8 dBV (Hi 2)

Incremental Accuracy
When calibrated at -40 dBV in Log mode.

L1, L2 and L3: Within 0.2 dB/dB with cumulative
error of 0.25 dB/10 dB.

Lin Mode Range: 20 nV/Div to 200 mV/Div within
5% in 1-2-5 sequence.

NOTE
A >sign is displayed adjacent to the reference level
readout when the reference level is not calibrated due to
an incompatible selection of controls.

Display Dynamic Range/Accuracy

Log 10 dB/DIV Mode: Dynamic window is 80 dB.
Accuracy is within 0.05 dB/dB to 2 dB maximum.

Log 2 dB/DIV Mode: Dynamic window is 16 dB.
Accuracy is within 0.1 dB/dB to 1 d,B maximum.

Sweep Characteristics
Frequency Span
Provides calibrated frequency spans from
50 Hz/div to max (500 kHz/div), within 4%, in 1-2-5

sequence.

Horizontal linearity is within 4% over the
entire 10 div display.

A 0-Hz/Div position is provided for time
domain operation.

Sweep Rate
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Time per div is selectable from 10 s/Div to 0.1
ms/Div in 1-2-5 sequence. An AUTO position permits
automatic selection of optimum time/div for the selected
resolution and span/div settings.

Sweep rate accuracy is within 5% of the rate
selected.

Triggering

Provides two triggering sources, INT (internal)
and LINE, in addition to a FREE-RUN position.

When INT is selected, ac coupled signal
components from the mainframe Trigger Source (left or
right vertical amplifiers) are used.

When LINE is selected, ac coupled sample of
mainframe line voltage is used.

Three triggering modes are; NORM (normal),
SGL SWP/READY (single sweep), and MNL SWEEP
(manual sweep).

Trigger level is >1.0 div of internal signal for both
NORM and SGL SWP modes over the approximate
frequency range of 30 Hz to 500 kHz.

Output Connectors
Video Out

Front-panel pin jack connector supplies the video
(vertical) output signal at an amplitude of 50 mV/div +5%
(about the crt vertical center) with source impedance of 1
kQ.

Horiz Out

A front-panel pin jack connectorsupplies
horizontal output signal (negative-going sawtooth that
varies from 0.0 V dc to approximately -6 V dc with a
source impedance of 5 kQ.

Calibrator

Front panel BNC connector supplies a calibrated
500 kHz squarewave output signal (derived from the
analyzer’s time base). Output amplitude is within +0.15
dB of -40 dBV into impedance of the plug-in module.



ENVIRONMENTAL CHARACTERISTICS

The 7L5 Spectrum Analyzer will meet the
foregoing  electrical  characteristics  within  the
environmental limits of a 7000-Series oscilloscope.
Complete details on environmental test procedures
including failure criteria etc., can be obtained from a local
Tektronix Field Office or representative.

PHYSICAL CHARACTERISTICS

Net weight (instrument only), 8 pounds, 12
ounces.

ACCESSORIES AND OPTIONS
Standard Accessories Tektronix Part No.
Graticule, Spectrum

Analyzer 377-1159-02 (7000-Series)

Filter, light amber 378-0684-00
Manual, Operating 070-1734-00
Manual, Service 070-2184-00
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Optional Accessories
Plug-in Module,
50 ohm L1
Plug-in Module,
75 ohm L2
Plug-in Module
50 Q 6000 &
1 MQ/28 pF L3
Probe (10X) P6105 (see L3 Manual)
Attenuator, step.

50 ohm 2701
Attenuator, step,
75 ohm 2703
OPTIONS

7L5 Option 21 -(Log Display)

7L5 Option 25--(Tracking Generator)
7L5 Option 28--(Readout)

7L5 Option 30-(Option 21/25)

7L5 Option 31 -(Option 21/28)

7L5 Option 32-(Option 25/28)

7L5 Option 33--(Options 21/25/28)



SECTION 2.

Initial Inspection

This instrument was inspected both mechanically
and electrically before shipment. It should be free of
mars or scratches and electrically meet or exceed all
specifications. Inspect the instrument for physical
damage and check the electrical performance by the
Operational Check procedure provided within these
instructions. This procedure will verify that the
instrument is operating correctly and it will satisfy most
receiving or incoming inspection requirements. If all
instrument specifications are to be verified, refer to the
Service Instructions for the 7L5.

If there is physical damage or performance
deficiency, contact your local Tektronix Field Office or
representative

Installation

To install the 7L5, align the upper and lower
guide rails with those in the receiving compartments of
the mainframe. Slide the instrument along the rails into
the mainframe When the electrical connectors at the rear
of the 7L5 make contact, apply firm, steady pressure to
the front panel until the rear connectors are engaged and
the front panel is approximately flush with the
oscilloscope front panel. To remove the 7L5, pull the
release latch labeled 7L5, at the lower left of the front
panel, and remove the instrument.

REPACKAGING FOR SHIPMENT

If your Tektronix instrument is to be shipped to a
Tektronix Service Center for service or replacement,
attach a tag showing; owner (with address) and the name
of an individual, at your firm, that can be contacted.

TM 11-6625-2759-14 & P

INSTALLATION
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Include complete instrument serial number and

description of the service required.

Save and re-use the container your instrument
was shipped in. If the original packaging is not available
or is unfit for use, repackage as follows:

1. Obtain a shipping container of heavy
corrugated cardboard or wood with inside dimensions six
inches or greater than the instrument dimensions. This
will allow room for cushioning. Refer to[Table 2-1 for
carton test strength requirements.

2. Wrap the instrument in heavy paper or
polyethylene sheeting to protect the instrument finish.
Protect the front panel with urethane foam or cardboard
strips.

3 Cushion the instrument on all sides by
packing dunnage or urethane foam between the carton
and the instrument, allowing three inches on all sides.

4. Seal the shipping carton with shipping tape
or an industrial stapler.

TABLE 2-1
Gross Weight (Ib) | Carton Test Strength (Ib)
0-10 200
10-30 275
30-120 375
120-140 500
140-160 600

If you have any questions, contact your local
Tektronix Field Office or representative.
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SECTION 3. OPERATING INSTRUCTIONS

Introduction

This section contains; a simplified block diagram
description, function of the front panel controls and
connectors, an operational check-out and familiarization
procedure, and a section devoted to the use and
application of the instrument. Service information is
contained in the Service Instruction manual.

FUNCTIONAL BLOCK DESCRIPTION
Functional Block Description

The 7L5 is a swept front end spectrum analyzer
with selectable front-end plug-in modules that permit the
user to obtain calibrated display for a number of different
Impedances (i.e., 50 ohm, 600 ohm, etc.). The plug-in
module contains; selectable attenuation, the first mixer,
and an Input buffer selector that trades attenuation for IF
gain. Signal attenuation in the plug-in and gain of the IF
processing chain are controlled by a reference level logic
circuit in the 7L5 which provides calibrated settings in 1
dB or 10 dB steps over a range of approximately 146 dB
(depending on the plug-in module). A simplified block
diagram is shown in

The input signal to the 7L5 is mixed with the
frequency of the main oscillator and the IF of 10.7 MHz is
fed to and amplified by the 10.7 MHz IF amplifier. Since
the 7L5 input frequency range is O to 5 MHz, the main
oscillator is tuned and swept from 10.7 to 15.7 MHz. The
frequency of the main oscillator is controlled by two
secondary (A and B) oscillators that use a synthesizer
technique to tune and phase lock their frequencies. The
sweep frequency control circuit drives the oscillators
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according to the settings of front panel DOT
FREQUENCY and FREQUENCY SPAN/DIV controls.

The 10 7 MHz IF is processed through bandpass
filters and amplifiers and then mixed with the output from
a 10.450 oscillator, to down-convert the 10.7 MHz to an
IF of 250 kHz Gain of the 250 kHz ampilifier is controlled
by the reference level logic circuit which establishes the
amount of attenuation in the plug-in module and gain for
the 250 kHz IF and Log amplifiers. The reference level is
selectable in 1 dB and 10 dB steps.

The 250 kHz IF signal is processed through the
variable resolution filter circuits for bandwidth selections
of 10 Hz to 30 kHz. The signal is again amplified,
detected, and the video is sent through amplifier circuits
that provide the 10 dB/dlv, 2 dB/dlv, and linear gain
characteristics.

The video signal is then fed to the display
processing circuits where the signal is either stored and
displayed, or, if the storage mode is not selected, the
signal is passed directly through the vertical output
amplifier to the mainframe circuit. If either or both the
DISPLAY A or DISPLAY B latches are enabled, the
signal is converted to digital data, stored in A or B
memory, then converted back to analog data and
processed through the output amplifiers to the mainframe
The vertical information is digitized and stored at 512
horizontal address locations across the screen.
Therefore, the horizontal sweep information is converted
to digital data for storage, then converted back to an
analog signal for display The horizontal sweep ramp is
processed the same as the vertical signal. The vertical
(video) information can be averaged or peak detected.
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Fig. 3-1. Functional block diagram.
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FRONT PANEL CONTROLS AND
CONNECTORS

Pushing any front panel pushbutton switch
activates a bistable electronic circuit to change its output
state. When in the active state, the plastic pushbutton is
illuminated. Pressing the pushbutton a second time
changes the output of the circuit to the inactive state and
extinguishes the illuminated button.

Front panel controls also include two special
photo-optic switch assemblies, the FREQUENCY
SPAN/DIV-RESOLUTION switch and the TIME/DIV
switch. Designed especially for the 7L5, each assembly
is a mechanical/photo-electric, digital switch, that
provides a TTL compatible five-bit binary output. The
reliability of these switches has been demonstrated and
with normal use they should last the life of the
instrument. Dismantling or field repair of these switches
is discouraged since their proper operation requires
precision alignment of their internal components. If either
switch assembly is damaged or suspected of
malfunction, it should be replaced as an assembly.

The following describes the function of the front
panel selectors for the 7L5. A layout of the front panel is

shown in

DOT FREQUENCY Changes the dot (marker)
frequency in coarse (10 kHz) or
fine (250 Hz) steps over the input
frequency range of 0 Hz to 5 MHz.
The frequency of the dot marker is
displayed on the crt readout in the
upper right set of characters. Dot
frequency will not extend beyond
the 7L5 frequency range, even if
the control is rotated. When power
is applied, dot frequency starts at

0.000.
FINE TUNING Selects coarse or fine
incrementation for the DOT

FREQUENCY control. When the
FINE TUNING switch is activated
(iluminated), each rotational click
of the DOT FREQUENCY control
changes the dot frequency in
increments of 250 Hz. When the
FINE TUNING switch is inactive
(extinguished), each rotational
click of the DOT FREQUENCY
control changes the dot frequency
in increments of 10 kHz.
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DOT MKR

REFERENCE
LEVEL

VAR

INPUT BUFFER
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Used to horizontally position the
frequency dot. The displayed
frequency readout characters

enumerate the actual frequency of the
dot. When the DOT MKR control is in
its detent position (fully ccw), the
frequency dot and the selected
frequency are on the vertical center
line of the graticule. The 7L5 can be
operated in a start sweep mode when
the frequency dot is positioned to the
left vertical graticule line. The DOT
MKR control is disabled when the
FREQUENCY SPAN/DIV switch is at
MAX.

Sets the full screen signal amplitude
level (dBm, dBV) required at the
INPUT to the plug-in module. This
level is relevant to the input impedance
of the plug-in module. Reference level
is associated to the top graticule line of
the display area and signal level is
relative to this reference. The
reference level range depends on the
plug-in module, however, in the 2
dB/Div mode it covers 149 dB, in the
10 dB/Div mode the range is 90 dB
and in the Lin mode 20 nV/div to 200
mV/div. The control has two speeds or
stepping increments; pulled out, each
increment is 10 dB, pushed in each
increment is 1 dB or in some cases
(dependent on the plug-in module) 2
dB.

The VAR (variable) control provides 8
dB or more gain adjustment
between each calibrated reference
level step. A<symbol is displayed on
the crt, preceding the reference level
readout, whenever the reference level
is not calibrated (VAR is not in its
detent position).

The active (illuminated) state of this
pushbutton switch inserts 8 dB of
signal attenuation at the input of the
first mixer and adds 8 dB of vertical
gain (after the variable resolution
filters). When wused, it reduces
intermodulation distortion caused by
excessive input signal amplitude.
Because of its increased gain, the
noise figure is increased 8 dB when
this switch is activated.



TM 11-6625-2759-14 & P

Tunes the dot frequency
over the frequency range.

Repositions frequency dot
between graticule center
and left edge.
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Fig. 3-2.A. 7L5 front panel controls and connectors.
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Fig. 3-2B. 7LS-L1 plug-in front panel control and connectors.
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LOG 10 dB/DIV

LOG 2 dB/DIV

LIN

FREQUENCY
SPAN/DIV

RESOLUTION

TIME/DIV

UNCAL

The illuminated condition of this
pushbutton selects a logarithmic
display of 10 dB/div with a dynamic
range of 80 dB.

The illuminated condition of this
pushbutton selects a logarithmic
display of 2 dB/div with a dynamic
range of 16 dB

The illuminated condition of this
pushbutton selects a linear display.
Signal amplitude is a linear function of
input level.

Selects frequency spans  from
50 Hz/div to 500 kHz/div (MAX
position). A 0 Hz position provides
time domain display with a bandpass
dependent on the setting of the
RESOLUTION selector. In the 0 Hz
position the frequency dot is not
displayed and when in the MAX
position the frequency dot position is
controlled by the DOT FREQUENCY
control.

Selects resolution bandwidths of 10
Hz to 30 kHz in a 1-3 sequence. A
COUPLED  position  electronically
selects the best compatible resolution
bandwidth setting for the
FREQUENCY SPAN/DIV selection.

Selects the analyzer’s sweep rate.
Sweep rates are 10 s/div to 0.1
ms/div in a 5-2-1 sequence. An AUTO
position electronically programs sweep
rate so the display remains calibrated
for the selected frequency span and
resolution bandwidth settings.

When the display is uncalibrated
because the FREQUENCY
SPAN/DIV, RESOLUTION, and
TIME/DIV ~ switch  settings are

incompatible, this indicator lights and a
> symbol is displayed on the crt as a
prefix to the reference level readout
characters.
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Two trigger sources (Line and Internal)
plus a Free Run mode can be
selected. In the Free Run mode
(FREE RUN button activated) the
sweep free runs and will not sync with
any trigger signal. When the LINE
pushbutton is activated (illuminated)
the sweep is triggered by the line
voltage to the mainframe. The INT
pushbutton selects ac coupled signal
components from the mainframe
Trigger Source (left or right vertical).

Three trigger modes are provided:
NORM (normal), SGL SWP/READY
(single sweeplready) and MNL
SWEEP (manually controlled sweep).
When the NORM button is activated,
the sweep is triggered from the source
selected; or, if the trigger is not
present, the sweep automatically runs
in about 10-second intervals to provide
a baseline display. When the SGL
SWP/READY button is activated, the,
sweep runs with the next trigger or in
about 10 seconds if trigger is not
present. In time domain operation
(FREQ SPAN/DIV at 0 Hz) pushing
the button activates the sweep ready
state. The button lights to indicate the
trigger circuit is armed and ready. The
sweep will run with the arrival of a
trigger. The button remains
illuminated until the sweep has
completed its run. This provides a
ready indication of the sweep state
when photographing a display.

A dual function control. As a level
slope/control, it adjusts the level of the
trigger threshold on either a positive or
negative slope. As a manual sweep
control, it positions the crt beam
anywhere along the X- axis.
Maximum ccw corresponds to a beam
location at the left graticule edge.

SAVE A: Activating the SAVE A
pushbutton dedicates one half of the
digital storage memory to preserve the
binary equivalent of the existing
waveform amplitude at 256 X-axis
locations. The A memory is inhibited
from further update until SAVE A is
deactivated (extinguished).



SWP CAL

LOG CAL

DISPLAY A/B: When DISPLAY A or
DISPLAY B is selected, the
corresponding pushbutton switch is
iluminated and the contents of
memory A or memory B is displayed.
With SAVE A off, all memory locations
are displayed contiguously. With
SAVE A on, DISPLAY A and DISPLAY
B are selected. The con- tents of both

memories are interlaced and
displayed.
PEAK AVERAGE/BASELINE

CLIPPER: A dual function control.
When digital storage is off, this control
operates as a conventional baseline
clipper, i.e., as the control is rotated
ccw, more of the vertical display is
progressively blanked or clipped over
the last 1/3 turn of the control. When
digital storage is on, the PEAK
AVERAGE control sets the level at
which the vertical display is either
peak detected or digitally averaged.
Video signals above the level set by
the PEAK AVERAGE control (and
denoted by a horizontal cursor) are
peak detected and stored. Video
signals below the level set by the
PEAK AVERAGE control are digitally
averaged and stored.

MAX HOLD: Enables the digital
storage memory to store the
maximum signal levels within the
period the circuit is active (button
illuminated). This maximum signal
can then be saved and compared with
future signals for drift or amplitude
variations.

Adjusted during the operational check
to calibrate the sweep. This
adjustment compensates for
differences in deflection sensitivity
between mainframe oscilloscopes.
The SWP CAL control should be
adjusted or checked for proper setting
each time the 7L5 is installed in an
oscilloscope.

Adjusted during the operational
check to calibrate the 2 dB/div and the
10 dB/div displays. This adjustment is
used to compensate for differences in
vertical gain between mainframe
oscilloscopes. The LOG CAL control
should be adjusted or checked for
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AMPL CAL (L1
Plug-In Module)

HORIZ POS

VERT POS

dBm/dBV
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proper setting each time the 7L5 is
installed in an oscilloscope.

The AMPL CAL control is adjusted

during the initial calibration to
calibrate the full screen reference
level. This control is used to

compensate for gain differences in the
RF and IF portions of the instrument.
The AMPL CAL control should be
adjusted or checked for proper setting
each time a plug-in module is installed
in the 7L5.

Positions the display or baseline on
the crt X-axis.

Positions the display or baseline on
the crt Y-axis.

Located on the plug-in module front
panel, the dBm/dBV control selects
the reference level scale factor;
decibels with respect to one milliwatt
or decibels with respect to one volt.

Calibrating the 7L5 to the Oscilloscope Mainframe

1. Install or verify the presence of a plug-in
module (see Optional Accessories, Section 1)

2. Select

oscilloscope  Vertical  Mode,

Horizontal Mode and Trigger Source (Right or Left)
corresponding with plug-in compartments occupied by

the spectrum analyzer.

Turn on the mainframe power

and allow a 10 minute warm-up period.

3. Set the front panel controls as follows:

DOT MKR
FREQUENCY
SPAN/DIV
RESOLUTION
VAR
BASELINE
CLIPPER

LOG 10 dB/DIV

REFERENCE LEVEL

INPUT BUFFER
FREE RUN
NORM

SAVE A

MAX HOLD
dBm/dBV

TIME/DIV

max ccw (detent position)

MAX (500 kHz)
COUPLED
max ccw (detent position)

max cw
on
-40 dBV
off
on
on
off
off
dBV (plug-in module
switch)
AUTO



4. Connect the CALIBRATOR signal to the
INPUT connector on the plug-in module with a short
length of coaxial cable. Adjust the SWP CAL and the
HORIZ POSITION controls to align the second and tenth
vertical signals with the second and tenth vertical
graticule lines counting from the left edge.

5. Set the FREQUENCY SPAN/DIV to 2 kHz,
Display Mode 2 dB/div, and DISPLAY A and B on.
Adjust the VERT POSITION control to place the display
baseline on the bottom horizontal graticule line.

6. Set RESOLUTION control to 3 kHz and
DOT FREQUENCY to 500.00 kHz.

7. Select the LOG 10 dB/DIV pushbutton and
adjust the LOG CAL control for a full screen (8 division)
display.

8. Select the LOG 2 dB/DIV pushbutton and
adjust the AMPL CAL (on plug-in module) for a full
screen display.

9. Repeat steps 7 and 8 until the displayed
waveforms are 8 vertical divisions in both log amplifier
settings. (Refer td_Fig. 313, Log Amplifier Calibration
Composite Waveform.) If desired, check linearity of the
10 dB/div display by increasing the REFERENCE LEVEL
in 10 dB steps. Adjust LOG CAL slightly to correct any
non- linearity.
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Fig. 3-3. Log amplifier calibration composite waveform.
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OPERATIONAL CHECKOUT
Introduction

This is an operational checkout procedure
intended to satisfy most customer’s receiving inspection
requirements and to provide instrument familiarization for
the new user We recommend using this checkout as part
of the users routine maintenance program and a
preliminary check before performing the Performance
Check portion of the Service Instruction manual.

The front panel CALIBRATOR output is an
accurate signal source and is used in the following
procedures to verify operational status of the instrument.
Calibrator frequency accuracy may be verified by
applying it to an accurate digital counter.

Some procedures require a step attenuator and
two short lengths of coaxial cable. To verify the absolute
reference level specifications, the attenuator accuracy
must be calibrated or verified at some specific frequency,
to within 0.03 dB/dB with a cumulative error not to
exceed 0.1 dB for any change up to 10 dB. Incremental
accuracy can be verified and a good indication of the
absolute reference level accuracy can be obtained by
using two Tektronix Step Attenuators, such as the 2701
(see Optional Accessories, Section 1). These
attenuators provide a good indication of operation even
though their accuracy specifications are not within the
limits described.

1. Preliminary Preparation

Preset the front panel controls and selectors as
described under Calibrating the 7L5 to the Oscilloscope
Mainframe and perform the calibration procedure as
previously described.

2. Operational Check of Readout Characters
With the 7L5 installed and operating in a 7000-
Series mainframe, perform the following steps to check
the readout operation.

Dot Frequency Readout

a. Verify that the dot frequency readout is 0.00
kHz after initial turn-on. (Readout characters for the dot
frequency are located near the top edge of the crt and
can be identified by the suffix characters kHz).

b. With the FINE TUNING pushbutton not
illuminated (inactive), verify that the DOT FREQUENCY
control changes the value of the readout characters in 10
kHz increments.



c. Rotating DOT FREQUENCY control cw
should increase the readout and ccw rotation should
decrease the readout.

d. Activate the FINE TUNING pushbutton and
verify that the DOT FREQUENCY control changes the
value of the readout characters in 250 Hz increments.

e. Verify that continuous cw rotation of the
DOT FREQUENCY control causes no change of the
readout characters after an indicated 4999.75 kHz.

NOTE

Following a change of the DOT FREQUENCY
control, the first click in the opposite direction will
have no effect.

Reference Level Readout (L1 Plug-In Module)

f.  Select the LOG 2 dB/DIV mode and set the
dBm/dBV switch (on the plug-in module) to dBm. Verify
that the indicated value of the reference level changes by
13 dB (e.g., -40 dBV = -27 dBm). Reference level
readout characters are located near the top edge of the
crt and can be identified by the suffix characters dBm or
dBV.

g. With the UNCAL light off, rotate the VAR
(variable) control and verify that a < symbol (not
calibrated) prefixes the reference level readout. Rotate
the VAR control to its maximum ccw (detent) position
and verify that the < symbol is no longer displayed.

h. Pull the REFERENCE LEVEL control out to
its coarse position and verify that the value of the
reference level readout changes in 10 dB steps. Push
the REFERENCE LEVEL control in to its fine position
and verify that the value of the reference level readout
changes in 1 dB steps.

i.  Verify, that rotation of the REFERENCE
LEVEL control beyond the reference level limits of; -128
dBm (-141 dBV), In the 1 dB/step position, or; -70 dBm (-
83 dBV) in the 10 dB/step position-for the one extreme-
and +21 dBm (8 dBV) for the other extreme remains
constant. (These extremes are applicable only for 50 @
plug-in modules.)

J.  With the REFERENCE LEVEL control at
max ccw position, select the LIN mode and verify that the
readout changes to 200 mV.

k. Rotate the REFERENCE LEVEL cw and
verify that the readout changes from mV to pV to nV in a
2-1-5 sequence. Verify that continuous cw rotation of the
REFERENCE LEVEL control causes no change of the
corresponding readout characters beyond 20 nV.
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Time/Div Readout

I. Set the FREQUECNY SPAN/DIV switch to
0. Rotate the TIME/DIV control to each of its positions
and verify that its front panel designations correspond to
the crt readout characters. (Readout characters for the
sweep time per division are located near the bottom right
edge of the crt and can be identified by the suffix
character S when the FREQUENCY SPAN/DIV is set to
0.

Frequency Span/Div Readout

m. Set TIME/DIV control to AUTO and the
RESOLUTION control to COUPLED. Rotate the FRE-
QUENCY SPAN/DIV control to each of Its positions and
verify that the readout characters correspond with the
front panel designations and change In accordance with
the readout listed in (Readout characters for
frequency span per division setting occupy the same crt
position as the time per division readout characters.
They are located near the bottom edge of the crt and
except for the 0 span setting, can be identified by the
suffix characters Hz.)

TABLE 3-1
FREQUENCY SPAN/DIV FREQUENCY
SPAN/DIV
control settings readout
0 10 ms
50 (Hz) 50 Hz
1 kHz 100 Hz
.2 kHz 200 Hz
.5 kHz 500 Hz
1 kHz 1 kHz
2 kHz 2 kHz
5 kHz 5 kHz
10 kHz 10 kHz
20 kHz 20 kHz
50 kHz 50 kHz
.1 MHz 100 kHz
.2 MHz 200 kHz
MAX 500 kHz
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Resolution Readout

n. Rotate the RESOLUTION control to each of
its: positions and verify that the readout characters
correspond with the front panel designations. (Readout
characters for the resolution function are located near
the bottom edge of the crt and can be identified by the
suffix characters Hz.)



0. With the RESOLUTION control in the
COUPLED position, rotate the FREQUENCY SPAN/DIV
to each of its positions and verify that the RESOLUTION
readout characters change in accord with[Table 3-2]

TABLE 3-2
FREQUENCY RESOLUTION
SPAN/DIV

control settings readout
MAX (500 kHz) 30 kHz
200 kHz 30 kHz
100 kHz 30 kHz

50 kHz 10 kHz

20 kHz 3 kHz

10 kHz 3 kHz

5 kHz 1 kHz

2 kHz 300 Hz

1 kHz 300 Hz

.5 kHz 100 Hz

2 kHz 30 Hz

.1 kHz 30 Hz

50 (Hz) 10 Hz

0 30 kHz

Vertical Amplifier Mode Readout

p. Select the 10 dB/DIV pushbutton switch and
verify that the readout characters for the vertical amplifier
mode indicate 10 dB/ Readout characters for the vertical
amplifier mode are located near the lower edge of the crt
and for the log positions, can be identified by the suffix
symbol /.

g. Select the 2 dB/DIV mode and verify that
the readout characters indicate 2 dB/.

r. Push the LIN pushbutton and verify an
absense of readout characters for vertical amplifier
mode.

Uncalibrated Readout

s. Setthe RESOLUTION control to COUPLED
and the FREQUENCY SPAN/DIV control to MAX.
Rotate the TIME/DIV cw until the UNCAL light is
illuminated.  Verify that a > symbol prefixes the
referenced level readout characters. Rotate the
TIME/DIV ccw until the UNCAL light is extinguished
Verify that the > symbol is no longer displayed

3. Dynamic Range
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NOTE

The full dynamic range of the Log 10
dB/div and the Log 2 dB/div is not
measured in the following paragraphs. If
the log amplifiers include a negative
error, full range verification would
require signal level measurement below
the display baseline. Since this is not
possible, the following steps verify 78 of
the 80 dB range and 15 dB of the 16 dB
range for the two Ilog amplifier
selections.

