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Model 3586A/B/C

SECTION VIl
SERVICE

NOTE

Do not remove any of the covers of the 3586A/B/C until you have
read the information contained in Paragraphs 8-1 through 8-7.

8-1. INTRODUCTION.

8-2. This volume of the Service Manual contains information relative to the maintenance
and service of the 3586A/B/C Selective Level Meter. The information presented in this manual
is assembled into four major segments: Turn-on Initialization and Milking the Front Panel,
Troubleshooting, Detailed Functional (circuit) Description, and Service Groups. Where
references are made throughout the manual to a performance test, adjustment procedure,
the parts list, or backdating section, refer to Volume I: 3586 Performance Tests, Adjustments,
Parts, and Backdating. In order to obtain a minimum of instrument down time and to pro-
vide for the greatest amount of troubleshooting efficiency and safety, it is recommended
that Safety Considerations (paragraph 8-5), Use Of The Service Manual (paragraph 8-8),
and Service Volume Organization (paragraph 8-11) be read before initiating any
troubleshooting procedures.

8-3. SPECIFICATIONS.

8-4. Table 8-1 is a complete list of the Model 3586A/B/C critical specifications that are
controlled by tolerances. Specifications listed in this manual supersede all previous specifica-
tions for the Model 3586A/B/C.

Table 8-1. 3586A/B/C Performance Specifications.

FREQUENCY

Frequency Range And Signal Inputs:

Signal Input 3586A 35868 35886C
7580/500/10kQl Unbalanced 200 Hz to 32.5 MHz
124} Balanced 4 kHz to 10 MHz
1350 Balanced : i 4 kHz to 1 MHz
1500 Balanced
6001/ Bridged

The 509, 752, 10 k2, 1249, 1350, 150Q and 600 inputs are usable over wider frequency ranges than specified.

Frequency Resolution:
0.1Hz

Center Freguency Accuracy:
1 x 10~ 5/year, (£ 2 x 10~ 7)/year with option 004

Counter Accuracy:
+ 1.0Hz in addition to center frequency accuracy for signals within the 60dB bandwidth of the IF filter
chosen or greater than — 100dBm, (largest signal measured).

Frequency Display:
9 digit LED

Service Information
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Service Information Model 3586A/B/C

Table 8-1. 3586A/B/C Performance Specifications (Cont’d).

SELECTIVITY

3dB Bandwidth, +10%:

3586A (CCITT) 35868 (No. American) 3586C (General)
Standard Option 003 Standard Option003 Standard
20Hz 20Hz 20Hz 20Hz 20Hz
400Hz 400Hz 400Hz 400Hz 400Hz
1740Hz* 3100Hz 2000Hz** 3100Hz 3100Hz
- Psophemotric - C-Message
Noise Weighting Noise Weighting

Psophometric Equivalent Noise Weighting Filter.
** C-Message Equivalent Noise Weighting Filter.

Adjacent Channel Rejection:

75d8 minimum at + 2850Hz, 3100Hz BW; + 2500Hz, 2000Hz BW; +2350Hz, 1740Hz BW.

Carrier Rejection:

Bandwidth I 60db Points (Max) 400Hz Bandwidth 60dB Rejection:

3100Hz + 1850Hz + 1100Hz
H
?gggH: i: ;ggg:: 20Hz Bandwidth Rejection:

30dB, +45Hz; 60dB, +90Hz

Passband Flatness:

Bandwidth | Flatness Rangs Flatness

3100Hz + 1000Hz +0.3dB
2000Hz + 650Hz +0.3dB
1740Hz + 550Hz +0.3dB
400Hz + BOHz +0.3dB
20Hz + 3Hz +0.3dB

AMPLITUDE

Measurement Range:

+25 to - 120dBm
Note that the specified measurement range is +20 to - 100 dBm.

Amplitude Resolution:
.01dB
Level Accuracy:

10dB auto range, low distortion mode, after calibration (For the 3586C; 754, 500, and 600Q, inputs; below
— 80dBm; these specifications apply only when using the 20Hz and 400Hz bandwidths).

75%9/50Q Input (3586A/B/C)

+20dBm
+.40dB +.20dB +.25dB
Input Level —80dBm
+.95dB +.75dB
- 100dBm
200Hz 20kHz 18MHz 32.5MHz
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Table 8-1. 3586A/B/C Performance Specifications (Cont’d).

1249 Input (3586B)

+20dBm
+.60dB +.50dB +.35dB +.50d8
Input Level - 80dBm
+1.0dB +.75dB +1.0dB
- 100dBm
4kHz 10kHz 50kHz 5MHz 10MHz
1500 input (3586A) or 1350 Input (3586B)
+20dBm
+.50dB +.35dB
Input Level - 80dBm
+1.0dB +.75dB
—100dBm
4kHz 10kHz 50kHz 1MHz
6009 Input (3586A/B/C)
+20dBm
+.356dB
Input Level - 80dBm
+.75dB
-100dBm
100Hz 108kHz

Level Accuracy:

100dB Range (after calibration); add correction to 10dB auto range accuracy for dB below full scale. (Not
required when in 10dB autorange.)

dB Below Full Scale | Accuracy Correction

0 to —20dB + .25dB
—20 to —40dB + .50dB
-40 to -80dB +2.0 dB

DYNAMIC RANGE

Spurious Responses:

Image Rejection (100-132MHz2):
—80dBc

IF Rejection:
15625Hz, —80dBc; 50MHz, - 60dBc
Non-Harmonic Spurious Signals:

> 1600Hz offset; — 80dBc
300Hz to 1600Hz offset; — 75dBc

Residual Spurious Signals:

2350Hz, —115dBm (- 110dBm for a 3586C)
<350Hz, —100dBm (-95dBm for a 3586C)

Service Information
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Table 8-1. 3586A/B/C Performance Specifications (Cont’d).

Distortion:

Harmonic Distortion:

70dB below full scale (- 75dB for the 3586C), >4kHz on 750 and 6001 inputs, Low Distortion Mode.
Intermodulation Distortion:

Two Tone 2nd and 3rd order, in band;

Separation 7kHz to 1MHz: either tone = 10MHz, 70dB below full scale
Separation 7kHz to 1MHz: either tone <10MHz, 75dB below full scale {(78dB for the 3586C)

Wideband Power Accuracy:

After calibration, 100dB auto range, averaging on, — 45 to + 20dBm;

+2.0dB ] + 1.0dB +2.0dB
200Hz 20KHz 10MHz 32.5MHz
Noise Floor (Full Scale Setting —35 to - 120dBm, AVE On Low Distortion Mode):
Frequency Input Bandwidth Noiss Level
- 116dBm
1740Hz,2000Hz, or 3100Hz |{—114dBm for a 3586C)
100kHz t0 32.56MHz 759
- 400Hz or 20Hz - 120dBm
2kHz to 100kHz 75Q,6000 All -105dBm
1740Hz,2000Hz, or 3100Hz -116dBm
100kHz to 10MHz 1249
400Hz or 20Hz -120dBm
1740Hz,2000Hz, or 3100Hz -116dBm
100kHz to 1MHz 13592,150Q
400Hz or 20Hz - 120dBm
10kHz to 100kHz 124Q,135Q,150Q All -105dBm

The noise floor for full scale settings of —30 to + 25dBm will be 80dB below full scale for > 100kHz,
or 60dB below full scale for < 100kHz. For the 3586C, the noise floor for full scale settings of — 30
to +25dBm will be 75dB below full scale for > 100kHz, or 55dB below full scale for < 100kHz.
These specifications do not apply to the 3586C's 501 input.

SIGNAL INPUTS

Model Impedance Frequency Mating Connector

Model 3586A/B/C

3586A

75 ohms unbalanced

150 ohms balanced

600 ohms balanced

200Hz to 32.5MHz
4kHz to 1MHz

100Hz to 108kHz

BNC

Siemens 3-prong 9 Rel-6AC

35868

75 ohms unbalanced
124 ohms balanced
135 ohms balanced
600 ohms balanced

200Hz to 32.5MHz
4kHz to 10MHz
4kHz to 1MHz

100Hz to 108kHz

WECO 439/440A
WECO 443A
WECO 241A
WECO 310

(See Table 8-15
of Service Manual.)

3586C

50/75 ohms unbalanced
600 ohms balanced

200Hz to 32.5MHz
100Hz to 108kHz

BNC

Dual Banana Plug, 0.75 inch spacing
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Table 8-1. 3586A/B/C Performance Specifications (Cont’d).

Return Loss:

Input Return Loss

50Q/78Q 30d8B

1249 20dB 25dB

1350/1500 20dB 25dB 30dB

600Q 25d8B :
i 1 ¥ T T
50Hz 4kHz 6kHz 10kHz 108kHz 1MHz 5MHz 32.5MHz
Balance:
Input Frequency | Balance
124Q 10kHz to 10MHz - 36dB
135Q or 1509 10kHz to 1MHz - 36dB
6000 50Hz to 108kHz -40dB

DEMODULATED AUDIO OUTPUT

Demodulates an erect (USB) or inverted (LSB) SSB telephone channel, provides speaker or headphone output
with volume control. Carrier is re-inserted at + 1850Hz to align channel filter precisely on a voice channel.

Output Level:

0dBm into 6004 at full scale, adjustable
Output Connector:

Front Panel, mates with WECO 347 or 1/4"" phone plug
TRACKING GENERATOR:

Level OdBm at 10kHz, +.5dB
Flatness 200Hz to 32.5MHz, + .5dB

TRANSMISSION IMPAIRMENTS OPTION 003
Adds transmission impairment measurement capability to standard instrument. Measures phase jitter, noise
with tone, single level impulse noise and weighted noise at voice channel and carrier frequencies. 3100Hz
channel filter and C-message or psophometric weighted noise filter replaces the standard 2000Hz or 1740Hz
equivalent noise filter,

Phase Jitter:

A phase jitter measurement can be made at any input signal frequency up to 32.5MHz that produces a
960-1060Hz tone in the demodulated output. Meets BSP 41009 and CCITT recommendation 0.91.

Demodulated Tone Frequency: Accuracy:
960 to 1060Hz +{(10% + .5° p-p)
Input Signal Level: Residual Phase Jitter:
=< 30dB beiow full scale, — 65dBm minimum <.5° p-p (50kHz to 32.5MHz)

Frequency Response:

20 to 300Hz

8-5
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Table 8-1. 3586A/B/C Performance Specifications (Cont’d).

Weighted Noise Filters:

Psophometric weighting filter (3586A) complies with CCITT Recommendation P.53 and C-message
weighting filter (35868) complies with BSP 41009 response. When the noise weighting filter is enabled it is
superimposed on the 3100Hz channel filter response.

Accuracy:
In addition to full scale accuracy, after calibration
800Hz (Psophometric, 3586A):
+0.5dB
1004Hz (C-Message, 3586B):
+0.5dB
impulse Noise:
An impulse noise measurement can be made in a voice channel up to 32.5MHz. Meets BSP41009 or CCITT

Recommendation 0.7 1. Used with 10db auto range only. The notch filter is automatically inserted, measure-
ment can be made with or without a 1000Hz tone present.

Counting Rate of Impulse Noise:
3586A (CCITT):
125ms/count, + 5%
3586B (No. American):
143ms/count + 5%
Threshold Accuracy:

+ 1dB for a 1700Hz signal (with or without a 1000Hz tone applied 5dB above the threshold level), with a
threshold level from O to 50db below full scale, or greater than — 80dBm.

Notch Filter Rejection:
(Enabled during Noise with Tone and Impulse Noise measurements, Fiiter Response meets BSP41009.)
50dB minimum, 995 to 1025Hz.

GENERAL
Operating Environment

Temperature:
0° to 55°C

Relative Humidity:
95%. 0° to 40°C
Altitude:
=< 15000 ft.
Storage Temperature:
-40°C to 75°C

Storage Altitude:

= 50,000 ft.

8-6
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Table 8-1. 3586A/B/C Performance Specifications (Cont'd).

Power:

100/120/220/240V, +5%, ~ 10% 48 to 66Hz, 150VA
Weight:

23Kg (50 Ibs) net; 30Kg(65 Ibs) shipping
Dimensions:

177mm high x 425.5mm wide x 466.7mm deep (7'’ high x 16.75"" wide x 18.38"" deep)

8-5. SAFETY CONSIDERATIONS.

8-6. Before applying power to the instrument or removing any of the covers, review the
following warnings and cautions.

WARNING

i

These servicing instructions are for use by trained service person-
nel only. To avoid electrical shock, do not perform any servicing
other than that contained in the operating instructions unless you
are qualified to do so.

WARNING

i

Line voltage is present within the instrument even when the
POWER switch is in STBY position. To prevent electrical shock,
use care when working in the vicinity of the input power circuits.

WARNING

i

To protect operating personnel, the -hp- 3586A/B/C chassis and
cabinet must be grounded. The -hp- 3586A/B/C is equipped with
a three-wire power cord which, when plugged into an appropriate
receptacle, grounds the instrument. The offset pin on the power
plug is the ground connection. To preserve this protection feature,
the power plug shall only be inserted in a three-terminal receptacle
having a protective earth ground contact. The protective action
must not be negated by the use of an extension cord or adapter
that does not have the required earth ground connection. Ground-
ing one conductor of a two-conductor outlet is not sufficient pro-
tection.

8-7
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3-8

{
IECAUTION?
[

1. To prevent damage to the instrument power supply circuits,
verify that the two line voltage select switches located on the in-
strument rear panel are selected to the correct line voltage (Figures

8-1 and 8-2) and the correct size line fuse is installed (Table 8-2).

2. The 3586A/B/C contains MOS devices which may become
damaged as a result of static discharge.

3. To prevent equipment damage, do not remove circuit boards
when the POWER switch is ON.

4. The regulated DC supply voltages are not individually fused.
Accidentally shorting any of the supply buses together or to
ground can cause major damage to the motherboard. In addition,
the + 15 vdc probe power is present at the front panel probe con-
nector even in the STBY position of the POWER switch. (See
Figure 8-A-1 for a pinout diagram of the probe power connector.)

8-7. Line Voltage Selection. Voltage selection switches on the rear panel are used to con-
figure the instrument to operate on one of four input line voltage ranges. The range of input
voltages for each configuration of the switches is illustrated in Figure 8-1. Set the switches to
conform with the line voltage to be used with this instrument. The switch positions for each
input voltage range are indicated on the rear panel and in Figure 8-2.

I R e
80 100 120 140

r—-Tr 11T 1T 1T 1T "T"T T 1
160 180 200 220 240 260

Voits AC

Figure 8-1. Input Range For Each Line Voltage Switch Selection.

i 100V i i 120V ! ! 220V i ! 240v!

Figure 8-2. Switch Positions For Line Voltage Selection.



Model 3586A/B/C

Table 8-2. Line Fuses.

Voitage Selector Fuse Type -hp- Part No.

100 Vori20V 2 A, 250 V Fast BLO 2110-0002
220 Vor 240V 1A, 250V SLOW BLO 2110-0312

8-8. USE OF THE SERVICE MANUAL.

8-9. Service Information - How To Use It. After reading the section on the content and
organization of this volume of the Service Manual, it may be apparent that a quick reference
guide to the manual would be useful. Such a guide is provided as the last page of the section
titled *“Turn-On Initialization and Milking the Front Panel’’. This quick reference guide can
be copied and placed elsewhere in the manual or it can be removed and used separately from
the manual.

8-10. In trying to describe a method to follow for troubleshooting the 3586 there is a pro-
blem because of the differences in the number of units seen by technicians. The technician’s
familiarity with the instrument combined with his or her understanding of the symptoms
of the malfunction often suggest various troubleshooting approaches. Outlined below are
four troubleshooting approaches that the technician may wish to follow based on what is
known or not known about the instrument. The technician may decide to use a combination
of these approaches or develop an alternate method.

Method 1. If the technician is unfamiliar with the instrument or if the instrument malfunction
is not clearly defined, the information under the heading ‘‘Turn-On Initialization and Milk-
ing the Front Panel’’ should be reviewed first. This section is a good starting point for aquain-
ting oneself with the instrument and for establishing a troubleshooting path that will lead
to the correct service group and eventual repair.

Method 2. The technician who has a good understanding of the 3586 may want to proceed
directly to the Troubleshooting section of the manual. One may also wish to use the Major
Signal Chart found in the troubleshooting section as well. The Turn-On Troubleshooting
Flowchart and System Functional Block Diagram are useful tools in narrowing the problem
down to a service group.

Method 3. The running of the Internal Self Tests found in the »’Turn-On’’ section is a
third approach which has been useful to technicians. These tests are a thorough front panel
exercise which if used early in the troubleshooting process, can help identify the instrument
malfunction and lead to the responsible service group.

Method 4. This method is very effective but requires taking the covers off of the instru-
ment. The tracking output (Fo(0-32MHz)) on the back of the instrument normally has a 0dBm
level at the frequency to which the front panel is tuned. It is assumed that a 75 ohm cable
is used and that the signal is terminated into the 75 ohm input on the front panel. The func-
tional block diagrams are all referenced to the following set of conditions:

FULL SCALE 0dBm

ENTRY 100

FREQ IMHz

LO DIST mode

0 dBm from tracking output or source

Service Information
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The signals given at test points on the System Functional Block Diagram found in the appen-
dix were measured using the above test setup and a high impedance 10:1 probe. The setup
conditions are also noted on the block diagram. Normal troubleshooting techniques used
in this manner will allow isolation to a service group without having to put any of the modules
on an extender board. Once the service group is discovered which is causing the problem,
the appropriate functional block diagram for the service group may be used to isolate the
problem to the board level.

NOTE

As the technician gains experience in the repair of the 3586, the func-
tional block diagrams contained throughout the manual become the
most often used pages. All troubleshooting to the board level should
be done using the functional block diagrams at the end of each serv-
ice group. Note that the functional block diagrams have parts
locators with the test points used clearly identified by a star and
arrow. If a star on a functional block diagram has two arrows
originating at the same star it means that the test signal measured
is the same at both points. Once down to a board in a service group
the actual schematics may be used. Remember that the System Func-
tional Block Diagram found in the appendix is a very useful aid
in isolating down to the service group level.

8-11. SERVICE VOLUME ORGANIZATION

8-12. The service information in this volume is divided into four sections: 1) Turn-On In-
itialization and ‘‘Milking The Front Panel”’; 2) Troubleshooting; 3) Detailed Functional
Description; and 4) Service Groups. An appendix is included at the back of the manual and
contains a Mnemonic Dictionary, plus duplicate copies of the 3586 Major Signal Chart and
Turn-on Troubleshooting Flowchart. A copy of the System Functional Block Diagram is
also included. Refer to paragraphs 8-13 through 8-19 for outlines describing the content of
each section,

8-13. Turn-on Initialization and Milking the Front Panel
(Section Outline)

8-14. The information contained under this heading is described briefly and organized as
shown below:

1. Unique Terminology - covered here are terms used throughout the manual which describe
unique modes and operating conditions of the 3586.

2. Turn-On and Calibration - explained here is how the instrument should respond at ““turn-
on’’ and the CALibration cycles available to the instrument. Also included under this heading
are the instrument’s Calibration Error Codes and Mode Error Codes.

3. Milking The Front Panel - Following a successful turn-on, (no failures), this subtopic ex-
plains ways of milking the front panel for additional information concerning an instrument
malfunction. Included under this heading are the procedures for accessing the front panel
Self Tests (Test/Functions).

8-10
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8-15. Troubleshooting (Section Outline)

8-16. The information contained under this heading is described briefly and organized as
shown below:

1. General Troubleshooting - troubleshooting alternatives based on the technician’s familiarity
with the instrument.

2. Troubleshooting Guidelines - generalized hints that the technician should keep in mind
while troubleshooting the 3586A/B/C.

3. Primary Troubleshooting - provides information whereby a basic determination can be
made as to whether the processor, the receiver, or the power supplies are causing improper
instrument operation.

4. Troubleshooting Hints - hints that are intended to simulate what a technician experienced
with the 3586A/B/C would give as advice for fixing a specific malfunction.

5. Major Signal Troubleshooting — procedural checks to establish a measure of confidence
for the technician as to the status of key internal signals in the instrument.

8-17. Detailed Functional Description (Section Qutline)

8-18. The information contained under this heading is described briefly and organized as
shown below:

1. Block Diagram Description - brief description of the instrument’s purpose plus a func-
tional overview of the operation of the instrument using the system block diagram.

2. Detailed Functional Description - explanations of the individual circuits contained in
3586A/B/C instruments.

8-19. Service Groups (Section Outline)

8-20. The service groups consist of schematics, component locators, functional diagrams,
and troubleshooting procedures for one or more related circuit boards. Included at the begin-
ning of the service group section is an explanation of what service groups are and how to
identify them. The service groups are arranged in the following order:

1. Signal flow
a. Input (A)
b. IF/Audio (B)
¢. Digital Process and Display (C)

2. Support and Optional Functions:

a. Step/Sum Loops (D)

b. Fractional-N Loop (E)

. Calibration (F)

d. Impairment Measurement (G)
e. Reference Oscillators (H)

[¢]

3. HP-IB (D)
4. Power (J)
8-11/8-12
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8-21. TURN-ON INITIALIZATION and MILKING THE FRONT PANEL

8-22. The goal of this section is to provide servicing personnel with information on how a
3586A, B, or C should respond when power is applied, and how to ‘‘exercise’’ the front
panel as a means towards identifying the cause of instrument malfunctions. Problems in the
3586 can often be isolated to a circuit board level by using internal self tests and interpreting
front panel results.