LOG 10 dB/DIV (Dynamic window is 80 dB,
accuracy is £0.05 dB/dB to 2 dB maximum)

a. Setthe 7L5 controls as follows:
DOT FREQUENCY 500.00 kHz
RESOLUTION COUPLED
FREQUENCY SPAN/DIV 0.1 kHz
TIME/DIV AUTO
REFERENCE LEVEL -40 dBV
dBm/dBV (L1 Plug-in) dBV

b. Apply the CALIBRATOR signal through
external attenuator(s), such as Tektronix, 2701 (for 50
Q)-see Optional Accessories in Section 1-to the INPUT
connector. Select the LOG 10 dB/DIV pushbutton.

c. Increase external attenuation in 10 dB steps
to 70 dB and verify that each step decreases the
displayed f signal level 10 dB 0.5 dB.

d. Increase external attenuation by 8 dB (for a
total of 78 dB) and verify that the total overall decrease in
signal amplitude is 78 dB +2 0 dB.

LOG 2 dB/DIV (Dynamic window is 16 dB,
accuracy is £0.01 dB/dB to +1 dB maximum)

e. Set the external attenuators to 0 dB. Set
the FRE- QUENCY SPAN/DIV to 50 Hz, RESOLUTION
to 30 Hz and select the 2 dB/DIV pushbutton.

f.  Add 15 dB attenuation, with the external 1
dB step attenuator, in 2 dB and 1 dB increments. Verify
that the signal level change, is within 0.1 dB/dB of added
attenuation to a maximum of 1.0 dB deviation over the
15 dB range.

LIN Linearity
g. Select the LIN pushbutton and adjust

the REFERENCE LEVEL control for a crt readout of 500
pV/ (per division).



h. Add 10 dB of external attenuation. Adjust
the VAR control for a signal display amplitude of 8
divisions.

i. Add 6 dB of external attenuation. Verify
that the signal amplitude decreases to 4.0 0.2 division
(x5%) or half amplitude.

j- Add an additional 6 dB of external
attenuation and verify that the display amplitude
decreases to 2.0 +0.1 division.

VARiable Control Range

k. Insert 10 dB of external attenuation. Select
the 2 dB/DIV pushbutton and rotate the VAR control fully
cw. Adjust the REFERENCE LEVEL to set the displayed
signal amplitude to a vertical reference point near full
screen.

I.  Rotate the VAR control fully ccw (detent
position). Verify that the signal amplitude decreases at
least 4.0 divisions. Decrease external attenuation to
return the signal amplitude to the reference point and
verify that the required change was 8 dB or more.

4, Reference Level Accuracy (within 0.2 dB/dB
with a cumulative error not to exceed 0.25 dB for any
change up to 10 dB)

The external attenuator accuracy requirements
to perform this step, have been described in the
Introduction to this Operational Check procedure.
Reference level increments are 1 dB and 10 dB steps.
Circuitry of the 7L5 provides 1, 2, 4, 8, and 16 dB gain
steps. These steps, or combinations of the steps,
provide the reference level range. This procedure
checks the accuracy of each gain cell and thus the
overall accuracy. The accuracy of the V/Div mode will be
within that specified if the Log mode reference level is
within limits. A few check points may be performed as
listed in Table 3-4]to spot check Lin mode operation.

This procedure uses a 50 0 plug-in module (L1):

a. Switch the dBm/dBV selector (on the plug-
in module) to dBm and set the 7L5 controls as follows:

REFERENCE LEVEL -29 dBm
RESOLUTION 3 kHz
FREQEUNCY SPAN/DIV 1 kHz
TIME/DIV AUTO

b. Set the external attenuation to 2 dB and
adjust the REFERENCE LEVEL for a readout of -29
dBm. Adjust the VERT POSITION control slightly, as
required to establish a graticule reference point for the
signal peak.
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c. Change the REFERENCE LEVEL control to
-30 dBm. Increase the external attenuation 1 dB (3 dB
total) and verify that the signal peak is within 0.2 dB of
the reference point established in step b.

d. Rotate the REFERENCE LEVEL control to -
31 dBm. Increase the external attenuation another 1 dB
(4 dB total) and verify that the signal peak is within 0.25
dB of the reference point.

e. Readjust the VERT POSITION control, as
required, to establish a new graticule reference point for
the signal peak.

f.  Pull the REFERENCE LEVEL control out to
the 10 dB/step position and set it for a crt readout of -41
dBm. Increase the external attenuation 10 dB (14 dB
total) and verify that the signal level is within 0.25 dB of
the reference point established in step e.

g. Check the Reference Level accuracy for the
remaining range by following the settings listed in
and noting the error.

TABLE 3-3
Reference Level External Attenuation Allowable
Limits
(dBm) (dB) (dB)
-41 14 0.25
-51 24 0.50
-61 34 075
-71 44 1.00
-81 54 1.25
-91 64 1.50
-101 74 1.75
-111 84 2.00
-121 94 2.25

LIN Accuracy

g. Set the external attenuator to O dB. Select
the LIN pushbutton and adjust the REFERENCE LEVEL
control for a crt readout of 10 mV.

h. Set the external attenuator and the
REFERENCE LEVEL control to the positions listed in
[Table 3-4] Check that the measured signal amplitudes
are in accordance with those listed in[Table 3-41
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TABLE 3-4
Reference Signal

Attenuator Voltage Level Amplitude
Setting (dB) Input Volts/DIV | in Div’'s +5%

0 10 mVv 2mVv 5

20 1mVv 0.2 mV 5

40 100 pV 20 nv 5

60 10 pVv 2 v 5

80 1.0 pv 200 nV 5

5. Input Buffer (Operational check only)
a. Apply the CALIBRATOR signal to the
INPUT on the plug-in module. Set the 7L5 front panel

controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION 3 kHz
FREQUENCY SPAN/DIV 1 kHz

TIME/DIV AUTO

INPUT BUFFER Off

LOG 2 dB/DIV On

b. Establish a signal amplitude of 7 divisions

with the REFERENCE LEVEL control

c. Switch the INPUT BUFFER on and verify
that the display amplitude does not change more than 1
dB (.05 div).

d. Change the RESOLUTION to 10 kHz and
check amplitude change of the calibrator signal with the
INPUT BUFFER on and off.

6. Residual (Incidental) FM (Incidental FM is <1
Hz, 50 Hz/div to 2 Hz/div and <40 kHz, 5 kHz/div to 500
kHz/div)

a. With the CALIBRATOR signal applied to the
INPUT of the plug-in module, set the 7L5 front panel
controls as follows:

DOT FREQUENCY 500.00 kHz
REFERENCE LEVEL -57 dBM
RESOLUTION COUPLED
FREQUENCY SPAN/DIV 50 (Hz)
TIME/DIV AUTO

LOG 2 dB/DIV On

INPUT BUFFER Off
DIGITAL STORAGE off

b. Select the MNL SWP pushbutton and
adjust the MNL SWP control to place the trace dot
halfway up one side of the displayed 10 Hz filter
waveform, near center screen. Verify that incidental FM
(short term, peak to peak movement of trace dot) is less
than 1.0 vertical division (1 Hz).
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c. Set the RESOLUTION control to 300 Hz,
the FREQUENCY SPAN/DIV to 5 kHz, and the
REFERENCE LEVEL to -62 dBm. Adjust the MNL
control to place the trace dot halfway up one side of the
displayed 300 Hz filter waveform, near center screen.
Verify that maximum vertical jitter of the trace dot does
not exceed 1.2 division (40 Hz)

7. Residual Response (Plug-in module
dependent. Internally generated spurious signals are
down 130 dB or more with the L1 Plug-In Module)

NOTE

Each 7L5 Spectrum Analyzer is

carefully tested at the factory to ensure

that all internally generated spurious

responses are below-130 dBm.

Thorough verification of this

specification would take several days.

A procedure to check the full frequency

range (to - 110 dBm) and to spot check

100 kHz of the total frequency range, to

-130 dBm is given in the following

steps. The 100 kHz frequency range

chosen is 300 through 400 kHz. The

procedure can also be used to spot

check any 200 kHz span within the 0-5

MHz capability of the instrument.

a. Terminate the input connector with a
resistive load that equals the characteristic input
impedance of the plug- in module. Set the 7L5 front
panel controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION 300 Hz
FREQUENCY SPAN/DIV 100 kHz
TIME/DIV AUTO

LOG 10 dB/DIV On
REFERENCE LEVEL -70 dBm
INPUT BUFFER. Off
BASELINE CLIPPER max cw
DIGITAL STORAGE DISPLAY A/B
SAVE A Off

MAX HOLD Off

b. Press the SGL SWP pushbutton twice to

initiate a sweep. (Additional sweeps are initialiated each
time the SGL SWP pushbutton is pressed.) Observe the
display for spurious response (spurs). Verify that, except
for the O Hz response, the amplitude of any observed
spuris -110 dBm (40 dB below -70 dBm).

c. Sequentially reset the DOT FREQUENCY
control to 1500 00 kHz, 2500.00 kHz, 3500.00 kHz, and
4500.00 kHz and repeat step b at each frequency
setting.

d. Set the DOT FREQUENCY control to
305.00 kHz, the RESOLUTION to 30 Hz, and the
FREQUENCY SPAN/DIV to 1 kHz.



e. With TRIGGER SOURCE in FREE RUN,
select the SGL SWP pushbutton and observe the display
for spurs. Verify that the amplitude of any observed
spurious response is at least 130 dB below 0 dBm.
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c. Measure the average noise level by
adjusting the AVERAGE LEVEL cursor above the noise
peaks and noting the noise level.

(Press SGL SWP again as required for observation.)

f.  Increase the dot frequency in 10 kHz
increments and repeat step e until the display is scanned
from 305.00 kHz to a dot frequency of 395.00 kHz.
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NOTE

To measure the amplitude of a spur,
carefully reset DO T FREQUENCY to
place and keep the spur within one
division of center screen. Continue to
reduce the frequency span per division

with  each sweep untii maximum
amplitude of the spur has been
determined.

Sensitivity Check (Sensitivity is plug-in

module

d. Check the average noise level for each
resolution bandwidth listed as per[Table 3-5]

TABLE 3-5
RESOLUTION Average Noise Level
30 kHz -105 dBm or less (35 dB below reference)
10 kHz -110dBm or less (40 dB below reference)
3 kHz -115 dBm or less (45 dB below reference)
1 kHz -120 dBm or less (50 dB below reference)
300 Hz -125 dBm or less (55dB below reference)
100 Hz -130 dBm or less (60dB below reference)
30 Hz -133 dBm or less (63 dB below reference)
10 Hz -135 dBm or less (65 dB below reference)

dependent)
NOTE

The sensitivity for the 7L5 Spectrum
Analyzer is specified with an L1 or L2
Plug-In Module using the equivalent
input  noise method. Sensitivity
specifications and test procedures for
other plug-in modules are described in
the Instruction manual for the respective
plug-in module.

The 7L5's internal reference level, as
indicated by the display readout, is used
as the reference in the following
procedure. The accuracy of the
reference level readout may be verified
using external test equipment and the
procedure provided in the Service
Instructions.

a. Setthe front panel controls as follows:

DOT FREQUENCY 1000.00 kHz
RESOLUTION 30 kHz
FREQUENCY SPAN/DIV.1 kHz
TIME/DIV 10s

LOG 10 dB/DIV On
REFERENCE LEVEL  -70 dBm
INPUT BUFFER Off

DIGITAL STORAGE DISPLAY A/DISPLAY

B

TRIGGERING FREE RUN and NORM
b. Terminate the INPUT in its characteristic

impedance (50 O for the L1) to prevent outside noise

from entering and cluttering the display.
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e. Remove the termination from the INPUT
connector.

9. Resolution Bandwidth Accuracy, Amplitude
Deviation, and Shape Factor

Bandwidth accuracy; within 20% except 10 Hz
position which is 100 Hz +20 Hz, 70 dB down. Shape
factor; 5:1 or better (30 kHz-3 kHz) and 10’1 or better (1
kHz-10 Hz). Amplitude deviation; less than 0 5 dB (30
kHz-100 kHz) and less than 2.0 dB (30 kHz-10 Hz).

a. Apply the CALIBRATOR signal to the
INPUT on the plug-in module and set the front panel
controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION 30 kHz

TIME/DIV AUTO

DIGITAL STORAGE DISPLAY A/DISPLAY B
DISPLAY MODE LOG 2 dB/DIV

b. Adjust the REFERENCE LEVEL and
FREQUENCY SPAN/DIV controls to establish a signal
response that is 7 divisions high and about3 divisions
wide at half amplitude.

c. Switch the RESOLUTION from 30 kHz to
100 Hz and reset the FREQUENCY SPAN/DIV as
required so the signal amplitude deviation over the 30
kHz to 100 Hz resolution range can be observed.

d. Total deviation over the range should not
exceed 0.5 dB.



e. Switch the RESOLUTION through the 30
kHz to 10 Ht range and check that the amplitude
deviation does not exceed 2 0 dB

f.  Return the RESOLUTION selector to 30
kHz, the FREQUENCY SPAN/DIV control to 10 kHz, and
adjust the REFERENCE LEVEL control for a signal
amplitude of 7 divisions

g. Measure the bandwidth at the 6 dB down
point by using the DOT FREQUENCY control to shift the
signal across a graticule reference line and noting the
frequency difference from one side to the other.

h. Bandwidth must equal the RESOLUTION
setting £20 percent or 30 kHz +6 kHz.

i. Repeat this procedure to check the -6 dB
bandwidth of each RESOLUTION setting from 30 kHz
through 3 kHz Verify that the bandwidth of each position
is within 20 percent Note these measurements for future
use when measuring the shape factor.

j-  Set the RESOLUTION selector to 1 kHz,
the FREQUENCY SPAN/DIV to 1 kHz or less, and adjust
the REFERENCE LEVEL for a signal amplitude of 7
divisions.

k. Use the DOT MKR to adjust the signal
position so the -6 dB bandwidth can be measured in
graticule divisions. Convert the number of divisions to
frequency by noting the setting of the FREQUENCY
SPAN/DIV selector Resolution bandwidth must equal the
RESOLUTION setting £20 percent.

I.  Repeat this procedure to check the
resolution bandwidth for RESOLUTION settings from 1
kHz through 30 Hz Bandwidth must equal the
RESOLUTION setting +20 percent.

m. Switch to the 10 dB/DIV display mode Set
the RESOLUTION selector to 10 Hz, the FREQUENCY
SPAN/DIV to 50 Hz, and adjust the REFERENCE LEVEL
for a signal amplitude of 8 divisions.
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n. Measure the bandwidth 70 dB down by
using the DOT MKR to position the display across a
reference point as previously described Bandwidth must
equal 100 Hz £20 Hz (70 dB down) q

0. Return the RESOLUTION selector to 30
kHz, the FREQUENCY SPAN/DIV to 10 kHz and
measure the bandwidth 60 dB down using the procedure
previously described.

p. Check the shape factor (60.6 dB ratio) by
measuring the 60 dB bandwidth for all RESOLUTION
settings and compare this with the previous -6 dB
bandwidth readings noted in steps g though I. Shape
factor for RESOLUTION setting from 30 kHz to 3 kHz
must equal 5:1 or better Shape factor for RESOLUTION
settings from 1 kHz to 10 Hz must equal 10:1 or better.

USING THE ANALYZER
Impedance Matching

Input impedance of the 7L5 Spectrum Analyzer
is determined by the plug-in module (L1, L2, L3, etc.).
Impedance mismatch between a signal source and the
module's input connector causes reflections or standing
waves in the interconnecting transmission line and
results in signal amplitude errors of the display and an
overall degraded performance of the analyzer To
minimize the probability of an impedance mismatch, the
signal source and transmission lines, fastened to the
Input connector, should have the same impedance as
the plug-in module. Use cables of minimum length, and
good quality. Amplitude error due to plug-in swr will be
improved by turning on the 7L5's INPUT BUFFER

Signal Application

High amplitude signals (above +21 dBm or 2.5 V
rms) will overload and damage the mixer circuit and
should not be applied to the input connector (See the
plug-in instruction manual for maximum allowable input
power ) Signals of unknown amplitude should be routed
through a attenuator If spurious or multitone
intermodulation signals are present on the display, or, if
saturation of the mixer is suspected, the 7L5 INPUT
BUFFER will add 8 dB of attenuation in series with the
input signal. If the displayed signals show little or no
change with the buffer on, the intermodulation or
spurious signals are not generated by the spectrum
analyzer.



Edge Noise

When using the digital storage mode, some
applications may leave display remnants at the edges of
the crt. This condition is an unavoidable result of the
storage memory being wider than the crt screen and not
a malfunction. Edge noise is removed as follows: 1)
Disconnect any signal from the INPUT connector. 2)
With digital storage on the FREQUENCY SPAN/DIV set
to other than MAX, rotate DOT MKR control to max cw
position 3) After one sweep has occurred, to extend the
baseline, rotate the DOT MKR control max ccw to the
detent position. 4) Wait one sweep to clear the left edge
then apply the input signal.

Frequency Measurement Technique

Frequency measurement should be made on the
second or subsequent sweeps after the DOT
FREQUENCY has been changed. (Oscillator
stabilization time is 1 second or less.)

Following a change of the DOT FREQUENCY
control, the first click in the opposite direction will have
no effect. This is due to the electronic coupling within the
DOT FREQUENCY control assembly.

Max Span Operation

When the 7L5 is operated with the
FREQUENCY SPAN/DIV control set to MAX (500 kHz),
optimum instrument performance will be ensured by
setting the RESOLUTION to 30 kHz or COUPLED
position. The COUPLED position will maintain a desired
ratio of 20:1 or less between the frequency span per
division and the resolution bandwidth.

Resolution, Resolution Bandwidth

The, term resolution represents an instrument’s
ability to display adjacent signal responses discretely. A
measure of resolution is the frequency separation in
hertz of responses which merge with a 3 dB notch.
Displayed resolution is a function of spectrum analyzer
bandwidth, horizontal sweep rate and frequency span.
Resolution is also affected by incidental (residual) FM.

Resolution bandwidth, as defined for the 7L5, is
the width in hertz between 6 dB down image points, on
the curve of the analyzer's displayed response, to a cw
input signal.
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Bandwidth determines both the noise level and
resolution capability of the analyzer. As bandwidth
decreases, both sensitivity and signal-to-noise ratio
improve. Maximum sensitivity is obtained when
resoltuion bandwidth is narrow (10-30 Hz).

For most applications, the analyzer should be
used with the RESOLUTION control set to COUPLED
and the TIME/DIV switch set to AUTO. These auto-
ranged positions provide the best sweep rate and
resolution bandwidth for each setting of the
FREQUENCY SPAN/DIV switch. When the analyzer is
used to make amplitude measurements, especially in
digital storage mode, the COUPLED and AUTO positions
of these controls ensures maximum accuracy.

Digital Storage Use

When using digital storage, the best
measurement accuracy is obtained by setting the
following controls as follows; (see[Eig._3-2, Front Panel
Controls.)

1. VIDEO Adjust to place the cursor at a point
PEAK/VIDEO midway between maximum signal
AVERAGE: amplitude and baseline noise.

2. DISPLAY A/ Press both pushbuttons to activate
DISPLAY B storage operation

3. RESOLUTION Setto COUPLED position.

4. TIME/DIV Set to AUTO position or a position

that is compatible with the setting of
FREQUENCY SPAN/DIV control
(UNCAL light not illuminated).

Applications for Spectrum Analyzers

Applications for spectrum analyzers such as the
7L5 include; measuring intermodulation products,
radiation interference, modulation percentage, absolute
and relative signal level measurements, bandpass
characteristics, etc. Numerous application notes on
spectrum analyzer measurements are available from
your local Tektronix Field Office or representative,
including assistance for specific measurement
applications you may desire.
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SECTION 1. GENERAL INFORMATION

INTRODUCTION AND DESCRIPTION

To effectively use the 7L5 Spectrum Analyzer,
the operation and capabilities of the instrument must be
known. This instruction manual covers general service
information for the instrument. It contains the
specification, test and calibration procedure, circuit
description, and maintenance procedure for the 7L5.

The 7L5 is a 5 MHz spectrum analyzer with
digital storage. Frequency stability is within 5 Hz/hr and
center frequency (dot) can be read with six digit accuracy
immediately after turn-on; therefore there is no need to
fine tune the display. Complex measurements and
analysis can be made with relative ease. Built-in
microprocessing circuits decode control settings,
process frequency and reference level information, and
optimize sweep time and resolution for the selected
frequency span. At turn-on, the 7L5 is preset to a
reference level of +17 dBm (50 @ input) and center
frequency of 00.0 kHz. This provides input attenuation to
protect the front-end circuitry and a marker to verify
correct operation.

The 7L5 with 80 dB or more of spurious free
dynamic range provides the ability to measure wide
relative amplitudes. Nanovolt sensitivity provides very
low-level signal and noise requirements.

The 7L5 display is fully calibrated in dBm, dBV,
or volts/div. The reference level can be accurately set in
1 dB increments.

A front panel input buffer control increases front-
end immunity to intermodulation distortion while
maintaining a constant reference level.
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To accommodate a wide variety of impedance
sources, the 7L5 uses quick disconnect plug-in input
impedance modules of 50 @, 75 @, 600 0, 1 MQ/28 pF
and customized units to meet special requirements.

When the 7L5's digital storage capability is
employed, one or two complete displays can be held in
memory for subsequent viewing, comparison, or graphic
reproduction. This capability converts a nonstorage,
7000-Series oscilloscope display into a stored display.
The small dot size (of the conventional oscilloscope)
used with the 7L5 enhances the resolution of low
amplitude signals and other fine details that are often lost
with a variable persistence oscilloscope. In storage
mode, the vertical display may be bisected by an
averaging threshold, above which video peak detection
occurs (prior to storage) and below which video signal
averaging occurs (prior to storage). Denoted by a
cursor, the averaging threshold is continuously
adjustable with a front panel control. The storage
circuitry includes a maximum hold capability. This feature
allows monitoring of signals that may change with time to
provide a graphic record of amplitude/frequency

excursion.
I WARNINGI

The following service instructions are for
personnel qualified to service electronic circuits.
Personnel not familiar with electrical circuit operation
should not perform any service other than that contained
in the Operating Instuction manual.




MANUAL ORGANIZATION AND CONTENT

The abbreviations, graphic symbols, and logic
symbology used in the text and diagrams of this manual
are in accord with and based on ANSI Y1.1-1972, ANSI
Y 32.3-1975, and ANSI Y32.14-1973 (American National
Standard Institute, 345 East 47 Street; New York, N.Y.
10017).

Change information is contained on insert pages
at the back of the manual. Original pages are identified
by the symbol @ and revised pages are identified by a
revision date in the lower inside corner of the page. If
the serial number of your instrument is lower than the
one on the title page, the manual contains revisions that
may not apply to your instrument. History information,
applicable to previous products, with the updated data, is
integrated when the page or diagram is revised. The
following describes the sections and information
provided in this manual.

Section 1-General Information: Contains the
instrument description and specification.

Section 2-Circuit Description: Provides basic and
general circuit theory. This information may be useful
when servicing or operating the instrument.

Section 3-Performance Check: Procedure.; to

verify that the instrument is performing within its
specified limits.
Section  4-Calibration Procedure:  Test

equipment setup and adjustment procedures required to
calibrate the instrument.

Section 5-Maintenance: Describes routine and
corrective maintenance procedures with detailed
instructions for replacing assemblies, sub-assemblies, or
individual components. An exploded drawing is part of
Section 9. Troubleshooting procedures plus general
information that may aid in servicing the instrument are
also provided.

Section 6-Options  Information:  Describes
options to the instrument or directs the reader to where
the options are documented.

Section 7-Replaceable Electrical Parts: Provides
information necessary to order replaceable parts and
assemblies.
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Section 8-Diagrams: Functional block diagrams
and detailed circuit schematics are provided. Located
adjacent to the diagram (usually on the back of the
preceding diagram) are pictorial layout drawings that
show subassembly and component locations. Integrated
circuit diagrams, waveforms and voltage data for
troubleshooting or circuit analysis are also provided
adjacent to or on the diagram.

Section 9-Replaceable  Mechanical
Exploded Drawings and Accessories: Provides
information necessary to order replaceable parts. The
Replaceable Parts list is cross-referenced to the
Replaceable Electrical Parts list. The exploded drawing
identifies assemblies and mechanical components.

Parts,

Change Information: Provides updating
information in the form of inserts for the manual. These
inserts are later incorporated into the manual text and
diagrams when the manual is reprinted.

ELECTRICAL CHARACTERISTICS

The following electrical characteristics apply
when the 7L5 Spectrum Analyzer, in combination with a
Plug-In Module, are normally installed in a 7000-Series
oscilloscope and after a warm-up of ten minutes or more.
Frequency Characteristics
Range
Input Frequency: 10 Hz through 5.0 MHz.

Dot Frequency: 0 Hz through 4999.75 kHz.
Accuracy

20°C to 30° C: +(5 Hz + 2 x 10 of dot readout).
0°C to 50°C: +(20 Hz + 10” of dot readout).
Drift

5 Hz/hour or less.

Residual (Incidental) FM

50 Hz/div to 2 kHz/div: 1 Hz (p-p) or less.

5 kHz/div to 500 kHz/div: 40 Hz (p-p) or less.



Resolution Bandwidth
Accuracy

30 kHz--30 Hz: Within 20% of selected
resolution (6 dB down).

10 Hz Within 100 Hz £20 Hz (70 dB down).
The COUPLED setting electronically selects
the best resolution bandwidth for each setting of the
FREQUENCY SPAN/DIV control.
Shape Factor
30 kHz-3 kHz. 5:1 or better (60:6 dB ratio).
1 kHz-10 Hz: 10:1 or better (60:6 dB ratio).
Amplitude Deviation
30 kHz-100 Hz: 0.5 dB or less.
30 kHz-10 Hz: 2.0 dB or less.

Input Characteristics

CAUTION

The application of a dc voltage to the
INPUT of the L1 or L2 Plug-In Modules
may cause permanent damage to the
mixer circuit.

Input Impedance (Nominal):

L1 50¢@
L2 75Q
L3 Selectable (50 @, 600 @, and 1 Mq/28

pF).

Input Power (maximum input level for reference
levels of 0 dBm or greater):

L1 21dBmor25Vrms

L2 21dBmor 3.07Vrms

L3 21 dBm-input terminated 50 @ or 600
Q; 100 V (peak ac + dc) input 1 MQ/28 pF.

Input Power (maximum input level for reference
levels below 0 dBm):

L1 +10dBm
L2 +10dBm
L3 +10 dBm--input terminated 50 & or

600 @, and 100 V (peak ac + dc) with input of 1 MQ/28
pF.

T™M 11-6625-2759-14&P
Amplitude Characteristics
NOTE

If digital storage is used, an additional
guantization error of 0.5% of full screen
should be added to the amplitude
characteristics.

Residual Response

Internally generated spurious signals are -130
dBm or less referred to the input (harmonics of the
calibrator are -125 dBm) with L1 or L2 plug-in module
and -143 dBV with the L3 plug-in module.

Sensitivity

The following tabulation of equivalent input noise
for each resolution bandwidth is measured with, the
INPUT BUFFER off, the VIDEO PEAK/AVG at max cw,
and the TIME/DIV set to 10 seconds.
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Equivalent Input Noise
Resolution (equal to or better than)
Bandwidth L1 L2 L3
10 Hz -135 dBm -135dBm | -148 dBV
30 Hz -133 dBm -133dBm | -146 dBV
100 Hz -130 dBm -130 dBm | -143 dBV
300 Hz -125 dBm -125dBm | -138 dBV
1 kHz -120 dBm -120 dBm | -133 dBV
3 kHz -115dBm -115dBm | -128 dBV
10 kHz -110 dBm -110 dBm | -123 dBV
30 kHz -105 dBm -105dBm | -118 dBV

NOTE

Sensitivity is degraded an additional 8 dB when the
INPUT BUFFER is on; e.g.. at 3 kHz, the equivalent
input noise would be -107 dBm instead of -115 dBm.
Noise level will increase by approximately 10 dB when
operation is in video peak mode.

Intermodulation Distortion

Intermodulation products from two on-screen
signals, within any frequency span are =75 dB down for
third order products and at least 72 dB down for second
order products.

Second and third order intermodulation products
from two on-screen -53 dBV or less signals within any
frequency span are at least 80 dB down.



With the INPUT BUFFER switch on, the third
order Intermodulation products, for any two on-screen
signals, within any frequency span, are at least 80 dB
down.

Display Flatness

Peak to peak deviation, over any selected
frequency span: Quantization error must be added (see
Note under Amplitude Characteristics) if digital storage is
used.

L1 0.5dB;
L2 0.5dB;
L3 0.5dB;
Reference Level

Refers to top graticule line in Log mode.
Calibrated in 1 dB and 10 dB steps for the L1 and L2
modules and 1 dB/2 dB and 10 dB for L3 plug-in module.

Range L1 L2 L3
Log -128 dBm -128 dBm/ | -128 dBm to
2dB/Div |to-21dBm | 139dBVto | +21 dBm (50
Q),
+21 dBm/ -139 dBm to
+10 dBV +10dBm (600
Q),
-141 dBV to
+8 dBV (Hi 2)
Log -70 dBm -70 dBm/ -70 dBm to
10 dB/Div | to +21dBm | -81dBVto | +21 dBm (50
Q),
+21 dBm/ -81 dBm to
+10 dBV +10dBm (600
Q),
-83 dBV to
+8 dBV (Hi 2)

Incremental Accuracy
When calibrated at -40 dBV in Log mode:

L1, L2 and L3 Within 0 2 dB/dB with cumulative error of
0.25 dB/10 dB

Lin Mode Range. 20 mV/Div to 200 mV/Div within 5% in
1-2-5 sequence.

NOTE
A >sign is displayed adjacent to the reference level
readout when the reference level is not calibrated due to
an incompatible selection of controls.
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Display Dynamic Range/Accuracy
Log 10 dB/Div Mode’ Dynamic window is 80 dB.
Accuracy is within 0.05 dB/dB to 2 dB maximum.

Log 2 dB/Div Mode Dynamic window is 16 dB.
Accuracy is within 0 1 dB/dB to 1 dB maximum.

Sweep Characteristics

Frequency Span. Provides calibrated frequency
spans from 50 Hz/div to maximum (500 kHz/div), within
4%, in 1-
2-5 sequence.

Horizontal linearity is within 4% over the entire
10 div display.

A 0-Hz/Div position is provided for time domain
operation

Sweep Rate. Time per div is selectable from 10
s/Div to 0.1 ms/Div in a 1-2-5 sequence. An AUTO
position permits automatic selection of optimum time/div
for the selected resolution and span/div.

Sweep rate accuracy is within 5% of the rate
selected.

Triggering Provides two triggering sources, INT
(internal) and LINE, in addition to a FREE-RUN position.

When INT is selected, ac coupled signal
components from the mainframe Trigger Source (left or
right vertical amplifiers) are used.

When LINE is selected, ac coupled sample of
mainframe line voltage is used.

Three triggering modes are; NORM (normal),
SGL SWP/READY (single sweep), and MNL SWEEP
(manual sweep)

Trigger level is 21.0 div of internal signal for both
NORM and SGL SWP modes over the approximate
frequency range of 30 Hz to 500 kHz.

Output Connectors

Video Out. Front-panel pin jack connector
supplies the video (vertical) output signal at an amplitude
of 50 mV/div +5% (about the crt vertical center) with
source impedance of 1 kQ.

Horiz Out. A front-panel pin jack connector
supplies horizontal output signal (negative-going
sawtooth that varies from 0.0 V dc to approximately -6 V
dc with a source impedance of 5 kQ.



Calibrator. Front panel BNC connector supplies
a calibrated 500 kHz squarewave output signal (derived
from the analyzer's time base). Output amplitude is
within £0.15 dB of -40 dBV into impedance of the plug-in
module.

Environmental Characteristics

The 7L5 Spectrum Analyzer will meet the
foregoing  electrical  characteristics  within  the
environmental limits of a 7000-Series oscilloscope.
Complete details on environmental test procedures
including failure criteria etc., can be obtained from a local
Tektronix Field Office or representative.

Physical Characteristics

Net weight (instrument only): 8 pounds, 12
ounces.

ACCESSORIES AND OPTIONS

Refer to the Replaceable Mechanical Parts List
for a complete listing of the standard and optional
accessories.

Options

7L5 Option 21 -(Log Display)

7L5 Option 25-(Tracking Generator)
7L5 Option 28-(Readout)

7L5 Option 30-(Option 21/25)

7L5 Option 31 -(Option 21/28)

7L5 Option 32-(Option 25/28)

7L5 Option 33-(Options 21/25/28)
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INSTALLATION
Initial Inspection

This  instrument was  inspected both
mechanically and electrically before shipment. It should
be free of mars or scratches and electrically meet or
exceed the specification. Inspect the instrument for
physical damage and check the electrical performance
by the Operational Check procedure provided within the
Operators Instruction Manual. This procedure will verify
that the instrument is operating correctly and it will satisfy
most receiving or incoming inspection requirements. If
the instrument specification is to be verified, refer to the
Performance Check procedure in this manual.

If there is physical damage or performance
deficiency, contact your local Tektronix Field Office or
representative.

Installation

Install in a 7000-Series mainframe and after a 10
minute or more warm-up check performance. To
calibrate or service the 7L5, connect it to the 7000-Series
mainframe interface through flexible plug-in extenders
(see Equipment Required; Calibration section).



REPACKAGING FOR SHIPMENT

If your Tektronix instrument is to be shipped to a
Tektronix Service Center for service or replacement
attach a tag showing; owner (with address) and the
name of an individual at your firm that can be contacted.
Include complete instrument serial number and a
description of the service required.

Save and re-use the package your instrument
was shipped in. If the original packaging is not available
or is unfit for use, repackage as follows:

1. Obtain a shipping container of heavy
corrugated cardboard or wood with inside dimensions at
least six inches greater than the instrument dimensions.
This will allow room for cushioning. Refer to
for carton test strength requirements.

2. Wrap the instrument in heavy paper or
polyethylene sheeting to protect the instrument finish.
Protect the front panel with urethane foam or cardboard
strips.
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3. Cushion the instrument on all sides by
packing dunnage or urethane foam between the carton
and the instrument, allowing three inches on all sides.

4. Seal the shipping carton with shipping tape or
an industrial stapler.

TABLE 1-1
Gross Weight (Ib) Carton Test Strength (Ib)
0-10 200
10-30 275
30-120 375
120-140 500
140-160 600
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If you have any questions, contact your local
Tektronix Field Office or representative.
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SECTION 2. CIRCUIT DESCRIPTION

Introduction

The 7L5 is a swept front-end spectrum analyzer
with selectable front-end plug-in modules that permit the
user to obtain a calibrated display for a number of
different impedance (i.e., 50 ohm, 600 ohm, etc.). The
plug-in module contains: selectable attenuation, the first
mixer, input low-pass filter, and an input buffer selector
that trades noise figure for IM performance. Signal
attenuation in the plug-in and gain of the IF processing
chain are controlled by a reference level logic circuit in
the 7L5 which provides calibrated settings in 1 dB or 10
dB steps over a range of 149 dB.

Functional Block Diagram

The input signal to the 7L5 is mixed with the
frequency of the main oscillator and fed to the IF at 10.7
MHz and amplified by the 10.7 MHz IF amplifier. Since
the7L5 input frequency range is O to 5 MHz, the main
oscillator is tuned and swept from 10.7 to 15.7 MHz. The
frequency of the main oscillator is controlled by two
secondary (A and B) oscillators that use a synthesizer
technique to tune and phase lock their frequencies. The
sweep frequency control circuit drives the oscillators
according to the settings of front panel DOT
FREQUENCY and FREQUENCY SPAN/DIV controls.

The signal at 10.7 MHz Is processed through a
band- pass filter and amplifier, then mixed with the
output from a 10.450 oscillator to down-convert the 10.7
MHz to an IF of 250 kHz. Gain of the 250 kHz amplifier
is controlled by the reference level logic circuit which
establishes the amount of attenuation in the plug-in
module and gain for the 250 kHz IF and Log amplifiers.
The reference level is selectable in 1 dB and 10 dB
steps.

The 250 kHz IF signal is processed through the
variable resolution filter circuits for bandwidth selections
of 10 Hz to 30 kHz. The signal is again amplified,
detected, and the video is sent through amplifier circuits
that provide the 10 dB/div, 2 dB/div, and linear gain
characteristics.
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The video signal is then fed to the display
processing circuits where the signal is either stored and
displayed, or if the storage mode is not selected, the
signal is passed directly through the vertical output
amplifier to the mainframe circuit. If either or both the
DISPLAY A or DISPLAY B latches are enabled, the
signal is converted to digital data, stored in A or B
memory, then converted back to analog data and
processed through the output amplifiers to the circuit.
The vertical information is digitized and stored at 512
horizontal address locations across the screen.
Therefore, the horizontal sweep information is converted
to digital data for storage, then converted back to an
analog signal for display. The horizontal sweep ramp is
processed the same as the vertical signal. The vertical
(video) information can be averaged or peak detected.

IF Processing Chain @b

This block diagram shows more detail of the
circuitry involved with processing the IF signal from the
1st mixer. Signal loss through the 1st mixer is about 9
dB. The IF output of 10.7 MHz passes through an input
and 30 kHz filter to Improve flatness, then a 30 kHz
crystal filter shapes the response to the band pass
characteristics of the Instrument. A -40 dBm signal Is
required at this point for full screen deflection.

Signal level is increased 20 dB by the 10.7 MHz
IF amplifier; it is then fed through the 300 kHz bandpass
filter to the 2nd mixer. The 2nd LO frequency of 10.450
MHz mixing with 10.7 MHz produces an IF of 250 kHz
which is fed through a 500 kHz lowpass filter to the 250
kHz amplifier. The loss through the 350 kHz and 500
kHz filters plus the 2nd mixer is about 10 dB; thus a -30
dBm signal level is required at the input of the 250 kHz
amplifier to obtain full screen deflection.



The 2nd LO frequency is controlled by a phase
lock loop which uses 50 kHz and 100 kHz submultiples
of a master 10 MHz crystal controlled oscillator to drive
500 kHz and 100 kHz reference frequencies. The gain
of the 250 kHz IF amplifier is controlled by the decoded
output from the reference level counter. The reference
level counter in turn, is controlled by the front panel
REFERENCE LEVEL control. Gain of the amplifier is
adjustable in 1, 2, 4, 8, and two 16 dB steps. The
attenuators, in the plug-in module are 4 dB, 8 dB, and 32
dB. Combinations of attenuators and IF gain are
selected by the reference level counter and provide gain
changes of 1 dB or 10 dB steps, depending on the
position of the REFERENCE LEVEL control. The
crossover point (no attenuation and unity gain through
the amplifier) is -30 dBm.

The REFERENCE LEVEL control is a printed
circuit switch that outputs a two bit binary code that
repeats every four times. The code indicates the
direction the control is rotated and an IC determines
whether the count is up or down. The output code of the
control, clocks a counter which provides the reference
level required to drive the readout. Analog currents are
provided by a ROM which is reading the output of the
counter. When the REFERENCE LEVEL control is
pulled out, for 10 dB steps, the counter counts in tens
instead of digits. When LIN mode is selected or the
dBm/dBV switch on the plug-in module is changed, the
readout changes the Reference Level Counter so the crt
reference level readout is in Volts/Div or dBV. The value
of the constant to the counter depends on the input
impedance of the plug-in module. This establishes a
calibration reference level commensurate with the
respective input impedance of the "L" plug-in module.

The inputs to the IF Gain and RF Attenuation
Decoding block are the output from the Reference Level
Counter and the Log 10 or Log 2 switch latches. The
output supplies four gain change lines to the IF amplifier
and the attenuator codes for the plug-in module. An
invalid code is fed back to stop the counter when the
reference level reaches a lower limit.

The output of the 250 kHz IF is fed to the
Variable Resolution Filter. Bandwidths of 10 Hz to 3 kHz
are selected by one filter block and 10 kHz and 30 kHz
bandwidths by a second block. Signal routing through
the filters, is controlled by the resolution code which in
turn may be controlled by the RESOLUTION control. For
automatic or coupled operation, a ROM selects the
appropriate resolution bandwidth so the bandwidth and
frequency span are compatible. If the operator selects a
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resolution that is not appropriate for the FREQUENCY
SPAN selected, the ROM activates a CAL light to in-
validate the reference level reading and the readout
presents a < symbol in front of the reference level
readout.

The output signal from the Resolution Filters is
fed through a Post VR Amplifier then a Log/Lin amplifier.
The response amplitude level is now either Log 10, Log
2, or Linear depending on the setting of the log/lin
latches. These latches are activated by front panel
momentary contact pushbuttons. Log 10 control is also
fed to the IF Gain and RF Attenuation Decoder.

The IF is then detected and the output video
signal fed to another Log/Lin amplifier for gain
adjustment between the Log/Lin displays. Part of the
output is fed to U2005 to provide push-pull trigger signals
(+ and -) to the main- frame and video signals to the
VIDEO OUT jack on the front panel. The main video
signal is fed to the display processing circuits where it is
processed either through amplifiers to the mainframe for
display, or, if the 7L5 is operating in the store mode, the
signal is stored in memory, and then displayed as the
memory is refreshed or updated.

Sweep Control and Frequency Reference @ a

The Sweep Control circuit uses an IC that
features; sweep gating, bright baseline, holdoff timing,
automatic free run, lockout, single sweep and single
sweep ready light control. The gate signal drives the
sweep generator which in turn sends a sweep through
the Manual Sweep switch to the Display Processing and
circuitry related to the sweep for the A and B oscillators.
Inputs to the sweep control IC include triggering source
and mode signals. Trigger modes are set by latches that
are actuated by front panel momentary contact
pushbutton switches.

When SGL SWP is selected, the sweep is
locked out until the SGL SWP button is pushed again.
The circuit is now armed and the sweep will run if the
trigger source is FREE RUN or when a trigger signal
arrives. A built in delay of approximately 10 seconds
allows the sweep to run if no trigger arrives (not in 0 Hz
span). This keeps the memory capacitors for phase lock
loop, of the A and B oscillators, refreshed.

When MNL SWP is selected the Sweep
Generator is used as a 100 second timer to refresh the
memory capacitors. The Sweep Control allows the
Sweep Generator to free run; however, the Manual
Sweep switch now selects the voltage output of the
LEVEL/SLOPE control for the Sweep Horizontal signal.



When the sweep mode is NORM, sweep
operation is conventional. The LEVEL/SLOPE control
selects the triggering level and slope unless the mode is
MNL SWP. It then becomes a manual sweep control.

The sweep generator contains an end of sweep
comparator that outputs a pulse which is fed back to the
sweep control IC to terminate the output gate and inhibit
the sweep. The end of sweep pulse is OR'd with an
output line from the phase lock logic circuit, which goes
high at the end of the gate pulse period and holds this
state until the sweep control circuit has stabilized about
(50 ms) then it pulls the Ready line low. The state of the
I and Sense lines, from the dot frequency control and
phase lock loop circuit must also be correct before the
phase lock logic circuit will permit the sweep control and
sweep generator to start another sweep. Sweep lockout,
by the dot frequency and phase lock loop circuits, is
ignored when the Frequency Span/Div is ZERO.

The sweep rate is controlled by the TIME/DIV
selector unless AUTO position is selected. When AUTO
is selected, sweep rate is controlled by a ROM which
looks at the FREQUENCY SPAN/DIV and RESOLUTION
selections to determine the sweep rate. The
RESOLUTION and FREQUENCY SPAN/DIV selectors
are both printed circuit switches that feed their output into
ROMs. The ROMs then control the frequency span and
resolution bandwidth of the instrument and provide
readout data to the circuit. The RESOLUTION selector
has a COUPLED position where a ROM determines the
optimum resolution for the selected FREQUENCY
SPAN/DIV. In the manual positions of the RESOLUTION
and TIME/DIV selectors, the uncal comparator monitors
the sweep rate versus resolution bandwidth and
Frequency Span/Div setting. It lights an UNCAL indicator
when the display is not calibrated. At the same time a >
symbol precedes the Reference Level readout to indicate
that the readout is not calibrated.

Frequency Reference

The center frequency of th span is programmed
into .N counters which are part of a frequency and phase
lock synthesizer loop. Two of these -N control loops set
and lock the frequency of two secondary (A & B)
oscillators which are part of a third loop that controls the
1st LO frequency. The 1st LO center frequency,
therefore, is dependent on the programmed data in the -.
N counters. The frequency span of the 1st LO depends
on the ramp amplitude out of the sweep attenuator
circuits. During retrace time, the secondary oscillators
are locked to the center frequency. During lock the
sweep reduces to a voltage of Zero.
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The time shared dot position is therefore, derived from
an equivalent sweep voltage of zero. Frequency of the
dot position is displayed by the crt readout. Accurate
frequency measurements can be performed by tuning
any desired segment of the display under the frequency
dot and read out on the crt. In most cases readout
accuracy is <1% of the display span or within +50 Hz.

In all frequency span positions except MAX
span, the frequency dot is at the center or start of the
display. In MAX span the center frequency of the span is
2.5 MHz. The frequency dot moves across the display as
the center frequency is tuned. The frequency readout
accuracy of the dot remains constant.

A simplified block diagram of the Frequency
Reference circuitry is shown in The frequency
to be measured (fm), is fed to the 1st mixer in the plug-in
module, where it is mixed with the output from the 1st
LO. The output IF of 10.700 MHz is fed to the 2nd mixer
where it is mixed with 10.45 MHz from the 2nd LO and
converted down to a 250 kHz IF. The 2nd LO frequency
is referenced to 500 kHz, a submultiple of a 10 MHz
Master Oscillator.

Frequency Control Circuits

As previously described, two divide by "N" (N.
and N2) control loops, with their oscillators, determine
the frequency of the 1st LO. A 11.1 MHz to 16 MHz, "A"
oscillator mixes with the frequency of the 1st LO (10.7 to
15.7 MHz). The difference is compared with the 40th
sub-harmonic of a 12 to 16 MHz "B" oscillator in a Af/A]
detector. Any difference produces an error voltage that
is fed back though a summing amplifier to pull the 1st LO
into a locked mode with both A and B oscillators.

The frequency of both secondary (A and B)
oscillators is controlled by +N loops. The value N is
determined by the DOT frequency control. This control
tunes the A oscillator in 100 kHz increments and the B
oscillator in 10 kHz steps. (100 kHz and 10 kHz
increments originate from the 10 MHz master oscillator.)
The frequency of the B oscillator is divided down by 40
so the frequency into the comparator steps in 250 Hz
increments. If the DOT frequency is 0 Hz, the
frequencies of the A and B oscillator are 11.1 MHz and
16.0 MHz. The input to the phase lock comparator
(Af/AO detector) from the +40 source is 400 kHz (16 MHz
- 40). The difference frequency out of the A oscillator
and the 1st LO mixer must also be 400 kHz for the
system to lock. Since the A and B oscillators are



referenced to the same reference (10 MHz master
oscillator) the 1st LO is locked to 10.7 MHz (11.1 MHz-
400 kHz). Frequency’ changes to either A or B
oscillators require a change in the value of "N" that is
loaded into up/down counters for the respective control
loops.

The DOT FREQUENCY will tune either the B
oscillator in 10 kHz steps or the A oscillator in 100 kHz
steps. The frequency of the 1st LO (and the dot) can
therefore be tuned in 250 Hz or 100 kHz steps depending
on which latch is enabled.

A more detailed block diagram of the Frequency
Reference circuit is provided by the Sweep Control and
Frequency Reference Block Diagram (l1a) in the
Diagrams section.

T

The 10 MHz of the crystal oscillator or Master
Oscillator frequency is divided down to 100 kHz and 500
kHz by two counters. 100 kHz is fed to one input of a
phase comparator for the A oscillator loop. It is also
divided down to 10 kHz for application to one input of a
phase comparator for the B oscillator loop. The output
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voltages of the comparators are applied through logic
circuitry to memory capacitors in each oscillator loop.
The logic circuitry gates the comparator reference
voltage to this memory circuit during retrace or the Lock
portion of the sweep cycle. This charge or reference
voltage on the memory capacitor is summed with the
sweep ramp from the frequency span (Sweep Control)
circuit. The resultant voltage is applied through
amplifiers to the A or B oscillator to control their
frequencies.

The A oscillator output is mixed with the 1st LO
frequency and the difference frequency applied to one
input of a phase comparator and loop filter. The other
input, to the phase comparator, is the 40 sub-frequency
of the B oscillator. Any difference between the two
frequencies prodices an error voltage which Is applied to
the 1st LO to correct and control the 1st LO frequency.
The oscillator frequencies can be expressed as:

f1*Lo="(a osc)-" (B 0sC).
40
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Fig. 2-1. Frequency reference block diagram
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Output frequencies of the A oscillator and B
oscillator are fed back to A + N and B + N circuits. The
value "N" assumes depends on the setting of the dot
frequency control circuit. For example, a frequency of 16
MHz out of the A oscillator requires an "N" factor of 160
to divide 16 MHz down to 100 kHz, so the frequency into
the phase comparator equals the 100 kHz at the other
input to the comparator. As the dot frequency is
changed, the "N" factor into either the A+ N or B + N
circuit changes to increase or decrease the A or B
oscillator frequency. Since the 1st LO is slaved to these
oscillators, its frequency must also change.

The Frequency Span/Div circuit determines the
amount the A or B oscillator frequency is swept. The
sweep horizontal voltage is applied through an attenuator
and binary switch to a summing point, either in the A
memory or B memory reference voltage line. The FRE-
QUENCY SPAN/DIV selector sets the amount of sweep
attenuation and thus the frequency span. The output of
the SPAN/DIV selector is also fed to a ROM which looks
at the selected span and chooses one of three sweep
outputs from the binary controlled switch. These ramps
are used for different span/div frequencies (50 Hz to 2
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loop, 5 kHz to 200 kHz and 500 kHz or MAX span for the
A oscillator loop). Since the loop sensitivity of the two
oscillator loops differ by a factor of 100, the attenuator
settings are used twice to cover the full range (50 Hz to
500 kHz) of the FREQUENCY SPAN/DIV.

When the FREQUENCY SPAN/DIV is not in the
MAX span position, the MAX switch closes to allow a dot
marker voltage to be summed in with the A oscillator
control loop so the dot can be positioned along the left
portion of the 5 MHz display.

A turn-on circuit (on the left side of the diagram)
forces a free run and normal selection of the trigger
circuits, a dot frequency of 000, reference level of +17
dBm, and Display A, Display B store modes when power
is applied.

Readout

A block diagram of the Readout circuits is shown
in [Eig._2-2] Along the left side are the front panel
selectors. The DOT FREQUENCY control drives a
TEKTRONIX IC which provides the column data for the

kHz, for the B oscillator frequency top horizontal readout location on the crt. Current for the
Hz and kHz readout is supplied by a resistor matrix. Row
data also comes from a fixed resistor matrix.
FROM FIXED
RESISTOR MATRIX
, COLUMN DATA
FREDOEN - U830 > A37 ToP
QUENCY A HORIZONTAL
FROM FIXED ROW DATA S g3
RESISTOR MATRIX 7
REF
LEVEL
REFERENCE | ] COLUMNDATA \ 37
LEVEL ROM 7
u2235 UNCAL
TOP
1 VAR RIGHT VERTICAL
dBm/dBV
LIN LATCH ROW DATA \
7 837
OFFSET
FREQUENCY RO ROM COLUMN DATA \ A28
SPAN U800 4 BOTTOM
A HORIZONTAL
FROM FIXED ROW DATA N
RESISTOR MATRIX =7 B38
- RESOLUTION
LOG/LIN
-J } COLUMN DATA
A38 goTTOM
RESISTOR 4
_ TIME/DIV — CMATRIX ROW DATA . PIGHT VERTICAL
> B38
2184-2

Fig. 2-2. Function block of readout circuits.
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The REFERENCE LEVEL drives U2235 which
provides column data current for the top right vertical
readout position. The output of the U2235 is influenced
by the setting of the dBm/dBV selector and the offset set
by the input impedance of the plug-in module and the
reference level selected. The LIN switch latch changes
the row data so the readout is in nV,,nV, and mV instead
of dBm or dBV. (The column data is also changed so the
correct numbers are read out.)

The FREQUENCY SPAN/DIV drives ROM U800
which provides the column data for the bottom A
horizontal position Row data is from a fixed resistor
matrix. If zero span is selected, it reads in time/division.

The RESOLUTION selector drives a resistor
matrix that provides both column and row data to the
bottom right vertical part of the display. The column data
also gets the 10 dB, 2 dB, or; if LIN mode is selected,
that portion of the display is a space.

Display Processing Block Diagram @c

The video signal from the IF processing chain is
fed through switch U735B to an A/D converter. The
digital data from the converter is then placed in memory.
It is read from memory and displayed at the command of
Display A and Display B selectors. Before the vertical
data is placed in memory, it may be either averaged or
peak detected. Vertical data is placed at an address in
memory derived from the sweep horizontal waveform.
How the address is derived will be described later.

Referring to the lower left side of the diagram,
the 1st LO tune voltage ramp is fed to an absolute value
circuit, which looks at the ramp excursion. If the ramp
exceeds certain limits, the output from the comparator is
an overspan signal which opens the video path through
switch U735B A dc level is placed on the line to provide a
baseline for the display. Unless overspan is detected,
the video signal is fed to display switch U735C and the
vertical analog-to-digital (A/D) converter. The video
information is converted to an 8 bit data word that
appears in serial form on the Data Out line. The clock for
this converter is 1 MHz, derived from the 10 MHz master
oscillator, so the vertical data bits are 1 pus apart. Since
there are 8 hits per word plus a sync pulse, each word
takes 9 us or the word rate is 111 kHz. The vertical data
out, in serial form, then goes to an average calculator
where it is either averaged or peak detected. The output
(on the Math line) is then stored at some address in
memory.
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The address is derived from the horizontal
sweep ramp. This is a 10 volt negative-going ramp
centered around the Dot frequency The ramp is offset
(up to plus or minus 10 volts) as the dot frequency is
tuned so the sweep ramp range can run from 10 V to +10
V (-10 Vto O V at one end and O V to +10 V at the
other). The sweep is converted, by the horizontal A/D
converter, to address data for memory. Memory consists
of a 4096 (512 x 8) bit RAM and a 1024 (1024 x 1) bit
overflow or offset RAM. The 4096 bit RAM has 512
horizontal access lines Memory is divided into an A and
B section with 256 lines assigned to each. Address
locations are determined by the LSB (least significant bit)
of the horizontal address word. Since the LSB of this
word alternates with any count, the A and B locations in
memory are adjacent with the odd bit assigned to A
memory and the even bit to B memory sections.

The horizontal address is a 10 bit word The first
9 bits (2°) are derived from the sweep ramp and stored in
the first RAM. The tenth bit (MSB) is stored in the
overflow or offset RAM This tenth bit signifies the offset
(to the right or left of center screen) of a given address
and since the offset can be up to £10 V, a 20 volt ramp
capability is provided.

At the slower sweep speeds, there are numerous
words of vertical data for each horizontal address
location. These numerous words of vertical data are
averaged, by the average calculator, so with a 10 second
sweep rate, up to 20,000 words are averaged at a
horizontal address. At the 2 ms sweep rate, only four
words would be averaged.

At the end of an 8 bit vertical word a sync pulse
is sent out on the EOC (end of conversion) line to the
display control timing block and through the synchronizer
to the average calculator. When the sweep horizontal
signal has traversed far enough to generate a new
horizontal address, the EOC starts a three cycle
seguence that writes a vertical word in memory at that
address. This process requires 27 ps (3 x'9 us). The
rest of the time is utilized in the display mode to read
from memory. At the beginning of the three cycle
process the first cycle generates Start Divide to the
average calculator. The average circuit divides the
accumulated vertical data by the number of words during’
that period, and the resultant or quotent is gated into
memory on the Math line, when the second cycle or
Write Cycle arrives. Write Cycle signal is generated only
when Valid is present. Valid is not present during retrace
or when the dot frequency is changing



The output of the horizontal display generator
consists of readout addresses to memory and a
synthesized horizontal sweep ramp for the Store
horizontal line. Therefore, as the vertical data is read
from memory, a corresponding change occurs in the
horizontal sweep voltage so the vertical data written in
memory is duplicated and displayed appropriately when it
is read out. Data is stored in memory at the rate set by
the Time/Div selector; however, it is read from memory at
a constant rate.