8-23. For the technician who is unfamiliar with the instrument or if the instrument malfunc-
tion is not clearly defined, it is recommended that he/she review the topics contained in this
section before proceeding to the Troubleshooting section.

8-24. A technician who is very familiar with the instrument may wish to use the Turn-On
Troubleshooting Flowchart (Figure 8-3) at the end of this section or proceed to Troubleshooting
Hints in the next section.

8-25. 3586 Unique Terminology.

8-26. Throughout Section VIII (Service), some terms describing unique modes or condi-
tions of the 3586 are used frequently. These terms are defined as follows.

FULL SCALE The Full Scale setting of the instrument is the number of dB referenc-
ed by @ on the front panel meter. It also represents the upper limit of
input signal level in dB that can be measured by the True RMS to DC
Detector/Logger circuits without distortion beginning to occur. The
Full Scale setting together with AUTO/ENTRY, 10/100dB RANGE
selections determine how much gain or attenuation will be applied to
the input signals to obtain the proper input level for linear operation
of the Detector/Logger circuits. When AUTO 10 or AUTO 100 are
selected, the instrument is allowed to AUTO-RANGE (i.e select its
own Full Scale setting according to the largest signal present at the in-
put to the instrument). When ENTRY 10 or ENTRY 100 are
selected, the operator manually enters the desired Full Scale setting
which then remains fixed.

RANGE The operating range, 10dB or 100dB, of the IF Detector/Logger cir-
cuit on A21. When 10dB is selected, the entire linear input of the
Detector is used to measure from the current Full Scale setting (upper
limit) to 10dB below that setting (lower limit) providing amplitude
measurement readings with 0.01dB resolution. When 100dB is
selected, the same detector range must cover up to 100dB below the
Full Scale setting and therefore only 0.1dB resolution is obtained.

AUTORANGE A term used to describe the Controller’s ability to choose its own Full
Scale setting automatically. The processor receives an indication of
broad-band power level from the A4 board and chooses the next 5dB
increment higher than that value as the Full Scale setting. Depending
on whether 10dB or 100dB Range is selected, different combinations
of gain or attenuation are ordered from the RF and IF sections of the
instrument by the processor to control the detector’s operation over
its most linear operating range.
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ENTRY 10 Use of this term is telling the operator to select the manual (ENTRY)
method of entering a Full Scale setting and to select the 10dB Range
for the Detector/Logger circuit on A21. Usually, the Full Scale set-
ting entered by the operator is the next 5dB increment higher than the
highest expected discrete frequency signal amplitude to be applied to
the 3586 as an input. The key sequence for selecting ENTRY 10 is:

10dB  ENTRY SEAS
fV®®®

ENTRY 100 Same as ENTRY 10 except the 100dB Range of the A2l Detec-
tor/Logger is selected. The key sequence for selecting ENTRY 100
is:

olol==lnisals

AUTO 10 Use of this term is telling the operator to select the automatic (AUTO)
method for determining Full Scale setting (processor-determined)
and to select the 10dB Range for the Detector/Logger circuit on A21.

AUTO 100 Same as AUTO 10 except the 100dB Range of the A21 Detector/Log-
ger is selected.

TURN ON

CONDITIONS When the 3586 is first turned on and after the automatic self-test and
calibration cycle is completed, the instrument is in the ““turn-on con-
figuration’’. This configuration includes the following automatic
selections and settings (no input signal applied):

AUTO CAL on, AUTO 10, AVE off, dBm, OFFSET off, CAR-
RIER, USB, COUNTER off, LO DIST mode, 10k ohm, IMHz,
FREQ STEP = 1Hz, Full Scale = 120, Threshold = 0dBm, Time =
S minutes, FREQ TUNE off, 3100Hz.

Whenever RECALL and then 0 are pressed, the 3586 will return to
the preceding turn-on conditions without having to cycle the
POWER switch,

MANUAL CAL Manual (or Forced) Calibration is the procedure of causing the
Calibration cycle to occur right away instead of waiting up to three
minutes for Auto-Calibration to initiate it. If AUTO-CAL is off, just
pressing AUTO CAL once will force an immediate CAL cycle to oc-
cur. If AUTO CAL is on and the three minute timing period is under-
way, pressing AUTO CAL twice will force an immediate CAL cycle
to occur and then begin a new three minute timing period.
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8-27. Turn-On and Calibration.

8-28. Pre Turn-On Verification. Before plugging the instrument into line voltage, verify that
the power switch is in the STBY position and that the rear panel line switches are set for
the proper line voltage. Next, apply the line power to the instrument and verify that the STBY
lite on the front panel comes on. If the STBY lite is not on, check the line fuse for proper
value and condition. If the line fuse is good, proceed to Service Group J and troubleshoot

the +23V power supply.

8-29. Turn-On Initialization Sequence. What should the 3586 do at turn on? Well, if you
are watching the front panel when the power switch is pushed to ON, you should see the
following sequence of events. The total time to complete the sequence is normally about 9
seconds.

1. The instrument cooling fan should begin to run and the STBY lite should go out. All other
front panel LED’s should light including all segments of the seven-segment LED’s, all an-
nunciators (except STBY), and all key LED’s.* (2.5 seconds.)

2. The condition of ‘“all LED’s lit”’ is replaced by the display sequence shown in Table 8-3.
(6.5 seconds.)

Table 8-3. Numeric Display Sequence.

MEASUREMENT/ENTRY FREQUENCY/ENTRY Time Displayed***
blank 3586 X YY ** 1.0 second
CAL 3586 X YY 2.2 seconds
CAL 1 000 000.0Hz 3.3 seconds
< -116dBm* 1 000 000.0Hz (continuous)
Notes: * Assumes no input signal.

** X=A,B, or C (Model number)
YY =O0P if option 003 installed (A70 board -3586A/B

only).

*** Time is approximate due to differing Controller clock fre-
quencies.

*NOTE*
If the cooling fan does not run, check the line fuse for proper value
and condition. If a good fuse (see Table 8-2) does not restore opera-
tion, set the power switch to STBY, proceed to Service Group J,
and troubleshoot the input power. If the cooling fan runs but one
of the following conditions exist, proceed to Primary
Troubleshooting (paragraph 8-89):

a. The front panel indicators are all dark.

b. The CAL cycle did not complete successfully.

c. The front panel indicators are frozen in some condition.
d. The front panel indicators are continually cycling.

8-30. Instrument Calibration. During the turn-on sequence, a ‘“‘turn on CAL”’ occurs in
which the processor reads from ROM memory, writes into and reads out of RAM memory,
and verifies correct operation of the display timing clock. It then calibrates the instrument
in both WIDEBAND and LO DIST modes, at IMHz, for all Full Scale settings from -35
to +25dBm. The processor stores away calibration constants for each setting, to be applied
to all incoming signals.

Service Information
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8-31. A successful Turn-On and CALibration is indicated by the instrument noise floor (<
-116dBm) displayed in the MEASUREMENT/ ENTRY area, and the initialization frequen-
cy of IMHz displayed in the FREQUENCY/ENTRY area. Also, the following annunciators
and key LED’s are lit as the result of a successful initialization process:

Annunciators: dBm, CENTER, Hz
Keys: AUTO CAL, 10dB, AUTO, dBm, CARRIER, .1,
LO DIST, 75 (Rev. A) or 10k (Rev. B), 3100Hz

(See also paragraph 8-48.)

8-32. Additional Calibration Cycles. The Turn-On CALibration described above is one of
four calibration cycles. The other three: AUTO-CAL, Manual (Forced) CAL, and Fast-CAL
are explained below.

AUTO-CAL. AUTO-CAL is where the processor calibrates the instrument in the mode it’s
in, at the tuned frequency, for all Full Scale settings at timed three minute intervals.*

Manual (Forced) CAL. Manual (Forced CAL) is where the operator tells the processor through
AUTO-CAL switch depression (or via HP-IB) than an AUTO-CAL cycle is desired now in-
stead of at the next three minute interval.

Fast-CAL. Fast-CAL, which is commandable over HP-IB only, is where the processor
calibrates the instrument at the tuned frequency for the presently selected Full Scale setting
only. In addition, any time AUTO-CAL is ON and the operator changes the tuned frequency
by IMHz or more, or changes from any other mode to WIDEBAND mode, the AUTO-
CAL cycle occurs at that time and a new three minute interval begins.

*NOTE*

Additional information on interpreting the various calibration modes
and associated failures can be found in Service Note 3586A/B/C-3A.
Refer to Section VII for instructions on obtaining this service note
and for information on other available service noftes.

8-33. Turn-On CAL Failures.

8-34. If both of the display areas immediately fill with the letter ‘‘r’’, the turn-on write/read
test for RAM memory has failed. The problem is on the A60 board. The internal self-tests
cannot be run under this condition. Proceed to Service Group C to troubleshoot the A60
board.

8-35. If the display area contains a single letter ‘‘d’’, the processor did not receive the inter-
rupt clock signal from the display timing circuit. The problem is on the A60 board. Proceed
to Service Group C.

8-36. LED Check.

8-37. After Completion of the RAM write/read test and the display timing circuit test which
occur during turn-on Cal, the processor will momentarily light up all front panel LED’s in-
cluding all segments of the digital display areas. To locate and identify bad LED’S, perform
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the Display Checks in Service Group C which allow a greater length of time to observe specific
groups of annunciators and each digit individually.

8-38. Calibration Error Codes.

8-39. If the CAL cycle stops with a Calibration Error Code displayed in the MEASURE-
MENT display area, use Table 8-4 to determine the cause and the most likely area(s) where
the problem could lie. Failure of any step in the CAL cycle is justification for running the
two most significant internal self-tests (paragraph 8-48). A calibration error occurs when the
number generated by the A/D converter, at the time the calibration signal was switched in,
was not within permissable limits ( + 3 dB of expected value). The CAL error format is CE-N
where N is a number or letter as shown in Table 8-4. When all CAL errors occur sequential-
ly, a break in the major analog signal path is suspect.

NOTE
Calibration errors are legitimate instrument failures and indicate a
problem exists within the instrument.

Table 8-4. Calibration Error Codes.

Format is
CE-N
where N = Item Under CAL Suspect Cards
0 to 9,A,b | RF Gain, step N A2*
C 400 Hz Filter A10, A20
d 20 Hz Filter A20
E 10/100 dB (or WIDEBAND) | A21, (A4) **
F Weighted Filter A21, A22, A70 ***

*If any RF Gain step fails, check the input attenuator on A2.
Press MEAS CONT to exit the CAL cycle and run the internal analog self-test in
paragraph 8-81 (TF13).

** |f CAL is performed in WIDEBAND, the A4 BBP circuits are calibrated instead of
the normal IF signal path through the A21 10/100 dB amplifier.

*** |f A60S2(2) is OPEN and an A70 Impairments board (Option 003) is not installed,
CE-F will a/lways occur during the CAL cycle.

8-40. Mode Errors.

8-41. The 3586A/B/C continually monitors itself for correct operation and for proper selec-
tion and implementation of the many possible mode combinations. Detected malfunctions
and operator errors are presented as error codes on the front panel in the
MEASUREMENT/ENTRY display area. Refer to Table 8-5 to identify the cause of a
displayed error code.

8-42. Operator Errors. An error code which was generated by an improper key depression
by the operator may be cleared by depressing the MEASurement CONTinue key.

8-43. Instrument Failures. Some error codes indicate definite circuit malfunctions, while
others indicate possible circuit malfunctions. Both cases provide direction in Table 8-5 to a
specific service group for troubleshooting.

Service Information
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Table 8-5. Mode Error Codes.

Code Definition

Err 1 Operator error. Attempt made to manually change the FULL SCALE while in
AUTO range.

E1.2 Operator error. Attempt made to select 10 dB range while in WIDEBAND or IM-
PULSE noise, or to choose ENTRY (Full Scale) while in @ JITTER.

E 2.2 @ JITTER selected and input signal level as measured at the output of the A21
“10/100 dB DC Amplifier'" is 40 dB or more below Full Scale. Instrument
failure is indicated if a valid signal is present at the input to A1. Perform Internal
Self-Test TF13 (paragraph 8-81).

E23 @ JITTER selected and there is no 1 kHz (+ 60 - 40 Hz) tone present as deter-
mined by the A70 *'Valid Frequency Detector’’ circuit. Instrument failure is in-
dicated if a valid signal tone is present at the input to A1, Perform Internal Self-
Test TF13 (paragraph 8-81). If TF13 passes, proceed to Service Group G and
troubleshoot @ jitter circuits.

E 2.9 @ JITTER selected and the output of the A70 ‘‘Peak to Peak Detector’’ is not
between — 2 volts and @ volts. Possible causes are:

1. Phase Jitter of test tone exceeds 40° p-p.

2. Failure of Phase Jitter circuits on A70.

3. Failure of A70 input to A22 board. Perform TF13 (paragraph 8-81) and,
if it passes, proceed to Service Group G and troubleshoot @ Jitter cir-
cuits (if phase jitter of signal tone is known to be less than 40° p-p).

E 3.N One of the following loops is unlocked:

N =1 Second Local Oscillator (Service Group B)

N=2 Sum Loop (Service Group D)

N =4 Fractional N Loop (Service Group E)

N =8 Step Loop (Service Group D)

A definite instrument failure is indicated. Proceed to the indicated service group
for troubleshooting.

E 4.1 The Impulse counter did not start on command.
Instrument failure. Proceed to Service Group G.
E 4.2 The Impulse counter did not stop after completing the selected time interval.
Instrument failure. Proceed to Service Group G.

ES Operator error. Attempt made to manually change mode or frequency while in
REMOTE, or; LOCAL key pressed while in LOCAL LOCKOUT.

E 6.1 Operator error. START pressed while Impulse Threshold is equal to or less than
60 dB below Full Scale.

E 6.2 Operator error. START pressed while Impulse Threshold is above the Full Scale.
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Table 8-5. Mode Error Codes (Cont’d).

Code Definition

Err 7 The Analog to Digital Converter was unable to make a conversion within two
seconds.

Instrument failure. If error code is constantly displayed, proceed to Service
Group C and troubleshoot the A22 board. If it only flashes briefly, during a
mode change, condition may be transient-related and acceptable as normal
operation. (Note: A short on the — 12V supply can also cause Err 7.)

Err 8 The Frequency Reference Loop is unlocked. Verify that problem is not caused
by an invalid External Frequency Reference, then proceed to Service Group H
and troubleshoot the A40 board. (See Note)

Note: “’Err8’’ at turn on is normal if option 004 (internal oven) is installed. The Err 8 should go
away after 15 seconds when the 3586 and the frequency reference obtain phase lock. Service
Note 3586A/B/C-4 contains additional information on the “’ERR 8’ display. See Section VII for

instructions on obtaining this service note and for information on other available service notes.

8-44. Problems at Turn-On.

8-45. Power Circuits. Figure 8-3 is a flowchart designed to help the service technician handle
the condition where the 3586 does not do what it is supposed to do when it is first turned
on. The 3586 does not have a true ““OFF’’ condition where input power is completely discon-
nected from all components in the instrument. It does have STANDBY (STBY) and ON as
previously mentioned. In STANDBY, line power is applied to power transformer A99T1
and to the rectifier circuits. The +23VDC in the power supply (see Service Group J) is always
available when the instrument is plugged in. This voltage is applied to the battery (A80BT1)
charging circuit and also to the 10MHz Frequency Reference board (A16), if installed, to
keep the reference oscillator oven warmed up and ready for immediate use. The other A99
rectified DC voltages (-23VDC, +-18VDC, and + 8.5VDC) are applied to the voltage regulator
circuits on A80 and only need a ground from the ON position of the POWER switch (A985300)
to supply regulated DC voltages of +-12VDC and +5VDC to the rest of the instrument.
Failure of any of these circuits at turn-on will be immediately noticeable by failure of the
3586 to complete the turn-on initialization sequence. It is good, standard troubleshooting
procedure to check power supply voltages as the first step in any troubleshooting sequence.
See Service Group J for power supply checks.

8-46. Milking The Front Panel.

8-47. Before making a final decision as to what troubleshooting strategy will be used on a
malfunctioning instrument, the service technician should determine if any additional infor-
mation can be gained from ‘‘milking’’ the front panel operational controls. If the 3586 has
undergone a successful turn-on sequence (paragraph 8-31), the technician can activate several
instrument self tests via the front panel. These internal self tests (designated as Test/Func-
tions, TF) are built into the instrument software and can verify functional operation of the
instrument’s circuits and assist in troubleshooting specific problems. Instructions for accessing,
and detailed descriptions of the tests are given beginning at paragraph 8-49.

8-48. Operational Confidence Check. Following a successful turn-on sequence, a check of
the overall operational status of the 3586 can be obtained by running internal self tests TF13
and TF14. The tests (one digital, one analog) take only two minutes to perform (with no

Service Information

8-19




Service Information Model 3586A/B/C

failures), yet they can tell the technician a great deal about instrument performance. If suc-
cessful testing (all PASS) of these two functions is obtained, basic 3586 operation is pro-
bably normal (barring intermittant failures and/or temperature problems) and known pro-
blems may be pursued by proceeding to Troubleshooting Hints in the next section. Refer
to paragraphs 8-81 and 8-82 for procedures on running these two tests.

8-49. Internal Self-Tests.

8-50. The 3586A/B/C has built-in self-test capability that can verify functional operation of
a very large portion of the instrument circuits. In addition, there are several general purpose
functions and capabilities that can be called upon to assist in troubleshooting specific pro-
blems.

8-51. The internal self-tests are accessed by a four-key sequence entry. These entries are

either ; [3 (decimal point), m, N or else , D (decimal

point), , N where “N”’ is a number key.

8-52. For ease of referral in later paragraphs, the individual tests/functions have been
assigned a Test/Function (TF) numeric designator. Table 8-6 is a condensed listing of these
tests/functions for quick reference by those familiar with their use. A more detailed descrip-
tion of each one is contained in the following paragraphs. Details for use of each test/func-
tion capability are contained in the specific service groups where they are most useful for
troubleshooting.

8-53. Test/Function Capabilities.

8-54. The following set-up provides a good starting point for most of the test functions.
Select ENTRY (FULL SCALE) and 100 dB (RANGE). Turn AUTO CAL OFF. Enter a Full
Scale setting of —35 dBm.

8-55. TF1. Key sequence to activate is I“““| , | o | , |°;"J?J | | 0 | This function
may be used, after deactivating AUTO CAL, to clear out (set to zero) all of the calibration

constants stored in memory after the last calibration cycle. The operator may then view the
exact gain of the instrument (uncompensated) by activating either TF2 or TF12.

NOTE

Another way to zero the constants is to disconnect cable W1 be-
tween A4 and A2 and force a CAL. When unable to CAL (signal
error >3 dB), the A60 processor sets the constants to zero.

8-56. The CALibration cycle can correct for amplitude errors in the analog signal path of
the instrument for up to + —3dB. An instrument which is a borderline failure can be iden-
tified using TF1. As mentioned in the paragraph above, TF1 zeros out the current set of
calibration constants so that the technician can view the actual gain of the instrument. In
order to view the gain, first turn AUTO CAL off and then activate TF1. Next, either ac-
tivate TF2 to use the precision CAL signal or use a calibrated external source to provide
an accurate input signal (e.g., IMHz at -40dBm). The level reading displayed, subtracted
from the precision input, yields the gain or attenuation error of the analog signal path. For
example, if a precise —40.00dBm signal is input to the instrument after the CAL constants
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are zeroed out, and the measured amplitude reading is —42.87dBm in AUTO 10, the analog
signal path is attenuating the input signal (a fixed loss) by 2.87dB. This is a large measure-
ment error but it is still within the calibration compensation range (£3dB) of the 3586.

However, this hypothetical example would indicate significant signal degradation exists and
suggests that one or more components may have changed value due to temperature, stress,
shock, or some other reason. If the degradation continues until the error exceeds 3dB, the
instrument will fail CAL and will need additional repair.

Table 8-6. Test/Function Capabilities.

Paragraph | TIF Desig | Key Seq" Test/Function Exit**
8-55 TF 1 CF, @ | Clears CAL constants --
8-58 TF 2 CF, 1 | Tracking CAL signal ON TF 3

Input signal OFF
8-66 TF 3 RO, 1 | Input signal ON
Tracking CAL signal OFF
8-67 TF 4 CF, 2 | Hundredths digit ON TF 5
8-68 TF 5 RO, 2 | Hundredths digit OFF
8-69 TF 6t | CF, 3 | First L.O. 1000 point sweep MC
8-70 TF 7 CF, 4 | RF Gain, 12 step cycle MC
8-73 TF 8 RO, 4 | —12 volt supply and A/D check PWR
(-125.50 to — 130.30)(X.0938)
Range -120dB
8-74 TF 9 CF, 5 |IF GAIN, 22 step cycle McC
8-77 TF 10 RO. 5 | Right #=A/D converter offset MC
Left # = Offset/Input difference
8-78 TF 11 RO, 6 | Display Scan Rate (100 10 Hz) MC
8-79 TF 12 CF, 7 | 1 MHz CAL signal ON AC
Input signal OFF
8-81 TF 13 CF, 8 | Receiver Test MC
1.0-1.11 RF Gain
2.0-2.13 IF Gain
3.1-3.2 Detector/Counter
4.1-4.32 Flatness
5.0 Audio
8-82 TF 14 CF, 9 |Digital Test MC
10 dB ROM A (U12)
100dB ROMB (U11)
AUTO ROMC (U10)
ENTRY ROMD (U9)
AVE ROME (U8)
dBm ROMF (U7)
(other) RAM

* All key sequences include RECALL, ¢

** MC = MEAS CONT

CF = CNTR—FREQ

PWR = Cycle POWER switch

(decimal point) first.

RO = RDNG—OFFSET

t Available in Revision "*A’" ROM software only.

AC = AUTO CAL
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8-57. If AUTO CAL is now turned on, with the reading of -42.87 dBm present, the
reading should correct to —40.00dBm. This would show how the instrument has stored a
calibration constant of + 2.87dB which it will add to all incoming signals as long as it stays
on the selected Full Scale setting and at the selected frequency. Other constants are stored
for different full scale settings, but if the frequency is changed by more than IMHz from the
frequency at which the last CAL cycle occurred, calibration will automatically occur again.

CNTR—=

8-58. TF2. Key sequence is l“““l . [ . J , |rrec ) , [ 1 ] This function provides a preci-
sion signal generator source for testing the analog signal path in the receiver input section
by switching out the input signal at the front of the Input Amplifier (A2) and switching in
the calibration signal from A4. This signal has the same frequency as shown in the FRE-
QUENCY/ENTRY display. The amplitude of this signal is —40dBm for FULL SCALE set-
tings of 0dBm or lower and —20dBm for FULL SCALE settings of + 5dBm or higher. In
addition, anytime CAL is selected, the A22 board switches in a CAL oscillator frequency
to beat with the second L.F. signal (15.625kHz) and to produce an audio signal of 800Hz
(3586A) or 1000Hz (3586B) to test the IMPAIRMENTS options on the A70 board. To exit
this function, use TF3. (See also paragraph 8-79).

8-59. Frequency Response, Gain, and Signal Path Checks. Assuming that the instrument
has completed the turn-on cycle (paragraph 8-31) with no failures, the technician has two
possible methods of making additional front panel functional checks. Activating TF2 can
provide a tracking CAL signal for checking any desired frequency or, the technician may
elect to input a signal from an external source.

8-60. Whatever the source of the signal, first set up the 3586 to measure that signal at full
scale. For example, if TF2 is used, select ENTRY 100 and enter a Full Scale setting of
—40dBm (the CAL signal is —40dBm with this full scale setting). If an external signal is
used, match the full scale setting to the amplitude of the input signal. By now changing the
tuned frequency of the 3586 (TF2 used), the frequency response of the instrument may be
checked (except for Al which is bypassed). By changing the external source frequency (if
used) and holding the tuned frequency constant, the 3dB bandwidth of the selected band-
width filter may be checked. Switching bandwidths will verify all possible IF signal paths.

8-61. Changing the full scale setting with a constant test signal amplitude allows the
technician to check different RF and IF gain configurations for the instrument (refer to the
gain/attenuation tables in Service Groups A and B).

8-62. Changing measurement modes allows a check of certain other circuits/boards. For
example, selecting WIDEBAND allows a check of the BBP signal path (see Figure 8-F-1).
For a clean, single frequency input signal (or TF2), WIDEBAND signal amplitude should be
about the same as LO DIST signal amplitude.

8-63. Switching between AUTO 10 and AUTO 100 checks the capability of the instru-
ment to autorange correctly which exercises the BBP Overload/Underload detection circuits
on the A4 board. If the mode is switched from LO DIST to LO NOISE, the Trip Point
Reference circuits are also checked on A4. The signal amplitude should be about the same
between AUTO 10 and AUTO 100 which would prove that the A21 Detector/Logger circuit
is working in both 10 and 100dB ranges. When using TF2 and changing tuned frequencies, if
the measured test signal amplitude is always about the same, it shows that the First L.O.
signal is tracking correctly and the A15/A4 CAL signal path is functioning correctly.
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8-64. By inputting an external signal and using COUNTER, the input signal frequency
measurement path bypasses the A21 logger circuits and the A22 A/D conversion circuits. If
the frequency COUNTER works, there is a good chance that an amplitude problem may be
due to one of the bypassed circuits.

8-65. For checking the A1 board, an external 50 ohm or 75 ohm source can be used to check all
of the input termination impedances. See paragraph 8-A-70 in Service Group A for im-
pedance mismatch correction information. A frequency response problem can also be
checked using an external source through the A1l board to see if it is the problem. If thereis a
frequency response problem using an external source but not when using the TF2 tracking
CAL signal (see paragraph 8-60), Al is probably bad.

8-66. TF3. Key sequence is |“°‘“] , [ . | , IZEL‘;?;;I , | 1 ' . This function switches out

the Tracking CAL signal (see TF2) and switches in the input signal at the front of the Input
Amplifier (A2).

8-67. TF4. Key sequence is |“““' ’ l . | ; |‘"‘£‘J€J ' ’ [i] . This function turns the hun-

dredths digit ON in the amplitude display for comparison measurements in modes which
normally only display amplitude levels to the nearest tenth of a dB. This function may be
used anytime the RANGE selection is 100dB or WTD filter is selected. To exit this function,

use TFS5.

8-68. TF5. Key sequence is [;mt] . f . ] ; EE??&] ’ @ . This function turns the
hundredths digit OFF in the level display anytime the RANGE selection is 100 dB or WTD

filter is selected.

8-69. TF6. Key sequence is ; | . | ; |°:“J€'J‘ | 2 | 3 ] . This function provides a

1000 point, sweep frequency generator capability. It begins immediately, starting at the ex-
isting first local oscillator frequency and stepping the first L.O. frequency 1000 times in in-
crements equal to the FREQ STEP setting. The sweep is continuous, taking approximately
20 seconds to complete one cycle. A s,nchronization pulse is generated at the beginning of
each sweep for scope applications and this pulse may be accessed at the SYNC test
point (TP1) on the A60 Controller board. To exit this function, press .

CONT

This function when used in association with a spectrum analyzer is useful for examining and
adjusting filter shapes.

NOTE

TF6 is only available when ROM'’s with Revision A software are
installed. See Service Group C for method of identifying Revision
A ROMs,

NTR—=

8-70. TF7. Key sequence is FE““] ; [ * J » Enm] , | 4 |. This function steps

through all 12 combinations of RF GAIN/ATTENUATION possible on the Input

Amplifier (A2) board. The input signal remains connected and the function is cyclic, begin-

ning at —40dB and incrementing in + 5 dB steps to + 15 dB. To exit this function, press
MEAS

o
CONT
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8-71. A2/A21 RF checks can be made using TF7 and following the procedure outlined below.

1. Using a 75Q external source, input a IMHz signal at —45dBm into the 3586 (759 ter-
mination).

2. On the 3586 press RECALL and @. Select LO DIST, ENTRY 100, and a full scale set-
ting of —45dBm. Reselect 75Q instead of 10k if the instrument has Revision B software
(paragraph 8-C-27).

3. Activate TF7.

4. The front panel meter should step from —60dBm to @dBm (Full Scale) in 11 steps (12
levels) of 5dB each (RF00 to RF11).

5. Press MEAS CONT to exit TF7 at the end of the next cycle.

6. Repeat steps 1-5 for an input signal of —40dBm (Full Scale also —40dBm) and then
again for —35dBm.

7. The results using —40dBm and —35dBm should be the same as for —45dBm.

NOTE

This test will not work exactly the same way for any other in-
put/full scale levels. Use only the values given.

8-72. If the twelve 5dB steps can be clearly seen on the meter in the test sequence of
paragraph 8-71, the technician knows that all of the switchable gain/attenuation stages on
the A2 board are switching correctly and that the A2 board is providing a full 5dB change to
signal amplitude for each step. Also, the A21 board is providing additional 5dB step changes
for at least 3 full scale settings correctly. By contrast, if twelve steps are visible but are not in
5dB increments or, if the twelve steps are not uniform, the problem is on A2. If the steps are
5dB but start higher than —60dBm and end higher than @dBm (Full Scale), the problem is
most likely in one of the IF stages rather than on A2 since that is the only way increased gain
can occur. If the range of the steps is from below —60dBm to below full scale, the problem
could be signal loss in Al or in the output buffers of A2 as well as an IF problem. See
paragraph 8-74 for a way to check the IF section (TF9). Use Service Group A to
troubleshoot a problem with Al or A2.

8-73. TF8. Key sequence is [’im] 3 | . ' , |2?:§5| , | 4 ] . This function provides a con-
fidence check of the A/D converter on A22 by selecting a fixed negative D.C. voltage off
a voltage divider and converting it to a digital readout. If the readout is between — 125.50
and — 130.30, the technician knows the whole path from the A/D input multiplexer to the
A/D counter output is working. Also, by multiplying the readout by .0938, a close
(+ —250mV) approximation of the — 12VDC regulated supply voltage is obtained. If the
— 12V supply is good, then by inference so is the + 12V supply good since it is used as a
reference for the — 12V supply.

NOTE

The instrument must not have any input signal applied for this test to work. It also must
either be in AUTO 10 or in ENTRY 10 with a Full Scale setting of -120dBm.
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8-74. TF9. Key sequence is ; G : ; @ This function steps

through all of the possible IF GAIN configurations for the A20 and A21 boards. The input
signal remains connected and the function is cyclic, beginning at @ dB and incrementing in
+ 5 dB steps to +95 dB. It then checks two special configurations of + 35 dB and +25 dB
gain and then repeats the cycle. To exit this function, press g .

8-75. A20/A21 IF checks can be made using TF9 and following the procedure outlined below.

1. Using a 75Q external source, input a 1MHz signal at — 55dBm into the 3586 (75Q ter-
mination).

2. On the 3586, press RECALL and @. Select LO DIST, ENTRY 100, and a full scale set-
ting of —20dBm. Reselect 75Q instead of 10kQ if the instrument has Revision B software
(paragraph 8-C-27).

3. Activate TF9.

4. The front panel meter should step from —85dBm to + 15dBm in 19 steps (20 levels) of
5dB each (IF 00 to IF 19). The meter should then briefly jump to about —45dBm for IF 20
and then to —55dBm for IF 21 and then the cycle should repeat.

NOTE

This test will not work exactly the same for other combinations of
input signal level and full scale settings. Use only the values given.

8-76. If the nineteen 5dB steps and the two other steps can be clearly seen on the meter in
the test sequence of paragraph 8-75, the technician knows that all of the switchable gain
stages on the A20 and A21 boards are switching correctly. It is also known that a full 5dB of
gain is being provided for each step. By contrast, if all the steps are visible but are not exactly
5dB, the problem is either on A21 or in the 10/35dB output amplifier stage on A20. If the
steps are visible but start at less than —85dBm and end at less than + 15dBm the problem
could be signal loss anywhere in the receiver section of the instrument. If the steps are all ex-
actly 5dB, the problem is most likely not in the 10/35dB amplifier on A20 nor on A21 (unless
the IF logger circuit offset is misadjusted). See paragraph 8-71 for a way to check the RF
section. Use Service Group B to troubleshoot a problem with A20 or A21.

RONG =

8-77. TF10. Key sequence is i | . | 5 |oFan] , l 5 l . This function is used to
adjust the amplitude display accuracy (see paragraph 5-8). The right hand number is the raw
A/D Converter offset that exists with the A/D input grounded. The left-hand number is the

signal from the IF logger minus the offset. To exit this function, press .
CONT

8-78. TF11. Key sequence is E““q ) [ . ] ’ E???ﬁ] ’ [ 6 ] . This function shows the
display scan rate. It should normally be 90-110 (Hz) although the instrument may work satisfac-
torily if the number is slightly outside this range. Symptoms of a slow scan rate would in-
clude slow display updating, slow audio test (TF13, group 5.0), slow measurement data sampl-
ing over HP-IB, slow turn-on initialization sequence, slow CAL cycle, etc. Symptoms of
a scan rate that is too fast could include inaccurate measurement data sampling over HP-IB
(only) due to insufficient settling times after switching transients have occured. To exit this

function, press ME:S :
CONT
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CNTR=-

8-79. TF12. Key sequence is E“cm] s [ . ] " [Fneo s | 7 | . This function provides a
constant 1 MHz CAL signal into the CAL input of the A2 board. The 1 MHz is an output of
the A40 Frequency Reference board, gated through the Al5 board as a substitute for the
Tracking CAL signal. Use of this signal allows the first L.O. to be tuned around the 1 MHz
CAL signal using the front panel frequency keys. In this way detailed checks can be made of
the filter shapes. This function will be automatically exited any time a manual or automatic
CAL cycle occurs.

8-80. A70 Circuits Check. Circuits on the A70 board (option 003) can be checked using TF12
as follows.

1. Weighted Filter - Press RECALL and 0. Activate TF12. Turn AUTO
CAL off. Switch between 3100Hz and WTD 3100Hz. In 3100Hz, the 1MHz test signal
should be about —40dBm. In WTD 3100Hz, the signal amplitude should drop about 2.3dB
(3586A) or about 1.4dB (3586B). If it does, the Weighted filter works as does the Audio log-
ger circuit on A70.

2. Notch Filter - Press RECALL and @. Activate TF12. Turn AUTO CAL off. In
3100Hz, the IMHz test signal should be about —40dBm. Select NOISE/TONE (blue func-
tion key must be lit). If the signal amplitude drops about 60-70dB, the notch filter is work-
ing.

3. Phase Jitter - Press RECALL and @. Activate TF12, Turn AUTO CAL off. Select
TONE (ENTRY FREQUENCY - SSB CHANNEL). Select ¢ JITTER (blue function key
must be lit). If a residual phase jitter of less than .5°p-p is displayed, the phase jitter circuitry
is at least functional.

4. Impulse - Press RECALL and @. Set THRESHOLD to —116dBm. Select IMPULSE
(blue function key must be lit) and press START. If the impulse counter begins counting, the
IMPULSE circuits are probably working.

8-81. TF13. Key sequence is |“°‘“| ,[ . ' . [c;,;:; | ; [ 8 '.This function provides a con-

fidence test of the main signal path through the receiver sections of the instrument. The test
is similiar to the CALibration cycle in that the processor causes a calibrated test signal to
be injected into the Input Amplifier (A2). With this signal present, the processor then selec-
tively changes the instrument’s analog signal path configuration (gain/attenuation step, filter
selection, ect.) in a controlled sequence. As it does this, it compares the resulting signal value
(amplitude or frequency) that it receives from the analog-to-digital converter (A22) against
known values, with appropriate tolerances, stored in ROM memory. The test will stop at
any step that fails (identifying same), which allows the technician to determine the failing
portion of the instrument. There are five groups in the test sequence, with a PASS or FAIL
indication for each step in each group. If all steps in TF13 fail, it indicates that a break in
the main signal path through the receiver exists. Refer to paragraph 8-98 in the troubleshooting
section. To exit this function, press during the Group 5.0 repeat cycle.

CONT

Descriptions of the individual TF13 tests are given below and their failure directions are sum-
marized in Table 8-7.
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NOTE

It is possible, in some cases, for the instrument to fail portions of
TF13 and still pass AUTO-CAL and also still meet all its perfor-
mance specifications. This is true because CAL can compensate
for analog signal path errors totaling up to +3dB, while TFI3
might reject a signal slightly less than 3dB in error. Rather than be-
ing contradictory, this situation provides useful information. It in-
dicates that the instrument is marginally within specification and
that further degradation may produce an out-of-tolerance condi-
tion. The principal value of TF13 is to help the service technician
isolate a solid failure to a particular section of the instrument.

Group 1.0 to 1.11: The 1 MHz calibration signal (see TF12) is switched into the measure-
ment signal path. Each of the 12 RF GAIN/attenuation steps from —40 dB to +15 dB is
programmed, with the signal being checked for correct level at the detector for each 5 dB
step. The 100 dB Range is used. Refer to Service Group A if any step from 1.0 to 1.11 fails.

Group 2.0 to 2.13: The 1MHz calibration signal (see TF12) is switched into the measure-
ment signal path. Some of the IF GAIN steps are programmed, with the signal being
checked for correct level at the detector for each step. Each of the switchable IF GAIN
stages is checked for switching but all combinations of all stages are not checked. Refer to
Service Group B if any step from 2.0 to 2.13 fails.

Group 3.1 to 3.2: Test 3.2 checks the counter (A22U6) for the correct reading of the signal
frequency. Test 3.1 checks the 10 dB Range for a correct level at the detector of the 1 MHz
signal at —40 dBm. Refer to Service Group C for failure of step 3.2 and Service Group B for
failure of step 3.1.

Group 4.1 to 4.32: The tracking CAL signal (see TF2) is switched into the measurement
signal path. This signal is stepped at 1 MHz intervals from 1 MHz to 32 MHz at —40 dBm.
Flatness is tested by checking the level at the detector for each step using the 10 dB Range.
Refer to Table 8-9 under ‘‘Frequency Measurements Incorrect’’ if any step from 4.1 to 4.32
fails.

Table 8-7. TF13 Analog Test Steps.

Group Stepls) Test Description Troubleshooting Data Service Group
1 1.0-1.11 RF Gain Test Paragraph 8-A-14 A
2 2.0-2.13 IF Gain Test Paragraph 8-B-25 B
3 3.1 10dB Detector Range Paragraph 8-B-61 B
3.2 Frequency Counter Paragraph 8-C-17 C
4 4.1-4.32 Flatness Test See Note
5 5.0 Audio Test Paragraph 8-B-62 B
Note: 1. If all steps of TF13 fail, proceed to paragraph 8-98.

NOTE

If the flatness test (Group 4) in TF13 fails, the problem cannot
be on Al because Al is bypassed for this test. It also cannot
be past the A5 Input Mixer since the A5 output frequency is
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always 50MHz (First I.F.). The problem, therefore, must be on
A2 or A5, or must be due to a non-linear input to AS from
the First L.O. source (A51). One additional possibility is that
the A4-derived calibration signal amplitude is non-linear. If the
Slatness test in TF13 passes but external input signals have poor
Sfrequency response (e.g., low frequency inputs at 0dBm
measure 0dBm but high frequency inputs at 0dBm measure
<0dBm), the problem is probably on Al. For any flatness pro-
blem, set up the 3586 for a Full Scale reading at the failing fre-
quency, and then measure signal amplitudes as shown in Figure
8-A-7 (Service Group A).

Group 5.0: The finale from Beethoven’s Symphony Number 9 is synthesized from memory
by selectively switching the First L.O. frequency around the 1 MHz CAL signal. The func-
tion (TF13) repeats Group 5.0 until manually exited. Refer to Service Group B if any
discrepancy in the audio is noted.

NOTE
Service Note 3586A/B/C-3A contains additional information
on interpreting TF13 failure codes. See Section VII for instruc-
tions on obtaining this service note and for information on
other available service notes.

8-82. TF14. Key sequence is ) D ) ’ @ . This function provides a con-

fidence test of the digital sections of the instrument. The test gives a PASS or FAIL indica-
tion together with a displayed date of the latest version of ROM software. The test includes
some fundamental read operations from ROM and write/read operations from RAM memory
modules on the A60 Controller board. If FAIL is displayed, a lit key LED indicates the fail-
ed ROM (see Table 8-8). Refer to Service Group C for procedures to follow if a FAIL condi-
tion exists. Successful completion (PASS) of TF14 is required in order to run TF13 (paragraph
8-81). This is true because the analog self-test relies on a correctly functioning digital Con-
troller to provide valid analog test results. (See also Paragraph 8-C-42.)

NOTE

The data displayed at the completion of this test identifies the
ROM software revision where 7-23-79 is revision A and 6-30-80
is revision B.

Table 8-8. Digital Self-Test Failures.

Key* Failed Module

10 dB ROM A60U12
100 dB | ROM A60U11
AUTO ROM A60U10
ENTRY | ROM A60U9
AVE ROM A60U8
dBm ROM A60U7

*Any lit key LED other than
those listed indicates a possible
faulty RAM.
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CAUTION

Before Connecting Power
To Instrument, Verify
That Correct Line
Voltages Are Selected On
Roar Panel Switches And

NOTE

If An Error Alert Of The
Form EX.X* Or The Form
Err X* Occurs While
Operating Or Trouble-

shooting The Instrument,
Refer to Table 8-5 For An
Explanation Of The Alert.
It Could Be Caused By An
Instrument Failure Or

Simply By An Operator
Mistake In Entry.

*X=A Number In Table
8-5 Corresponding To
The Error Cause.

Press 35686 Power Switch
to ON Position.