If Display A is selected, the LSB for the address
out of the horizontal display generator remains a 1. The
counter counts in odd number sequence so only data in
A section of memory is read. If Display B is selected,
then the counter counts in even number sequence and
data in B memory, is read out. If Display A and Display B
are selected then the LSB for the address alternates and
data is read first from A then from B memory. If Save A
is selected, A memory is not updated during Write Cycle.
If Display A is selected along with Save A, then the data
stored in A, when Save A was pushed, is read out.

Vertical data out of memory goes to the vertical
display generator on the Memory Data line. It is
converted to analog data then processed to the display
circuits. A timing signal, from the vertical analog to digital
converter block, controls when data is read from
memory. Data can only be read during the Read Cycle.
When either Display A or Display B is selected, the
display control block sends a Store signal to both the
vertical and horizontal display switches (U735A, U375C).
Both switches then select only data from the vertical
display generator and the synthesized sweep, from the
horizontal display generator for the vertical and horizontal
output stages.

The inverted sweep containing dot marker
position is summed with the "dot position" when 0735 is
on, at the input to the horizontal output stage. The
summation of minus sweep with dot position plus "dot
position” is minus sweep. This is amplified by the output
amplifier and applied to the crt deflection plates. When
0735 is off, only the "dot position" is applied to the output
amplifier and the crt deflection plates. The dot is
therefore displayed independent of sweep. Sweep
horizontal is also applied through a separate amplifier to
the front panel HORIZ OUT jack and pin A3 of the
mainframe interface.

The Z axis and dot logic block determine when
the dot is to be displayed. An output called Dot is fed to
multiplexer switches in the vertical and horizontal lines.
This low disconnects the vertical and horizontal drive to
the mainframe and positions the dot appropriately. The
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logic also provides blanking and unblanking to the Z axis
by blanking just before the dot transition and unblanking
during dot presentation. It also blanks during the
transition back to normal vertical and horizontal
positioning. Data into Z axis and dot logic are Zero Span,
Display Valid, and the mainframe data such as Channel
and Mode information.

Peak/Average reference level originates with the
PEAK/AVERAGE front panel control. This reference is
compared with an analog signal out of the vertical
analog- to-digital converter. If the vertical signal exceeds
the reference level set by the control, the average
calculator selects peak value. Signals below this
reference are averaged. The control functions as a
Peak/Average selector only in the Store mode. Division
between average and peak display is indicated by a
cursor on screen. In the non- store mode the control
operates as a baseline clipper. Vertical information below
the level set by the control is blanked.

This completes the block diagram description for
the 7L5 circuitry.

DETAILED CIRCUIT DESCRIPTION

Sweep Control @@ @

This portion of the circuit description covers the
Auto Sweep, Frequency Span and its Readout, and
Trigger circuits. Diagrams 3 through 6 cover these
circuits.

The Auto Sweep circuit sets the sweep rate
according to the TIME/DIV selections; or, if the TIME/DIV
selector is set to the AUTO position, the circuit
automatically adjusts the sweep rate as a function of the
FREQUENCY SPAN/DIV and RESOLUTION selector
settings. If the RESOLUTION is at the COUPLED
position, with the TIME/DIV at AUTO, the sweep rate and
resolution are automatically computed as a function of
the selected frequency span to keep the display
calibrated When the sweep rate is not compatible to the
resolution and frequency span, the circuit activates a
front panel UNCAL indicator.

The TIME/DIV selector assembly outputs a 5 bit
address, as shown in the truth table. Four bits of this
address are fed to one side of four section multiplexer
U525. The B inputs to the multiplexer are selected when
the Select (pin 1) line is high, so the TIME/DIV assembly
output is switched through to the sweep generator circuit



(Diagram 6). If the AUTO position is selected, U530D is
enabled. This pulls pin 1 of U525 low and switches the
multiplexer to its A inputs. The sweep rate is now a
function of the address out of ROM U515.

The output address of ROM U515 is a function of
the FREQUENCY SPAN/DIV and RESOLUTION control
settings. This address is also fed to the B inputs of
comparator U540 where it is compared with the
TIME/DIV setting. If the code from the TIME/DIV
selector is less than the code out of ROM U515, the
output of comparator U540 goes high and, when inverted
by U520E, pulls the Uncal line low to activate the UNCAL
light and generate a (>) symbol as a prefex to the
reference level readout.

When the RESOLUTION selector is in the
COUPLED position, ROM U515 selects resolution that is
compatible for the frequency span selected. The CMOS
outputs for the FREQUENCY SPAN/DIV assembly are
converted to TTL by the buffers (U510A, B, D, E, and F)
to accommodate ROM (U650) in the Frequency Span
circuit.

The outputs of the TIME/DIV and FREQUENCY
SPAN/DIV selectors, are Darlington pairs which pull
down to about 1.0 volt. The low state is offset two
junctions below ground, by CR64 and CR66 through
R512, to -15 V; so a logic low at the output is about
ground potential. Logic high is pulled up through resistors
in resistor pack R60.

The arm of the RESOLUTION switch is
connected to the collector of 070. With resistor pack
R60A in the circuit, the transistor is saturated and ground
return is furnished to the switch. With the resistor pack
removed the base of the transistor Is connected to the
remote program line and the output is dependent on the
external program. Diodes CR74 through CR76 provide
isolation.

There are five lines that determine the sweep
speed; four from multiplexer U525 and the fifth from the
output of NAND gate U535C. The sweep generator
(Diagram 6) consists of Miller integrator U700 with timing
capacitors C712A and C712B. Capacitor C712B is
switched into the timing circuit when the input line to pin 9
of multiplexer, (U8OC) is low. C712 is in the circuit for
sweep rates of 10 ms or slower. When the level at pin 9
is high, the switch opens, and C712B is out of the timing
circuit.

Timing resistors are selected by multiplexer
U695.Control lines A, B, and C (pins 11, 10, and 9) select
the timing resistors as indicated by the
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address table within the symbol for U695. Voltage
reference for the selected timing resistor is the output of
operational amplifier U690A. When 0680 is turned on,
timing voltage Is increased by a factor of two which
increases the sweep speed proportionately.
lists the Time/Div selections with the output addresses
and the corresponding addresses for U695, Q680 gate,
and pin 9 of U680C. For example; 50 ms connects
timing resistor R694, connects timing capacitor C712B,
and turns off Q680 to add R686 as part of R, (input
resistor) for operational amplifier U680A.

The Miller integrator is gated on by the +Gate
signal into the base of Q705. This gate switches Q700
off and allows the Miller integrator output to ramp up.
The output of the sweep generator is fed to one input of
comparator U575A whose output switches high when the
Input ramp reaches the reference level, set by the divider
network on the other input of the comparator or about 8.9
volts. This Sweep Inhibit signal is fed back to the sweep
control IC to terminate the sweep gate. Unless Manual
sweep has been selected, the sweep ramp is also fed
through multiplexer U680B to operational amplifier
UB85A. Gain of U685A is about 1.2 producing an output
ramp of approximately 10.4 volt. This ramp is fed to the
frequency span attenuator circuit, containing R660-U665,
and to the horizontal sweep processing circulit.

TABLE 2-1
Truth Table for TIME/DIV Selections

TIME/DIV SWEEP CONTROL
STST ST ST ST U695 Q680
5 4 3 2 1 | A B C |GATE |U680C-9

ms

1 0 0 0 0 0|0 0 1 1 1
2 0 0 0 0 1|0 0 1 0 1
.5 0 0 01 1/0 O O 0 1

110 0 1 0 0|0 1 1 1 1

2 0 0 1 0 1 0 1 1 0 1

5 001 1 1,0 10 0 1
10 o0 1 0 0 0O O O 1 1 0
20 0 1 0 0 10 0 1 0 0
50 0 1. 0 1 1|0 O O 0 0
sec

1l 0 1 1 0 0|0 1 1 1 0
2 0 1 1 0 1|0 1 1 0 0
510 1 1 1 1|0 1 O 0 0

111 0 0 0 0|1 0 1 1 0

211 0 0 0 1 1 0 1 0 0

31 0 01 1,1 0O 0 0
10 1 0 1 0 O |1 1 1 1 0
utTgr 1 1 1 0 |1 1 O 1 0




Holdoff timing capacitors, for the sweep control
IC (U580 on Diagram 5), are C728 and C726. When the
logic input (pin 11) to multiplexer U680A is low, C726
parallels C728 to increase the time constant. The other
output of U6BOA (pin 13) drives the base of the transistor
in U585C to provide intensity limiting to the mainframe at
the slower sweep speeds (below 10 ms/div). At faster
speeds, the input line is high and pin 13 is grounded, so
U585C is biased off to remove intensity limiting. In
manual mode or, when operating with spans other than 0
Hz, the low state into U595D turns U585C on to provide
intensity limiting. Intensity limiting is therefore provided
for manual sweep operation, sweep rates below 10
ms/div, and 0 Hz span operation.

Multiplexer U665 selects the attenuation ratio for
the 10.4 volt sweep ramp through resistor pack R660.
The attenuation address (in at A, B, and C of U665)
determines the attenuation. The sweep out of U665 is
then fed through multiplexer U670 to one of four output
lines. Three of these (1A,1 B, and #2) drive the A and B
oscillators which establish the frequency span. The
fourth line Is for optional use if desired. the address
within the IC symbols indicate the sweep ramp path
through R660 and U670. For example; when the Input
address to U685 Is 110, pin 2 of U865 is connected to
the output, The sweep Is attenuated through R660 by the
combination of the 4,00 k and 1,33 k resistors.
show the Input and output data for ROM U650
and multiplexers U665 and U670. [Table 2-2] shows the
Data Out of U650 with the corresponding sweep
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output line. For example; with a FREQUENCY
SPAN/DIV of 50 kHz, input lines A and B to U670 are
low. Address 00 (into U670) switches the sweep output
of U665 to pin 12 of U670 to drive the B oscillator.
[2-4llists the sweep for each SPAN/DIV setting. The table
bypasses ROMs U510 and U650.

The Max Span Dot Position adjustment (R655)
offsets the dc level of the memory voltage so a voltage of
0 corresponds to center screen (2.5 MHz). It also offsets
the dc level of the 1st LO tune voltage so a center
frequency of 2.5 MHz corresponds to 0 V at the output
(pin 3) of U675B for centering the overspan clipping.

The 1st LO tune voltage is a positive-going ramp,
centered around some dc level set by the DOT FRE-
QUENCY control. The amplitude of this sweep voltage
depends on the setting of the FREQUENCY SPAN/DIV
selector. U675A, U575C, and U575A limit the excursion
of the waveform. U675B, a non-inverting amplifier,
drives the negative Input of operational amplifier U675A.
As the sweep ramp crosses its center point, diode
CR660 dis- connects and the polarity of the input signal
to the comparator U575C reverses. The input waveform
to pin 7 of US75C Is therefore V shaped. This input is
referenced (by a voltage divider) to about 4.5 volts. If
either excursion of the V shaped waveform exceeds this
reference, a positive output signal Is produced which
represents an overspan. This overspan voltage is fed to
a multiplexer (U735B), in the video processing chain, and
the output of

TABLE 2-2
Input and Output Data for U650 (8223 ROM)
FREQ INPUT OCTAL| DATA OCTAL
SPAN/DIV | ADDRESS(BINARY) |EQUIV | OUTPUT(BINARY) EOUIV SWP
Ay As Ay Ah Ao B Bs Bs By Bz By By Bg
MAX SPAN 1 1 0 1 1 33 1 1 0 1 0 1 o0 . 325 1A
200 kHz 1 1 1 1 1 37 o o 1 1 o0 1 o0 1 065 1B
100 kHz 1 1 1 1 0 36 1 0 O 1 0 1 o0 1 225 1B
50 kHz 1 1 0 0 1 31 1 0 1 1 0 1 0 1 265 1B
20 kHz 1 1 1 0 1 35 0O o0 1 1 o0 1 o0 1 065 1B
10 kHz 1 1 1 0 O 34 1 0 0 1 0 1 0 1 225 1B
5 kHz 1 0 0 1 1 23 1 0 1 1 0 1 0 1 265 1B
2 kHz 1 0 1 1 1 27 0 1 1 1 0 1 1 0 166 #2
1 kHz 1 0 1 1 0 26 1 1 0 1 0 1 1 O 326 #2
.5 kHz 1 0O 0 0 1 21 1 1 1 1 0 1 1 0 366 #2
.2 kHz 1 0 1 0 1 25 o 1 1 1 o0 1 1 O 166 #2
.1 kHz 1 0 1 0 O 24 1 1 0 1 0 1 1 O 326 #2
50 Hz 0O 1 0 1 1 13 1 1 1 1 0 1 1 0 366 #2
O Hz 0 0 1 0 O 04 1 0 1 0 1 1 1 1 257 0
B A
Control Control
Line U670 Line U670
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the detector is disconnected from the vertical output
amplifier. The vertical display now becomes a dc voltage
which produces a trace at the bottom of the screen. In
non- store mode the overspan portion is blanked.

The lower half of multiplexer U670 provides a dc
offset to the sweep ramp. In the MAX span position, the
DOT FREQUENCY control moves the dot (readout)
frequency across the screen. In other SPAN/DIV
positions, the dot is at center screen unless it is moved

TM 11-6625-2759-14&P

always represents readout frequency. The dc level, set
by the DOT MKR control (R50) feeds three of the inputs
for the bottom half of U670. If the control address to
U670 (from ROM U650) is anything except 10, the dc
level of the DOT MKR control is switched through U670
to the input of operational amplifier U685B. Address code
10 occurs only when the FREQUENCY SPAN/DIV
selector is in MAX span position. The offset voltage now
comes from the synthesizer memory circuits. The dc
output of U685B sets the input dc level of the sweep

by the DOT MKR control. The dot always amplifier U685A to provide offset to the Sweep Horizontal
ramp.
TABLE 2-3

Input Data to the Frequency Span "ROMS"

U515 U650
FREQ SPAN/DIV | FREQ SPAN/DIV SWITCH INPUTS INPUTS

TC TJ TB TK TD A8 A7 A6 A5 A4 A4 A3 A2 Al A0

MAX 0 0 0 0 0 1 1 1 1 0 1 1 0 1 1

.2 MHz 0 0 0 1 0 1 1 1 1 1 1 1 1 1 1

.1 MHz 0 0 0 1 1 1 1 1 0 1 1 1 1 1 0

50 kHz 0 0 1 0 O 0 1 1 1 0 1 1 0 0 1

20 kHz 0 0 1 1 0 0 1 1 1 1 1 1 1 0 1

10 kHz 0 0 1 1 1 0 1 1 0 1 1 1 1 0 0

5 kHz 0 1 0 0 0 1 0 1 1 0 1 0 0 1 1

2 kHz 0 1 0 1 0 1 0 1 1 1 1 0 1 1 1

1 kHz 0 1 0 1 1 1 0 1 0 1 1 0 1 1 0

.5 kHz 0 1 1 0 O 0 O 1 1 0 1 0 0 0 1

.2 kHz 0 1 1 1 0 0 0 1 1 1 1 0 1 0 1

.1 kHz 0 1 1 1 1 0 O 1 0 1 1 0 1 0 0

50 Hz 1 0 0 0 O 1 1 0 1 0 0 1 0 1 1

0 Hz 1 1 1 1 1 0 O 0 0 1 0 0 1 0 0

TABLE 2-4
Input and Output Data for
FREQ SPAN Multiplexers, Bypassing U510 and U650
FREQ SPAN/DIV FREQ SPAN/DIV SWITCH U670 U665
TC TJ B TK TD

(FS5) (FS4) (FS3) (FS2) (FS1) B A SWP C B A

MAX 0 0 0 0 0 1 0 1A 0 1 1

.2 MHz 0 0 0 1 0 0 0 1B 0 0 0

.1 MHz 0 0 0 1 1 0 0 1B 0 0 1

50 kHz 0 0 1 0 0 0 0 1B 1 1 0

20 kHz 0 0 1 1 0 0 0 1B 1 0 0

10 kHz 0 0 1 1 1 0 0 1B 1 0 1

5 kHz 0 1 0 0 0 0 0 1B 0 1 0

2 kHz 0 1 0 1 0 1 1 #2 0 0 0

1 kHz 0 1 0 1 1 1 1 #2 0 0 1

.5 kHz 0 1 1 0 0 1 1 #2 1 1 0

.2 kHz 0 1 1 1 0 1 1 #2 1 0 0

.1 kHz 0 1 1 1 1 1 1 #2 1 0 1

50 Hz 1 0 0 0 0 1 1 #2 0 1 0

0O Hz 1 1 1 1 1 0 1 0 1 0 0
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Trigger Logic and Sweep Control <

Sweep and holdoff timing are controlled by IC
U580. This IC provides triggered, single sweep, and free
run operation. Trigger signals (+ Trigger In, -Trigger In,
and Line) from the mainframe, are processed through
U600 (which contains a comparator and gate) to the
trigger input (pin 4) of U580. The triggering mode (Int,
Line, and Free Run) is selected when the respective line
to the trigger logic circuit is pulled low by the output of
front panel latches. These latches are activated by front
panel momentary contact switches. Sweep mode
(Normal, Manual, or Single Sweep) is also set when their
respective lines are pulled low. Other inputs to this circuit
include; Zero Span logic line, which goes low only when
FREQUENCY SPAN/DIV is at the 0 Hz position, Sense
Bus, which clocks either at the 100 kHz or the 10 kHz
rate until the synthesizer completes its lock up, and | line,
which goes low when the dot frequency is changed so
that the frequency loops must relock to the new center
frequency.

is a timing diagram illustrating the
sequence of events that start with the sweep inhibit pulse
into pin 1 of U580. The sweep inhibit pulse terminates
the gate output. A holdoff pulse is asserted out of inverter
U565A to the input of U575B. The output of U575B is
inverted by U565E, and gated through U570A to maintain
sweep inhibit. Holdoff timing (pin 11, U580) is set by
circuitry on Diagram 6. At the time sweep inhibit is
generated, the output of US60A goes low to generate
Lock Pulse;—Since the Zero Span line at pin 5 of U560B
is held low for frequency domain displays, Lock Pulse is
gated through U560B to trigger one-shot multivibrator
U590B. The Q output of U590B now provides Trigger

Inhibit for sweep control IC U580. This output is also fed

back through U560A to maintain Lock Pulse.

When Lock Pulse is asserted, the Sense Bus
begins to clock pulses in (at 100 kHz or 10 kHz rate,
depending on the Span/Div setting) until the synthesizer
locks. This clock pulse keeps U590B in an unstable
state until the synthesizer locks up. The time constant
(R593 and C593) for U560B maintains this state for an
additional 50 ms. Trigger Inhibit is then terminated and
U580 is ready for a trigger. The sweep, however, is still
held off by Sweep Inhibit at pin 1.

Us565D and U565C use a common pull-up
resistor (R840F) so the output of either affects the other.
They operate as a NOR gate. Therefore, a low is
maintained at pin 4 of U560B when U590B is in its
triggered state.
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TRIGGERED LOGIC
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Fig. 2-3. Timing diagram of trigger logic events.

Trigger Inhibit and Lock Cycle are initiated either
when the center frequency changes or at the end of
sweep. When Lock Pulse and Trigger Inhibit terminate,
the positive-going edge of Lock Pulse triggers one-shot
multivibrator US90A. The output from U590A is inverted
(U565B) and applied to "NAND" gate U570A. Since
there is no negative Gate at this time, the resultant high
out of U570A maintains Sweep Inhibit (at pin 1 of U580)
to keep the sweep locked out. The duration of this period
is either 500 ms or 40 ms depending on the state of
Q591. 0591 is switched off to increase the time constant
when a high out of ROM U535B (Diagram 3) is applied to
the base. This occurs for the 10 Hz or 30 Hz resolution
selections. The Sweep Inhibit period is therefore
extended 500 ms or 50 ms (depending on the resolution)
before the sweep control IC U580 will accept another
trigger. This provides time for pulses that may be
generated in the variable resolution filters to decay.

Bright Baseline Automatic is initiated about 10 s
after end of sweep if no trigger arrives to trigger U580.
The IC switches to automatic or free run operation when
the Bright Baseline Timing input (pin 12, U580) charges
high after Lock Pulse terminates. Charge time is set by
R610 and C616.



Zero Span line goes high in 0 Hz span and
inhibits gate U560B and sets Lock Pulse low. One-shot
U590B is now triggered by line into pin 11 and the Q
output is gated through U560A to assert Lock Pulse and
inhibit Bright Baseline Automatic operation. Therefore, in
time domain mode (O span). a trigger signal or free run
triggering mode is required to trigger the IC. In this mode
there is no need to recharge the capacitors in the
synthesizer. The Ready line goes low at the end of
Holdoff. ~This is fed back through U575B, U570B,
US565E, and U570A to terminate Sweep Inhibit U580 is
now ready for a trigger. Again, when dot frequency is
changed, | is asserted to trigger both U590A and U590B.
The output pulse from U590B is the trigger inhibit signal
that delays sweep start for about 50 ms. The circuit does
not terminate sweep but inhibits the start of the next
sweep

Trigger logic consists of latches, a comparator,
and switching gates, that select, trigger source, and
trigger slope circuits. The trigger signals (+Trigger and -
Trigger) are ac coupled to one side of a comparator (one
section of U600) then gated through one of the two
"NAND" gates to the Trigger input of U580. Pushing the
front panel INT trigger source switch, pulls the nt line
low. This low, applied to gates U555A and US555D,
produces a high out that is fed to both inputs of gate
U555B and latches the output low. This low inhibits
"NAND" gate U600(D) so the output of comparator
U600(B) is not gated through. This allows a ’- or -Trigger
signal from the mainframe to be gated through UBOO(C)
to sweep control IC, U580.

When Line trigger is selected, the Line state
goes low and the high out of U555B and U555D latches
the output of US555A low. This inhibits the gate U600(C)
so only Line trigger is fed through the comparator
U600(B) and NAND gate U600(D) to U580

In Free Run mode, the low on Free Run line
inhibits both NAND gates of U600. The output of U595A
goes high to enable free run operation.

The LEVEL/SLOPE control selects both
triggering level and slope, for the sweep modes, and
functions as a manual sweep control for the MNL mode.
It functions as a level/slope control as follows: The range
of the control is O to +15 volts As the control is rotated
through its range a ramp of approximately 10 volts is
generated out of U605B. This ramp is offset (about -4
volts) by a voltage divider (R632, R636) so the voltage at
the input to UG05A, with the LEVEL control fully ccw, is
about -4 volts. The output of UG05A is about +15 V since
CR638 is back biased. The comparator becomes an
inverter when the input ramp (at pin 2) reaches 0 volts
When operating as a comparator the output is about +14
volts. When it becomes an inverter, the Output drops to
about 4 5 volts and ramps down to O volt as the input
voltage is increased. When U605A switches, the diode
CR638 is forward biased and closes the feedback loop
through R634 to the input.
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The circuit is now a gain of one amplifier and CR630 is
back-biased so the dc (reference) level to the +Trigger In
line (pin 2 of U600) ramps down with the output level of
UG605A. The voltage ramps up at the junction of CR630,
R624, CR623 from 0.6 to about 5.6 volts, then back to
0.6 volt as the LEVEL control is rotated, with 5.6 volts
representing the center position of the control. A voltage
divider (R638, R640) offsets the output ramp of U605A
so the Slope input (pin 5) of U580 switches the IC trigger
slope from + to - when the output of U605A switches
from +14 volts to +5 volts. When U580 is triggering on
the negative slope, the reference voltage to the
comparator U600A (pin 2) ramps positive as the LEVEL
control is rotated from a full ccw position to its mid point.
The triggering then switches to +slope and the reference
voltage ramps toward O volt as the LEVEL control is
rotated clockwise.

When selected, the Mnl line is pulled low to latch
the output of NOR gate U595A high. The sweep control
IC now free runs and the charge on the memory
capacitors for the synthesizer is maintained. The sweep
for the horizontal deflection circuit, as previously
described, is now the output from U605B. This output
varies as the LEVEL/SLOPE-MNL SWP control is
rotated.

Pressing the front panel SGL SWP button
activates N9 w line and the outputs of U550A and
U550B switch high. This high, fed back to the inputs (pins
9 and 11) of U550C, latch the output of this gate and pin
6 of U580 low. If the sweep is running, when SGL SWP
mode is set, the sweep will finish its run up and stop. If
the SGL SWP button is again pushed, a positive pulse is
produced at the Single Sweep input of U580, and resets
or arms the internal trigger circuit. The sweep will now
run when U580 is triggered. This positive reset pulse is
generated when the junction of R845G and R622 are
pulled low by the momentary contact of the front panel
SGL SWP pushbutton. The low is coupled through C622
to one input of the gate US50C. The outputs of the latch
and the Single Sweep input of U580 pulses high and
arms the trigger circuit within the IC.

If the sweep is running because of single sweep
operation and the SGL SWP button is pushed, the sweep
is terminated at that point. The trigger circuit is reset.
This is produced when the positive pulse out of U550C is
coupled through R629 and C629 to pin 5 of U575B. The
output of U575B then asserts Sweep Inhibit and Lock
Pulse cycle.

Returning to the single sweep latch U550C and
its low output state when SGL SWP has been selected;
the low on Ready line (from U580) enables NAND gate
U570C and the output of inverter U570D lights the front
panel READY indicator. The high output of U570C also
turns U585E on to supply current to the mainframe
interface connector A10. Remote SGL SWP Reset Is
provided through the Interface connection B15.



_____ Normal trigger mode is asserted by pulling the
Norm line low. This latches the output of US50A low and
the output of U550C and U550B switch high to cancel
free run or single sweep operation. The low output of
U550A is fed back on the Norm line to light the front
panel indicator. Sweep lockout (from the mainframe) is
fed in on pin B8. When this line is high, the sweep control
IC is locked out This occurs during dual time-base
operation or when the Reset button (for a variable
persistence storage oscilloscope) is pushed. When the
Reset button is pushed, it retraces the sweep.

The upper right corner of Diagram 5 contains
blanking and sweep gating functions. Sweep Gate
output from emitter follower Q585B provides alternate
time-base trigger and unblanks A sweep for the
mainframe. Q570 is turned off when digital storage is
used. Unblanking from the storage circuitry is applied
through U585D to U585B. During non-store operation,
transistor Q575 couples the blanking and unblanking
gates (out of U560C) to the Z_axis logic circuit. In store
mode, the active state of Store line pulls the base of both
Q575 and Q520 low and turns both transistors off. The
Valid line provides vertical line validity information to the
digital storage circuitry.

In the lower left corner of the diagram is power
on circuit that sets the trigger latches, digital storage
latches, and input buffer, when power is turned on.
During the period C621 is charging to -15 volts, Q621 is
on to pull Free Run and Norm, lines low. This gates the
output of US55C high and the resultant RPRP (power up)
line sets the digital storage latches (for Display A, Display
B, not Max hold or Save A) the tuning to coarse, and
switches the Input Buffer off.

Frequency Span and Readout

This circuit provides row and column current for
the frequency span and time/division readout that
appears in the lower right section of the crt screen. Data
from the FREQUENCY SPAN and Tl ME/DIV photo-optic
selectors, plus logic data from Zero Span and MNL swp,
is fed to ROM U800. The output of the ROM is column
current for the Freq Span (kHz) or Time/Div (s, ms, us)
readout. U790 selects its input data from the
FREQUENCY SPAN/DIV switch for all span positions.
When it is set to 0 Hz, the data comes from the
TIME/DIV selector. The control line for this device is the
B input (pin 4). When this line is low, the X inputs are
gated through and when the line is high (Zero Span line
high) the device gates the Y inputs through. The output
at Zz is Yz or Xs.