10
Does Display Area
Indicate A Noise Floor
(No Input Signal) Of
<-116dBm And A
Freq Of

Press RECALL, o
CNTR-FREQ, 9 To Ac-
tivate Digital Self-Test
TF14. (Paragraph 8-82)

And

lure And Next
uons

Pmcnﬂ To Service Group

Examine Table
a .C-4 For Cause Of TF14.
Instruc-

Does Display Indicate

“’Pass’” And ROM

Program Date
?

Press MEAS CONT and
Wait 10 Seconds To Exit
TF14.

Press RECALL, e
CNTR—FREQ, 8 To Ac-
tivate Analog (Receiver)
Self-Test TF13. (Para-
graph 8-81)

Refer To Table 8-7 And
Locate TF13 Step
<A| Shown In Display
nd Follow In-
dh:nnd Instructions.

Does
TF13 Complete
To Audio Cyclic
Tone Test

?

NOTE

Successful Completion OF
Turn-On Cal Cycle Plus
TF13 And TF14 Ensures
That Fundamental Opera-
tion Of The 3586 Is Nor-
mal.

Proceed  To
rout

shooting Hints). Locate
Problem Symptom In The
List Supplied And Follow
Instructions Given.

Press MEAS CONT To Exit
TF13 At Completion Of
Next Audio Cycle.

Any Display Condition

Switch/Display. Proceed

To Service Group C.

A60/A98

= A/BIC
YY = OP If Opt. 003

Installed

Is
Noise Floor
Present But Higher
Than - 116dBm

?

Select All Available Input
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Time.
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?
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The

Does
Noin Fluov
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‘A1 Is Probably B
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Cooling Fan
Running

Is
The Display
Frozen At Er7
And 3586 X YY
?
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Switch A985300.
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Are J and Troubleshoot The

The Displays Power Supplies.

And/Or LED's

Flickering
?
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On AB0 Or A98. Proceed
To Service Group C.

A%

"An Error
Alert Of The

Place Power Switch To
STBY position.

If Line Fuse Checked
Good Before Turn-On,
Proceed To Service Group

And_ Troubleshoot
Power Supply Input Sec-
tion.

If Line Fuse Wasn't
Checked, Replace Fuse
And Re-apply Power.

Proceed To Paragraph
| 8-30 To Determine The
| Cause Of Calibration Cy-
cle Failure.

lect 75 Ohm Terr

NOTE

High Noise Floor Problems
Can e Caused By Either
Exces: &

Spar (To
Canerated lnrumllly

Is Being

Select Entry 100. Select
Full_Scale Setting Of

im. Select 20Hz
and 00Yiz Bencwidthe

Noise Floor
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Bandwidth
?
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And

A2J3.
le
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100 (FS. =
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Cable From A2J3.

Does
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Does
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?
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?
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Spurs And/Or_Ove
High Noise To Determine
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YES
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pA.
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Table
NOTE
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?
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Figure 8-3. Turn-On Troubleshooting Flowchart
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8-83. GENERAL TROUBLESHOOTING.

8-84. The goal of this section is to define the problem and determine the assembly or
assemblies that are the most likely cause of that problem. There will be occasional cases
when a specific component is isolated as the probable cause (possibly by the self-tests). Most
circumstances will point to several possible assemblies. The point is that different malfunc-
tions will dictate different troubleshooting strategies and we highly recommend following
the procedures of this section.

8-85. Unless the technician is very familiar with the instrument and has clearly defined the
problem, it is desirable to review the contents under the heading ‘“Turn-On Initialization
and Milking The Front Panel.”” One should then proceed to the Troubleshooting Hints
(paragraph 8-91). These hints will discuss the possible causes of the problem and refer to
the appropriate service group(s) for detailed troubleshooting information.

8-86. A technician who is very familiar with the instrument may wish to use the troubleshooting
flowchart (Figure 8-3) as a rapid isolation method for getting to the correct service group.

8-87. Troubleshooting Guidelines.

8-88. These are generalized hints that the technician should keep in mind while trouble-
shooting the 3586A/B/C.

1. Use the built-in self-tests that are described in the previous section. In some cases, these
tests can lead directly to the problem area and in any case they can be used to eliminate possible
problem areas if the test for that function passes.

2. The internal CALibration cycle provides valuable information also. Refer to the
paragraphs on calibration (paragraph 8-30) for tips on how to use the CAL cycle to deter-
mine the operating status of many internal circuits.

3. Refer to the Block Diagram description (paragraph 8-105) for more background on
the malfunction after referring to the Troubleshooting hints in paragraph 8-91.

4. Use “‘cool spray’’ to help isolate problems. Circuit cooler sprays are widely available
and can be very helpful in isolating problems. The most generally used method is to spray
selected components to see if the malfunction can be temporarily ‘‘cured’’. If this can be ac-
complished, the bad component is then isolated. This method will not work all the time, but
it can be a great timesaver. It is especially helpful on ‘‘intermittent’’ problems which get
worse with a rise in temperature.

5. Use signature analysis. The -hp- 5004A signature analyzer is an extremely powerful
troubleshooting tool that allows a ‘‘window’’ on a digital node to give a go/no-go test.
Without the analyzer, troubleshooting the digital sections of the instrument is difficult and
requires much trial and error. If a S004A is not available, keep in mind that most digital
failures involve a line that is stuck high or low. Thus, a little guided probing using an
oscilloscope in the suspected areas may find the problem.

6. Many problems on instruments that have been in service for awhile are directly
traceable to corrosion. Often, simply removing and re-seating the affected printed circuit
assemblies will ‘‘cure’’ a problem. Cleaning connector pins and/or switch contacts with an
approved cleaning fluid is a permanent solution to many types of digital and analog circuit
problems.
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8-89. Primary Troubleshooting.

8-90. Primary Troubleshooting provides information whereby a basic determination can be
made as to whether the processor, the receiver or the power supplies are causing improper
instrument operation. Where necessary, branching to a service group will be indicated.

1. If the cooling fan runs when the power switch is ON but the front panel is dark, the + 5
or + 12 vdc regulated supply voltages may be shorted or out of tolerance. Proceed to Service
Group J and troubleshoot the power supplies. If the supplies are working, check for a loose
or open cable from the A60 board to the A98 front panel.

2. If at turn-on, the front panel indicators freeze at MEASUREMENT display = Err 7
and FREQUENCY display = 3586 x (where x = Model Letter A, B, or C), then the — 12
vdc regulated supply voltage may be shorted. Proceed to Service Group J and troubleshoot

the power supplies.

3. If at turn-on, the front panel indicators are flickering rapidly, there may be either a
processor failure, excessive ripple on the + 5 vdc regulated supply voltage, or supply voltage
out of tolerance. Proceed to Service Group J and verify that the + 5 vdc supply is free of any
AC ripple and the supply voltages are correct before attempting to troubleshoot the Con-
troller (processor) assembly in Service Group C.

4. If the instrument does not complete the automatic CALibration cycle at turn-on, it will
present a failure indication in the MEASUREMENT display area. Proceed to Calibration

Error Codes (paragraph 8-38) for definitions of failure codes.

5. If the instrument completes the CAL cycle successfully, but the noise floor appears ex-
cessive (> —116dBm at 1MHz), proceed to Service Group J and examine the +5 vdc
regulated supply voltage for excessive ripple. If the +5 vdc is ripple-free, proceed to
Troubleshooting Hints.

8-91. Troubleshooting Hints.

8-92. Introduction.

8-93. These hints are intended to simulate what a technician experienced with the
3586A/B/C, would give as advice for fixing a specific malfunction. To save time, they are
referenced by malfunction. Find the malfunction description in the Troubleshooting Table
of Contents that most closely fits the problem(s) experienced, then go to Table 8-9.

NOTE
Unless otherwise specified, the front panel instrument set-up
Jor all procedures in Table 8-9 are those obtained at instrument

turn-on. Pressing Eecug and[ 0 ] will restore turn-on conditions

when in doubt.
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Table 8-9. Troubleshooting Hints.

Problem

AMPLITUDE
MEASUREMENTS
INCORRECT

1.

Procedure
Quick Reference for Amplitude Error Problems.

a. Force a CAL cycle using the AUTO CAL key. If any
CAL error codes are displayed (e.g., CE-A), proceed
to the heading ‘‘CALIBRATION PROBLEMS*’
elsewhere in this table. If no CAL error codes are
displayed, continue with b.

b. If the exact symptoms of the amplitude error pro-
blem are not known, go to step 2.

c. If the problem is known to be frequency-related, go to
step 5 and check the first L.O. frequency at one of the
tuned frequencies where the error exists.

d. If the error exists at all frequencies and all Full Scale set-
tings, go to step 9.

e. If the problem exists only at certain Full Scale settings,
g0 to step 8.

f. If you suspect your source may be incorrect, go to step
13.

To troubleshoot an amplitude error problem, first determine
the magnitude of the error and whether or not the error is
related to frequency. Select ENTRY 100 and Full Scale setting
of @ dBm. Feed a @ dBm signal into the 3586 at several fre-
quencies, always making sure the output impedance of
the source is correctly matched to the input termination
impedance of the 3586. Try 20 kHz, 1 MHz,
10.333333 MHz, and 32.5 MHz. You can also try TF13
(paragraph 8-81) paying close attention to the amplitude
readings during steps 4.1 to 4.32 of the test. If the
amplitude reading is within + 3 dB of the input source at
all frequencies (or =3 dB of —40 dBm for TF13 group
4.1-4.32), then the instrument should be capable of com-
pensating for this error by storing calibration constants for
the frequency being measured during the CAL cycle.
Force a CAL to occur at the frequency where the error oc-
curs using the AUTO CAL key and repeat the amplitude
measurement at that frequency. If the amplitude error
disappears after CAL, the instrument is operating nor-
mally. if CAL errors occur (e.g., CE-A), refer to the
heading ‘“CALIBRATION PROBLEMS'’ elsewhere in this
table.

If the CAL cycle is completed with no CAL errors, but an
amplitude measurement error still exists afterward, check
the first L.O. frequency using the procedure in step 5. If it
is good, return here. If it is bad, proceed to Service Group
D and troubleshoot the first L.O. If the first L.O. is good, a
problem exists in the A2 switching relay, the Calibrator
circuits (A4/A15) or in the Input Multiplexer (A1). To
isolate the problem to A1 or A4/A15, try the following.
Input a signal through different input terminations. If
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Table 8-9. Troubleshooting Hints (Cont’d).

Problem Procedure
AMPLITUDE another impedance works, the problem may be in the A1
MEASUREMENTS termination components, in the switching circuits on A1
INCORRECT or in the control of these circuits by the A60 processor
(Cont'd) (unlikely but possible). Remember to allow for impedance

mismatch errors if your source does not have an
equivalent output impedance. See Table 8-A-3 in Service
Group A.

4. Tocheck A1, bypass it by disconnecting the heavy black
cable that normally goes from the rear panel Fo (0-32
MHz) BNC to A15J2 and connecting it to A2J1 (remove
the gray/white/red cable on A2J1 temporarily). Now input
a @ dBm signal at 1 MHz from a 75 ohm source into the
rear panel BNC (Fo). The 3586 should read
+6.0+£0.5 dBm at 1 MHz. If it does, the problem is on
A1 (or in the gray/white/red cable). If it does not read + 6
dBm, assuming a successful CAL was done first, then the
A4 calibration signal is suspect. If incorrect, it would
cause erroneous calibration constants to be stored during
the CAL cycle and then to be applied to incoming signals.
Refer to Service Group A for A1 problems and Service
Group F for A4 problems.

5. If the amplitude error is greater than + 3 dBm at any fre-
quency, CAL errors (e.g., CE-A) should be displayed dur-
ing the CAL cycle. If CAL doesn’t fail, the first L.O. may be
at the wrong frequency. This would always keep the
CAlLibration logic satisfied, since the first L.O. is used
both to generate the CAL signal frequency and to tune the
instrument. However, the instrument will not be tuned to
the frequency that is displayed on the front panel if an er-
ror exists in the first L.O. frequency. Check the frequency
of the Tracking Output at the rear panel BNC labeled Fo
(0-32 MHz). If the Tracking Output signal (from A15)
agrees in frequency with the frequency displayed on the
front panel, then the first L.O. frequency is correct. If the
amplitude of the Tracking Output is #+1.0 dBm
regardless of frequency, then A15 is working correctly. If
the problem is frequency-related and the first L.O. is good,
go to step 9. If the Tracking Output frequency disagrees
with the front panel tuned frequency, the problem is in the
first L.O. and its digital inputs, or on A15. Verify the first
L.O. frequency (Service Group D). If it is good, the pro-
blem is on A15 (Service Group F). If the Tracking Output
frequency is good but the signal is low in amplitude,
troubleshoot A15 (Service Group F).

6. If all measurements attempted on all frequencies are
greater than + 3 dBm away from the input signal, the pro-
blem could be anywhere in the receiver section of the in-
strument, up to and including the A/D Converter (A22).

7. To help isolate the problem to a smaller area, try the
following. Select different bandwidths to see if the pro-
blem is bandwidth-related. Also try WIDEBAND to bypass
the entire IF section of the instrument. If WIDEBAND
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Table 8-9. Troubleshooting Hints (Cont’d).

Problem

AMPLITUDE
MEASUREMENTS
INCORRECT
{Cont'd)

10.

11.

Procedure

gives correct measurements, then A1, A2, A4 (Broad-
band power detection circuits only) and A22 are probably
good. If not, then the problem should be in one of those
circuits. To eliminate the A/D Converter (A22), run TF8
(paragraph 8-73) with no signals applied to the instru-
ment. To eliminate the input Multiplexer (A1) try bypass-
ing it using the procedure outlined in step 4 above.

Feed a 1 MHz signal into the 3586 in AUTO 10 beginning
at — 60 dBm and increasing in 5 dB steps to + 20 dBm. If
the error occurs only on certain steps, then the problem is
in one of the RF gain/attenuation stages on A2, or it is in
one of the IF Gain stages on A20 or A21. On one of the
failing steps, select WIDEBAND. If the measurement is
now correct, the problem is in the IF gain stages on A20
or A21 (Service Group B). If the measurement is still bad,
the problem is on A2 (Service Group A).

When the error is constant and it exists on all frequencies
and all Full Scale settings or, when the error is frequency-
related and the first L.O. is correct, then it is necessary to
set up a given set of conditions and trace the signal level
from board to board until it is lost or the amplitude error is
found.

Select ENTRY 100 and a Full Scale setting of d dBm. Feed
in a@ dBm signal at 20 kHz. Remove the cable from A2J3.
Disconnect the purple cable from A40J3 and connectit to
A2J3. Connect a 50 ohm load to the 10 MHz BNC on the
rear panel. Using a DVM on the load, you should read
about 29 millivolts AC (- 18 dBm on a Spectrum
Analyzer such as the 3585A). If the output of A2 is cor-
rect, reconnect A2J3, remove the 50 ohm load and con-
nect the purple cable to the IF TP jack on A10. Measure
the signal at the 10 MHz BNC on the rear panel. It should
read about 500 millivolts AC (with no load) on the DVM
whenever a full scale signal is applied to the 3586 input
(properly terminated). With a 3585 Spectrum Analyzer it
should read +7 dBm at 15.625 kHz. If the A2J3 output
is bad, the problem is in the input section (Service Group
A). If the A10 test point output is bad but the A2 outputis
good, the problem is on A5 (Service Group A) or A10
(Service Group B) provided the first L.O. and second L.O.
frequencies are good. (Refer to Table 8-8 to verify these
frequencies.) If both outputs at A2J3 and A10 IF TP are
good, the problem is probably on A20, A21 or A22. To
check A22, perform TF8 (paragraph 8-73). If A22 is
good, refer to Service Group B to check A20 and A21.

Another quick amplitude check is to connect a 75 ohm
coax cable from the tracking output on the rear panel,
labeled Fo (0-32 MHz), to the 75 ohm termination on the
front panel. Tune the 3586 in 1 MHz steps from 1-32
MHz. The amplitude reading should be @ + 1.0 dBm for all
frequencies. Select 10k||50PF termination and repeat
the steps from 1-32 MHz. At 1 MHz the amplitude should
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Problem Procedure
AMPLITUDE be +6.0 +0.5 dBm after CAL. As the frequency in-
MEASUREMENTS creases, the amplitude should gradually decrease until, at
INCORRECT 30 MHz, it may be below + 3 dBm. (It may be necessary
{Cont'd) to CAL at each 1 MHz step to see the decreasing

amplitude levels.)

12. If the 3586 and the source are not phase-locked together
and amplitude errors only occur in the 20 Hz bandwidth,
their respective tuned frequencies may be more than 10
Hz apart. Under this condition, CAL might complete its full
cycle correctly. If this condition is suspected, use the
3586 counter in a wider bandwidth to determine the ex-
act source frequency and tune the 3586 to that fre-
quency for measurements.

13. Verify your input source is correct by feeding the 75 ohm
output into a 75 ohm load at 20 kHz and measuring the
amplitude with a DVM. At@ dBm it should read about 274
millivolts. A 50 ohm source into a 50 ohm load at 20
kHz/0 dBm should read about 224 millivolts. Into a high
impedance DVM with no load, it should read twice that or
+6 dBm. If a spectrum analyzer is available, verify the
source at higher frequencies, also.

AUDIO 1. Verify that the audio is not bad because of signal process-
PROBLEMS ing problems somewhere else in the instrument (e.g., in-
put section, IF section or local oscillators). One way is to
measure a known signal (e.g., 1 MHz at @ dBm) and see
that the 3586 measures and displays its amplitude cor-

rectly.

2. Turn up the volume control and see what the signal
sounds like on the speaker. If a signal source is not readily
available, run TF13 (paragraph 8-81) and listen to the
Group 5.0 Audio test.

3. If an audio problem does exist, it will usually be
manifested as either weak, distorted or missing.

4. Select the opposite sideband (erect or inverted) from that
presently selected. If the audio is now good, the oscillator
on A22 for the previously selected sideband (USB or LSB)
is probably inoperative (Service Group C). If the audio is
still bad, proceed to step 5 for a 3586A/B or step 6 for a
3586C.

5. If the instrument is a 3586A/B with Option 003 (A70 Im-
pairments board installed), remove A21. Change the
STD/OPT switch (A21S1) from OPT to STD, replace A21,
remove A70 and try the audio test again. If the audio is
now good, A70 is probably bad (Service Group G).

6. If the audio is still bad with A21S1 in STD and A70
removed (or the instrument is a 3586C), A21 and A22
are suspect. Refer to the audio troubleshooting pro-
cedures in Service Group B.
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Problem

AUTO-RANGE
PROBLEMS

Procedure

Force a CAL cycle to occur. If CAL error codes (e.g.,
CE-A, etc.) appear, refer to the heading ‘“CALIBRATION

DDNRI EAMC!? aleawhara in thic tahla If tha CAl ~uele ic
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completed with no error codes displayed, fundamental
operation may be assumed.

Determine all conditions that exist for the problem. Try
with and without an input signal applied. Try AUTO 10
and AUTO 100 modes. Try LO DIST, LO NOISE and
WIDEBAND. Try 3100 Hz and 20 Hz bandwidths. Try
averaging (AVE) in AUTO 10 and AUTO 100.

If the problem only exists in AUTO 10, A21 is suspect
(Service Group B). If the problem only exists in AUTO 100
or in both AUTO 100 and AUTO 10, A4 is suspect (Ser-
vice Group F).

If the problem is related to averaging in LO DIST, AUTO
10, the A21 is suspect (Service Group B). If problem is
related to averaging in LO DIST, AUTO 100, or to averag-
ing in WIDEBAND, A4 is suspect (Service Group F).

Verify that your source input signal is not causing an auto-
ranging problem through AM modulation. One way is to
try a second source. Another way is to select ENTRY
100, Full Scale of 8 dBm, and input a signal at @ dBm. If
there is no ‘'racking’’ of the amplitude display, then the in-
put signal is probably not causing a problem. However, if
the input had another frequency under 40 MHz present
(e.g., Second Harmonic, spur, etc.) and /t was racking in
amplitude, it would cause the A4 board to command con-
tinuous auto-ranging from the A60 processor.

If steps 1-b do not isolate the problem, try the following
procedure to verify the gain selection configurations of
A2, A20 and A21. Select ENTRY 10, LO DIST and 3100
Hz bandwidth. Force a CAL cycle to occur. Starting with a
Full Scale setting + 20 dBm, input a known signal of + 20
dBm and look for a full scale indication on the meter and
+20 dBm in the MEASUREMENT/ENTRY display.
Simultaneously step both the Full Scale setting and the in-
put signal downward, in 5 dB steps, to —80 dBm (or as
low as your source can go in amplitude). At each step, the
3686 should display a full scale indication on the meter
and should read the correct level of the input signal (£ 1.0
dB) on the display. If it does not reflect accurate measure-
ment on all full scale settings, note those full scale set-
tings where it failed and refer to the Full Scale tables in
Service Group B to identify the problem area.

Another possible cause of auto-range problems is a
display scan rate. This is true because the display timing
circuit on AB60 also is used to control software delay
routines for circuit settling times. Run TF11 (paragraph
8-78) to see if the scan rate is within its normal limits. If
not, refer to Service Group C for AB0 troubleshooting in-
formation.
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Table 8-9. Troubleshooting Hints (Cont’d).