The BCD data out of U790 is decoded by U795.
Its output drives the W (word) inputs to U800. The ROM
(U8B00) provides column current for the lower right of the
mainframe readout character matrix. Row current for the
respective time slot (TS) comes from a resistor
matrix(R814, R818, R820, R822). A ROM in U830
(Diagram 8)supplies the column current for the dot
frequency readout.
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Tune Reference +.N Loops @ @

The A and B oscillators are frequency swept
during trace time and locked to a center frequency during
retrace time. The lock frequency depends on the setting
of the front panel DOT FREQUENCY control. This
number, times the reference frequency, sets the
oscillator frequency for the loop.

Referring to the A oscillator (11.1 to 16 MHz)
tune reference loop, (Diagram 8) the following events
occur during a lock operation: A digital number "N" is
loaded into the counter (U160, U165). The oscillator
frequency is counted down from this digital number in
increments of 100 kHz (LSB). The output of the counter
is then compared by the phase-detector (U175A, U175B)
against a 100 kHz reference. Any differential in phase or
frequency, generates an error voltage. This error is
gated through U180 if Clock Pulse and CW are low. The
error voltage charges an integrator and memory
capacitor (C180) and is applied through a summing
amplifier (U185) to the oscillator to pull it into a lock state.
For example: If the value of "N" is 12.4 MHz, the BCD
counter counts down from 400 kHz then borrows from
the binary counter and cycles back through its full count
of 1000 kHz until the binary counter has counted down
from 12.0 MHz to 0. An output pulse from the binary
counter occurs after the 12.4 MHz count-down is fed
back to reset the counters. This process repeats until
lock pulse goes away.

The operation of the Tune Reference (B + N)
loop for the B (16 to 12 MHz) oscillator, is similar to the A
+ N loop except its input frequency is N X 10 kHz. The
10 kHz frequency increments are counted down by a +
40 counter (U205, U210, U215) so the 1st LO loop shifts
in 250 Hz steps. The output memory voltage of this
integrator also feeds through a summing amplifier, to
ramp or smooth the abrupt 100 kHz steps from the N X
100 kHz loop, before it is applied to the sweep shaper for
the B oscillator.

The logic gate for the phase lock loop functions
as a switch that gates the error signal, from the phase
detector, to the integrator or memory. Controlling signal
levels for the logic gate are Lock Pulse and CW line. A
cw decoder (U650 on Diagram 6) selects which line
(CW-, CW2) of the two gates is activated (pulled low).
The Lock Pulse line is a common bus to both gates, from
the sweep circuit (Diagram 5) which is pulled low during
retrace time.

When Lock Pulse is asserted, the error signal
from the phase detector is gated through the CW
selected gate to charge the integrator and feed a voltage
back, through summing amplifiers, to the oscillator. As
the oscillator pulls toward the programmed center
frequency and phase lock condition, a lock sense (Sense
Bus) signal is sent tot he sweep circuit to signify that the
oscillator is in a lock mode. The circuit is now ready to
sweep the oscillator through this center frequency.




During sweep time, Lock Pulse goes high to
disconnect the intergrator from the phase detector. The
oscillator sweeps through the center frequency voltage,
stored in memory, and the display chops between the
sweep and the center frequency dot reference. This dot
represents the programmed center frequency that was
set into the - N loops and the frequency readout on the
crt. Since the dot is in center screen or sweep start and
the oscillators are swept through the center frequency,
any signal under the displayed dot is at center frequency
and the dot frequency is read out on the crt display.

In MAX span, the sweep center (about 2.5 MHz)
is established by an analog voltage. The position of the
frequency dot depends on the center frequency memory
voltage, therefore, as the DOT FREQUENCY is tuned,
the memory voltage changes and the dot moves across
the display Accuracy of the dot remains constant.

Referring back to Diagram 8 (Tune Reference A
+N); if A oscillator is phase locked, the output of the -N
counters clocks the JK flip-flop U175A at precisely the
same time that the JK flip-flop U175B is clocked by the
100 kHz reference. The output of the comparator is
gated through U180 when Lock Pulse or CW is asserted.
Output pins 11 and 13 are connected across two diodes
in CR178 which connect to memory capacitor C180.
U180 disconnects input pins 4 and 6 from output pins 3
and 5 unless either CW or Lock Pulse is asserted.
Output pins 11 and 13 are disconnected from input pins
12and9 unless pin 15is low. When lock condition exists,
the simultaneous output from the comparator is gated
through to turn both diodes on together and no change
occurs to the charge on C180. If the DOT FREQUENCY
is changed, the counter output is not synchronized with
the 100 kHz reference and the output of one flip-flop
preceeds the other so the charge on the memory
capacitor is changed as a function of the time (phase)
shift of the two outputs. This change is applied through
U185 to the A oscillator circuit as a correction voltage to
pull the frequency into a lock mode.

When CW 1 line is high, both sampling gates in
U180 are open, ignoring the state of Lock Pulse. At this
time, however, CW 2 for the B + N Tune Reference
(Diagram 10) is low, so the 10 kHz Sense Bus line is
turned on.

When the sampling gates are open, both diodes
of CR178 are back-biased. The memory capacitor C180
must maintain its charge for at least 100 seconds so it is
important that the capacitor and components around it
have a very low leakage. C180 has a resistance of about
5 X 1012 ohms. The sampling diodes are selected for a
leakage less than 1 pA and the differential amplifier U185
has a leakage of about 0.1 pA. The common point of the
diodes is an isolation point.
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It is IMPORTANT that this point be kept clean
(fingerprints or any dirt may contribute to leakage).
Leakage from all sources must be kept low (= <2 pA). If
U185 should become reverse biased, the junction may
break down and introduce leakage. The instrument will
appear to work correctly except in the storage mode.

NAND gates U170A and U170B ensure that the
JK flip- flops, U175A and U175B, and the counters are
not preset until the input oscillator frequency has
completed 1/2 cycle.

A 17 bit counter U830 is clocked by the XY
output from the DOT FREQUENCY switch. As the front
panel knob is rotated, the output sequences through the
digital table shown within the control symbol. The count,
up or down, is determined by an exclusive OR gate in
U830. The counter in U830, can be loaded some "N"
number (N serial in) however, when instrument power
comes up, a warmup circuit (Diagram 5) pulls this line
and Load low. This presets the counter to 0 and the "N"
output to 0. TS1 (pin 21) resets the shift register and is
also the Serial Clock input. The sum of the time slots (1
through 7) select the appropriate column current. T (pin
5) is asserted when DOT FREQUENCY is changed and
is applied to the trigger circuit.

The B + N Tune Reference circuit (Diagram 9) is
basically the same as the A + N circuit. These counters
count up. A BCD-to-binary decoder, (U195), is used for
the counter U210. The 100 kHz reference is divided
down to 10 kHz to provide the 10 kHz clock for U194A.

A and B Oscillator and Control @

This circuit contains the secondary (A and B)
oscillators, the +40 counter for the B + N loop, and the
shapers for the oscillator sweep voltage. An exponential
sweep from the shapers is applied to Varactor diodes
CR172 and CR262 to linearize the oscillator frequency
output. Shorting straps P122, P124, or P262, P260, are
added or .removed to compensate for characteristic
differences in the Varactor diodes and the inductors. The
output sinewave from the oscillators is amplified and
squared by two IC line receivers (U145, U260).



The A output of U260 is divided down by 40
through counters U270, U265A, and U265B. Their
output is fed to the 1st LO lock circuit. The B output
clocks the B + N circuit. The output of U145 drives the
A-N and the 1st LO lock circuit.

The negative-going sweep voltage, from the Freq
Span Attenuator, 'is on line 1A for Max Span, line 1B for
5 kHz/Div to 200 kHz/Div, and #2 swp for 2 kHz/Div to 50
Hz/Div spans. Sweep for the A oscillator (Max Span to 5
kHz/Div) is summed with A memory voltage at the input
to operational amplifier U335. The output waveform is a
positive-going ramp that drives the shaper circuit (U345
and U340). Its output waveform is shaped to produce a
linear frequency shift out of the oscillator. Sweep for the
B oscillator (2 kHz/Div to 50 Hz/Div) is inverted by U305A
then summed with the B memory voltage at the input of
summing amplifier U310. U310 and U325 shape the
sweep voltage to drive the B oscillator.

The -11 volt Adjust (R365) sets the output of the
operational amplifier to about 4.22 volts. This is Vcc for
the two shaper IC's U325, U340. R365 also sets the
current output of emitter follower 0365 which supplies the
charge current for the shapers. The A Gain and B Gain
adjustments (R345, R325) set the sweep amplitude and
the frequency span of the oscillators.

1st LO/1st LO Lock 10)

The 1st LO frequency is mixed with the A
oscillator frequency in a double-balanced mixer (U225).
The output is then fed through a 1 MHz low-pass filter (to
remove the fundamental frequencies and upper
sidebands) to a phase/frequency detector. The
phase/frequency detector U230A, charge pump U230B,
and operational amplifier 0230, U230C, comprise the
phase comparator that is described in the block diagram
description. Any difference in frequency between the A
oscillator and the 1st LO is compared with the 40th sub-
harmonic of the B oscillator in U230A and U230B and
any phase lock error voltage is applied through amplifiers
U230A, U230C to the 1st LO to correct its
phase/frequency shift.

The oscillator (U2050) frequency is a function of
voltage to Varicap diode CR2032. This voltage is the
summation of; the phase lock error voltage, the pre-tune
or main oscillator tune voltage (A oscillator plus 1/40th B
oscillator frequency), and an offset voltage plus
temperature compensation. The main oscillator tune
voltage ramp (at pin WA) is added to an offset voltage
out of U2030B at the +input of U2030A. The amount of
offset is set by R2015 and the voltage
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across temperature compensating diodes CR2027 and
CR2033. This voltage sets the center of the tune ramp
voltage to the 1st LO. Sweep Gain adjustment R2025
adjusts the slope of the tune ramp voltage.

The oscillator output frequency is transformer-
coupled through T2048 to push-pull amplifier 02060 and
Q2065. The amplifier drives T2060 to provide single-
ended output for the plug-in module and the feedback
through P2060 to the mixer U225. Voltage regulator
U2035 provides 5.1 V to the oscillator and the reference
voltage for operational amplifier U2030B.

Reference Level, Readout, and Timeslot @ and @

Reference level, dynamic range, display mode,
and crt readout of the amplitude characteristics are
controlled by TEKTRONIX IC U2235. The REFERENCE
LEVEL control outputs a two bit word to the control IC.
The IC outputs a decoded word to a ROM which
programs the signal attenuation through the plug-in
module and establishes the gain for the IF video and
amplifier stages in the 7L5. Front panel pushbuttons
activate the vertical control IC U2235 and changes the
output address data to the gain ROM U2265 to establish
display mode and dynamic range. Column current, for
the reference level readout, is supplied by the IC U2235.

The row and column current circuitry for the top
left and bottom left crt readout is shown in Diagram 12.

The two bit word output of the REFERENCE
LEVEL control drives the X,Y inputs to U2235. The IC
decodes the direction and quantitization information from
the word input and the decoded word drives the up/down
counter that outputs an 8-bit BCD word to the ROM,
U2265. The counter output is summed in an adder which
drives a readout ROM to provide column current data for
the readout circuit.

Offset current from the plug-in module, offsets
the dBm/dBV readout to correlate with the plug-in module
input impedance. The offset bit comes into offset pins as
indicated at the top of the IC block symbol. The
dBm/dBV switch, in the plug-in module, asserts a low for
dBV and enables the gate U2225D. The output of the
NOR gate drives pin 5 of U2235, plus two lines (one
through inverter U2225A) for the plug-in module which
establishes the offset data for the vertical control IC
U2235.



The state of the 10 dB/2 dB line is set by the
REFERENCE LEVEL control. When pulled out, the line
goes high and selects 10 dB steps; pushed in, the line
goes low and selects either 2 dB or 1 dB steps
depending on the state of the line into pin 16 of U2235.
The line to pin 16 is hard-wired in the plug-in module for
one state or the other.

An oscillator (U2230A, U2230B) provides a 500
z clock to synchronize the switching information into the
X,Y inputs.

When Lin mode is selected, a low is asserted at
pin 9 of gate U2230C. The gate is synchronized to the
500 Hz oscillator by the flip-flop U2230C and D. When
the output is high, the reference level is offset so the
readout provides a scale factor in V/Div.

When power is applied, the initial reference level
is +17 dBm for 50 O plug-in modules. Q2310 ensures
that the -15 V supply for the IC is delayed by the charge
time for C2310, until the +5 V supply comes on.

The BCD output of U2235 is an 8-bit word. The
1 bit drives the 1 dB line and asserts 1 dB of gain change
in the IF when low. Bits 2 through 80 drive the ROM
U2265, which controls the gain and attenuation in the IF
and plug- in module. The cross-over point of the
reference level (point with no attenuation or gain data out
of the ROM) is -30 dBm. Below this point, gain cells are
added and above -30 dBm, attenuation is inserted in the
signal path. Near the cross-over point, combinations of
gain and attenuation are programmed (i.e., -31 dBm
would require 4 dB attenuation and 3 dB of gain).

The -30 dBm reference level has a BCD value of
108 (80, 20, and 8) out of U2235. The LSD (least
significant digit) of the word (A, of U2265) generates a
value of 1, the next 2, 4, etc; to the MSD (most significant
digit) of the word (A,) which is 128. Therefore; -30 dBm
generates 84 (64 for A7, 16 for A,, 4 for A3). This input
address of 84 produces a binary output word, from the
ROM, of 11111011 (see B4 output is
inverted by U2245C to assert a low into the upper three
NOR gates in U2250, inverted again through U2245D to
assert a high into the lower three NOR gates in U2250.
The upper gates of U2270 drive the gain cell lines, the
lower gates the attenuators in the plug-in module. The 4,
16 and 32 dB lines are never used for gain and
attenuation at the same time.
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B; and B, drive the X10 and X100 gain lines for
the Log/Lin amplifier. Therefore, with the -30 dBm binary
word, no gain cells or attenuators are enabled. The
highest sensitivity for Log 2 dB mode, using the 50 Q
plug-in module, is -128 dBm. This is 98 dB below the
crossover point so the BCD output from U2235 is 10
dBm (108 to 198) thus only A4, into the ROM, is high or a
1. The output address from the ROM is therefore
00101000 (see [Fable 2- §) so the attenuator gates
(U2250) are inhibited and the gain gates are enabled.
This provides 16 dB plus 16 dB plus 4 dB (36 dB total) of
gain. The low state of B; and, (U2265) provide an
additional 60 dB of gain. This, with the -30 dBm,
provides a reference level of -126 dBm. When the 2 and
10 bits are different, the bonding option output goes high.
This produces an additional 2 dB of gain and -128 dBm
reference level.

When the counter tries to step beyond the
reference level range the input to Inhibit goes high. This
forces a count up to the reference level limit. For
example: The BCD for -129 dBm is one less than -128
dBm, so Ag (8 bit) and A; (1 bit) are high. This address
of 4 into the ROM generates an address of 11110100 at
the output. The B4 low state inverted by U2245C,
inverted again by U2245D, asserts a low into NOR gate
U2320C. The other input to the gate (from Log 10 dB
switch) is high for the 2 dB/Div mode. U2320C is an
open collector IC with its pull-up resistor connected to the
output of U2225C. The output of U2225C will be high
when either input is low, depending on the B. and B2
state of U2265. The output high from the gates therefore
invalidates the reference level and the counter returns to
a count that provides -128 dBm reference level. The
most sensitive position for the Log 10 dB/Div mode does
not use the X10 or X100 lines; however, -71 dBm causes
the B. output to go high which asserts inhibit. When
switching from 2 dB/Div to 10 dB/Div, with a reference
level below -71 dBm, inhibit is asserted until the counter
counts up to a reference level of -70 dBm then both B;
and B, go high to terminate inhibit. At the positive dBm
end (+21 dBm) the counter for U2235 stops at 21 dBm.

When the Input Buffer is asserted, the input
address to the ROM (Ag of U2265) is increased by a
factor of 128. The output address increases so that B6
goes low and 8 dB attenuation is asserted. The Input
Buffer line also asserts a high (through the IF Mother
board pin 21 of P1010) to one of the filter amplifiers and
increases gain 8 dB.
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TABLE 2-5

Vertical Control ROM U2265 Program
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0-4
5-7
8-9
10-11
12
13--15
16
17--18
19

20
21--23
24--27
28
29--31
32
33--34
35

38
37--39
40--41
42--43
44
45--47
48
49--50
51

52
53-55
56--57
58--59
60
61--63
64
65-66
67--68
69--71
72-73
74-75
76
77--79
80
81--82
83--84
85--86

11110100
11110010
00101000
00111000
10101100
11110010
10101100
10111100
10101000
00111101
11110010
00101001
10101101
11110010
10101101
10111101
10101001
00111110
11110010
00101010
00111010
10101110
11110010
10101110
10111110
10101010
00111111
11110010
00101011
00111011
10101111
11110010
10101111
10111111
10101011
11110010
10111011
11101111
11111111
11110010
11111111
11101011
11111011
11110010

87
88-89
90-91
92
93--95
96
97--98
99--100
101--103
104-105
106--107
108
109--111
112--114
115--116
117--119
120-121
122--123
124
125--127
128--131
132
133-135
128--137
138-139
140
141--143
144
145--146
147

148
149--151
152-153
154-155
156
157--159
160
161-162
163

164
165--167
168--169
170--171

11110010
11100011
11010011
11000011
11110010
11000011
10110011
10100011
11110010
10010011
10000011
01110011
11110010
01100011
01010011
11110010
01000011
00110011
00100011
00000011
11010100
11110100
11110010
00001000
00011000
10001100
11110010
10001100
10011100
10001000
00011101
11110010
00001001
00011001
10001101
11110010
10001101
10011101
10001001
00011110
11110010
00001010
00011010

172
173-175
176
177-178
179

180
181--183
184--185
186--187
188
189--191
192
193--194
195-196
197--199
200--201
202--203
204
205--206
207

208
209--210
211--212
213--215
216--217
218--219
220
221--223
224
225-226
227--228
229--231
232--233
234--235
236
237--239
240
241--242
243--244
245--247
248--249
250--251
252--255

10001110
11110010
10001110
10011110
10001010
00011111
11110010
00001011
00011011
10001111
11110010
10001111
10011111
10001011
11110010
10011011
11001111
11011111
11110010
11110010
11011111
11001011
11011011
11110010
11000011
10110011
10100011
11110010
10100011
10010011
10000011
11110010
01110011
01100011
01010011
11110010
01010011
01000011
00110011
11110010
00100011
00010011
00000011
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Readout and Timeslot Decode: @

This circuit pertains to the row and column
current for the top and bottom left section of crt readouts.
The top left reads reference level in dBm, dBV, or V/Div
for Lin mode. If appropriate, reference level readout is
preceded by a - sign for dBm or dBV readout. This may
be preceded by a < or > symbol when the reference level
is variable or not calibrated. The bottom left section
reads resolution bandwidth in Hz or kHz, preceded by
either 10 dB/ or 2 dB/ depending on the display mode.
Row (2) and Column Data (2) currents drive the bottom
left readout and Row (1) and Column Data (1) currents
drive the top left readout.

Row (1) current for TS 10, 9, 8, 7, 3, 2, 1; row
current (2) for TS 10, 9, 5, 4, 3; and Column Data (2)
current for TS 10, 6, are set by the resistor matrix in
R3000. Row (1) is asserted at pins 5 and 11, Row (2) at
pin 13, and Column Data (2) current at pin 10. Column
Data (1) current source, for all but TS 1 and 2, is the
vertical control IC U2235 (Reference Level diagram). TS
3 column current source is pin 2 of U2235, with a dc
offset set by 6.2 V Zener VR2292. TS 4-10 column
current source is pin 3 of U2235 offset by VR2294.
Table 2-6 shows row current and the characters
generated with different column currents for all the time
slots.

TM 11-6625-2759-1.4&P

The Column Data (1) current for TS 2 writes
either a < or > symbol. The current for this readout
symbol is controlled by two FET's (02345, Q2350).
When the Variable control is out of its CAL detent the Var
line is high. Q2350 is biased off so column current
(through R2352) generates a < symbol (voltage to R2352
is offset by CR2356 so resistor value is less than 75 k for
200 pA current). When Uncal is asserted, 02345 is
biased on and supplies current through R2342 to TS 2 to
generate the> symbol. If the VAR control is out of the
CAL detent and Uncal is asserted, the current is greater
than 1 mA. Current greater than 1 mA generates >
symbol.

The bottom left section of the crt is a function of
Row (2) Column Data (2) currents. Resistor matrix in
R3000, in combination with the currents generated by the
state of BW 1, BW 2, and BW 3 lines, set the currents for
TS 10, 9, 8, 7, 6 (resolution). Time slots 1-5 Column
Data (2) current is a function of the display mode lines to
Q2320, Q2330.

If the resolution bandwidth selection is 3 kHz,
BW 1 and BW 3 lines are high (1) and BW 2 line is low
(0). This biases Q2370, Q2365, and Q2355 off so row
current set by R2366, and column current set by R2364,
generate K for TS 8. Two units of column current are
added (by R2360) to two units from R3000 to TS 6 to
generate 3. Since Q2360 is on, TS 7 is a skip; therefore,
3 kHz would appear in the readout.

TABLE 26
Row Current and Characters
(for Reference Level, Display Mode, and Resolution Bandwidth)

TOP LEFT BOTTOM LEFT
TS Column (1) Row (1) Character Column (2) Row (2) Character
1 *400 pA No Symbol 200 pA/NC NC 1/SKP
2 | 200pA/1 mA 100 pA </>ISKP NC NC 2/0
3 | 600 pA/NC 100 pA -/SKP NC 400 pA d/SKP
4 0--9 NC 400 pA B/SKP
5 0--9 NC 100 pA lor SKP
200 pA/
6 0—9 NC/ 1/3
400pA
7 | 600 pA/NC 400 pA d/SKP NC NC 0/SKP
100 pA/
8 | 700 pA/NC 400 pA B/SKP NC/300 pA O/K
600 pA
100 pA/200 A
9 300 pA M/w/n/SKP 500 pA 400 pA H
300 pA/NC
10| 200 pA/NC 400 pA V/ISKP 400 pA 500 pA z

*In TS1 Row (1) current Is switched depending on LIN or LOG readout.
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Column current for TS 1-5 is a function of the
resistor matrix consisting of R2320, R2322, R2324,
R2330, and FET Q2320; or, R2332, R2334, R2336,
R2338, R2348, and FET Q2330. Q2330 or Q2320 are
switched on when Log 10 or Log 2 state is asserted.

When Log 2 display mode is selected, U2320D
latches U2320A output low. This low turns 02320 on.
The outputs of U2320D and U2320B latch high so Q2320
is switched off. This generates 2 dB/ for TS 2-5. When
Log 10 display mode is selected, TS 1 and 2 change to
generate 10 for 10 dB/ readout.

When Lin mode is selected, 02325 is switched
on to provide additional Row (1) current to change the
reference level readout to V/Div scale factor.

IF Processing Chain @through

As previously described in the block description,
the "L" plug-in modules provide various input impedance
selections such as; 50 Q, 75 Q, 600 Q, and 1 MQ. They
contain relay actuated attenuators (4, 8, 16, 32 dB), a
low- pass filter, some contain an amplifier (e.g., L3) and
the 1st mixer. The output from the mixer is 10.7 MHz IF.

Referring to Ref Cal/ 10.7 MHz IF/ 2nd Mixer 2nd
LO, Diagram 13, the 10.7 MHz IF from the plug-in
module is applied through an input filter (A1000A2), and
a 30 kHz bandpass filter (FL 1300) to an IF amplifier
01305 and 01325. The input filter is a matching network
between the plug-in module mixer and the 30 kHz crystal
filter. The crystal filter (FL 1300) has an insertion loss of
about 3 dB and the amplifier a gain of 21 dB. The 2nd
mixer input level, for full screen deflection, with no IF gain
steps on, is about -20 dBm.

The mixer, a double-balanced type, combines
the 10.7 MHz IF and 10.450 MHz from the 2nd LO for a
250 kHz IF. C1600 and C1604 are in parallel with the
secondary and primary of T1600, T1602. Both capactors
affect filter tuning and are adjusted for flat (30 kHz)
bandpass characteristics. The mixer diodes are
matched. The low-pass filter, between the mixer output
and the 250 kHz IF amplifier, terminates the output of the
mixer so only the difference frequency of 250 kHz is
transmitted to the 2nd IF amplifier.
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The 2nd LO (U1500A) is a 10.450 MHz crystal-
controlled oscillator, phase-locked to the 10 MHz master
oscillator. The output of the 10.450 MHz oscillator drives
a push-pull amplifier (01500, 01505) and the D input
(through U1500B) of a flip-flop U1510B. The flip-flop is
triggered by a 500 kHz clock signal which is derived from
the 10 MHz master oscillator. The 10 MHz is counted
down to 500 kHz and 100 kHz by U395. 10.500 MHz is
the 21st harmonic of 500 kHz so when the 2nd LO is
phase-locked, the output of U1510B will be 50 kHz. The
100 kHz is divided down to 50 kHz by U1510A and then
the two 50 kHz signals out of U1510A and U1510B are
applied to a phase detector U1535. Any error in phase or
frequency produces a voltage out of U1535 which
changes the capacitance of Varactor diode CR1504 and
pulls the 2nd LO frequency into a locked mode with the
master oscillator.

Because pin 14 of the phase detector U1535 is
the input to an internal amplifier in the IC, an external
amplifier Q1530 is used to raise the 50 kHz reference
signal out of U1510A to a comparable level for the phase
detector within U1535.

The 500 kHz calibrator output level is
automatically adjusted so it is a 10 mVor -40 dBV signal
source for the different input impedance selections of the
plug-in module. This 10 mV is not the peak-to-peak
value of the square wave output signal from the counter
U395, but 10 mV as indicated by the spectrum analyzer.
The peak- to-peak value would be 2.2 X 10 mV or 22.2
mV. The output voltage of the calibrator is a function of
Q395 collector current through R394. This current, in
turn, is a function of the voltage across R395. When the
500 kHz square-wave signal out of counter U395 is high,
CR390 opens and the emitter current for Q395 is the
current through R390. When the 500 kHz square-wave
is low, CR390 turns on and diverts some of the current
through R396. The amount diverted is proportional to the
voltage across R396.

The output voltage of U750 sets the current
through R396. For high impedance (1 MQ) plug-in
modules, pin P of J530 is open and the output of the
amplifier is set by the Hi Z adjustment (R892) to about -
4.65 volts. When a low impedance unit Is used, pin P of
J530 is either grounded (50Q) or very close to ground
(75Q has 2.05Q). The amplifier gain raises the output
voltage to about -9 volts and the current through R396
increases to maintain a constant 10 mV output across
R394 and the low impedance (50Q) load.



The 50 n Input Cal Level adjustment Rs95,
calibrates the output level for a 50Q load. It is used to
compensate for differences between the emitter-base
Junction of 0395 and the diode Junction for CR390.

The IF for the 2nd mixer is applied through a
Balum transformer T1400, to the 250 kHz IF amplifier
(Diagram 14). Signal ground for the amplifier (denoted
by the special ground symbol) is isolated from chassis
ground to reduce ground loops. The 250 kHz IF amplifier
consists of four stages that provide 46 dB of gain steps
plus at least 8 dB of variable gain. If the reference level
is set to -29 dBm the output from this amplifier, for full
screen deflection, is approximately 200 mV peak-to-
peak, unless the INPUT BUFFER is on.

The 1st stage is a non-inverting operational
amplifier (U1400C) with the feedback resistance a
function of a photo-resistor IC, U1435. The resistance of
U1435 is controlled by current drive from Q1420, which is
con- trolled by the output level of a differential amplifier
U1415. The negative input to U1415 is connected
through a switch (U1410C) to either pin 12 or 13,
depending on the state of the 1 dB line into pin 11.
When pin 11 is high, the switch connects pin 13 to 14
and the drive to the negative Input of U1415 is a function
of the VARIable (Reference Level) control. When pin 11
is pulled low by the 1 dB line the switch connects pin 12
to 14 and the gain of the stage increases a calibrated 1
dB. ltis still a function of the VARiable control.

Reference level for the differential amplifier IS
set by the plug-In module front panel AMPL CAL
adjustment. The center arm of the VAR potentiometer
(R45) connects to 045. When the front panel disable Is
asserted, this line goes to ground which is the same as
turning the VAR control fully ccw to the ground end. It
also removes the > symbol that prefixes the Reference
Level readout. Pin DN connects through interface
boards to the plug-in module for additional gain
compensation, if required in future plug-in modules.

The dc output voltage U1400C is connected to
the +input of the differential amplifier U1415 to control the
gain set by U1435 for the stage.

Gain Offset from the plug-in module is a dc level
shift that changes the reference level scale factor from
dBm to dBV or vice versa.
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The 2nd stage consists of U14008 and the
feedback loop through U1410A. A low state on pin 10 of
U1410A connects pin 2 to 15 so the gain of the stage Is
unity. Switching pin 10 to a high increases the gain of the
stage to 16 dB.

The 3rd stage consists of U1400D and the
feedback loop-through multiplexer U1450. The input
data to A,B,C | of the multiplexer selects resistance
combinations in R1455 to provide gain steps of 2 dB to
14 dB. For example; if input to pin A goes high, then pin
14 connects to pin 3. Ry for the operational amplifier is
1.007 k, R; is 3.859 k for a gain of 2 dB. If A and B go
high, pin 2 is connected to pin 3 and the gain is 12 dB.

The 4th stage consists of U1400A and the
feedback loop through U1410B. Gain of this stage is
either unity (pin 9 of U1410B low) or 16 dB (pin 9 high).
If the Reference Level is set for -29 dBm, the output from
this amplifier for full screen deflection is approximately
200 mV peak-to- peak when the INPUT BUFFER is not
on.

Variable Resolution @

The variable resolution circuit consists of four
amplifier stages, each containing a crystal filter with
variable bandwidth from 10 Hz to 3 kHz. Automatic
bandwidth variation, as a function of span, is a feature of
each stage. Gain compensation maintains a constant
output level as the bandwidth changes. The signal level
at TP1800 is about 2 V peak-to-peak for full screen
display in 10 dB/div mode.

The Ist stage consists of an operational amplifier
driving the Input of a crystal filter. Gain Is about 14 dB.
T1860 provides about a 4:1 current gain to drive the
crystal in narrow bandwidth mode. Resonant frequency
of the circuit is 250 kHz. Adjustment C1666, in series
with the crystal, sets the resonant frequency of the
crystal. Adjustment C1660 neutralizes the effects of
crystal parallel capacitance and is adjusted for response
symmetry at 20 dB down.

A parallel resonant circuit, at the output of the
crystal, consisting of L1680, C1660, plus stray circuit
capacitance to ground, is tuned to a center frequency of
250 kHz. The Q of the circuit determines the 3 kHz
bandwidth response. R1680 sets circuit Q. It is adjusted
so the bandwidth of this stage (at 1.2 dB down) is about 3
kHz when the resolution bandwidth is set for maximum.
The output load for the



crystal and consequently the bandwidth of the filter is
determined by the shunt load of the photo-resistor-LED
IC U1690 in series with gain adjustment R1685 The
resistance of this photo-resistor determines the actual
operating bandwidth of the stage. Resistance varies
from about 200 k at maximum bandwidth to about 250 0
for minimum bandwidth. The resistance of the photo-
resistor is a function of the current through its LED, which
in turn is set by the front panel RESOLUTION control or
the automatic resolution circuit.

As the resolution bandwidth decreases, the load
on the crystal filter decreases the output voltage by an
amount that is proportional to the current through Q1690
and R1685. This generates a compensating current out
of Q1680 that is summed with the output current of
Q1670 to maintain a constant input drive current for the
second operational amplifier stage Q1710, Q1720 Gain
from the 1st to the 2nd stage is determined by the ratio of
R1728 to R1674, so the drive level to the next crystal is a
2 V peak-to- peak signal for full screen deflection in the
10 dB/Div mode.

As previously stated, the bandwidth is controlled

by changing the current through the LED’s for the photo-
resistor IC's. The resistor part of the IC forms one leg of
a bridge circuit. The LED is driven by the output from an
operational amplifier across the leg of the bridge (see
[Fig. 2-4). Q1690 is the voltage source for the bridge.
The multiplexer, U1700, selects the resistance for the
one leg in accordance to the input binary code from the
front panel RESOLUTION switch. Any unbalance across
the bridge produces an output from U1680 to increase or
decrease the current through the LED. This, in turn,
changes the resistance in the IC and balances the
bridge.

The multiplexer U1700 selects resistance values
for bandwidths from 10 Hz through 1 kHz. When 3 kHz
is selected the current through the LED is shut off, the
bandwidth is determined by the resistance of R1680 (3
kHz BW Adj)).

Transistor Q1830 provides the isolation between
the VR circuit and the post VR amplifier. It provides gain
compensation. The output is normalized, by R1835, at
approximately 1 V peak-to-peak for a full screen display
at 10 dB/div.
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As previously explained in the function block
description, 10 kHz and 30 kHz resolution circuits bypass
this circuit. They are shown in Diagram 16. When either
is selected, the output of U1000 or U1002 goes high,
which, activates the respective 10 kHz or30 kHz
bandpass filters. With 10 kHz or 30 kHz resolution, the
input to an OR gate (composed of CR1812, CR1813)
goes high. This turns Q1813 on and 01810 off. Current
source for the output amplifier 01830 and the -15 Vg4, -15
Vs power supplies is Q1810 so, this effectively turns off
all stages except the input amplifier to the VR circuit.

Q1765 is switched off when the Input Buffer
switch (on the plug-in module) is turned on. The gain of
this stage is, then increased 8 dB to offset the added 8
dB of attenuation through the plug-in module.

+15V

To U16808
U1680C
U1680D

R1683 R1686

To

V1700

(MUXR}

2184-4

. 2-4. Simplified diagram of the resolution circuit for
the 1% stage.

Fig



10 kHz and 30 kHz Filters and Post VR Amplifier @

When 10 kHz or 30 kHz resolution is selected,
the 10 kHz or 30 kHz line (pins EP, EN) goes high (-15 V
to O V) This high, switches either Q1890and Q1900 (30
kHz) or Q1855 and Q1880 (10 kHz) on, and connects the
250 kHz IF signal from T1666-6 through either the 10
kHz filter (C1856/L1856 through C1878/L1878) or,
through 01900 to the amplifier 01910 and the 30 kHz
fiter. A low on the 30 kHz line switches 01890 and
01900 off and Q1895 on, to bypass the stray rf signal to
ground through C1896. A low on the 10 kHz line
switches Q1855 and 01880 off and Q1850 on, to bypass
rf signals to ground through C1859.

Gain of either the 10 kHz amplifier (Q1800) or
the 30 kHz amplifier (Q1900) is a function of their
collector load, which consists of R1888, R1914, and
(when Q1885 is on), P1887. When the INPUT BUFFER
is switched on, the output of UL002A goes low. This
turns Q1885 off and removes R1887 as part of the
collector load, thus, increasing the gain of the 10 kHz or
30 kHz amplifiers to offset the 8 dB loss through the front
end attenuators.

Log/Lin Amplifier @

This circuit provides an 80 dB dynamic window
for the 10 dB/Div display, 16 dB window for the 2 dB/Div
display, or a linear display for Lin mode. It consists of an
input amplifier and four similar amplifier stages that
provide linear or logarithmic gain characteristics. The
non-linear or log gain characteristic (for the 10 dB/Div or
2 dB/Div mode) is produced by a gain-shaping transistor-
diode array consisting of transistor-diode pairs connected
across the Input resistance to the current summing point
of an operational amplifier. As the signal level increases,
the gain-shaping array decreases the amplifier gain at an
exponential rate. In addition to the gain-shaping network,
the gain of the first three stages (in the LIN or 2 dB/Div
mode) can be increased in 20 dB increments by
switching a FET transistor on, to shunt the input
resistance of the operational amplifier with a 20 dB gain
setting resistance.

The first non-linear amplifier stage is an
operational amplifier consisting of U1090E and Q01115
with a gain- shaping network across the input resistance
(R1076, R1090B) to the current summing point of the
amplifier. The log-shaping circuit is an array of three
transistor- diode pairs (Q1080-Q1085, Q1090A-Q1090B,
Q1090C- Q1090D) connected so the input signal level, to
one pair (set by R1080, R1090E, R1090G), is 10 dB
below the other. The transistor-diode pairs (current
limiters) are conducting at low input signals
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signals levels to shunt the input resistance (R1076,
R1090B) with about 200 Q/pair Gain of the stage is 20
dB As the signal level increases, the gain decreases at
an exponential rate until Q1080 clamps and the first
break point of the log gain slope is reached. The gain
now equals 10 dB. A further increase in signal
decreases the gain until Q1090A clamps and the second
break point of the gain slope is reached The gain is now
unity. This continues .to decrease until the third break
point is reached when Q1090C clamps and the gain is
reduced to -10 dB.

The stages limit sequentially starting with the last
stage. In the 10 dB/Div mode, the log-shaping arrays for
the four stages are activated by pulling Log 10 line (pin
24 of J1010) low. The Lin line (pin 23 of J1010) is high.
In the 2 dB/Div mode only the last log-shaping array is
activated because both the Log 10 and the Lin lines are
high. The high on Lin line is inverted by U1002D and
pulls pin FF low.

In the LIN mode, all of the log-shaping arrays are
disabled because the Log 10 line is high and the Lin line
is pulled low. This low on the Lin line produces a high at
pin FF which switches 01170 on, to increase the gain of
the last stage about 24 dB. This gain offsets the loss
through the 1st stage and sets the nearest dBm/dBV
deflection factor value to the equivalent mV/Div factor for
the LIN mode.

Gain of the first three stages is switched in 20 dB
increments (in the LIN and 2 dB/Div modes). Gain
switching logic comes in on the X10 and X100 (pins 3
and 20 of P1010) lines. A truth table is shown on the
diagram for the three gain cells.

Detector and Video Amplifier

The signal from the function (log-Lin) amplifier is
coupled to the detector circuit through a low Q single-
pole filter network with a resonant frequency of 250 kHz
(L1220-C1222). This filter narrows the noise bandwidth
from the Log/Lin amplifier. A precision detector,
consisting of an operational amplifier and a diode
feedback circuit, converts the IF signal to video. Input
series resistors R1220, R1224, convert the input signal
voltage to a current at the input summing point of the
operational amplifier. The ac feedback for the amplifier
is through the diode-resistor network CR1252-R1250, or
CR1240-R1242. The dc feedback path is through R1241
and R1240.



The output of the detector is a signal with
negative- going peaks which is applied through a low-
pass filter (C1254, L1254, C1256) with a pass-band of 15
kHz. The filter averages the video signal and further
reduces the IF component. The signal is then amplified
by U1050A, U1050B, and applied to operational amplifier
u2210.

The amplifier U2210 allows only a negative
swing at the output, therefore, this stage establishes the
display baseline. The level of the signal above the
baseline is set by Volts/Div Cal R2205 which is set so a
10 dB change at the input of the Log amplifier produces 1
volt of change at the output of U2210. 02225 is switched
off to provide the X5 gain required for the 2 dB/Div mode
so the output of U2210 is 1 volt change for 2 dB change
at the input. The baseline for the LIN mode is set with
R2235. The baseline for the two log modes is then set
with R2215 and R2225.

The Vertical Out signal of U2210 is applied
through the front panel to the vertical display processing
circuits and to amplifiers U2205A, U2205B. These
amplifiers provide the Video signal to the front panel
VIDEO OUT jack and the internal triggering circuits of the
mainframe.

DISPLAY PROCESSING

This portion of the description deals with
Horizontal and Vertical Display Processing, the Average
Calculator, Digital Storage, and Z Axis Logic and Dot
Switching (Diagrams 19, 20, 21, and 22). Before reading
this portion, review the display processing block diagram
description.

Horizontal and Vertical Display Processing @

This circuit processes, the vertical and horizontal
data from either the digital storage circuit or the vertical
out signal from the video output amplifier, and the sweep
ramp from the sweep generator (Diagram 17). The Dot
position- ing is also summed with both the vertical and
horizontal information. Horizontal sweep is provided to
the front panel HORIZ OUT jack J98.

The video portion, on the Vertical Out line, is a 0
to -8 volt signal that is applied through R735 to the digital
storage circuit on the Swp Vert line, and through U735B
to one input of switch U735C. If an overspan occurs, pin
100of U735B is pulled low and switches the common
output (pin 15) of U735B to a dc level set by CR737-
R840. This dc level provides a baseline reference for the
display.
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When Store line is low (true) the video data on the Store
Vertline (from digital storage) is applied through—J#35C
to the operational amplifier U750B. When the Store line
is high (false) U735C switches and connects the Vertical
Out signal from U735B to the input of U750B. Log Cal
(R95) is part of the input resistance to the operational
amplifier U750B and is adjusted to compensate for gain
differences between 7000-Series mainframes.

The gain of U750B is about 0.5. Its output is
clamped at 0 V so the signal amplitude out, varies
between 0 and about + 4 volts. If Dot line is high (false)
Q765 is on and the output of U750B is connected to the
input of operational amplifier U730D. The dc level of the
VERT POSITION (R755) control, summed with the
vertical signal at the input to U730D, provides display
positioning. The output of U730D then drives an
inverting amplifier U630C and provides the negative-
going portion for a push-pull vertical output signal to the
mainframe.

The sweep ramp from the sweep generator
(Diagram 6) is applied through R731 to one input of
U735A and out, on the Swp Horiz line (pin HF), to the
digital storage circuit. U735A selects either Store Horiz
(synthesized sweep from digital storage circuit) when
Store line is true or the analog sweep ramp at pin 3 when
Store is false. The selected sweep is then applied
through FET 0735 (when Dot is false) to input of U730A
and a current summing point at the input to U690B. The
output of U690B drives the A sweep for the mainframe
and provides a 0 to -6 volt ramp for the front panel
HORIZ OUT jack. The selected sweep (Store Horiz or
Swp Horiz) is amplified by U730A and its output provides
the + Horizontal sweep. The ramp is inverted by U730B
to provide the negative-going sweep ramp for the
mainframe. Gain of U730A is adjusted by Swp Cal
(R750) to compensate for mainframe differences in
sensitivity.

When Dot line goes low (about -7 volt) 0765 and
Q735 are switched off. Dot position information (from
uU685B, Diagram 6) is now applied to the input of
operational amplifier U730A. The vertical dc level is
supplied from the VERT POSITION control. The sweep
ramp also contains Dot information. The polarity of the
dot position information (from U685B) nulls the dot
position information riding on the sweep horizontal and
the sweep to the HORIZ OUT jack. When the Dot is
displayed the sweep horizontal plus dot information is
switched off and only dot position information from
U685B is applied through R734 to the null point of
amplifier U730A.



Average Calculator

An average or quotient is the summation of
words of vertical data (numerator) divided by the number
of words taken (denominator). The Average Calculator
circuit accumulates data from the vertical A/D converter
and divides this by the number of words taken within an
averaging period. At the slow sweep rates as many as
216 words can be accumulated and averaged.

The accumulator for vertical data (numerator) is
located in the upper portion of the diagram. The number
of words (denominator) are counted by two IC’s (U4125,
U4120) in the lower left portion. The dividing process
(accumulated data divided by the number of words) is
performed by circuitry comprising three shift registers
(U4100, U4000, U4105), two adders (U4005, U4010) and
the NAND gate U4110B. The Average Calculator circuit
also includes; a peak detector (U4065, U4060, U4075A,
U4075C, U4070A, U4155A), a Max Hold (U4170, U4175,
U4055C, U4055D, U4075D, U4155C), and a 3 to 4 MHz
oscillator (U4080B).

Three lines (Start Divide, Memory Data, and
Write Cycle) from the digital storage circuit go through
level shifters (U4085B, U4080A, U4085A) to raise the
logic level to a high of +15 volts.

The shift registers for the vertical data are
clocked by Sync Clock. The counter for the denominator
(number of words) is clocked by Sync Pulse. Sync Clock
is generated by AND'ing EOC (positive pulse every 9 /s)
with 1 MHz clock. It is a 1 /is clock with every 9th pulse
missing. Sync Pulse is generated by AND’'ing EOC with
1 MHz In NAND gate U4180C. It is the missing pulse
from Sync Clock which occurs every 9 us and is
essentially the same as EOC.

The denominator accumulator is a synchronous
16 bit counter (U4125, U4120) that accumulates the
number of sync pulses within an averaging period. It is
reset by the leading edge of Start Divide.

Numerator data, in serial form on the Data Out
line, is clocked by Sync Clock (1 MHz) into the shift
register U4035. This 8 bit word appears at the input of
two 4 bit adders (U4040, U4045) where it is summed with
the previous summation in latches U4145, U4150. The
LSB’s of the two words are summed in U4040 while the
MSB’s are summed in U4045. The carry (or 9th bit) is
entered into overflow counters U4135,
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U4130. (Initially the 8 bit word out of U4035 is added to
0.) The sum (AIB1, A2B2, etc.) is r latched, on the
positive excursion or end of Sync Pulse, to the output of
the latches U4145, U4150, where it is summed in U4010
and U4045 with the next 8 bit word out of U4035. This
accumulation process continues for one horizontal
window (512 increments per sweep).

Start Divide, out of level shift amplifier U4085B,
triggers a one shot multivibrator U4160A. The O output
(at pin 6) then parallel loads the accumulated numerator
data into 8 bit shift registers (U4140, U4030, U4025).
These three registers provide 24 bit capacity. The Q
output of U4160A also loads the accumulated word count
into the denominator shift registers U4020, U4015.

At the termination of the pulse out of U4160A the
positive excursion from Q triggers a second one-shot
multivibrator U4160B. The output of this one-shot resets
the latches (U4145, U4150) and counters (U4135,
U4130, U4125, U4120) in the numerator and
denominator accumulator circuits. The Q output clears
the denominator register (U4100) in the divide circuit. At
the beginning of Start Divide the data in the counters is
loaded into shift registers. As soon as one-shot U4160A
times out, the latches and counters are reset. They are
now ready to start accumulating new data while the old
data in the numerator accumulator is divided by the
accumulated word count in the denominator.

When U4100 is cleared, pin 13 goes low. This
switches the multiplexer (U4115) to the A inputs (1a, 2a,
4,). A free running 3 to 3.5 MHz oscillator (U4080B)
provides a justify left clock signal. The clock shifts the
accumulated word count in the numerator and
denominator registers to the left (right on the diagram)
until the MSB of the denominator (or 1) arrives at pin 13
of U4100. A high at the select input to multiplexer U4115
switches the fast clock off and 24 (pin 7) of U4115
connects to Sync Clock input at 2g_; (pin 6).

Shift register U4100 now holds the justified
denominator word until cleared again by the output of
one-shot U4160B. Write Cycle enables NAND gate
U4110C and Sync Clock pulses are gated to input 25 or
U4115. These clock signals out of 2Q (pin 7) shift the
data in the numerator registers and clocks the vertical
information into the dividing circuit to perform the
division.



The divider consists of 4 bit adders (U4005 and
U4010) shift registers (U4000 and U4105) and NAND
gate U411 OB. Division is performed by adding the
complement of the binary numbers for the numerator to
the divisor (denominator) in a parallel serial fashion, with
the quotient being the carry out of the adder (division by
the complementary method).

illustrates the process using 25 (1101)
and 5 (101) as the numerator and denominator. Before
the number is justified, pin 5 of U4020 has the MSB of
the number 101, and pin 13 of U4140 has the MSB of the
numerator 11001. Since the denominator is moved 21
counts to position in U4100, the MSB of the numerator
would move to Q2 of the shift register U4000. The O line
in [Table 2-71 denotes the initial state for the division
process. When the quotient (output of U4110B) is 0 (low)
a shift function is performed by the registers (U4000,
U4105) for the numerator. When the quotient is a 1
(high) the registers parallel offset load the present
summation.

The output from this circuit is an 8 bit serial word
representing the average vertical value for that particular
address. The output is applied to gating circuits and
gated to the Math line for the storage circuits.

The peak detector consists of a multiplexer
circuit (U4060A, U4075A-B-C) and gates (U4065A
through C). The circuit detects and selects the peak
value from two data lines, either data on the Data Out
line or data that is contained in an 8 bit register U4070A
depending which is the higher. The selected data is then
gated back into the register for the next comparison and
to another multiplexer (U4050B, U4055A, U4110A) that
selects the peak or average data value from the
averaging circuit. The peak or average is selected by the
setting of the Peak/Average cursor. The output signal
goes to Digital Storage circuit on the Math Out line.

Write Cycle sets flip-flop U4060A to enable
U4075C. Data will now pass through into U4070A for one
cycle. This establishes an initial data value in register
U4070A for comparison with new data so the peak can
be selected. At the end of Write Cycle, the positive 1 us
EOC pulse clears both flip-flops and Q goes high. This
high enables U4075A and U4075C so data in shift
register U4070A and data on the Data Out line can be
compared. The high bit sets either U4060A or U4060B
and inhibits the least word from passing into register
U4070A. At the end of the word, the flip-flops (U4060A,
U4060B) are preset by EOC and the stored word in
U4070A is again compared with the word on Data Out
line.
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The output of the peak detector is applied to
another multiplexer consisting of U4050B, U4055A,
U4110A, and U4055B. The D flip-flop U4050B is set by a
high on pin 8 or reset by the clock input when Write Cycle
ends When the Peak/Average line is high, the Q output
of U4050B is high and data from the peak detector is
gated through U4055A, and U4055B to another
multiplexer When the Peak/Average line goes low, the
multiplexer selects the output from the averaging circuit.

The comparator (U4576B, Diagram 21) that
drives the Peak/Average line uses pull-up resistor R4129
(pin 10 U4155D) During Write Cycle the output of
U4155D is low, therefore, the state of U4150B cannot
change while data is written in memory.

The output of the NOR gate U4055B is applied to
another peak detector where it is compared, if Max Hold
Is enabled, with the data in memory (on the Memory Data
line). The peak of the two is then gated through U4075D
to the Math Out line. Data in memory is read during Start
Divide which occurs one cycle or 9 us before Write
Cycle. The data on Memory Data line is delayed this 9 us
by processing it through a D flip-flop (U4050A) and shift
register (U4070B) Memory data is shifted out of U4070B
by the next Sync Clock pulse and it is then compared by
the peak detector (consisting of U4170A and B, U4175A
and B, and U4055D and C) to the data from U4055B The
peak (from memory if Max Hold is enabled or data from
U4055B) is then gated through U4075D onto the Math
line Operation of this detector is the same as the peak or
average detector described previously.

Digital Storage @

The description for this circuit is grouped into the
following main sub-sections; derivation of the conversion
clock pulses, vertical acquisition, horizontal acquisition,
memory, vertical display, and horizontal display The
digital storage circuit digitizes vertical and horizontal
analog signals, writes the information at a horizontal
address in memory, then at a different rate, reads data
from memory and converts this back to analog
information for the display processing circuit. A display
control circuit selects the sequence of display The first
two sweeps consist of data from memory, the third the
cursor.



TABLE 2-7

DIVISION PROCESS FOR 25+ 5
IN AVERAGE CALCULATOR

After 11001 has been justified left
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u4025 U4000 U4105
1 1 1
| 1 1 11
Q(\T QU QO QO OO QO QO Q,{, Ql QZ O3 04 OS O() Q? QS
] S
0 0 O 0 0 1 O-DOJ 0 0 1 11 1 1 1
\ (1) (2 3) (4) (5) (6) (7) (8) (CARRY)
Numerator (A) 1\ 0 0 1\ 1 1 1\ 1 1 Quotient (U4110B)
U4100 Denominator (B) \ 0 o, o o \ o 0, 1 >—0wse)
\ \ \ \ \
u4005, U4010 Summation (X) 1V 0y OV T M 1,0, 0V 1 1 \\_/shift
Y \ 1 \ \ \
M v v v )
\ \ \ \ \ \ \ \
Numerator (A) 1 1 0 O 1 1 1 1 1
Denominator (B) 0O 0 0 0 0 1 0 1 >—o
Summation (Z) 1 1 0 0 1 0 0 1 1
Numerator (A) 0 1 1 0 o 1 1 1 1
Denominator (B) 0 0 0 O 0 1 0 1 >—O
Summation (%) 0 1 1 0 0 ¢ 0 1 1
Numerator (A) 1 o 1 1 0 0 1 1 1
Denominator (B) 0 0 0 0 1 1 >—o
Summation (Z) 1 o 1 1 o 1 1 0 1
Numerator (A) 1 1 0 1 i 0 0 f1 1
Denominator (B) 0 0 O 0O 1 0 1 >—0
Summation (%) 1 1t 0 1 i 1 0 1
Numerator (A) 1 1 1 0 1 1 0 O 1
Denominator (B) 0 0 0 0 1 0 1 >—1
Summation (Z) 1 1 1 0 10 1 1 ) X latch
Numerator (A) 1 1 1 1 0 1 0 1 1
Denominator (B) 0 0 0 O 0o 1 0 1 >—0
Summation (Z) 1 11 1 0 0 1 O 1
Numerator (A) 1 i 1 1 i 0 1 O 1
Denominator (B) 0 0 O o 1 0 1 >— 1(LsB)
Summation () 1 i1 1 i1 1 1 0
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The master clock for acquisition, storage, and
display process, is 1 MHz (1 us), derived from a 2 MHz
sub-frequency of the master 10 MHz oscillator. The 2
MHz frequency comes in at pin YA and is divided down to
1 MHz by U4510A. The vertical A/D converter, U4504,
U4506, is clocked by 1 MHz signal. Every 9th pulse (9
us), EOC is sent out to trigger the flip-flop U4510B which
generates a true EOC and Clock Enable. EOC is gated,
in the Average Calculator with a 1 MHz clock signal to
generate Sync Pulse and Sync Clock. Sync Pulse is
coincident with EOC and Sync Clock occurs at 1 ps
intervals with +he 9th pulse missing (see[Fig. 2-5).

Vertical information on the Sweep Vert line (pin
GH) is fed through buffer amplifier U4522B to an A/D
converter consisting of;, a successive approximator
U4506, digitally controlled current generator U4504, and
comparator U4508A. The converted data goes out on the
Data Out line to the Average Calculator diagram where it
is averaged or peak detected and comes back through
U4578A into memory on the Math line.

Video signal into buffer amplifier U4522B
produces a current through R4528 and R4529 that is
proportional to the signal amplitude at pin HG. This
current produces a positive voltage at the input to
comparator U4508A and its output switches high. The
successive approximator  U4506 counts up until the
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converted 8 bit word produces an output current out of
D/A converter U4504 equal to the current through R4528.
On the 9th clock the word is loaded into the register,
U4506, and EOC triggers the D flip-flop U4510B as
described previously. The converted digital word then
goes out on Data Out line during the next conversion
cycle.