Problem Procedure
AUTO-RANGE 8. Additional procedures which may apply can be found
PROBLEMS under OVERLOAD INDICATIONS in this table.
(Cont'd)
CALIBRATION 1. Refer to paragraph 8-38 to identify the probable cause of
PROBLEMS CAL error codes displayed in the MEASUREMENT/ENTRY

area on the front panel.

2. if CAL fails every step in the calibration cycle, it signifies
that a total receiver section gain error of > + 3 dB exists
when the calibration signal from A4 is injected into the In-
put Amplifier A2. This could also occur if there is a break
in the major analog signal path (cable disconnected or in-
termittent, etc.). Pinched cables, floating hardware, etc.,
may also cause the problem by shorting out the signal
path.

3. If the error code is CE-N where N=@-9,A,B then the pro-
blem could be anywhere in the receiver section of the in-
strument. Try running TF13 (paragraph 8-81) to see if the
problem can be isolated to a particular area.

4. Another possible cause of all CAL steps failing is the
Calibrator signal itself. If the 3586 appears to measure in-
put signals correctly but fails CAL, disconnect the black
cable from A15J2 and connect it to A2J2. Connecta 75
ohm feed-thru termination (-hp- Model 11094B) to the
rear panel BNC labeled Fo (0-32 MHz) and then connect a
75 ohm source set for 1 MHz/ — 40 dBm to the feed-thru.
Press RECALL and @ on the 3586 front panel to restore
turn-on conditions. Activate TF2 (paragraph 8-45). If the
front panel display now reads about —40 dBm, A4 or
A15 are suspect (Service Group F). (If a 75 ohm feed-thru
is not available, the same test should indicate about — 34
dBm.)

5. Error code CE-F will always occur anytime the A60S2
switches are selected for Option 003 and an A70 Im-
pairments board is not installed or is not fully seated.
Refer to Service Group C for A60S2 switch selections.

6. To check A4 without removing the instrument cover, first
establish turn-on conditions (RECALL/@). Select ENTRY
100, turn AUTO-CAL off, activate TF1 (paragraph 8-55)
to zero the constants and then activate TF2 (paragraph
8-58). Change Full Scale settings in 5dB steps from —45
to +25 dBm. The display should read about —40 dBm
with Full Scale settings from — 45 to @ dBm and it should
read about — 20 dBm with Full Scale settings from +5 to
+25 dBm. If it does, A4 is working correctly and the
analog signal from the Input Amplifier {A2) through the
A/D Converter is also good. This check, however, does
not verify frequency (see step 7).

7. It is possible for the first L.O. (minus 50 MHz) to be run-
ning at a different frequency than the front panel
displayed frequency. (They should be the same.) With this
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Problem
CALIBRATION
PROBLEMS
(Cont’d)
8.
9.
DISTORTION 1.
{HARMONIC)
2.
3.
4.
5.

Procedure

condition, the instrument would appear to be calibrating
correctly at all frequencies as long as the CAL signal
amplitude was within +3 dB of what the processor ex-
pected to see out of the A/D converter in CAL. When not
in CAL, however, input signal measurements would be in
error. If this condition is suspected, connect a counter to
the rear panel BNC labeled Fo (0-32 MHz). The frequency
at this point is the Tracking Qutput and it should agree
with the front panel displayed frequency when the first
L.O. frequency is correct. If they disagree, the problem is
somewhere in the first L.O. (Service Group D) or in the
Tracking Output (Service Group F).

When TF2 is active and a CAL cycle is performed, the
displayed amplitude should read exactly —40.00 dBm or
—20.00 dBm (depending on Full Scale setting). If any Full
Scale setting does not read exactly —40.00 dBm or
— 20.00 dBm, one gain/attenuation stage may be bad on
A2, A20 or A21. See Service Group B for tables of Full
Scale settings versus system configurations.

Another possible cause of Calibration problems is a low
display scan rate. Run TF11 (paragraph 8-78) to see if the
scan rate is within its normal limits. If not, refer to the
AG60 troubleshooting procedures in Service Group C.

In measuring distortion, it is extremely important that the
service technician verify that he has a ‘‘clean’’ system.
His distortion-measuring equipment, cables, set-up, etc.
must not introduce distortion while he is trying to evaluate
distortion in the 3586. A spectrum analyzer (S.A.) is ex-
cellent for measuring distortion in the 3586 provided the
input range of the S.A. is always set 10 dB higher than the
input signal. This keeps the S.A. internal distortion at Full
Scale from introducing measurement errors. Also, use
lowpass or bandpass filters to remove source harmonics
from the input to the 3586.

Harmonic distortion (HD) in the 3586 is both range and
frequency dependent. 10.83 MHz is the maximum input
frequency for which third-order HD (32.49 MHz) can be
measured and 16.25 MHz is the maximum for second-
order HD (32.5 MHz). This is due to the 32.5 MHz upper
frequency limit of the 3586.

Empirical data obtained during development showed
worst case second-order HD is on the — 10 dBm Full Scale
setting at 16.25 MHz. No third-order HD was noted dur-
ing 3586 development.

If the HD is range-dependent (> 4dB between ranges) it is
probably caused by the Input Amplifier A2. If not range-
dependent, the Input Mixer A5 is suspect. Both A2 and
A5 are covered in Service Group A.

It is unlikely that HD can be caused by any circuit past the
Input Mixer (A5) since the input signal has been converted
to stable IF frequencies past that point.
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Problem Procedure
DISTORTION 1. Establish a ‘“clean’”’ measurement system as per step 1
(INTER- under ‘'‘DISTORTION (HARMONIC)'' above.

2. Intermodulation distortion (IMD) usually occurs in one of
two frequency bands based on separation of two input
frequencies:

200 Hz - 3 kHz (low band)
20 kHz - 1 MHz (high band)

3. If the IMD occurs in the low band only, the problem is
most likely on the A5 or A10 boards. If the IMD problems
occurs at any frequency separation (high and low bands),
try all of the possible Full Scale settings. If the problem is
range dependent (i.e., only occurs on certain Full Scale
settings) then A2 is probably bad with A5 as another
possible suspect. If harmonic distortion is within
specification, then A2 is most likely the problem area.

4. Refer to Service Group A for detailed troubleshooting of

IMD problems.
FREQUENCY 1. |f the manual frequency tuning control (also called rotary
TUNING (RPG) pulse generator or RPG) is inopetative, the A98 Switch/
INOPERATIVE Display RPG logic (and the RPG itself) are suspect (Service

Group C). This assumes that keyboard frequency entries
are accepted.

FREQUENCY 1. Verify the frequency of your source using a counter or
MEASUREMENTS spectrum analyzer. Phase-lock your source to the 3686
INCORRECT for all frequency accuracy measurements.

2. Force the 3586 to CAL to be sure there are no other
errors/problems. If CAL error codes are displayed (e.g.,
CE-A, etc.), refer to paragraph 8-38. If CAL is completed
without any CAL error codes displayed, then measure
several randomly selected input frequencies from your
source to determine the nature of the problem. Use the
counter on the 3586 to see what it thinks the input fre-
quency is.

3. If CALis successfully completed, it is still possible to have
the 3586 tuned to a different frequency than is displayed
on the front panel. This condition is possible because the
first L.O. which determines the tuned frequency of the in-
strument, is also used on the Tracking Output board
(A15) as the source of the calibrator signal frequency.

4. To verify the first L.O. frequency, connect a counter to
the rear panel BNC labeled Fo (0-32 MHz) which is the
tracking output (75 ohms) from A15. Phase-lock the
counter to the 3586. Tune the 3586 to several frequen-
cies that will exercise all of the loops (step, sum,
fractional-N) in the first L.O. For example:
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Problem

FREQUENCY
MEASUREMENTS

INCORREC |
{Cont'd)

FRONT PANEL
DARK

FRONT PANEL
FLICKERING

Procedure

20 kHz

1 MHz

2.333 333 MHz

32.5 MHz
At each frequency, the counter should read the same as
the front panel display. If it does, the First L.O. is tracking
and operating correctly. If a spectrum analyzer is used to
look at this signal, its amplitude should be @ + 1.0 dBm
for any frequency (50 Hz - 32.5 MHz).

If the first L.O. is incorrect (as determined in step 4 above)
the problem could be that one of the three loops (step,
sum, fraction-N) is locked to the wrong frequency. This
could result from a failure of part of the circuitry for that
loop or from an incorrect - N code from the A60 pro-
cessor due to an A60 failure. Service Group D has pro-
cedures for determining the cause of first L.O. failures.

If the problem is that the instrument has amplitude
measurement errors at a specific frequency, see if it will
CAL at those frequencies. Also, measure the tracking out-
put at the rear panel BNC labeled Fo (0-32 MHz) to see if
the L.O. is correct at that frequency. If not, see step &
above.

If only the 3586 counter is incorrect, i.e., tuned fre-
quency amplitude measurements are correct but the
counter reads differently from the input signal, the A22
board is probably bad (Service Group C).

If the front panel is completely dark with AC power plug-
ged in and STBY selected, check to see if the line fuse is
the proper type and size and that it is not blown. Replace if
necessary. If the new fuse blows also, proceed to Service
Group J and troubleshoot the power supply.

If the fuse is good, press the power switch to ON. If the
panel is still dark, see if the fan is running. If no, proceed
to Service Group J and troubleshoot the power supply.

If the fan is now running and the front panel is still dark,
the A60 board may not be fully seated or the cable be-
tween the A98 Switch/Display and the A60 Controller
may be disconnected. Remove the top cover and check
these items.

If all the boards are fully seated and the cables are con-
nected, troubleshoot the power supply (Service Group J).

If the front panel display has an unchanging presentation
but is blinking or flickering, run TF11 (paragraph 8-78). If
the display scan rate shown by TF11 is not within its nor-
mal limits (90-110 Hz), the problem is in the display timer
circuit on A60 (Service Group C). If the display scan rate
is normal, the A98 and AB0 boards are suspect (Service
Group C).
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Problem Procedure
FRONT PANEL . . )
FLICKERING 2. If the front panel display is changing randomly, the A60
(Cont’d) processor may be receiving a constant reset command

due to excessive rippie on the +5 vdc supply. Refer to
Service Group J to check the + 5 vdc supply. If the power
supply is good, the A60 and A98 boards are suspect (Ser-
vice Group C).

FRONT PANEL 1. Errors in the information displayed on the front panel such
DISPLAY as missing segments in digits, LED’s not lit, incorrect
ERRORS LED’s lit, etc., are most likely caused by A98 circuits.

However, failure of some output circuits on the A60 Con-
troller could also be a possible cause of this problem. Loss
of some key codes may be caused by an open circuit on
the A98 board.

2. Exercise as many modes, frequency combinations and
key inputs as possible while noting all discrepancies
observed. This will help to isolate the problem. Refer to
Service Group C for troubleshooting the A98 and A60

boards.
HIGH 1. If a high noise floor (> — 116 dBm at 1 MHz) is present
NOISE after the initial turn-on cycle is completed, the front panel
FLOOR can be ‘“‘milked’’ to help identify the source and/or
eliminate some circuits as possible contributors to the
problem.

2. Select all available input impedance terminations, one at a
time. If the noise floor drops below — 116 dBm on one or
more of the termination selections, the A1 board is pro-
bably bad (Service Group A).

3. Select the 20 Hz and 400 Hz bandwidths. If the noise
floor drops below — 120 dBm in either the 20 Hz or the
400 Hz bandwidths, one of two problems could exist.

a. A spurious signal (SPUR), generated internally,
might be present at a frequency 200 Hz - 1550 Hz away
from the tuned frequency, or

b. A20, where the bandwidth filters are switched in
and out, could be bad. For both cases, Service Group B
has additional troubleshooting information.

4. High noise floor problems can be caused by either ex-
cessive noise or by a spurious signal (SPUR) that is being
generated internally. The best way of identifying which
one is the problem is to connect a spectrum analyzer (e.g.,
3585A) to the second IF (15.625 kHz) test point on the
Second Mixer. You can do this by disconnecting the pur-
ple cable from A40J3 and connecting it to ‘“IFTP’’ on
A10. Then connect the 3585A to the ‘10 MHz'* BNC on
the rear panel. 3585A settings: Full Scale of +7 dBm,
High Input Impedance, Bandwidth 3000 Hz. On the
35886, select ENTRY 100, 3100Hz bandwidth, and a Full
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Problem
HIGH
NOISE
FLOOR
(Cont’d)
6.
7.
8.
9.
10.
11.

Procedure

Scale of —35 dBm. With no signal into the 3586, the
noise floor should be greater than 80 dB below Full Scale
on the 3585A or iess than — 73 dBm. if a signal is present
it will be within 1550 Hz of 15.625 kHz. Refer to Service
Group B and follow the instructions under ‘‘Spurious
Signals’’ to isolate the source of the tone.

If the spectrum analyzer shows just a high over-all noise
floor, the problem is most likely between the input con-
nectors of the 3586 and the IF Filter Board {A20). To
isolate further, proceed with step 9. If no problem is in-
dicated by the spectrum analyzer, i.e., no spurs present
and noise floor < —73 dBm, then the problem is most
likely on the A20, A21, or A22 boards. To isolate further
proceed with step 7.

If a spectrum analyzer is not available, first determine if
the Detector and A/D Converter are capable of measuring
a within-specification noise floor. (See step 7.)

Remove the IF Filter (A20). The 3586 should be in ENTRY
100, 3100 Hz B.W., with a Full Scale setting of — 35
dBm. The 3586 front panel amplitude display should drop
below —125dBm. If not, run TF8 (paragraph 8-73). If
TF8 gives valid results, A21 is probably bad (Service
Group B). If TF8 gives invalid results, try cycling the 3586
power switch and repeat TF8 (set-up front panel again in
ENTRY 100 and Full Scale = — 35 dBm). If TF8 still fails
then A22 is probably bad (Service Group C).

If the noise floor is < — 125 dBm on the 3586 front panel
display with A20 removed, A21 and A22 are probably
good. Replace A20 and remove A10. If the noise floor is
> ~-116 dBm, A20 is probably bad (Service Group B). If
the noise floor drops below — 116 dBm with A10 re-
moved, A20 is probably good. Replace A10.

Remove AbL. If the noise floor is > ~ 116 dBm, the A10
and A11 boards are suspect. Remove A11. If noise floor
is still > —116 dBm, A10 is probably bad. If noise floor
drops below — 116 dBm with A11 removed, A11 is pro-
bably bad. Refer to Service Group B for both A10 and
A11 troubleshooting.

If the noise floor is < — 116 dBm with A5 removed, A10
and A11 are probably good. Replace A5. Remove the
cable from A2J3. If the noise floor is > — 116 dBm, A5
and the first L.O. are suspect. Check the first L.O. fre-
quency and amplitude using Table 8-10. If a spectrum
analyzer is available, check for spurs on the first L.O. by
following the instructions under ‘‘Spurious Signals’’ in
Service Group D. A5 is a more likely cause of the problem
than the first L.O., therefore if a spectrum analyzer is not
available, assume A5 is bad (Service Group A).

If the noise floor drops below — 116 dBm with A2J3
disconnected, A5 and the first L.O. are probably good.
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Problem Procedure

HIGH Reconnect A2J3. Connect a 75 ohm load to the rear
NOISE panel BNC labeled Fo (0-32 MHz). Disconnect the black
FLOOR cable from A15J2 and connect it to A2J1. If the noise
(Cont'd) flooris > — 116 dBm, A2 is probably bad (Service Group

A). If the noise floor drops below — 116 dBm, A1 is pro-
bably bad {Service Group A).

NOTE

In WIDEBAND, the normal noise floor is usually
about —-70 dBm or lower (no spec
requirement). However, selecting WIDEBAND
and seeing —70 dBm or lower does not
guarantee that A1, A2, and A4 are
automatically good when a high noise floor ex-
ists in LOw DI/STortion. This is true because the
fowest permissible full scale setting in WIDE-
BAND is —35 dBm and the 100 dB Range of
the A4 logger circuit is automatically selected.
Then, since broadband noise from #-32.5 MHz
/s normally so high (around — 70 dBm), it would
mask an out-of-spec noise floor (e.g., — 90
dBm) in LOw DI/STortion caused by A1, A2, or
A4 and passed through a narrower bandwidth
in the IF section.

HP-IB 1. Problems in communication over the HP-IB may often be
PROBLEMS attributed to improper set-up. Recheck your cabling, ad-
dress switch positions, software addressing commands,
etc. before assuming that a 3586 hardware malfunction
has occurred. Also, if the mode switches cn A62S1 are
improperly selected, normal HP-IB operation is not possi-
ble. Refer to Service Group | for information on switch
positions.

2. With the 3586 in LOCAL, disconnect the HP-IB interface
cable and verify that the 3586 is completely functional
from the front panel controls.

3. If the 3586 works correctly from the front panel and the
system set-up for HP-IB operation is correct, but com-
munication between an HP-IB ‘‘controller’’ and the 3586
cannot be established, refer to Service Group | for HP-IB
troubleshooting information.

METER 1. If aninput signal to the 3586 can be measured accurately
INOPERATIVE on the front panel digital display, and/or the CAL cycle can
be completed with no CAL error codes displayed, the
signal which drives the meter is getting at least as far as

the input multiplexer circuits on the A22 board.

2. Connect a digital voltmeter (DVM) to the rear panel BNC
labeled METER. Select ENTRY 10 and a Full Scale setting
of @ dBm. Input a signal to the 3586 from a source at
# dBm. The DVM should read @ volts. Reduce the input to
— 10 dBm. The DVM should read — 1 vdc.




Model 3586A/B/C

Service Information

Table 8-9. Troubleshooting Hints (Cont’d).

Problem

METER
INOPERATIVE
{Cont’d)

OVERLOAD/
UNDERLOAD
INDICATIONS

Procedure

If the DVM reads correctly for the test in step 2 above, the
problem is either a bad meter or a failure in the Meter
Amplifier circuits on A21 (Service Group B).

If the DVM reading is incorrect in the above test, the pro-
blem is probably on A21 or A22. Refer to Service Group B
for additional information.

When the 3586 is in AUTO 10 or AUTO 100, the opera-
tor normally will not have any visible indication of over-
load/underload conditions since the instrument will auto-
range to a new input configuration anytime an RF or IF
overload/underload is sensed by the A60 processor.

If AUTO 10 or AUTO 100 are selected and the front panel
OVLD annunciator is flashing, either the input signal is ex-
ceeding the maximum input level for proper operation of
the instrument {+23 dBm) or the 3586 is not auto-
ranging correctly. See AUTO-RANGE PROBLEMS in this
table.

When ENTRY 10 or ENTRY 100 are selected, the
operator must select the proper Full Scale setting to keep
overload/underload conditions from occurring. Except for
special operational circumstances (see paragraph
3-2-73), the normal Full Scale setting is chosen to be just
above the input signal to be measured. If one of the three
possible visible indications of an overload/underload con-
dition exists under a normal Full Scale setting as described
above, a problem is indicated. Visible indications include
UL, OL or a flashing ‘“OVLD’’ on the front panel.

If ENTRY 100 is selected and {for example) a Full Scale
setting of @ dBm is chosen for an input signal of @ dBm, a
flashing OVLD annunciator should not be displayed unless
the input signal is increased to > +1 dBm. Be sure to
select the correct Termination impedance. On the A4
board, the red LED should be lit anytime the OVLD annun-
ciator is flashing. This signifies a front end (RF section)
overload condition. It indicates to the operator that
specification accuracy is not guaranteed under this condi-
tion since the A21 Detector/Logger circuit is not being
operated in a linear portion of its operating range. An input
signal > + 23 dBm could also cause damage to the instru-
ment if that is the reason the OVLD is flashing.

If the OVLD flashes anytime the input signal is less than
.5 dB above the Fuil Scale setting, a problem is indicated.
(This assumes there is only one signal being input to the
3586 and the 3586 is tuned to that frequency.) If the in-
strument CAL’s correctly, proceed to Service Group F and
troubleshoot the overload detection circuit on A4, fol-
lowed by the A4 broadband power (BBP) detector.

There is no front panel display of a front end (RF section)
underload condition in either ENTRY 100 or ENTRY 10.
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Table 8-9. Troubleshooting Hints (Cont’d).

Problem Praocedure
OVERLOAD/ However, by operating too far below full scale in ENTRY
UNDERLOAD 100, the operator is deliberating accepting less accurate
INDICATIONS measurements (see Table 8-1 under ‘‘Level Accuracy’’
{Cont'd) for the 100 dB Range). A front end underload condition

exists anytime the input signal is less than — 42 dBm and,
in ENTRY 100, anytime the input signal is <7 dB below
full scale. This condition can be verified by observing the
yellow LED on A4. If it does not light when the input
signal is < —42 dBm or when it is 8 dB or more below full
scale in ENTRY 100 (and the instrument CAL's correctly),
either the underload detection circuit or the BBP detector
on A4 is probably bad (Service Group F).

7. In ENTRY 10, the A4 yellow LED (front end underload)
should always be on if the source is <63 dB above full
scale. This is because, in ENTRY 10, maximum attenua-
tion (—40 dB) is applied to the input signal for all Full
Scale settings from + 20 dBm down to, but not including,
a Full Scale setting of — 55 dBm. This is in direct contrast
to the three other selections (ENTRY 100, AUTO 100 and
AUTO 10) where the RF gain/attenuation configuration is
changed in 5 dB steps along with Full Scale setting
changes. (See the tables in Service Group B that illustrate
this relationship.) If the yellow LED on A4 is not lit when in
ENTRY 10 and when the source is less than 63 dB above
full scale, and the instrument CAL’s correctly, proceed to
Service Group F and troubleshoot the underload detection
circuit and the BBP detector on A4.

8. In ENTRY 10, the red LED on A4 should light and OVLD
should flash anytime the input signal is greater than 70 dB
above full scale. If this does not occur, proceed to Service
Group F and troubleshoot the overload detection circuit
and the BBP detector.

9. Whenever the letters UL or OL appear in the
MEASUREMENT/ENTRY display on the front panel, it in-
dicates an IF underload or overload condition exists. UL or
OL will normally occur in Entry 10 only. Although, during
auto-ranging, UL or OL may be seen briefly in between
changes in Full Scale settings, they should never be seen
for more than an instant at a time. If either UL or OL is con-
stantly displayed when AUTO 10 or AUTO 100 are
selected, a problem is indicated in the level of the signal
being applied to the True RMS Detector/Logger circuit on
A21. That level is either too big (OL) or too small (UL) for
the RF gain/attenuation and IF gain configuration being
commanded by the A60 processor. It also means that the
processor has already commanded the maximum gain
possible in the IF section when UL is displayed (in AUTO)
but the signal is still too small. If OL is displayed (in
AUTO), it means that the least gain possible in the IF sec-
tion has already been commanded by the A60 processor
but the signal at the True RMS Detector/Logger on A21 is
still too large. In either case, if an underload/overload con-
dition of the front end (RF section) does not exist (both red
and yeliow LED's on A4 not lit), then one of the IF gain
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Table 8-9. Troubleshooting Hints (Cont’d).

Problem
OVERLOAD/
UNDERLOAD
INDICATIONS
(Cont’d)
10.
11.
12.
RETURN LOSS 1.
PROBLEMS

Procedure

stages on A20 or A21 may not be switching correctly
(Service Group B). If an A4 LED is also lit (red or yellow), it
may be an A2 gain/attenuation stage not switching cor-
rectly (Service Group A).

In ENTRY 10, it is normal operation to have UL displayed
when the input signal is less than 17 dB below full scale. It
is also normal, in ENTRY 10, to have OL displayed
anytime the input signal is greater than 2 dB above full
scale. If UL or OL are displayed when the input signal is
> 18 dB below full scale and <3 dB above full scale, a
problem is indicated in either the IF gain circuits or the RF
gain/attenuation circuits. Refer to step 9 above for
troubleshooting information.

Since the A60 processor looks at the output of the A/D
Converter on A22 to determine whether an IF
overload/underload condition exists, there is a slight
possibility that A22 could cause the display of OL or UL.
Run TF8 (paragraph 8-73) to confirm A22 operation as
normal or faulty.

When UL or OL are displayed under normal operating con-
ditions, it means the input signal to the IF Detector/Logger
on A21 is at a level that is outside the linear conversion
range of the logger circuit. The operator should manually
change the Full Scale setting to correct this condition.

If the 3586 fails the performance test for Return Loss, the
problem is most likely on the A1 board in the associated
circuits for the particular input termination(s) that failed
the test. If multiple terminations fail the test, there is a
slight possibility that the input circuitry of A2 could be
bad. Refer to Service Group A for troubleshooting infor-
mation.

8-94. Major Signal Troubleshooting.

8-95. It is sometimes helpful to check some important instrument signals for level, frequen-
cy, and waveform when not enough information is available to adequately identify or categorize
the problem. At such times, the technician would like to know just what is working in the
instrument and what is not working. The major signal chart (Table 8-10) was constructed
to provide some confidence in the over-all status of the instrument. The following procedural
checks will give the technician an idea as to the status of key internal signals in the instru-
ment. Also, if the major signal chart is used together with the 3586 System Functional Block
Diagram (see appendix), problems not resolvable through standard troubleshooting techniques

can often be quickly identified and isolated.

8-96. Before starting, remove the top cover and verify that the power supplies are operating
at the correct voltages and are free from ripple. (Refer to Service Group J.)
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8-97. Refer to Table 8-10. Using an oscilloscope, frequency counter or RF voltmeter (as ap-
propriate), check each of the listed signals for correct level, frequency and waveform as in-
dicated in the table. Disconnect all input signals before taking measurements. If any signal
has an apparent discrepancy, or is not present at all, refer to the indicated service group for
troubleshooting.

8-98. Total Analog Signal Path Failure.

8-99. Any break in the major analog signal path (i.e., from the front panel input connec-
tors to the A/D Converter output) should be easily recognizeable. The instrument should
fail all the CAL cycle steps and present all the CAL error codes (paragraph 8-38). If TF13 is
also run, most or all of those tests (Groups 1-5) should fail also. Another possiblity for
failure of all steps in TF13 occurs only with instruments having Revision B ROM software
(see paragraph 8-C-27 for how to determine). If slow autoranging is selected by A60S2(7) be-
ing in the open (slow) position, it is normal for TF13 to fail all steps. Switch A60S2(7) must
be temporarily set to the closed (fast) position to run TF13 for valid test results. See
paragraph 8-C-32 for A60S2 switch selections.

Table 8-10. Major Signal Chart.
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Signal Location Frequency® Level*# SG Remarks
10 MHz OVEN Rear Panel 10 MHz (£ 1 H2) 3.5 volts H Sine wave (Jumper removed)
{Option 004-A16)
10 MHz Rear Panel 10 MHz (£ 2 Hz) 2.5 volts H Sine wave
(Reference)
50 MHz Test Jack on| 50 MHz (+ 10 Hz) | 1.2 volts H Sine wave
(Reference) A40 (J6)
2 MHz Test Jack on| 2 MHz (+ 1 Hz) 900 mV H Square wave-narrow width-
(Reference) NNI A40 (J2) positive pulses.
50-82.5 MHz Test Jack on| A 51 MHz A 700 mV D/E | Sine wave-Tracks front panel
(First L.O.) A51 (J2) (£ 10 Hz) frequency (+ 50 MHz).
B 82 MHz B 750 mVv
{10 Haz)
54-86 MHz Test Jack on| A 54 MHz A 700 mV D Sine wave-2 MHz steps.
(Step Loop) A50 (J2) (+10 Hz)
B 86 MHz B 750 mV
(£ 10 Hz)
20-40 MHz Test Jack on| A 30 MHz A 2.0 volts E Sine wave
(FRAC N) A31 (TP1) (£ 10 Hz)
B 40 MHz B 2.4 volts
{10 Hz)
0-32.5 MHz Rear Panel 0-32.5 MHz 1.4 volts F Sine wave-Tracks front panel
{Tracking Output) | (Fo) {+ 10 Hz) frequency.
49.984375 MHz | TP1 on A11 |49.984375 MHz | 1.3 volts B Sine wave-(use extender board
(Second L.O.) (+£2 Hz) to get at TP1).
15.625 kHz IFTPon A10]15.625 kHz 1.4 volts B Sine wave
(Second ).F.) (+2 Hz)
* Frequencies and levels indicated A are with 1,000,000 Hz selected on front panel.
Frequencies and levels indicated B are with 32,000,000 Hz selected on front panel.
# All measurements were taken with a full scale signal of 1MHz at dBm present at the 75Q input. 3586 set to ENTRY 100,
Full Scale = #dBm, LO DIST mode. Input signal levels taken with 3586 tuned to 1MHz. All fevels are in volts (peak-peak).
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8-100. To troubleshoot a major analog signal failure, proceed as follows.
1. Remove the instrument top cover and verify all cables are properly connected.
2. Force a manual CAL cycle to occur, first in LO DIST mode and then in WIDEBAND.

3. If the CAL errors occur in both modes, the problem is probably on A2, on A22, or is
due to a bad CAL signal from A4. These are the only items common to CAL in both modes.
(See Figure 8-F-1 in Service Group F.)

4. Input a known signal (e.g. IMHz at @dBm) into the instrument (properly terminated)
in the LO DIST mode.

5. If the signal is measured properly by the instrument, then the CAL signal is probably
bad. If the input signal measures more than 3dB away from its actual input value, you can
probably assume the CAL signal would work if it could get through the signal path. The
problem now is most likely on A2 or A22.

6. Run TF8 (paragraph 8-73) to check A22. If bad, proceed to Service Group C and
troubleshoot the A22 board. If TF8 is good, proceed to Service Group A and troubleshoot
the A2 board.

7. If the CAL errors occur in WIDEBAND, but not in LO DIST, the problem is in the
BBP signal path. (See Figure 8-F-1.)

8. If the CAL errors occur in LO DIST, but not in WIDEBAND, the problem is
somewhere in the IF section. Activate TF2 (paragraph 8-58) or input a known signal from an
external source. Then proceed to Service Group A to check the Input Mixer (AS) output

signal. If it is good, proceed to Service Group B to trace the test signal the rest of the way
through the IF section.

8-101. Frequency Problems.

8-102. For any 3586 that has been specifically identified as having a frequency measure-
ment problem or even when the service technician would just like to verify frequency ac-
curacy, the following procedure may be used to verify frequency measurements in the 3586.

1. Connect a frequency counter to the Fo (0-32MHz) tracking output BNC on the rear
panel of the 3586.

2. Phase-lock the counter to the 3586 using either instrument as the reference.
3. Press RECALL and @ to restore turn-on conditions.
4. The counter and the 3586 tuned frequency should both be 1,000,000.0Hz.

5. Step the 3586 tuned frequency in IMHz steps from 1-32MHz. The counter should
follow, +.1Hz.

8-49



Service Information Model 3586A/B/C

6. Tune the 3586 to the following frequencies, one-at-a-time, while verifying that the
counter follows, +.1Hz.

1,000,000.1Hz 1,555,555.6Hz
1,111,111.2Hz 1,666,666.7Hz
1,222,222.3Hz 1,771,777.8Hz
1,333,333.4Hz 1,888,888.9Hz
1,444,444 5Hz 2,000,000.0Hz

7. If any of the counter readings in steps 4, 5, and 6 are incorrect, the First L.O. signal has
a problem. Proceed to service Group D to troubleshoot the First L.O. signal.

8. If the counter readings in steps 4, 5, and 6 are all correct, input a known frequency
signal from an external source. (Verify the source frequency with the counter before inser-
tion.) Phase-lock the source to the 3586.

9. Tune the 3586 to the same frequency as the source and turn on the 3586 COUNTER.

10. The 3586 COUNTER frequency should agree with the source frequency +.1Hz. If it
does not, proceed to Service Group C and troubleshoot the frequency counter circuits on the
A22 board.

8-103. If the procedure in paragraph 8-102 is successful for all steps, the technician
knows that the First L.O. frequency is completely functional for all frequency combinations
from @Hz to 32,500,000.0Hz in 0.1Hz steps. This implies that the three loops (sum, step, and
fractional —N) are also all working correctly as far as frequency tracking is concerned.

8-104. Other 3586 frequency problems could deal with USB/LSB oscillator frequencies
(paragraph 8-C-18), CALibration frequencies (paragraph 8-F-22), or A70 CALibration
Oscillator frequencies (paragraph 8-G-42). The reference paragraphs provide
troubleshooting information in these areas.
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8-105. BLOCK DIAGRAM DESCRIPTION.
8-106. Understanding The Instrument.

8-107. The 3586A/B/C primarily measures telecommunications analog signals for correct
frequency and signal level. Fold out the block diagram (Figure 8-8) at the end of this section
located just in front of the Service Group Index TAB.

8-108. Major signal flow is from left to right and is indicated by the solid dark line at the top
of the diagram. The 3586A/B/C is a dual-conversion, AM/heterodyne radio receiver with
very accurate, digitally-controlled frequency selection between 50 Hz and 32.5 MHz.
Specific signals selected for analysis are measured accurately with a true RMS detector/log-
ger circuit. This level is then passed through an analog-to-digital converter to provide a
digital display to the operator of the signal amplitude.

8-109. Functional Operation. One of the available balanced or unbalanced inputs in the 50
Hz to 32.5 MHz frequency range is selected via the Input Multiplexer (A1) and passed to the
Input Amplifier (A2). A2 either amplifies or attenuates the input signal depending on its
amplitude and passes it to the First Mixer (A5). A second input to AS, the first local
oscillator (L.O.) signal of 50-82.5 MHz, comes from the Sum Loop VCO (A51). When the
first L.O. frequency is mixed with the input signal, the first intermediate frequency (IF) of
50 MHz is obtained. The first IF signal is passed to the Second Mixer (A10) where it is mixed
with the second L.O. frequency of 49.984375 MHz from All to obtain the second IF of
15.625 kHz. The IF Filter (A20) determines the final bandwidth of the second IF that is
passed to the IF Gain/Detection board (A21). Additional amplification of the second IF is
provided by A20 and A21 and the final signal level is then measured by a True RMS Detec-
tor/Logger stage on A21. The logarithmic DC voltage level from A21 is converted to a
digital number by the Analog-to-Digital Converter (A22) and passed to the microprocessor
on the A60 Controller board as the amplitude of the input signal. If the instrument
COUNTER is on, the second IF signal also bypasses the detector circuits on A21 and the
exact frequency is counted by the A22 board and passed to the processor. The processor
then sends digital values for amplitude and frequency to the Switch/ Display board (A98) for
display to the operator.

8-110. Supporting circuits to the main signal flow include a stable frequency reference (A40),
a very stable 10 MHz frequency reference (A16) which is Option 004, a tracking output
generator (A15), a broad-band power (BBP) detector/overload detector/calibration signal
generator (A4) and power supply (A80/A99). Also included are a sophisticated first local
oscillator comprising seven printed circuit boards (A50,A51,A52,A53,A30,A31,A32) and a
second local oscillator (Al1l). A telecommunications signal impairments board (A70) is
available as Option 003 to provide additional audio measurement capabilities and A61 pro-
vides HP-IB interface as a standard feature of the instrument.

8-111. Grounding and Signal Isolation.

8-112. The 3586A/B/C has two levels of signal measurement grounds above chassis (main-
frame) ground (see Figure 8-4). These are called *‘Isolated ground’’ (schematic symbol §'7 I)
and ‘‘Signal ground”’ (schematic symbol v s). Their purpose is to prevent ‘‘ground loops”’
present at low signal frequencies and to isolate the entire receiver input section from
internally-generated spurs.
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Figure 8-4. Grounding and Signal Isolation.

8-113. The receiver input section contains the Al, A2, A4, AS, A10, and A1l boards. The
receiver input section common ground (Isolated ground) is separated from the remainder of
the instrument circuit boards by isolation transformer A99T1 located on the motherboard
(see Figure 8-4). On the Al board, all grounds are Signal ground except power ground and
relay logic ground which are Isolated ground. Signal ground is separated on Al from
Isolated ground by a resistor/capacitor network. Signal ground on Al is tied directly to
Isolated ground on A2 via the shield of connecting coaxial cable W14,

8-114. To preserve the ground isolation feature, all lines going between the isolated and non-
isolated sections of the instrument must have isolated coupling. This isolation of signal, data
and power supply lines is accomplished in various ways.

1. Isolation transformer A99T1 on the motherboard provides separation between *‘PC
Ground”’ (schematic symbol §j7) and ‘‘Isolated ground”’. It also isolates the power supply
voltages used in the receiver input section (+15v, +12v, —12v and + 5v). A99T1 acts as a
saturable core reactor.

2. Photo isolator A99U1 separates the A60 Controller ““DATA”’ line which provides
relay logic for Al and A2.

3. Pulse transformer A99T4 provides separation for the A60 Clock line (TCLK) which
gates in the serial information on the DATA line to Al. Pulse transformer A99T5 does the
same for the A60.Clock line (AMP CLK) to A2.

4. The first L.O. signal has a pi filter and transformer isolation on the first mixer board
(AS).
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5. Pulse transformer A99T3 separates the A60 ‘ISO LATCH”’ line from the A2 board.

6. Several DC Analog signal commons must cross the isolation barrier also and these all
have resistive biasing for separation.

7. The dual Second LF. signals obtain separation between the A10 and A20 boards by
two Ground Isolation Amplifiers on the A20 board.

8-115. “PC Ground”’ (Printed Circuit ground) is the common signal and power ground for
all circuits other than the receiver input section. It is connected to mainframe (chassis)
ground by metal screws holding the motherboard to the mainframe.

8-116. Figure 8-4 functionally illustrates the grounding circuits present in the 3586A/B/C.
8-117. DETAILED FUNCTIONAL DESCRIPTION.

8-118. For the following detailed functional description of the individual circuits contained
in the 3586A/B/C, refer to the schematic diagram of the specified PC board in the indicated
Service Group.

8-119. Input Multiplexer - A1 (Service Group A).

8-120. The Input Multiplexer (A1) has three different circuit configurations depending on in-
strument model, 3586A,B, or C. For acceptable input level and frequency ranges for each
balanced, unbalanced or bridged input, Refer to Table 8-1 Performance Specifications.

8-121. Telecommunication signals in the frequency range of 50Hz to 32.5MHz pass through
the appropriate input jack and (if balanced) are converted to unbalanced signals. Frequency
compensation is provided for balanced inputs and the correct termination impedance is sup-
plied for all input selections by switching relays K1-K5.

8-122. Relay switching logic is supplied from the A60 Controller Board through photo-
isolator A99U1 to the serial-to-parallel shift register U31. The data pulses are gated in to
U31 by the termination clock signal (T CLK) from A60 through pulse transformer A99T4.
Table 8-A-1 in Service Group A contains the Al board relay configuration for each input
termination selection.

8-123. Probe power comes from the — 12VI bus and from a + 15VI supply on the mother-

board provided for probe power only (see Service Group J). ‘‘Isolated ground”’ is used as
common.
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8-124. Input Amplifier - A2 (Service Group A).

8-125. When the CAL cycle occurs, K1 is energized bringing the calibration signal from A4
into A2. This CAL signal is normally equal in frequency to the front panel frequency as seen
in the FREQUENCY/ENTRY display. For frequencies below 20 kHz, CAL remains at
20kHz. However, if internal seif-test function TF12 (see paragraph 8-79) is active, this
calibration signal is a fixed 1 MHz.

8-126. When not in CAL, the input signal from Al is passed through the de-energized con-
tacts of K1 to the 0/20/40 dB Attenuator. K2 and K3 select the proper attenuation from this
stage and pass the input signal to the amplifier. K4 controls the selection of a constant
+5.25 dB or +15.25 dB voltage gain for the amplifier. FET QI provides high impedance
buffering; Ula biases the FET and keeps the point between the emitters of Q3 and Q4 at vir-
tual ground. Q2 ensures that Q1 inserts no additional losses by maintaining the QI
source/drain loop at unity gain and also reduces distortion. Driving the same signal
simultaneously, in-phase, through transistor pairs Q3/Q5 and Q4/Q6 has the effect of
reducing distortion. The + 5.25/ + 15.25 dB voltage gains are for a 3586A/B. The 3586C has
gains of +0.25/+10.25 dB.

8-127. When U4(19) is HIGH, U1(7) turns on Q7 and 5dB attenuation is applied to the
amplifier output. When Q7 is turned off, the signal is not attenuated and is passed directly
to the Buffer amplifiers for output. The buffers provide a 50 ohm impedance output to the
Input Mixer A5 and a 50 ohm output for broad band power measurements to the A4 board.

8-128. The +10.5 volt regulators add stability to the input amplifier. Current limiting protec-
tion is provided by R100,R110,CR5,CR6,CR8 and CR9.

8-129. Relay switching logic is supplied from the A60 Controller board through photo-
isolator A99U1 to the serial-to-parallel shift register US5. The data pulses are gated in to US
by the amplifier clock signal (AMP CLK) from A60 through pulse transformer A99TS5.
Table 8-A-2 in Service Group A contains the A2 board relay configuration for each gain/at-
tenuation selection possible over the 55 dB gain selection range of the board.

8-130. The parallel eight bits from U$5 are latched into U4 by the clock signal (ISO LATCH)
from A60 through pulse transformer A99T3. Four of the outputs from U4 control relays
K1-K4 through the open-collector drivers of U3. One of these U3(11) goes logic LOW when
CAL is selected, energizing K1 to bring in the CAL signal from the A4 board and at the same
time sending a (L) CAL signal to A4 to turn on CAL. Also, anytime a Full-Scale setting of
+ 5 dBm or higher is selected, 40 dB of attenuation is required from the 0/20/40 dB circuits.
Therefore, U3(13) goes logic LOW causing K3 to energize (K2 will de-energize) and 40dB is
selected. This same LOW signal is applied to A4 to select the high level CAL signal of —20
dBm. (See Backdating section (A 2)).