Horizontal information comes in on the Sweep
Horiz line (pin HF) as a 10 volt ramp, offset between a
maximum and minimum value of +10 V and -10 V,
depending on the dot frequency position. The 10 volt
sweep ramp is digitized by a continuous or ramping A/D
converter (resistor ladder U4560) and two comparators
(U4564A, U4564B). The sweep horizontal signal comes
in pin HF to a node point of two comparators, offset from
each other about 20 mV. This sweep ramp is summed
with the output from the D/A converter whose output is
opposite in polarity and slope. If the sweep voltage
exceeds the converter output by 20 mV, U4564A
switches high; or, if the converter output is the most
positive, U4564B output switches high. When the two
ramps are within 20 mV of each other the output of the
comparators is low and the counter holds a constant
value. The direction (up/down) of the count is determined
by which comparator output is high. The 20 mV window
between the two comparators keeps them from toggling.

mmax — L LT LT LML Loy

I‘ 9 us DI

UE40526 H I-_.l
coc [ ] [ 1
’SYNC PULSE r—l r—l

SYNC PULSE

L

L

-

S us

—=|
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Fig. 2-5. Timing sequence of conversion pulses.
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The D/A converter (resistor ladder U4560) output
is a 0 to +5 volt stairstep ramp applied to a gain-of-two
amplifier and offset an amount equal to the offset of the
incoming Sweep Horizontal ramp at pin HF. If all the bits
into the D/A converter U4560 are 1 (high), the output is
+5 volts. This +5 volts at the + Input to U4540A
generates an output current through R4585, R4582, and
R4572 proportional to the offset and amplitude between
the Input Sweep Horizontal and the +5 volt out of the
converter. The common input to the comparators
U4564A and U4564B is the node or 0 volt, therefore,
since the resistance of R4572 is twice that of R4582 and
R4586, a +5 volt output is offset by -10 volts at pin HF.
When only the MSB of the word is 1, the converter output
is +2.5 volts. The output of U4540A is O volt (current
through R4588 equals current of R4586). The sweep
horizontal input voltage at pin HF is, therefore, O volt.
When the output of the converter is 0 volt, the output of
U4540A is -5 volts so the input voltage at pin HF is +10
volts.

The counter output is a 10 bit word with the LSB
for the horizontal address at pin 3 of U4562 and the MSB
at pin 2 of U4580. 512 of the 1024 bits (discrete
locations) are used to cover the screen width, the
remaining 512 bits are divided so 256 locations are on
either side of the screen. Since the frequency dot can be
moved across the display (screen) and it always
represents 0 volt and location 512, the distribution of the
512 locations within the screen width is in accordance to
the dot position. If the dot is at the left edge of the
screen, location 511 is at the right edge and 512 and 0
are at the left edge. Moving the dot to center screen
distributes the locations so 255 locations are either side
of location 512. Moving the dot to the right edge shifts
location 1 to the left edge and location 511 to the right
edge.

The MSB for the horizontal address is the offset
data that determines the dot location on the display, The
remaining 9 bits provide the address in memory and 512
discrete locations across the screen. Each location or
step is 1/512th of the 10 volt sweep ramp or about 20
mV. This is the hysteresis window for comparators
U4564A and U4564B.

When the horizontal acquisition counter needs to
count up (during the sweep ramp period for Sweep
Horizontal) the output of comparator U4564A goes high.
This enables flip-flop U4530B so Sync Pulse clocks
U45308 to assert Start Divide (see[Fig. 2-6). The next
Sync Pulse clocks U4530A and Write Cycle is asserted
during which data is written into memory. At the end of
Start Divide and Write Cycle the horizontal acquisition
counter counts up. The screen then refreshes until the
next horizontal count occurs. Since each horizontal
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increment requires three 9,us periods, a total of 15 ms
(512 X 27,us) minimum is required for each horizontal
sweep or2 ms/div or slower Is required to acquire with
digital storage.

During retrace time the output of U4564B
switches high and enables the NAND gate U4566D so
Sync Clock pulses can ripple the counter down in a short
period.

When Start Divide is asserted, the horizontal
address is latched into U4584, U4586, and U4564B; then
during Write Cycle the vertical data on Math line is written
in memory at that horizontal address. Memory consists of
two RAM’'s U4598 and U4596. The vertical memory
(U4598) is a serial memory operated by a 3 bit counter
U4558A. The counter is run by Sync Clock and its output
3 bit word shifts data in and out of memory. The
horizontal RAM is U4596. The offset data bit (MSB of the
horizontal address that signifies the dot position) is fed
into the RAM on the Left/Right line. The LSB of the
horizontal address, into pin 5 of U4598, selects the
section (A or B) for writing or reading the vertical data in
memory. One mode of store operation updates each
section of memory every cycle, the other mode, when
Save A is asserted, saves data stored in A section and
updates only the B section. When Save A line is high,
U4514C is inhibited so the input to pin 5 of U4598
(memory) is held low during Write Cycle and prevents
data from being written in A memory. The Save A line is
switched high when the front panel SAVE A button is
pushed. This switches the latch U10A, setting Q output
high. When the button is again pushed, the Ilatch
switches back and the output goes low to inhibit Save A
mode.

SYNC
PULSE

fa— 9 ps —-bl

1 I [

QoF

U45308
START WRITE -
| DIVIDE CYCLE | READ cvcu—:|
QOF
U4530A

WRITE
I CYCLE !
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Fig. 2-6. Sequence of events for horizontal increment.



Memory is ready to be read after Write Cycle
when U4530A is reset and Q goes high or EOC (Hold B)
is asserted. Data is clocked into register U4550 (part of
the vertical output D/A converter) for one sync pulse
period (9 ps), allowed to stabilize for 8 us, then a sample
and hold circuit is gated on and the analog output of
U4548 is sampled and stored on C4553. The sample of
new data is, inverted and summed with a sample of
present or old data from the output of an integrator. The
difference or summation is then integrated to become the
new signal position.

If the signal from the D/A converter was applied
to the vertical output without the integration process, the
display would be a series of dots. The integrator is used
to integrate from dot A to dot B position.

EOC out of U4506 clocks a divide-by-two flip-flop
(U4554A) to produce an output pulse with a time period
of 9ps. During the time WCQL1 line and the Q output of
U4554A are high (data is not being written into memory)
the gate U4534A is enabled and Sync Clock (1 us
pulses) clocks data into U4550. During the next Sync
Pulse period, data in the register U4550 is converted to
analog information and EOC is gated through U4566C to
the select input of multiplexers U4544A and U4544B.
The capacitor C4553 now charges to the new data
(voltage output from buffer amplifier U4546B) through
U4544A. Coincident with the sample taken by C4553,
C4561 is charged through U4544B to the present or old
data out of integrator amplifier U4525B. The new data on
C4553 is applied through buffer amplifier U4524A and
inverter U4524B to the input of integrator U4525B where
it is summed with the non-inverted sample on C4561.
The voltage differential between the updated and current
voltage seen by the integrator is proportional tothe analog
voltage change out of U4548. The output of the integrator
is then applied through mulitplexer U4544C to the vertical
output amplifier. Each integration takes 18 /s then a new
sample is taken and the process repeats.

Multiplexer U4554C is driven by a ring counter,
consisting of U4558B and U4556C (above the horizontal
output amplifier). The countercountsO, 1,2; 0, 1,2; etc. On
the count of 2 (10) the multiplexer U4454C selects the
cursor input (pin 13). Sequence of the display is B, A,
cursor; so the cursor is displayed every third sweep.
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The horizontal output circuit consists of an 8 bit counter
(U4590), two latches (U4572, U4568), a D/A converter
(U4570), and display control circuitry above the horizontal
display circuit. The counter is clocked by the output from
the display logic circuit which is programmed by front
panel Display Mode push buttons (DISPLAY A, DISPLAY
B, and SAVE A). During read cycle (Q output of U4530B
low) the output of the display counter (U4590) is
connected through U4588A and U4592A to drive the
memory RAM. With the counter at some horizontal
address, the vertical output sequence is executed then
U4590 is clocked through U4588B or U4592B
(depending on the display mode) and another vertical
output sequence is executed.

When Hold B line goes high the horizontal
address for one word of data is clocked through the
latches U4568, U4572, to the D/A converter U4570. Over
the period of one sweep (512 increments) the output of
U4570 is a +5 volt stairstep ramp which is smoothed and
amplified by U4546A, U4540B. The output signal of
U4540B is a negative going 10 volt sweep for the display
processing circuits on Diagram 19.

There are four basic modes of store operation;
Display A, Display B, Display both A and B, and Save A
with either/or both Display A Display B. The LSB
determines which section data is read out of or into
memory. A LSB of 1 reads or writes in the A section and
0 of the B section. When Save A is selected, data in A
memory is not updated during the Write Cycle because
the LSB into the RAM is 0. Only B memory is updated.
The display when either Display A or Display B is
selected is 512 increments of data from the memory
selected for two sweeps followed by the cursor (line
between the average and peak detected video). Both
sections of memory are updated during the respective
Write Cycle. When both Display A and Display B are
selected, each of the two display sweeps is an interlaced
512 increment combination of A and B data. The LSB
into the RAM switches between 1 and 0 as the sweep
runs. Again, the third sweep displays the cursor. When
Save A is selected along with Display A Display B, one
sweep displays A memory the next B memory followed
by the cursor. The cycle then repeats. The A section of
memory is not updated during Write Cycle.



The display process of data out of memory is a
function of front panel latches (U10A, U10B, U20A,
U20B). The output state of these latches establishes the
operational mode of the Display Control circuitry and
determines which memory (A or B) will be displayed.
Pushing a front panel display button activates a latch so
its output switches. If the output goes high, it turns on an
LED which illuminates the respective push button to
indicate the mode asserted. The output of the latch is
applied through gating circuits to set the mode of the
display control flip-flop U4554B. The Q output of U4554B
is fed through gates (U4566B, U4532B) and forces the
LSB for memory (when Save A is selected) to inhibit
writing in A memory.

When Display A and Display B are selected the
high on both lines enables the gates U4516A, U4516B,
so their output is gated through U4516C, U4516D, as a
high to the J and K inputs of flip-flop U4554B. This state
also enables U4534B which enables the tri-state device
U4592B and inhibits U4588B. The display counter
(U4590) is now clocked by the output of U4554B. The Q
output also becomes the LSB for memory during Read
Cycle and since it is toggling, the information out of
memory will consist of 256 bits of A data interlaced with
256 bits of B data. The Q output of U4554B is the LSB
for the D/A converter (resistor ladder) U4570.

When Display A is selected, only the J input of
U4554B goes high and the output remains constant. Only
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data in A memory is displayed. When Display B is
selected, only the K input of U4554B goes high and Q
output remains low which selects data in B memory. In
both cases the display counter (U4590) is clocked by
Hold B signal which is gated through U4588B. When
Save A is selected, with either Display A or Display B, the
output of U4554B is the same as described previously for
these two modes; however, when Save A is selected,
with Display A and Display B, both inputs to the flip-flop
go low. The LSB (A) of the ring counter (U4558B,
U4555C) is fed back to a three input NAND gate
U4515B.

The ring counter counts in sequence as shown in[Tablel
When the LSB (A) goes low (state 0), U4514B is
enabled so U4554B is reset and data in B memory is
displayed. After 256 display points, the LSB goes high
(state 1) and the output of U4514B goes low. This
triggers one-shot multivibrator U4538A which sets the
flip-flop U4554B and, data in A memory is displayed. In
state 2, U4544C allows cursor data to be displayed as
previously described.

TABLE 2-8
Sequence of counter U4558B, U4556C
B/A STATE
00 0
01 1
10 2
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SECTION 3. PERFORMANCE CHECK

Introduction

Because specifications for amplitude and
frequency measurement characteristics of this instrument
are tighter than the specifications of typical test
equipment, these procedures describe only an
operational check. If the user desires to verify these
characteristics, the accuracy of the measurement
standard is the responsibility of the user and must
exceed the specifications of the instrument. Assistance
on how to verify these characteristics can be obtained
from your local Tektronix Field Office.

The performance check is intended to verify that
the 7L5 Spectrum Analyzer will meet the specifications
listed in Section 1 of this manual. It is recommended that
the performance check be included as part of the user
routine maintenance program. An operational check out
procedure is provided in the Operators Instruction
manual. This procedure should be included as part of the
overall instrument maintenance check.

The following procedures check the 7L5 sweep
triggering frequency range, display flatness, resolution
bandwidth, sweep rate, intermodulation distortion, and
frequency drift. It does not include internal adjustments or
checks. If the instrument fails to meet a specified
performance requirement, the adjustment procedure for
the related circuit will be found in the Calibration
Procedure, Section 4.

Equipment Required or Recommended

Test equipment as listed in is
recommended for this portion of the performance check.
Test equipment characteristics are the minimum required
for accurate checks. Characteristics of substitute
equipment must meet or exceed those listed in Table 3-
1.
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TABLE 3-1
Equipment List
Equipment/ Specified Recommended
Fixture Characteristics | Type/Model

Dual Trace Vertical Sensitiv- | Tektronix 7A18
Vertical ity, 5mVto5V,; Plug-in Amplifier
Amplifier bandwidth,
Plug-In Unit >500 kHz.
for 7000-
Series
Oscilloscope
Low Frequency|Range, 1 Hz- Hewlett-Packard
Signal 5 MHz; output 654A
Generator accuracy, within

(2 required)

0.05 dB; expand-
ed scale on out-
put monitor; out-
put impedance;

50, 75, and
600 ohms.
Frequency Short term Tektronix 7D14
Counter stability, 1 (7000-Series)
partin 10", or Digital
Counter DC501,
DC502
(TM500-Series)
Time Mark Outputs, 1 s, to TG501
Generator 1 us; accuracy, (TM500-Series
0.001%.
Stable Signal |Range, 400 kHz- | Hewlett-Packard
Generator 5 MHz; short 8640B
term stability,
1 partin 10"
500 Step 1 and 10 dB steps; [Tektronix 2701
Attenuator range, 1-79 dB;
accuracy, +0.1 dB,
-0.5 dB.
Two 10X BNC connectors, | Tektronix Part
(20 dB) 50 ¢ for L1 No. 011-0059-02
Attenuators Plug-In Module.




Sweep Triggering
a. Connect the test setup pe

b. On the mainframe oscilloscope, select the
Left Vertical Mode and the Left Vertical Trigger Source.

c. On the 7L5, set the Digital Storage to off,
FREQUENCY SPAN/DIV to 0, and select the NORM and
FREE RUN triggering switches.

d. Set the low frequency signal generator to 30
Hz at an output level of 1.5 vertical divisions on the crt
graticule.

e. Select the INT trigger source and rotate the
LEVEL/SLOPE control until a stable, triggered display of
the 30 Hz signal is obtained.

f. Set the low frequency signal generator to 500
kHz and repeat step e.

g. Select the LINE trigger source. Apply an ac
voltage through a 10X probe to the input of the vertical
plug-in amplifier (e.g., 7A18). Verify a stable triggered
display.

h. Select the FREE RUN and SGL SWP
triggering switches. Verify that a sweep is initiated.
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i. Select the trigger mode MNL SWP. Verify that
the MNL SWP control can move the trace over
approximately the same range as the normal sweep.

2. Dot Frequency Range and Accuracy

a. Connect test setup pelr Fig. 3-2. Set triggering
to NORM and FREE RUN and set the other front panel
controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION COUPLED
FREQUENCY SPAN/DIV 50 (Hz)
TIME/DIV AUTO
LOG 2 dB/DIV On
REFERENCE LEVEL -20 dBm
Mainframe Vertical

Mode Right
Mainframe Trigger

Source Right Vert

b. Set signal generator to 500 kHz and adjust
the output amplitude for a 6 division display
(approximately -24 dBm) on the analyzer crt. Carefully
adjust the signal generator frequency to place the
displayed signal under the frequency dot. Use the digital
counter to verify that signal output frequency is 500.00
kHz +6 Hz.

LOW FREQ SIG GEN

7000 SERIES
OSCILLOSCOPE

7A18 715

21847

Fig. 3-1. Sweep triggering test equipment setup.
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c. Set the signal generator to the following test
frequencies and repeat step b for each frequency setting.
Verify the dot frequency accuracy for each of the listed
test frequencies.

Test Frequency, kHz Tolerance
1,000.00 +7 Hz
1,500.00 +8 Hz
2,000.00 19 Hz
2,500.00 +10 Hz
3,000.00 +11 Hz
3,500.00 +12 Hz
4,000.00 +13 Hz
4,500.00 +14 Hz
4,999.75 +15 Hz

3. Display Flatness

a. Connect test setup pdr Fig. 3-2. Set the front
panel controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION COUPLED
FREQUENCY SPAN/DIV 100 kHz
TIME/DIV AUTO
LOG 2 dB/DIV On
REFERENCE LEVEL -20 dBm
DIGITAL STORAGE Off

TM 11-6625-2759-14&P

b. Set the signal generator frequency to 500 kHz
and adjust its output level for a displayed 6 division signal
amplitude reference on the analyzer crt graticule. Note
the output level of the signal generator as indicated on
the output level monitor meter.

c. Slowly adjust the signal generator frequency
so the displayed signal moves across the full width of the
graticule. Monitor the signal output level and adjust as
required, to maintain a constant output. Verify that the
displayed signal amplitude remains within 0.5 dB of the 6
division reference as the frequency is moved through the
1 MHz frequency range.

d. Set DOT FREQUENCY to 1500.00 kHz and
repeat step c.

e. Set DOT FREQUENCY to 2500.00 kHz and
repeat step c.

f. Set DOT FREQUENCY to 3500.00 kHz and
repeat step c.

g. Set DOT FREQUENCY to 4500.00 kHz and
repeat step c.

WITH OUTPUT
MONITOR

SIGNAL '
GENERATOR /\\

7000 SERIES
OSCILLOSCOPE

FREQ 715
COUNTER
7014

2184-8

Fig. 3-2. Dot frequency range and display flatness test setup.



4. Frequency Span Accuracy and Linearity
a. Connect the CALIBRATOR signal to the
INPUT connector and set the front panel controls as

follows:

DOT FREQUENCY 0.00 kHz
RESOLUTION 30 kHz
FREQUENCY SPAN/DIV MAX
TIME/DIV AUTO
REFERENCE LEVEL -30 dBm
Display Mode LOG 10 dB/DIV
b. Verify that the crt display includes ten

CALIBRATOR signals, excluding the signal at the left
edge of the graticule. Verify linearity by ensuring that
each signal is coincident with a vertical graticule line,
within 5 percent (£0.25 division), over the 10 division
display.

c. Connect the test setup in accordance with
[Fig—3-3land set front panel controls as follows:

DOT FREQUENCY 4000.00 kHz
FREQUENCY SPAN/DIV 200 kHz

RESOLUTION 10 kHz

REFERENCE LEVEL +10 dBm or as required
DOT MKR Max cw (dot to left

edge of graticule)

d. Apply 5 us markers to the INPUT and verify
one, (200 kHz) marker per division, +2 percent, over the
full graticule width. (i.e., If the controls are adjusted so
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that the marker behind the 2nd graticule line from the left
edge is coincident, then the marker behind the 10th
graticule line, at the right edge, must be within 0.2
division or 1.0 minor division.)

e. Set the FREQUENCY SPAN/DIV to 100 kHz
and apply 10 Is markers to the INPUT connector. Verify
one (100 kHz) marker per division, £2 percent, over the
full graticule width.

f. Apply markers and set the FREQUENCY
SPAN/DIV control in accordance with[Table 3-2. Verify
frequency span accuracy by noting the markers per
division for each setting. Adjust the RESOLUTION
control as required to optimize display amplitude.

TABLE 3-2

FREQUENCY SPAN/ Marker Gen.

DIV Setting Setting 1 Marker/=2%
200 kHz 5us 1div
100 kHz 10 ps 1 div
50 kHz 10 ps 2 div
20 kHz 50 ps 1 div
10 kHz 1ms 1 div
5 kHz 1 ms 2 div
2 kHz S5 ms 1 div
1 kHz 1ms 1div
.5 kHz 1ms 2 div
.2 kHz 5ms 1div
.1 kHz 10 ms 1 div
50 Hz 10 ms 2 div

MARKER
GENERATOR

7000 SERIES
OSCILLOSCOPE

7L5

o)

2184-9

Fig. 3-3. Frequency span accuracy and linearity test equipment setup.
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5. Sweep Rate Accuracy
e. Set TIME DIV switch to each position listed in
a. Connect test setup per[Fig. 3-4] Set the 7L5 [Table 3-3]and repeat step d.
front panel controls as follows:

TABLE 3-3
FREQUENCY SPAN/DIV 0 7L5 Marker Displayed
TIME/DIV 1ms TIME/DIV Generator Markers/Div
TRIGGERING INT and NORM 1ms 1ms 1/1
b. On the oscilloscope mainframe, select Left é mz imz 1;2
Vertical Mode and Left Vertical Trigger Source. '1_0 ms 10 ms 1/5
c. On the marker generator, select 0.1 ms iboomris 18 mz iﬁ
markers. Adjust Volts/Div switch on vertical plug-in 20'0 ms 1s 1/5
amplifier as required for a stable display on the crt. 50:0 ms :1 s 1/2
d. Adjust 7L5 HORIZ POSITION as required, to ;: '1138 i;:rl,
align markers with the vertical graticule lines. Verify that '55 1s 1/2
the displayed markers per division are in accordance with 1 Os 1s 1/1
and within 5 percent of their respective 2'0 s 1s 2/1
graticule line, i.e., with the first marker on the left 5'0 s 5s 1/1
graticule line, the last marker should be within 0.5 1'0 0s 5s 2/1
division of the right graticule line. :
7000 SERIES

OSCILLOSCOPE

VERT 7L5
AMPL
7A15/
7A16/
7A18
MARKER
GENERATOR

2184-10

Fig. 3-4. Sweep rate test equipment setup.
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6. Intermodulatlon Distortion
a. Connect test setup in accordance with Fig. 3-
5. Set the 7L5 front panel controls as follows:

DOT FREQUENCY 2500.00 kHz
RESOLUTION 3 kHz
FREQUENCY SPAN/DIV 5 kHz
TIME/DIV 2s

LOG 10 dB/DIV On
REFERENCE LEVEL -30 dBm
INPUT BUFFER Off

DIGITAL STORAGE DISPLAY A/B
BASELINE CLIPPER Max cw

b. Adjust the output level of the signal generator
No.1 to approximately -20 dBm. Adjust its output
frequency to 2495.0 kHz so that the displayed signal
appears one division to the left of center screen,

c. Adjust the output level of signal generator No.
2 to approximately -20 dBm. Adjust its output frequency
to 2505.0 kHz so that its displayed signal appears one
division to the right of center screen.

d. Change the RESOLUTION to 300 Hz and
adjust the signal generators output level so both signals
are full screen (-30 dBm reference).

e. Reset the TIME/DIV to 2.0 s. Wait 20
seconds and verify that the third order intermodulation
product, (3 divisions from center screen) is at least 7.5

TM 11-6625-2759-14&P

f. Increase the external attenuation to reduce the
input signal level by 10 dB. Set REFERENCE LEVEL to -
40 dBm, Repeat step e to verify that third order IM
products are at least 8 divisions below the reference
level.

0. Reset signal generator No. 1 output frequency to

10.0 kHz and adjust its output signal level to--40 dBm
(full

screen). Wait 20 seconds and verify that the second
order

IM products (2 divisions from the signal generator No. 2
display) are 8 divisions (80 dB) below the reference level.

h. Remove 10 dB of external attenuation to
Increase both Input signal levels, Set the REFERENCE
LEVEL control to -30 dBm. Walt 20 seconds and verify
that the second order IM products (2 divisions from signal
generator No. 2 display) are at least 7.2 divisions (72 dB)
below the reference level.

i. Set the INPUT BUFFER pushbutton to on.
Wait 20 seconds and verify that the second order IM
products are at least 8 divisions (80 dB) below the
reference level.

j- Reset signal generator No. 1 frequency to
2495.0 kHz. Wait 20 seconds and verify that the third
order IM products are at least 8 divisions below the

divisions (75 dB) below the reference level. reference.
7000 SERIES
OSCILLOSCOPE
GENERATOR
(NO. 1) O
» 10X (20 dB)
ATTEN
500 STEP
BNC T ATTEN 7LS
0-79 dB
10X {20 dB)
ATTEN
500

SIGNAL "

GENERATOR

{NO. 2) O

L1

2184-11

Fig. 3-5. Intermodulation distortion test equipment setup.
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Displayed Frequency Stability

a. Connect the test setup in accordance with
[Fig._3-2] using a stable signal generator; (A frequency
should be equal to or less than 0.5 Hz/hour).

b. Adjust a stable signal source for an output
frequency of 500 kHz at an output level of approxmately-
20 dBm.

c. Set the 7L5 front panel controls as follows:

DOT FREQUENCY 500.00 kHz
RESOLUTION 100 Hz
FREQUENCY SPAN/DIV 50 (Hz)
TIME/DIV Ads
REFERENCE LEVEL -27 dBm
DIGITAL STORAGE DISPLAY A/B
Display Mode LOG 2 dB/DIV
6 DIV [ \
1 DIV \
L]
{A) 6:1 Slope

/
/

{B) Trailing edge refarence

2184-12

Fig. 3-6. Frequency stability test response setup.
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d. With a displayed waveform similar to Fig. 3-
6A, adjust the reference level slightly, as required, to
establish a 6:1 slope on the linear portion of the
waveform.

e. Carefully adjust the DOT MKR control to
establish a center screen reference (vertical and
horizontal) for the trailing edge of the waveform (Fig. 3-
6B).

f. Activate the SAVE A and MAX HOLD
pushbuttons.

g. After one hour, verify that any change in the
displayed waveform is not more than 5 Hz. That is, any
change in the displayed signal frequency, as indicated by
horizontal and vertical separation between the display A
"reference” waveform and the display B waveform,
should be less than 0.6 vertical division (0.1 horizontal

division). Refer to[Fig._3-7.

This completes the Performance Check and
verifies that the 7L5 will perform within the specifications
described in Section 1.

A FREQ ¥
(IN TOL)

A FREQ ¢

(SLIGHTLY
QUT OF TOL)

DISPLAY B/
MAX HOLD
WAVEFORM

0.6 DIV =5 Hz

INITIAL SETTING (DISPLAY B/
REFERENCE MAX HOLD)
WAVEFORM WAVEFORM

(DISPLAY A /SAVE A)

[+ 0.10 DIV =5 Hz

2184-13

Fig. 3-7. Frequency stability test waveform interpolation.
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SECTION 4. CALIBRATION PROCEDURE
CAUTION

STATIC DISCHARGE CAN DAMAGE MANY SEMICONDUCTOR COMPONENTS USED IN THIS
INSTRUMENT.

Many semiconductor components, especially MOS types can be damaged by static discharge. Damage may not
be catastrophic, therefore, not immediately apparent. It usually appears as a "weakening” of the semiconductor
characteristics. Devices that are particularly susceptible are: MOS, CMOS, J FET’s, and high impedance OP amps.
Damage can be significantly reduced by observing the following precautions.

1. Handle static sensitive components or circuit assemblies at or on a static free surface. Work station areas
should contain a static free bench cover or work plane such as, conductive polyethylene sheeting and a grounding wrist
strap. The work plane should be connected to earth ground.

2. All test equipment, accessories, and soldering tools should be connected to earth ground.

3. Minimize handling by keeping the components in their original containers until ready for use. Minimize the
removal and installation of semiconductors from their circuit boards.

4. Hold the IC devices by their body rather than the terminals.
5. Use containers made of conductive material or filled with conductive material for storage and transportation.

Avoid using ordinary plastic containers. Any static sensitive part or assembly (circuit board) that is to be returned to
Tektronix, Inc.; should be packaged in its original container or one with anti-static packaging material.

This section provides calibration adjustment Verify performance after a recalibration.
procedures and internal checks. Performing the complete
procedure will recalibrate the instrument to its History Information
specifications.  After calibration, the instrument
performance should be verified by performing the The instrument and manual are periodically
Performance Check. evaluated and updated. If modifications require changes
in the calibration procedure, history information
The limits, tolerances, and waveform illustrations applicable to earlier instruments is included, as a
in this procedure are aids to calibrate the instrument and deviation within a step or as a subpart to a step.

not intended as performance specifications.
Interaction
Complete or Partial Calibration
Adjustments that interact with other circuits are

Because the circuits are very stable, re- noted and reference made to the affected circuit.
calibration is usually necessary only after a component
has been replaced or the instrument has been operating Equipment Required
for a number of hours. We advise checking the
performance and recalibrate only those circuits that do Equipment for calibration includes the equipment
not meet specifications. Turn to the desired step within listed for the Performance Check plus the following
this procedure and prepare the instrument for calibration additional equipment.
by referring to the preceding setup and control
instructions, then adjust or calibrate as directed. 1. Digital Voltmeter: 0.1% accuracy, 100 V

range. Tektronix DC501 of the TM500-Series.
The instrument should be cleaned and inspected, as
outlined in the Maintenance section, before performing a 2. Two (2) Plug-In Extenders: Tektronix Part No.
complete calibration. Perform the checks and 067-0616-00.
adjustments in sequence for a complete calibration.
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3. Shorting strap or jumper; Jumper lead
approximately 4 inches long with square pin connector
and miniature alligator clip (see|Fig. 4-19).