8-131. As mentioned previously, U4(19) turns Q7 on or off to select 0 or 5dB attenuation to

the input or CAL signal as required. The three remaining outputs of U4(2,5,6) select broad
band averaging or set the proper threshold of the UL/OL trip points on the A4 board.
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8-132. Input Mixer - A5 (Service Group A).

8-133. The first mixer AS accepts SOHz —32.5MHz from A2 and mixes it with the first L.O.
(local oscillator) frequency of 50 MHz —82.5 MHz from the Sum Loop VCO (A51) to pro-
duce the first I.F. (intermediate frequency) of 50 MHz.

8-134. The 32.5MHz Low Pass Filter keeps frequencies greater than 32.5MHz from mixing
with the first L.O. to produce a 50 MHz ‘‘image”’ 1.F. For example, with 10 MHz selected
the first L.O.would be 60 MHz and the difference frequency out of Balanced Mixer CR1
would be the desired 50 MHz. However, if a 110 MHz signal or spur were also present at the
input, the difference frequency would also be 50 MHz (110-60) and an incorrect signal level
would be present at the output of CR1 since the effect of the two signals (10 MHz and 110
MHz) would be additive.

8-135. Limiter U1 provides a strong drive signal for the first L.O. into Double Balanced
Mixer CR1 to reduce both harmonic and intermodulation distortion.

8-136. The Balanced Mixer output signal is applied to a SOMHz crystal filter with a 10kHz
bandpass. C23 is used to adjust a notch on the low side of the 50 MHz bandpass at
49.968750 MHz (50 MHz Minus (2 times the second IF of 15.625 kHz)). This notch provides
image rejection for the second IF in the Second Mixer A10. A5Y1 and ASY2 are a matched
pair of crystals. A + 14 dB amplifier compensates for signal loss in the mixer.

8-137. Second Mixer - A10 (Service Group B).

8-138. The second mixer A10 accepts the SOMHz first I.F. signal from A5 and mixes it with
the 49.984375 MHz from the Second Local Oscillator (A11) to produce the second L.F.
signal of 15.625 kHz.

8-139. The SOMHz crystal bandpass filter is used in conjunction with the same filter on the
AS board to produce a very steep-sided, 10 kHz wide bandpass signal into the second mixer.
Crystals A10Y1 and A10Y2 are a matched pair. The notch adjust provides image rejection at
two times the second I.F. signal.

8-140. Limiter U1 provides a strong drive signal for the second L.O. into Double Balanced
Mixer CR1 to reduce intermodulation distortion and extraneous spurs.

8-141. U40 provides isolation and drive (+25dB) between the mixer and the two L.F. out-
puts. One output to the IF Filter A20 is 15.625 kHz with a 10 kHz wide bandpass, and the
other output of 15.625 kHz has a 400 Hz wide bandpass obtained from the 400 Hz filter.

8-142. IF Filter - A20 (Service Group B).

8-143. The inputs to the IF Filter board A20 are two 15.625 kHz signals, one with a band-
width of 10 kHz and the other with a bandwidth of 400 Hz. These two inputs pass through
the ““isolation barrier”’ separating the receiver input section from the remainder of the in-
strument. To keep unwanted spurious signals (spurs) from crossing this barrier also, each of
the inputs is passed through a Ground Isolation Amplifier which has good common mode
rejection characteristics.

8-144. The 3586A/B/C has three selectable bandwidths, 20 Hz, 400 Hz, or (depending on
model and option) 1740/2000/3100 Hz. If the 20 Hz bandwidth is selected, the signal path
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uses the 10 kHz wide signal input from A10, switches it through a 20 Hz Crystal Lattice
Filter and passes it on to the A21 board through the wideband filter which has negligible ef-
fect on the signal.

8-145. If the 400 Hz bandwidth is selected the 1gnal path uses the 400 Hz wide signal input

from A10 which bypasses the 20 Hz filter. This signal is also fe d through the wideband fiiier

which has negligible effect.

8-146. When the 1740/2000/3100 Hz bandwidth is selected, the 10 kHz wide signal input
from A0 is used, by-passing the 20 Hz filter. When this signal is passed through the cor-
responding wideband filter, it receives the desired bandwidth (1740, 2000, or 3100 Hz). The
output wideband filter stage provides an equalizing capability to square up the shoulders of
the bandpass.

8-147. In order to achieve the steep sides desired (high Q) in the 20 Hz filter, two gyrator cir-
cuits are used to simulate the high inductance (2 Henries) required.

8-148. The two control lines, (H) 400 and (H) 1740/2000/3100, which select the second I.F.
signal path, and a third line, (L) 35/(H) 10, which selects the gain of the 10/35 dB output
amplifier are input under processor control from the A21 board.

8-149. IF Gain and Detection - A21 (Service Group B).

8-150. The second I.F. signal (15.625 kHz) is input to the A21 board from the IF Filter
(A20) with a selected bandwidth of 20 Hz, 400 Hz, or 1740/2000/3100 Hz.

8-151. The 15.625 kHz signal is applied to a @ dB or 35 dB (selectable) amplifier and then to
a @ dB-35 dB amplifier (selectable in 5 dB steps). The dynamic range possible therefore for
IF gain is 70 dB on the A21 board, plus 25 dB through the output amplifier of the A20 board
for a total of 95 dB.

8-152. In the @-35 dB amplifier (U8), a three digit code from the A60 Controller board is ap-
plied to the input lines of U4 (A@, Al, A2) to select a pair of precision, thin-film resistors
from U3. This selected resistor ratio establishes the gain for U8. R3 and R8 form a fixed — 5
dB pad that always applies 5 dB attenuation to the signal.

8-153. The output of U8 (at TP1) is split three ways. One signal path goes through R32
directly to the A/D Converter (A22) where it is used to determine the exact frequency of the
incoming signal to the instrument (Counter mode). Another signal path is through the logger
stages to A22 for most amplitude measurements. The third signal path is to the Product
Detector stage for demodulating the single sideband audio or (in CAL) for beating with the
calibration oscillator signal from A70. The CAL output is used to check the Weighted filter
in the A70 Impairments circuits (Option 003).

8-154. The Logger Range Expander and True RMS Detector/Logger circuits are mutually
dependent for operation. The True RMS Detector/Logger can only accept a dynamic range
on its input of approximately 50 dB. The expander circuit ‘‘expands’’ the logger range by
compressing the 100 dB dynamic range output from U8 to a 50 dB range input for the Detec-
tor/Logger which, in turn, provides a constant current feedback path to help the expander
circuit operate.

8-155. Whenever the 10 dB RANGE is selected on the front panel, the processor opens
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switch U6d, turning on Q2 and switching in an additional 10 dB attenuator (R60, R61, and
R62) at U9(2). The purpose of this additional attenuation is to cause the Detector/Logger to
operate over the most linear portion of its characteristic curves for increased accuracy on the
10 dB RANGE.

8-156. The Detector Logger U35 takes the 15.625 kHz I.F. signal in at pin I, computes the
true RMS (root-mean-square) voltage level of the signal and provides a logarithmic DC out-
put voltage at pin 6 that accurately represents the dBm level of the input signal to the instru-
ment. In addition, when front panel averaging (AVE) is selected, the processor sets (H)
SMOOTH high to turn on Q4. This shorts out filter capacitor C30 and allows greater signal
averaging to take place using the larger capacitance of C29.

8-157. The 10/100 dB DC Amplifier amplifies the Logger DC output and provides proper
output levels for the A/D Converter (A22). The output of US is temperature sensitive so
compensation for temperature variations is provided by precision wire-wound resistor R20
and a network consisting of R9, R10, R11 and CR9. Also, the same processor signal that at-
tenuates the Logger input by 10 dB in the 10 dB RANGE increases the gain of U10 to com-
pensate for the attenuation by opening U6¢c. Because of the two different gain and offset
configurations of U10, two sets of GAIN/OFFSET adjustments are provided; one set for
the 10 dB Range and one set for the 100 dB Range.

8-158. The A/D Converter (A22) can only operate on negative input voltages. Therefore
U20 clamps the output of U10 to a maximum positive voltage of 40 millivolts while allowing
the negative voltage to swing as low as — 5 volts.

8-159. Digital control of the IF circuits on the A20 and A21 boards is provided by the A60
Controller. A 16-bit serial data stream is clocked into serial-to-parallel shift register Ul and
shifted into U21 until all 16 bits are in position (eight in Ul and eight in U21). The data is
then latched into U2 and U22 and a new IF configuration is now selected.

8-160. The output data from U22 feeds a D/A Converter to provide the correct offset
reference for the Meter Amplifier. This reference changes anytime a calibration cycle com-
putes new error constants, thus making the front panel meter reading and the rear panel
METER output more closely reflect the front panel MEASUREMENT/ENTRY readout.

8-161. In addition to the control signals already discussed, U2 outputs switch the gain of U7
between @ dB and 35 dB, control the gain of amplifier A20U10 on IF Filter board A20, and
control the selection of bandwidth (20 Hz, 400 Hz, or 3100/2000/1740 Hz) on the A20

board.

8-162. The Product Detector (U13) is a double-balanced mixer that accepts the 15.625 kHz
bandwidth-limited IF signal from U8. This signal is mixed with the SSB LO signal from the
A22 board to demodulate either the upper or the lower sideband audio. The SSB LO signal
may also be from the A70 Impairments board if Option 003 is installed (3586A/B only) and
CAL is active. This CAL signal would cause an 800 Hz (3586A) or 1000 Hz (3586B) audio
tone to be output from U13 to specifically test and calibrate some A70 Impairments circuits
during CAL. See Table 8-B-1 for the possible frequencies that can be input on the SSB LO
signal line.

8-163. The output of U13 is fed through a Low-Pass Active Filter to filter out the carrier
and the undersired sideband. The SSB Demodulated audio is then sent to the VOLUME
control and the rear panel ‘“‘AUDIO”’ jack if S1 is in the STD (standard) position. If Option
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003 is installed, S1 should be in the OPT position and the audio is sent to the A70 Im-
pairments circuits. Processed audio from A70 is then returned to A21 and now passes
through the OPT contacts of S1 to the VOLUME control and AUDIO jack.

8-164. Analog switch U6a is normally closed except in CAL. When the CAL cycle is active,
the (L) CAL line from A22 goes LOW, opening U6a and muting the speaker during CAL.

8-165. When CAL is not active, the SSB DEMOD audio is picked off the wiper of the
VOLUME control and fed back to A21 where it passes through Audio Amplifier U16 to
drive the speaker.

8-166. The Meter Amplifier is normally fed by the selected output of the Input Multiplexer
circuit on the A22 A/D Converter board. The meter input signal passes through the closed
contacts of A21U6b into the amplifier unless CAL is active. When the (L) CAL signal is
LOW (CAL active), U6b opens, disconnecting the CAL cycle signal fluctuations from the
meter. C49 acts as a ‘‘Hold”’ circuit, maintaining the last meter position that existed prior to
CAL activation. S2 provides a special test capability (see Service Group B).

8-167. As mentioned above, the D/A Converter U23 sets the reference for the meter
amplifier through U20b. This reference corrects the meter indication with the calibration
constants obtained during the previous CAL cycle. U20a is a buffer amplifier for the rear
panel ““METER”’ jack with diodes CR6 and CR7 providing circuit protection. U20c keeps
the meter from being over driven by limiting current flow through the meter.

8-168. Analog/Digital Converter - A22 (Service Group C).

8-169. The A22 board has three main functions: a Frequency Counter, a dual-slope A/D
Converter, and sideband oscillators.

8-170. Frequency Counter. The IF INPUT from A21 is a signal that has been bandwidth-
limited at 3100/2000/1740 Hz, 400 Hz, or 20 Hz around 15.625 kHz. This signal is limited
by U4 to obtain a square wave input to the phase-lock loop (PLL) circuit. The purpose of
the loop is to multiply the input signal frequencies by 20 to enable faster counting. If there
are multiple signals in the channel, the loop locks on to the strongest one. U4d provides loop
stability.

8-171. The output from the PLL is centered at 20 x 15,625 Hz or 312,500 Hz. By measuring
the frequency of the second I.F. and by the A60 Controller knowing the frequency of the
first L.O., the processor can calculate the frequency of the input signal and display it.

8-172. The A22 Logic State Machine (LSM) clears Counter U6 then gates the output of the
PLL into the counter for one-half second. The processor then pulses (H) SCAN high and
reads the value in the counter, one digit at a time, by reading output lines AD1, AD2, AD4,
and ADS8. The number in Counter U6 should be exactly one-half of the PLL output fre-
quency or about 156,250 counts.

8-173. The + 10 circuits (U14/U15/U16) accept 1 MHz from the A40 board and produce a
1 Hz reference signal and a 500 kHz counting signal (both square waves). The 1 Hz output
establishes a one second reference for time-sharing the Frequency/Level Counter U6 be-
tween the ‘‘Frequency-counter’’ mode and the ‘“‘A/D Level-measuring’’ mode. It is also
used for the Impulse Noise clock (see paragraph 8-287). When the front panel
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““COUNTER” is ON, each one-second cycle is divided as follows: one-half second for
frequency-counting, A/D time, and a wait period. The wait period varies with the demand
for A/D time. When the front panel ““COUNTER”’ is off, U6 is used exclusively and con-
tinuously on A/D level measurements. The Frequency Counter mode is active when U2(19)
goes HIGH for one-half second under processor command, during the negative half-cycle of

PO SURPES T PU R T Y TT1 170N\ YT 174N TrYTY

the 1 Hz CLK signal to A60. During this one-half second, U11(9) and U11(4) are HIGH,
gating the PLL output from U17(13) into U6 The (L) START line is pulsed LOW im-
mediately after U2(19) goes HIGH and this sets up Latch U18c for the HIGH-to-LOW edge
of the 1 Hz clock to start the counter U6. For the ‘‘frequency counting’’ mode, the count
must start from zero, therefore the same logic that starts the counter immediately resets it to
zero through U12(8) now going HIGH which sets the CLEAR line HIGH at U6(14). At the
same time, to ensure a full one-half second time period to count the PLL pulses, the CLEAR
lines on all the -+ 10 Circuits are also set HIGH, and a fresh-starting negative half-cycle of
the 1 Hz output now begins. The counter now counts PLL output pulses until the 1 Hz again
goes positive (one half-second later) which resets the INHIBIT line HIGH and stops the
counter. In this same sequence (H) DONE goes LOW when U6 is counting and HIGH again
when the counter stops. This notifies the processor to set U2(19) back to LOW and to read
the counter. The counter will contain exactly 10 times the IF frequency in Hertz and .1 Hz
resolution is now possible in determining the frequency of the input signal to the instrument.
When the count is read out of U6, it is also preset to 990,000. The LSM (Logic State
Machine) is now in the idle state and ready for the ‘““A/D Level-Measuring’’ conversion
mode to begin. (See also Section VII (A6)).

8-174. A/D Conversion. When U2(19) goes LOW during the positive half-cycle of the 1 Hz
CLK signal, Ullc turns off, U11(5) goes steady HIGH and U11(4) has the 500 kHz output
of the + 10 Circuits present as the input for U6. When the front panel COUNTER is OFF,
U2(19) will always be LOW placing the counter U6 continuously in the ‘““A/D Level-
measuring’’ mode.

8-175. A/D level-measuring takes place as follows. In the idle state (refer to Figure 8-5) the
outputs of latches U18a, b and ¢ are all HIGH. The idle state occurs during the time period
between successive A/D conversions. A single A/D conversion takes place in four steps.
During each step, the logic state of the output lines of the three U18 latches reflects the step
the A/D conversion process is on. In the event of malfunction, if U18 is stable, the cause can
be traced (see Figure 8-5).

8-176. Step 1. The processor pulses the (L) START line from HIGH to LOW. The RAMP
input (pin 10) of US goes LOW, and the A/D Converter begins ramping upwards at a rate
determined by the magnitude of the selected input voltage at pins 1 and 2. C7 is charged in
one direction as the ramp increases.

8-177. Step 2. When the ramp (voltage on C7) passes an internal threshold of approxi-
mately one volt, U5 sets the OUT line (pin 9) from LOW to HIGH. The LSM then removes
the HIGH at the INHIBIT (pin 25) of U6 and counter U6 begins counting upwards from a
pre-set value of 990,000. The input pulses to the counter come from the 500 kHz output of
the + 10 Circuits through Ulla and Ullb. The LSM also now sets the (H) DONE line to the
A60 Controller to LOW.

8-178. Step 3. After 10,000 counts, the counter will contain 1,000,000 and will overflow
back to zero. At this time, U6 will set the CARRY line (pin 26) HIGH. The LSM then sets
the U5 RAMP back to HIGH and the ramp reverses direction. The ramp now decreases as
C7 discharges, but this time at a fixed (calibrated) rate determined by the setting of R21.
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1. The ramp-up slope depends on the input voltage to US (pins 1 and 2). Z represents a high input and X represents a low input.
2. The ramp height represents the voltage across charging capacitor A22C7.
3. The time between steps@and@is a fixed time period, determined by the counter going from 990,000 to 1,000,000.

4. The time between steps@and@varies as a function of how large the input voltage was to U5 and therefore how high the charge on A22C7
became.
5. The ramp-down slope is a constant value for all inputs (set by A22R21).
6. Steps:
@ Processor pulses (L) START from HIGH to LOW, forcing ""RAMP"’ from HIGH to LOW. Ramp starts up as A22C7 charges.

Rarnp crosses threshold. US sets “'OUT’" from LOW to HIGH. Counter starts counting from 990,000. “'(H) DONE'' goes LOW.
Counter overflows at 1,000,000 from 500kMz pulses and begins counting upwards from zero. U6 pulses “CARRY’’ from LOW to HIGH,
forcing *"RAMP’’ back to HIGH. Ramp starts down as A22C7 discharges at a constant rate.

@Ramp again crosses threshold after time period determined by height of ramp. U5 now sets “‘OUT’* back to LOW. Counter stops. LSM sets
*(H) DONE"" back to HIGH. Pracessor now scans U6 for digital number representing value of analog voltage, presetting counter, LSM is idle.

Figure 8-5. A/D Conversion.

8-179. Step 4. The A/D Converter ramps downward until the charge on C7 passes the inter-
nal threshold again. At this time, US sets the OUT line back to LOW. The LSM now resets
the INHIBIT line on U6 to HIGH and the counter stops counting. The LSM also sets the (H)
DONE line to HIGH. The processor sees the (H) DONE go HIGH and the sequence of A/D

Conversion is complete.

8-180. The count now contained in U6 represents the amplitude of the voltage at the input
to US. the processor now pulses the (H) SCAN line HIGH and after each pulse, samples the
output lines of U6 one digit at a time in BCD. The internal circuitry of U6, through U17b,
presets the counter to 990,000 as part of the process of reading out the count in U6. After the
A/D count is read out and displayed, if the frequency COUNTER is ON, the processor sets
U2 pin 19 output to HIGH followed by (L) START to LOW. The LSM is now idle once
again and is waiting for the negative half-cycle of the 1 Hz signal to begin frequency count-

ing.
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8-181. USB/LSB Oscillators. The third function of the A22 board is unrelated to the other
two. The lower sideband (LSB) or upper sideband (USB) oscillator output is sent to the A21
board to mix with the 15.625 kHz second I.F. signal to demodulate the sideband audio. In
CAL, with the Impairments option installed (Option 003), a third oscillator signal is
switched to the A21 board which comes from the A70 board. That CAL OSC signal, mixed

with the second IF. provides an audio tone back to A70 for weighted filter checks. U101b
switches the correct one of the three possible signals to the A21 board by raising two lines
HIGH and letting the desired signal pulse through the gate. (L) CAL shuts off both USB and
LSB oscillators when LOW to let the CAL OSC signal pass. When CAL is not active, CAL
OSC is always HIGH, (L) CAL is HIGH and U2(6) going either HIGH or LOW selects the
USB (Y102/Q103 network) or LSB (Y101/Q102 network) oscillator respectively. (See also

Section VII (A6)).

8-182. The other outputs of U2 control the 8:1 Input Data Selector and pass control lines
(H) SMOOTH, (L) 1 MHz ENABLE, and (L) CAL to other boards. U1 accepts the serial
control data from the A60 processor and shifts it into a parallel output to U2 which is then
latched. U3 selects the output signal to the meter drive amplifier on A21 and U7 selects the
input signal to the A/D Converter, both under processor control.

8-183. BBP/OVLD/CAL - A4 (Service Group F).

8-184. The A4 board has three main functions: a broad band power (BBP) level-measuring
circuit; an Underload/Overload Detector for input signals, and; the tracking calibration
signal generator.

8-185. BBP Level Measuring. The input signal to the instrument is passed through the A2
Input Amplifier board where it is amplified or attenuated (as appropriate) and then passed
to the BBP RF input to A4. The function of the BBP detector is to measure the average total
broadband (WIDEBAND) power present in the input signal. To accomplish this, the sam-
pling circuits take a representative ‘‘slice’’ or sample of the incoming waveform and the
detector measures the power in the sampled signal. The BBP RF signal is amplified +3 dB
by Q4 and QS (+ 8 dB in the 3586C) then ‘‘sampled’’ through a diode bridge circuit which is
normally biased off.