4. Four (4) 10 kaQ swamping resistor straps: See
for construction details.

5. Adjusting (tuning) tool for rf coils on the
Variable Resolution assemblies: Ferroxcube Corp.
Saugerties, New York. Part No. 991-0368-00.

6. Non-metallic tuning screwdriver: 1/8 inch
blade, JFD Production Tool 7104-5.

7. 50 @ feedthrough termination: Tektronix Part
No.
011-0099-00.

Short Form Procedure and Record

The following abridged procedure provides a
calibration record and an index to help locate adjustment
steps.

7L5 Serial No.

Calibration Date

Calibrator

1. Check/Adjust the Reference Oscillator
Frequency

Page 4-6

Calibrate the CALIBRATOR
frequency to 500 kHz +1 Hz or the crystal
oscillator frequency to 10 MHz £20 Hz.

2. Calibrate the Calibrator Output Level Page 4-6

a. Use a calibrated reference signal
of 10 mV, into a Hi Z plug-in module, to
establish a reference amplitude then adjust

the CALIBRATOR output with R892 to this
reference.

b. Use a calibrated reference signal
of 10 mV, into a Lo Z plug-in module, to
establish a reference amplitude then adjust
the CALIBRATOR output with R895 to this
reference.

3. Calibrate Span/Div
a. Adjust the base voltage of Q365
to +11.0 volts with R365.

Page 4-7

b. Adjust the MAX span dot position
with R655.

c. Adjust the A Memory Gain with
R345 for a voltage difference, at pin MH, of
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16.6to 16.7 volts, between DOT frequencies
of 00.00 and 4999.75 kHz.

d. Adjust the B Gain with R325 for a
voltage difference, at pin ND, of 18.0 volts
between DOT frequencies of 00.75 and
100.00 kHz.

4. Sweep Timing Page 4-9
In the O span mode adjust the

sweep timing with R685 for a calibrated
sweep. (Use 10 ms/Div and 10 ms markers.)

5. 1st LO and 1st LO Phase Lock Calibra-
tion

Page 4-10

a. With P246 connected from pins 2
to 3, adjust R255 for a voltage of 1.4 V at
P246. Return P246 to pins 1 and 2.

b. With SPAN/DIV at MAX, adjust
the Sweep Offset with R2015 for a voltage of
3.2V at pin PB.

c. Adjust the Sweep Gain with
R2025 for minimum signal amplitude at pin
PB. Peak to peak signal amplitude should
not exceed 1 volt.

d. Repeat these steps because of
interaction.
6. Function IF Calibration Page 4-11
a. Calibrate the Volts/Div with

R2205 for 1 V/10 dB signal level change at
pin 6 of U2210.

b. With no signal applied and in LIN
mode, adjust the Baseline Offset, with
R2235, for 0 volt at pin 6 of U2210.

c. With the CALIBRATOR signal
applied, adjust the REFERENCE LEVEL for
-8 V at pin 6 of U2210, then adjust the 2 dB
Offset with R2215 so the voltage at pin 6, for
the 2 dB mode, is the same as it was in the
LIN mode. Output level for the three display
modes should match.

d. Calibrate the 2 dB Log and Lin 20
dB, 40 dB, and 60 dB gain with R1065,
R1115, and RI145 respectively. For the L1
and L2 Plug-In Modules, these 20 dB gain
stages are switched in at REFERENCE
LEVELS of -70 to -71 dBm (20 dB gain), -90
to -91 dBm (40 dB gain) and -110 to
-111 dBm (60 dB gain).



7. Calibrate the 250 kHz IF, 2nd Mixer, and
10.7 MHz Input Filter

With the CALIBRATOR signal
applied, peak L1200, L1400, C1606, C1600,
and C1042.

8. Variable Resolution Amplifier Calibration
a. With three of the four stages swamped,
adjust the response of each for symmetry,
bandwidth, and amplitude. Each stage is
adjusted by repeating this procedure for the
1st stage:

1. Adjust C1660 for symmetry 20
dB down, C1684 for symmetry 2 dB down
and finalize with L1680.

2.  Adjust the bandwidth 1.5 dB
down with R1680.

b. After the response of all stages
has been calibrated, set the bandwidth for
the 1 kHz to 30 Hz RESOLUTION positions
with R1700 (1 kHz) R1702 (300 Hz) R1704
(100 Hz) and R1706 (30 Hz).

c. Set the 10 Hz bandwidth with
R1708 so the bandwidth 70 dB down is 100
Hz.

d. Calibrate and equalize the gain
as follows:

1. Short the input to all but one of
the gain setting circuits  (operational
amplifier and photo-resistor-LED (ICs).

2. Adjust the 10 Hz gain for the
stage that is shorted, (R1685-1st stage,
R1735- 2nd stage, R1795-3rd stage, and
R1825- 4th stage) so there is minimum shift
in signal amplitude as the RESOLUTION is
switched from 10 Hz to 3 kHz.

e. Remove all shorting straps,
center the front panel AMPL CAL
adjustment, then, with -40 dBvV
CALIBRATOR signal applied and the
REFERENCE LEVEL at -40 dBV, calibrate
the 30 kHz and 10 kHz gain with R1905 and
R1885. Now calibrate the gain for the 10 Hz
to 3 kHz resolution bandwidth setting with
R1835.

9. Digital Storage Calibration

a. With a DOT frequency of 500
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kHz, SPAN/DIV at MAX, and
RESOLUTIONCOUPLED, TIME/DIV 0.2 s,
Display Mode 10 dB/DIV and DIGITAL
STORAGE on, apply the CALIBRATOR
signal to the IN-PUT and adjust the
Horizontal Equalization with R4585 in a ccw
direction until the display remains stored.

b. Increase the sweep rate and
adjust the Horizontal Offset with R4570 to
place the 500 kHz marker under the DOT.

¢ . Adjust the Horizontal Gain with
R4625 so the store and non-store position of
the 4500 kHz marker Is the same.

d. With a SPAN/DIV of 10 kHz,
adjust the Vertical Gain with R4565 so the
amplitude of the stored display and the non-
store display are the same.

e. Check the operation of DISPLAY
A and SAVE A, then DISPLAY B and MAX
HOLD.

Preliminary Procedure
NOTE

Instrument calibration should be performed at a
temperature equal to the ambient operating
temperature that is normally within +200 C to
+300 C after a warmup period (with power on)
of at least 10 minutes to allow the instrument to
stabilize.

1. Check the front panel controls and selectors
for smooth operation and proper indexing.

2. Remove the 7L5 from the mainframe and
reconnect it to the mainframe interface through the
flexible plug-in extender cables. Connect the 7L5 to the
center two compartments if a four hole mainframe is
used. Remove the four screws that hold the IF module
assembly in place (see[Fig. 4-1D). This will allow the
assembly to swing out and down for access to internal
adjustments.

3. Turn the power ON and allow the instrument
circuits to stabilize before making any adjustments.

NOTE

[Fig_4-Ilis a series of four photographs that
show the location of the major circuit boards
and assemblies, that are referred to in this
procedure.
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REFERENCE DSCILLATOR & CALIBRATOR [A100A8)

18t LD l._l:l:li (A TODAS)

A DSCILLATOR CET BRD [AT00AZ)

TUNE REFERENCE, A + N [AT00A3)

“&" & “B" OSCILLATOR CONTROL CKT BRD [A100AT)
B OSCILLATOR CET BRD (A100A8]

TUNE REFEREMCE, B + N (AT00A4)

(Al HWONEYCOMB SIDE OF THE AEFERENCE MODULE.

(e i

6.7 WFE INFUT
FILTER 1A 1000A2)

2Znd MIXER CET BRED [LATDHB0ATI 0.7 M IF
AMPL (A7000484)
250 kHz IF AMPL CKT BRD {&100045)

iEl HOMEYCOME SIDE OF THE IF MODLULE,
Fig. 4-1A & B. Location of the major circuit boards and assemblies for the 7L5.
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LOG/LIN AMPL CKT
BRD {A1000A3)

POST VR AMPL
VARIABLE RESOLUTION CKT BRD (A1000AB)

(C) VARIABLE RESOLUTION AND LOG/LIN AMPLIFIER OF THE IF MODULE.

- TRANSVERSE INTERFACE CKT BRD (A3000)

DIGITAL STORAGE CKT BRD (A4500) DIGITAL AVERAGING CKT BRD (A4000)
SWEEP CKT BRD (A500)

REMOVE TWO FLAT-
HEAD SCREWS TO FREE
I.LF. MODULE ASSEM-
BLY.

REMOVE TWO SCREWS
TO FREE IL.F. MODULE =

ASSEMBLY. FRONT PANEL

CKT BRD (A1)

TRANSVERSE INTERFACE
CKT BRD (A3000) IF MODULE ASSEMBLY

(A1000)

“WERTICAL CONTROL CKT BRD (A200A2)

RF MODULE ASSEMBLY (A2000)
WITH 1st LO CKT BRD (A2000A1A1)

(D) IF MODULE SWUNG DOWN TO EXPOSE THE DIGITAL AVERAGING AND VERTICAL CONTROL BOARDS.

Fig. 4-1C & D. Location of the major circuit boards and assemblies for the 7L5.
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1. Check/Adjust the Reference Oscillator Frequency

Two procedures are given to check and adjust
the reference oscillator frequency. The 1st procedure
re- quires a four plug-in compartment mainframe and a
vertical amplifier unit to amplify the 500 kHz Calibrator
signal so it will drive a counter. The 2nd procedure is an
alternate procedure that can be used with three plug-in
compartment mainframes.

a. Using a four plug-in
mainframe and vertical amplifier unit:

compartment

1. Plug the 7L5, through extender
cables, into the center two compartments of the
mainframe, a vertical amplifier unit (e.g., 7A16) in the left
vertical compartment, and a counter (e.g., 7D14) In the
right horizontal compartment.

2. Connect the CALIBRATOR output to
the Input of the vertical amplifier. Set the vertical
sensitivity to 10 mV/Div, Input coupling to ac, and
bandwidth to 20 MHz or less to reduce noise above 500
kHz.

3.  Switch the mainframe Vertical Mode to
Alt or Chop, Horizontal Mode to Chop, and B Trigger
Source to Left Vertical.

4.  Set the counter Input selector to Trig
Source and the Measurement Interval to 10 s.

5. After a 5 minute warmup period,
check the calibrator frequency. Frequency should
measure 500 kHz +1 Hz (499.999 to 500.001).

P et
10 MHz Crystal
# Freque Adjustment

Fig. 4-2. Calibration adjustment locations for the
Reference Oscillator and Calibrator.
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6. Set the crystal frequency, with the
adjustment illustrated in [Fig._4-2] so the -calibrator
frequency is within specifications.

b.
mainframe:

Using a three plug-in compartment

1. Remove the rf screen cover over the
honeycomb reference module containing the reference
oscillator circuit board. Plug the 7L5, through extender
cables, into the right vertical and horizontal
compartments, and a counter (e.g., 7D14) into the left
vertical compartment.

2. Connect a 1X probe from the Input of
the counter to the output of the crystal reference
oscillator at P390 (Eig_4-3)] Note the frequency.

3. Calibrate the reference oscillator
frequency to 10.0000 MHz +20 Hz with the crystal

adjustment illustrated in[Eig. 4-2]

2. Check/Adjust the Calibrator Output
Level The output of the Calibrator is -40 dBV at 500 kHz.
Low and High Level adjustments calibrate the output
current for low impedance (50 n) and high impedance (1
MQ) plug-in modules. This calibration can be per-
formed by using a low impedance and high impedance
plug-in module or any plug-in module with pin B13 of
J2219 or pin P of J530 shorted to ground for low
impedance calibration and pin B13 of J2210 open for
high impedance calibration. The output level of the
calibrator is calibrated to a reference level set by a
calibrated signal source. A high impedance rms
differential .voltmeter, with an accuracy of 1% or better,
is used to set the reference level of the signal source.

Fig. 4-3. Test pomt location for the 10 MHz Crystal
Oscillator.



a. Remove the plug-in module and place
insulating tape (e.g., Scotch tape) over pins A13-B13,
A14-B14, A15- B15 of the interface connector [Fig. 4-4),
then re-insert the plug-in module in its compartment.

b. Apply a 500 kHz signal from a signal source
with a variable output adjustment to an accurate (within
1%) differential voltmeter and set the output of the signal
generator for 10 mV rms.

c. Now apply the calibrated 10 mV signal
through an unterminated cable to the INPUT of the L-
series plug-in module.

d. Setthe 7L5 FREQUENCY SPAN/DIV to 2
kHz, RESOLUTION to 30 k, Display Mode for 2 dB/Div,
and adjust the REFERENCE LEVEL so the signal
amplitude is at center screen or some reference level.

e. Disconnect the reference signal and apply
the 7L5 CALIBRATOR signal to the INPUT.

f.  Calibrate the output level of the Calibrator to
the reference level, by adjusting R892 [Eig. 4-2).

g. Now calibrate the signal source to 10 mV,
into 50 ohm load, by applying the signal through a 50
ohm (within 1%) feedthrough termination to the
differential voltmeter and adjust the generator output to
10 mVv.

Fig. 4-4. Plug-in module connector partially Insulated so
the HI Z calibrator level can be adjusted.
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h.  Apply the unterminated signal to the INPUT
of the plug-in module for the 7L5 and adjust the
REFERENCE LEVEL so the signal amplitude is again at
some graticule reference point.

i. Remove the reference signal from the
INPUT and apply the CALIBRATOR signal to the INPUT.

j- Use a shorting strap to short pin B13 of
J2210 (Eig. 4-5)to ground. (Pin B13 and pin 13 of the
decoupling circuit board are connected together.)

k.  With pin B13 shorted, adjust the calibrator
output with R895 (Fig. 4-2) until it equals the reference
level of the signal source.

I.  Remove the shorting strap and recheck the
calibrator signal level for high impedance input. If R892
must be readjusted, recalibrate the signal source for high
impedance and repeat the above procedure for high
impedance and low impedance calibration. These two
adjustments interact.

m. Remove the insulation from the plug-in
connector and re-insert the plug-in module into the 7L5
compartment.

3. Frequency Span/Div (Reference Module & Sweep)
Calibration

a. Remove the rf screen cover over the
honeycomb assembly. Set the FREQUENCY
SPAN/DIV to 0, the DOT FREQUENCY to 2500.00 kHz,
and turn the DOT MKR control fully ccw to its detent
position.

Fig. 4-5. Location of B13 on J2210.
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Fig. 4-6. Test point and adjustment locations for the A & B Oscillator Control.

b. Connect a DVM (digital voltmeter) to the
base of Q365 (A and B Oscillator Control 7) and adjust
R365 [Fig. 4-6) for a reading of 11.00 volts.

c. Change the FREQUENCY SPAN/DIV to 5
kHz. Position the marker dot to the center line of the
graticule with the HORIZ POSITION control.

d. Set the FREQUENCY SPAN/DIV to MAX.
Adjust the Max Span Dot Position with R655 [Fig. 4-7)) to
center the marker dot on the graticule.

Fig. 4-7. Location of Dot Position and Sweep Timing
adjustments and test points.
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NOTE

If any frequency determining component
(such as Varactor diode CR122) has
been replaced, or the marker dot cannot
be centered with adjustment R655, the
following procedure should be used.

1.  Adjust R655 (Fig.__4-8)|for O V at pin
RJ [Eig—4-6) then add or remove jumpers P122 and/or

P124 (Tektronix Part No. 131-1493-00) so the DOT is
close to, but not to the right of, center screen (high
frequency side).

2. Now adjust R655 to center the marker
dot on the crt graticule.

e. Set the DOT FREQUENCY to 00.00 kHz
and connect the DVM to pin MH (A Memory) of the A and
B Oscillator Control (Eig.4-6)l Note the voltage.

f.  Change the DOT FREQUENCY to 4999.75
kHz and note the new voltage reading.

g. Adjust the A Memory Gain with R345 [Eigl
|4-6) until the voltage difference between step e and f is
16.6 to 16.; volts.

NOTE

The following step is usually necessary
only if some frequency-determining
component such as diode CR260, has
been replaced.
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Fig. 4-8. Location of A & B Oscillator frequency determining jumpers.

h. Set the DOT FREQUENCY to 50.00 kHz
then check the voltage at pin ND of the A and B
Oscillator Control [Eig.4-6). If the voltage is more than
+1.5 V, remove or add jumpers P260 and P262
to decrease the voltage below £1.5 V.

i. Set the DOT FREQUENCY to 99.75 kHz.
Measure the voltage at pin ND of the A and B Oscillator
Control assembly [[Fig. 4-6). Note this voltage.

j.  Change the DOT FREQUENCY to 100.00
kHz. Measure and note the new voltage at pin ND.

k. Adjust the B Gain with R325 until
the voltage difference at pin ND, between the two DOT
FREQUENCY settings (steps i and j), is 18.0 volts.

I. Set the FREQUENCY SPAN/DIV to 500
kHz. Apply the CALIBRATOR signal to the INPUT and
adjust the Reference Level (approximately -30 dBm) to
display 1 marker/division.

m. Check the span accuracy at 99.75 kHz and
100.00 kHz. If the accuracy percentage is positive at
99.75 and negative at 100.00 kHz (e.g., +1% and -
3%),R325 can be adjusted to balance the error at each
setting, thus keeping the span accuracy within the
specification of 4%.

n. Set the FREQUENCY SPAN/DIV to any
position other than MAX and adjust the HORIZ
POSITION to center the marker dot on screen.

0. Set the FREQUENCY SPAN/DIV to MAX
and the DOT FREQUENCY to 2500.00 kHz. Apply the
CALIBRATOR signal to the INPUT.
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p. Adjust the DOT position, with R655 (Fig. 4-
7) so itis aligned to the 2500 kHz marker.

g. Adjust the front panel SWP CAL and
HORIZ POSITION so the sweep span is calibrated to the
500 kHz and 4500 kHz Calibrator markers.

r.  Tune the DOT FREQUENCY through its full
range. Start at the left edge and check for tuning
smoothness and accuracy as the DOT aligns behind
successive graticule lines for every 500 kHz of dot
frequency. Alignment accuracy should be within £10
kHz.

4. Sweep Timing
NOTE

The front panel SWP CAL and the
SPAN/DIV calibration must be made
before the sweep timing is calibrated.

a. Apply 10 ms markers from the time mark
generator to the left amplifier plug-in unit. Set the
mainframe Vertical Mode and Trigger Source selectors
to Left so the amplifier output is displayed.

b. Set the 7L5 TIME/DIV to 10 ms,
FREQUENCY SPAN/DIV to 0, DIGITAL STORAGE off,
TRIGGERING SOURCE to INT, and MODE to NORM.
Adjust the Triggering LEVEL control for a triggered
display.

c. Position the display with the HORIZ
POSITION control and adjust R685 for 1
marker/division.



d. Check other TIME/DIV settings for
accuracy, using appropriate time marker input.
Accuracy should equal or exceed 5% of the TIME/DIV
selection.

e. Return the TIME/DIV to 100 ms.

Fig. 4-9. Location of 1st LO Phase Lock test points and

adjustments.
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5. 1st LO and 1st LO Phase Lock Calibration

(Diagram

a.  With the vertical amplifier unit (e.g., 7A18)
in the left vertical compartment of the 7L5 mainframe,
switch the Vertical Mode to Chop so both the 7L5 and
amplifier displays can be observed.

b. Set the amplifier Volts/Div to 1 V, the 7L5
DIGITAL STORAGE off, and the TIME/DIV to 10 ms.

c. Ground the Input of the amplifier and
position the trace to the center graticule line then switch
the amplifier input coupling to DC so dc voltage can be
measured.

d. Connect P246 [Eig_4-9) from pin 2 to 3
then use the dc coupled amplifier to measure the dc
voltage on P246. Adjust R255 [Fig. 4-9) for a voltage of
1.4 V. Reconnect jumper P246 from pin 1 to 2.

e. Connect the In put of the vertical amplifier
through a test probe to pin PB (Fig. 4-9) on the 1st LO
Lock board. With the FREQUENCY SPAN/DIV at MAX
position, adjust the Sweep Offset, with R2015 (Fig. 4-
10), for a voltage of 3.2 V at pin PB.

Fig. 4-10. Location of 1st LO adjustments.
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f.  Now adjust the Sweep Gain, with R2025
[Fig—24-10), for minimum signal amplitude as illustrated in
Fig. 4-11. Repeat the Sweep Offset and Sweep Gain
adjustments until  minimum  peak-to-peak signal
amplitude is obtained with a dc level, at pin PB, of 32 V.

NOTE

The 1st LO frequency must be nearly correct to
obtain the proper waveform from the 1st LO
lock. If this waveform cannot be obtained, set
the FREQUENCY SPAN/DIV to MAX, Display
Mode to 10 dB/DIV, and RESOLUTION to 30
kHz. Note the position of the 0 Hz start spur.
Now, adjust R2015 and R2025 to
position the 0 Hz start spur under the first
graticule line. If the lock is working, there
should be a slight hesitation as the 0 Hz start
spur Is tuned past the fit graticule line. Once
the 0 Hz start spur Is In the correct position,
a usable waveform should be obtained from
the 1st LO lock.

g. Return the TIME/DIV to 100 ms or slower
and switch DIGITAL STORAGE (DISPLAY A) on.

6. Function IF Calibration

a. Apply the CALIBRATOR signal through a
10 dB step attenuator to the INPUT of the plug-in
module.

NOTE
The step attenuator impedance must

match the input impedance of the L-
series plug-in module.

Minimum amplitu
at 3.2 V level

de

Fig. 4-11. Typical response at pin PB when adjusting
Sweep Offset and Gain.
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b. Connect the Input of a vertical amplifier
plug-in unit (e.g., 7A18) through a 10X probe to pin 6 of
U2210on the Vertical Control board and
Diagram 18).

c. Set the Volts/Div (vertical sensitivity) of the
amplifier unit to 1 V, the Input Coupling to dc, and the
7000-Series mainframe Vertical Mode and Trigger
Source switches to display the output of the vertical
amplifier unit.

d. Set the DOT FREQUENCY to 500.00 kHz,
the RESOLUTION to 30 k, the FREQUENCY SPAN/DIV
to 0, and the Display Mode to 10 dB/DIV. Adjust the
REFERENCE LEVEL and VAR controls to set the
voltage, at pin 6 of U2210, at a graticule reference line.

NOTE
Reference level should be =30 dBm or more to
minimize noise,

e. While switching the step attenuator In 10 dB
steps, to change the input signal level 10 dB, adjust
Volts/Div Cal R2205 (Eig._4-12) for a corresponding 1.0
V change (at pin 6) per 10 dB change of signal level.
Return the step attenuator to 0 dB.

f.  Select the LIN mode with a reference level
of 1 mV/Div or higher, disconnect the CALIBRATOR
signal from the INPUT and adjust Baseline Offset R2235
[Eig—_4-12) for 0 volt at pin 6 of U2210. Position this 0 V
reference level at the top graticule line with the Vertical
Position control.

g. Reconnect the CALIBRATOR signal to the
INPUT and adjust the REFERENCE LEVEL controls for
an output level of -8 volts at pin 6 of U2210.

\_ Junction of
Bl R2226, R2222

Fig. 4-12. Location of Vertical Control board test points
and adjustments.



h. With the REFERENCE LEVEL set as
directed in step f, switch the Display Mode to 2 dB/DIV
and adjust 2 dB Offset R2215 so the output
level at pin 6 is -8 volts. The output level of U2210, for
all three modes, should match.

NOTE

The display level may vary between display
modes due to the mainframe sensitivity. This
can be corrected with the front panel LOG CAL
and AMPL adjustments.

i. Disconnect the 10X probe from pin 6 of
U2210. Switch the mainframe Vertical Mode and Trigger
Source selectors to display the 7L5 output. Switch the
Display Mode to 2 dB/DIV and adjust the REFERENCE
LEVEL controls (at or near -50 dBm) to position the
display at the top graticule line.

j.  Calibrate the 2 dB Log and Lin 20 dB, 40
dB, and 60 dB gain stages as follows:

NOTE

For L1 and L2 plug-in modules, these 20 dB gain
stages are switched in at REFERENCE LEVELS
of -70 to -71 dBm (20 dB Gain), -90 to -91 dBm
(40 dB Gain), and -110 to -111 dBm (60 dB
Gain).

TM11-6625-2759-14&P

1. With the REFERENCE LEVEL at -51
dBm, add external attenuation (approximately 40 dB)
with the step attenuator until the display level is at the top
graticule line.

2. Add 20 dB of external attenuation and
increase the 7L5 REFERENCE LEVEL or amplifier gain
20 dB (-71 dBm).

3. Adjust the 20 dB Gain, with R1065
, so the signal level equals the reference level
(established in step 1).

4, Add an additional 20 dB of external
attenuation and increase the 7L5 REFERENCE LEVEL
to -91 dBm.

5. Adjust the 40 dB Gain with R1115
[Eig.4-13) so the display level equals the reference level.

6. Repeat the procedure to calibrate the
60 dB Gain with R1145 (Eig. 4-13).

7. Calibrate the 250 kHz IF, 2nd Mixer, and 10.7 MHz
Input Filter

a. Remove both rf screen covers over the IF

processing honeycomb and the Variable Resolution
honeycomb assembly.

Fig. 4-13. Test points and adjustments on the Log/LIin Amplifier board.
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b.---Apply the CALIBRATOR signal to the
INPUT of the plug-in module. Set the DOT
FREQUENCY to 500.00 kHz, Display Mode for 2 dB/DIV,
DIGITAL STORAGE off, FREQUENCY SPAN/DIV at 0,
RESOLUTION 30 kHz, and TIME/DIV to 2 ms.

c.---Adjust L1200 (Eig.4-13), L1400, C1604,
C1600, and C1042 (Fig. 4-14) for maximum response to
the 500 kHz Calibrator signal.

8. Variable Resolution Calibration

a.--- With the front panel controls set as directed
in step 7, adjust L1916, and L1918 [(Fig. 4-15) for
maximum response.

b.--- Change the RESOLUTION to 10 kHz and
adjust L1856, L1860, L1864, L1870, and L1872 (Fig. 4-
15) for maximum response.

c. ---Change the FREQUENCY SPAN/DIV to 5
kHz and adjust thel0 kHz filter response with
L1856,L.1860,L1864, L1870, and L1872 for maximum
amplitude and symmetry around the DOT frequency.
Bandwidth (6 dB down) should be 10 kHz +20%.
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d.---Set the RESOLUTION to 30 KkHz,
FREQUENCY SPAN/DIV to 10 kHz, and adjust L1916,
L1918 for symmetry and maximum amplitude
around the DOT frequency.

e. ---Return the FREQUENCY SPAN/DIV to 0,
tune the crystal filter center frequency to 250 kHz with
adjustments C1666, C1726, C1766, and C1806 (Fig. 4-
15). Tune for maximum response amplitude as the
RESOLUTION is decreased towards 10 Hz.

f.----Adjust the response of each VR stage for
response symmetry, amplitude, and bandwidth as
follows:

Set the FREQUENCY SPAN/DIV to 5
kHz, RESOLUTION to 3 kHz, and Display Mode to 10
dB/DIV.

Adjust the REFERENCE LEVEL for an
on-screen display so the shape and bandwidth (20 dB
down) can be observed.

Figure 4-14. Test points and adjustments on the 250 kHz IF Amplifier, 10.8 MHz Input Filter and 2" Mixer.
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Figure 4-15.B. Test points and adjustments on the Variable Resolution board.
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Install 10 k& swamping resistors (Fig.
across TP1720-TP1725, TP1760-TP1765, and TP
TP1805 (Fig._4-15).

————— Adjust the response symmetry and
center frequency of the 1st stage wit