8-186. The Sampling VCO is frequency-modulated by an 80 Hz oscillator to sweep the range
from 20 kHz-50 kHz. This prevents the sampling circuits from performing coherent sam-
pling against any signal in the wideband input. A delay network between U2a and U2b
causes the output VCO pulses at T1 to be narrow (25 ns). The pulses from T1 are then used
to turn on the diode bridge for a brief period of time to pass a ‘‘slice’’ of the input signal
waveform through the +23 dB Amplifier/Driver into the Detector/Logger for amplitude
measurement.

8-187. The True RMS Detector Logger determines the overall power level of the sampled in-
put and converts it to a logarithmic DC voltage for use by the A/D Converter A22. The (H)
BBA (broadband averaging) line from A2 goes HIGH anytime AVEraging is selected
together with WIDEBAND mode. A HIGH on BBA turns on Q8 which shorts out C40 and
allows C41 to average the logger ‘‘sample’’ measurements. If AVE is ON when CAL occurs,
Q8 is turned off momentarily during the CAL cycle.

8-188. Scaling Amplifier USB adjusts the Logger output to a scale factor of 100mv/dB in
preparation for driving the UL/OL Detector. However, this level is too high to drive the
A/D Converter so R34 and R3S divide the signal level by 10 before the signal is passed to the
A22 board. Since the BBP LOG RMS signal must pass over the ’isolation barrier”’
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separating the input circuits from the rest of the instrument, the return and the signal lines
are resistor-isolated into a balanced input to a buffer amp on A22 which provides common-
mode rejection for the DC signal level between the grounds.

8-189. Underload/Overload Detection. The Scaling Amplifier output is passed through a

s ve o .
times 2”° amplifier (USA) to the Underload/Overload Detector. Precision voltage-

reference inputs to U6a and U6b set the trip points for the input signal. If either underload
or overload occurs, the yellow or red LED’s respectively will light, and the UNDERLOAD
or OVERLOAD line respectively will go HIGH, notifying the processor on the A60 board
that an autorange condition exists. If AUTO Full Scale is selected, the processor will either:
(1) increase the overall gain (underload), or (2) attenuate the input signal (overload) by selec-
ting a new FULL SCALE setting. If ENTRY Full Scale is selected, the operator must
manually select the correct Full Scale setting. A complete discussion of Range/Full Scale
selections is found in the Operating Section of this manual (see paragraph 3-2-66).

8-190. For different front panel modes of operation such as LO NOISE or LO DISTortion,
the reference voltage input signal power level in dB that will cause underload or overload to
occur can be shifted by 5, 10, or 15 dB as needed (see Table 8-F-1). This is accomplished
through processor control of the THRESH 1 and THRESH 2 (threshold) input lines to the
Underload/Overload Trip Point Reference circuits. When either of these lines go LOW, cur-
rent is injected into the node at U5(2), thus controlling input signal power level and effec-
tively shifting the trip points. THRESH 1 going LOW causes a 5 dB change, THRESH 2
LOW causes a 10 dB change and both LOW causes a 15 dB change. For example, if LO
DIST mode is selected, THRESH 1 goes LOW, more current is injected into the X2
Amplifier, and the input signal is ‘‘raised’’ in power by a constant 5 dB (effectively lowering
the trip points by 5 dB).

8-191. Calibrated Signal Generator. The CAL balanced input to A4 is either the
9-32.5 MHz tracking oscillator signal originating on the A15 board, or is a fixed 1 MHz
signal from the A40 gated through A15. This differential input to A4 is only present in CAL,
when the (L) CAL line goes LOW, shutting off Q101 and allowing the bias voltage to be ap-
plied to Ul0la. The Limiter output is sent to a Precision Square Wave Generator which is
fed by a Constant Current Source. The current source controls the current flow through the
emitters of differential amplifier pair Q102/Q103 by controlling the base voltage of Q104.
The (H) LLCAL (low-level cal) line controls whether the CAL OUT signal to A2 is the —40
(low-level) or —20 (high-level) square wave. If —40 out is desired (Full Scale setting of
@ dBm or below), Q106 is turned on and U104a provides no current gain. When — 20 out is
desired (Full Scale setting of +5 dBm or above), Q106 is off and U104a provides additional
gain to increase the power of the CAL OUT signal to A2. The filter components in the
generator circuit provide equivalency at the A2 input for the fact that the calibration signal is
a square wave where the input signal would normally be a sine wave. Other components pro-
vide impedance matching to the A2 input and flatness adjustments for the higher frequen-
cies. The fundamental frequency of the output —40 or — 20 signal is at a level such that the
true RMS Detector on the IF Gain/Detection board thinks a —40 dBm or —20 dBm signal
has been applied to the instrument input. The A4 output differs from —40 dBm or
—20 dBm at the input to the Al board by the insertion loss of Al, and by the fact that the
fundamental’s level is not equal to the square wave’s level.

8-192. Tracking Output - A15 (Service Group F).

8-193. The A15 board accepts the 50-82.5 MHz first L.O. signal from AS51, beats it against
the 50 MHz instrument Frequency Reference output from A40, and produces a 0-32.5 MHz
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output signal which tracks the front panel tuned-frequency. This output signal is available at
the rear panel BNC connector (J5) labeled Fo (0-32 MHz) and is also sent to the A4 board to
be used as the tracking CAL signal whenever CAL is active. The rear panel BNC output is
maintained at approximately @ dBm by a leveling loop which controls the amplitude of the
50 MHz input to the mixer.

8-194. The 50-82.5 MHz first L.O. input to the double-balanced mixer is amplified and
limited inside U1 so that any amplitude changes that occur with frequency are not noticed in
the output of the mixer. The 50 MHz input of Ul, however, is a linear port, i.c., a 2 dB
change in input signal amplitude will be seen as a 2 dB change in the mixer output.
Therefore, a variable voltage applied through R8 to the 50 MHz input can provide level con-
trol feed back.

8-195. The #-32.5 MHz output from Ul is amplified by U2 and goes two directions. One
output feeds a Power Amplifier stage that drives the rear panel tracking output J5. In the
event this output is erroneously connected to a source, overload protection circuitry is pro-
vided. At the Power Amplifier output, a signal tap is provided to a Peak-to-Peak Level
Detector that, together with integrator U3, maintains @ dB (+0.5 dB) at the rear panel JS
output using voltage-control feedback to Ul.

8-196. The other output of U2 goes into a buffer circuit (U4) which also squares the signal at
ECL levels for input to ECL gate US. The (L) CAL line turns Q4 off when in CAL which
allows U4 to pass the CAL SIGNAL to U5d. A second input to U5d is a buffered 1 MHz
from A40. When internal self-test TF12 (paragraph 8-79) is selected, the (L) 1 MHz
ENABLE line goes LOW simultaneously with (L) CAL going HIGH. This shuts off U4
(9-32.5 MHz) and turns on USa, b and ¢, passing the 1 MHz signal through U5d to the A4
board.

8-197. First Local Oscillator - (Service Groups D and E).

8-198. The first L.O. signal (50-82.5 MHz) in the 3586A/B/C is generated by seven separate
P.C. boards comprising three separate loops: Step, Sum and Fractional-N. Refer to Figure
8-6. The Step Loop (A50) locks up under processor control to 54-86MHz in exactly 2MHz
steps depending on the desired L.O. frequency. The step frequency is mixed with the present
L.O. frequency (50-82.5 MHz) in the Sum Loop Mixer (A52) to produce a difference fre-
quency between 2 MHz and 4 MHz which is one input to the Sum Loop Phase Detector
(A53). The other input is a 2-4 MHz reference signal from the Fractional-N Loop. The
Fractional-N VCO (A31) locks up under processor control to a precise frequency, with 1 Hz
resolution, between 20 MHz and 40 MHz. This frequency is then divided-by-ten to produce
a 2-4 MHz reference input to the Sum Loop Phase Detector that has 0.1 Hz resolution. The
phase difference between the two 2-4 MHz inputs produces a DC tuning voltage which
changes thé frequency of the Sum Loop VCO (A51) to the exact desired L.O. frequency in
the range 50-82.5 MHz. The Step tuning voltage, besides tuning the Step Loop VCO, is fed
to a voltage comparator in the Summing circuits as a reference for the Sum tuning voltage.
This provides the coarse frequency stepping of the Sum Loop VCO while the Fractional-N
Loop provides the fine frequency control. The Sum Loop VCO output (50-82.5 MHz) has
the exact same frequency resolution and stability as the 2-4 MHz from the Fractional-N
VCO.

8-199. Step Loop - A50 (Service Group D).

8-200. The Step Loop is fully contained on the AS0 board and consists of the four basic
elements of a phase-locked-loop (PLL): a voltage-controlled oscillator (VCO), a divide-by-
N circuit (+N), a phase detector, and a low-pass filter (LPF).
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Figure 8-6. First Local Oscillator.

8-201. Step Loop VCO. The VCO operates in the range of 54-86 MHz in 2 MHz steps. The
actual frequency is controlled by the STEP TUNE VOLTAGE across the voltage-variable-
capacitance (VARICAP) diodes CR1 and CR2. The STEP TUNE voltage can vary from
+9 VDC to —9 VDC, changing the capacitance of the VARICAPS and thus changing the
frequency of the oscillator.

8-202. The VCO output is buffered by Q7 and Q8 and then goes two directions. One path
goes to two isolation amplifiers which provide a test jack capability for monitoring the Step
VCO frequency (J2) and an output to the Sum Loop Mixer (A52). The other path is through
an isolation amplifier to an ECL Waveshaper which converts the sine wave to a square wave
output at ECL levels to drive the + N circuit.

8-203. Step Loop Divide-By-N. A programmable + N counter is used to divide the present
VCO frequency down to 2 MHz for the variable input to the phase detector. The processor
sends a + N code (where N is an integer from 27 to 43) over lines F1, F2, F4, F8, F10, and
F20 to counters U71 and U72. The counters accept the VCO input, count the pulses, divide
the count by the selected integer and output the result to the phase detector. When the Step
Loop is “‘locked”’, the divider output frequency is 2 MHz.

8-204. Step Loop Phase Detector. The phase detector has two inputs. The first input comes
into A50 as a 10 MHz reference from the A40 board. A Divider/Waveshaper converts this
10 MHz pulse to a 2 MHz pulse as the precision reference input to the phase detector. The
second input is from the + N circuit which varies about 2 MHz as a function of the present
VCO frequency and the processor-selected value of N.

8-205. The phase detector compares the 2 MHz variable input from the +N to the fixed 2
MHz precision reference. If the rising edges of the pulses are at the proper phase, the VCO
has the correct frequency ordered by the processor, the loop is phase-locked and the STEP
TUNE DC voltage across main-loop charging capacitor C48 is constant, holding the VCO
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frequency constant. The positive and Negative Current Sources are now exactly in phase,
and no current flows through S1 and R50 into C48.

8-206. If the VCO frequency is too low (Example: operator changes frequency upwards,
processor increases N, + N output is less than 2 MHz), the variable input pulse now lags the
reference input pulse. The Negative Current Source (Q71) will now be turned on longer than
the Positive Current Source (Q72) and the voltage across C48 will decrease as current flows
through R50 and S1 into Q71. As the voltage across C48 goes more negative than it was, the
VCO will increase in frequency until the variable input is again in phase with the reference.
Now the Negative and Positive Current sources will again turn on and off together at the 2
MHz rate set by the reference input, no more current flows and the loop is again locked. For
a VCO frequency too high the circuit action is reversed. The Positive Source is on longer
than the Negative, current flows out of Q72 into C48 and the VCO frequency decreases until
the loop is again locked.

8-207. The switching amplifiers have differential, simultaneous, out-of-phase inputs to en-
sure quick turn-on and turn-off of the two current sources. The TEST position of S1 taps a
fixed reference voltage for VCO frequency adjustment and test.

8-208. Step Loop Low Pass Filter. The LPF keeps the 2 MHz pulses of current flow from
adding 2 MHz sidebands to the VCO output. The output of the LPF also goes to a unity gain
Buffer stage (U1) and then on to the STEP/SUM Voltage Comparator on the A53 board.

8-209. Ul feeds an Unlock Detector circuit (U73) which compares the STEP TUNE voltage
to £ 9V. If the loop is not locked up (or is locked up at too high or low a frequency), the
STEP TUNE voltage will exceed the UNLOCK thresholds, DS70 will turn on and the pro-
cessor will be notified via a LOW on (L) STEP UNLOCK to present error code E3.8 (Step
Loop unlocked) in the MEASUREMENT/ENTRY display area.

8-210. Sum Loop - A51, A52, A53 (Service Group D).

8-211. The Sum Loop is composed of three P.C. boards. It is a phase-locked loop in which
a mixer circuit replaces the standard divide-by-N circuit, the reference input to the phase
detector is programmable by the processor, and some comparator circuits and switching
logic help the loop handle large frequency changes by the operator.

8-212. Sum Loop VCO (A51). The VCO operates in the frequency range of 50-82.5 MHz in
0.1 Hz steps. The actual frequency is controlled by the SUM TUNING VOLTAGE which is
felt across VARICAP diodes CR1 and CR2. (It is important that both STEP and SUM loops
track together very closely, therefore ASOCR1, AS0CR2, A51CR1 and A51CR?2 are a four-
component matched set. If one VARICAP must be replaced, all four must be replaced.) S1
provides a fixed voltage tap in the TEST position for VCO frequency adjustment and test.

8-213. The VCO output is buffered by Q11 and then uses two emitter-followers to drive the
four outputs through the isolation amplifiers. The 100 MHz LPF’s provide rejection of har-
monics.

8-214. Sum Loop Mixer (A52). The mixer stage has two inputs, the 54-86 MHz output from
the Step Loop VCO and the 50-82.5 MHz output of the Sum Loop VCO. These two signals
are mixed together to provide a difference frequency between 2 MHz and 4 MHz.

8-215. The mixer output is amplified and filtered to remove high-frequency components
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and then drives a wave-shaper circuit. The output of Q2 is a sine-wave which U2 converts to
a square-wave at an ECL output level to drive the Sum Loop Phase Detector A53.

8-216. Sum Loop Phase Detector (A53). The 2-4 MHz variable input from the Sum mixer
(A52) is limited by U7 at an ECL input level to U6b. The 2-4 MHz reference input from the
Fractional-N Loop is phase-compared to the variable input, and Positive/Negative current

sources are then turned on and off as necessary to change the SUM TUNING VOLTAGE to
the Sum VCO.

8-217. When the Sum Loop is phase-locked to the Fractional-N reference, the outputs of
the current sources (Q4 and Q5) are exactly in sync, so no current flows through the Low
Pass Filter either to or from the Sum Loop VCO and the Sum VCO frequency is stable. If
the operator makes a front panel frequency change so that only the Franctional-N reference
is changed, the loop will momentarily unlock. The phase detector will then adjust the on/off
time duration of the appropriate current source to raise or lower the SUM TUNING
VOLTAGE. The SUM TUNING VOLTAGE is sent to the Sum VCO (A51). The Sum VCO
frequency will change accordingly, the A52 mixer output will follow the VCO change and,
when it equals the Fractional-N reference, the loop will again stabilize.

8-218. If a frequency change is made from the front panel the processor will first re-
program the Fractional-N loop and then, if necessary change the Step loop frequency. If the
Step VCO frequency change causes the A52 Mixer output to be greater than approximately
10 MHz, the A52 LPF will not pass the signal, the Sum Mixer input to the phase detector
will die and the Sum Loop would try to drive to one end as commanded by the Sum Phase
Detector. However, the STEP TUNING VOLTAGE changes with the Step Loop and this
voltage is input to Differential Amplifier A53U1. U1 drives the Loop Synchronization Com-
parator circuit to handle these ‘‘loop-out-of-limit’’ conditions. The output of either U3a or
U3b will now change state, as required, to over-ride the phase detector and drive the Sum
Loop VCO up or down in frequency until the loop is back within limits. At this time, the
Fractional-N reference will again assume control of the loop until phase-lock occurs.

8-219. In normal (locked loop) operation, the output of Ul is approximately @ volts, the
output of U3a is HIGH and the output of U3b is LOW. If the loop unlocks with the Sum
VCO too low and out of limits, the STEP TUNING voltage will be instantaneously more
negative than the SUM TUNING voltage. Ul output now goes positive causing U3a output
to go LOW. This state change of U3a turns the Negative current source on. It also freezes
the Phase Detector flip-flops by putting a LOW on the D inputs of U6a and U6b. This turns
the Positive Current source off to pull the Sum VCO frequency up to within 2 MHz of the
Step VCO. When the SUM TUNING VOLTAGE lowers at the input of Ul sufficiently to
return U1 output to @ volts, U3a reverses state, the loop is within operating limits and the
Phase Detector again assumes control and locks up the loop. During this sequence, the out-
put of U3b would remain constant.

8-220. If the loop unlocks with the Sum VCO too high and out of limits, the process is
similar but the Negative current source turns off (U3b changes state) and the Positive source
turns on until the Sum VCO comes down to within 2 MHz of the Step VCO. When the
Phase Detector assumes control, it again locks up the Sum Loop to agree with the
Fractional-N loop.

8-221. Anytime the Sum Loop goes to an ‘‘out-of-limit’’ condition, one of the two inputs to
U4a will go HIGH turning Q1 on to light the unlock indicator DS1. At the same time, this
LOW at pin 2 of U4a is sent to the processor via the SUM UNLOCK (L) line to cause the E
3.2 error code (Sum loop unlocked) to be displayed.
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8-222. Fractional-N Loop - A30, A31, A32 (Service Group E).

8-223. The Fractional-N (FN) circuits form a phase-locked loop that operates at a selected
frequency between 20 MHz and 40 MHz under processor control. Refer to Figure 8-6. The
FN VCO frequency is passed through a divide-by-ten circuit and the resulting 2 MHz to
4 MHz signal, with 0.1 Hz resolution, becomes the variabie reference input to the Sum ioop
phase detector. The FN logic circuits provide precise control of the FN VCO to obtain the
exact desired frequency with 1 Hz resolution. The + 10 circuit then provides 0.1 Hz resolu-
tion. Three PC boards contain the FN circuitry: A31 (FN VCO), A32 (FN Phase Detector),
A30 (FN +N).

8-224. Fractional-N VCO (A31). The A31 FN VCO receives a DC voltage (FN TUNE)
from the FN phase detector A32. The tuning voltage (@ to + 6 volts) is passed through a
variable gain amplifier (Ula) and then is applied to CR4, CRS, and CR6 to set the VCO at a
frequency between 20 MHz (+ 6 volts) and 40 MHz (@ volts). A stable cathode bias for the
VARICAP’s is provided by Ulb through tank coil L4. The VCO output is buffered by Q3
and Q4 and then takes three separate paths. One path is through Q5 and Q6 to the A30
board (FN +N). A second path provides a test jack, (TP1) on A31 for monitoring the
20-40 MHz VCO frequency. The third path (through Q7 and Q8) is to a waveshaper circuit
which converts the VCO sine wave to an ECL square wave to drive the + 10 circuit (U3). U3
provides two separate 2-4 MHz outputs, one to TP2 and the other a buffered variable-
reference input to the Sum Loop phase detector AS53.

8-225. The FN TUNE voltage is also applied to a dual comparator (U2a and U2b) to detect
whether an ‘“‘out-of-lock’’ condition exists. If the tuning voltage is greater than + 8.6 volts
or less than — 8.6 volts, U2a or U2b respectively will turn Q9 on. When Q9 turns on, LED
CRI11 will illuminate and the (L) FN UNLOCK line will go LOW, telling the processor to
display error code E 3.4 (FN loop unlocked).

8-226. Fractional-N Phase Detector (A32). The A32 FN Phase Detector compares the
phase relationship of a frequency-variable 100 kHz signal from the FN + N A30 board to a
stable 100 kHz reference signal from the A40 board. A negative-going pulse is then
generated, whose width is the time between leading edges of the two input signal pulses to
Ul. This pulse controls the ramp-up time of an integrator circuit to generate the control
voltage for the FN VCO. The ramp-down time of the integrator, in between reference
pulses, is initiated by the turn-on of a fixed Bias current that is modified by five control cur-
rents. These currents perform a function called Analog Phase Interpolation (API). The cur-
rent sources and associated switches are called API’s. The on/off signals for the control cur-
rents come from a Fractional-N chip on the A30 board and are labeled API-1 through
API-5. Control of these five currents enables the precision tuning of the FN VCO in 1 Hertz
increments. A Sample/Hold circuit keeps the changing integrator output from modulating
the FN TUNE voltage. When the ramp-up is complete, the voltage on the integrator is
sampled and then passed to the FN VCO. See Figure 8-7 for a graphic representation of
the output voltage from the integrator.

8-227. The 100 kHz input pulse from the FN <+ N normally arrives at Ul before the
reference input pulse. The outputs of Ula are switched by this pulse through Q1 and Q2 to
turn Q3 off and Q4 on. TP8 now goes LOW, turning CR3 off and starting the ‘‘ramp-up’’
time of the integrator. When the 100 kHz reference pulse arrives at Ulb, Ula is reset, QI
and Q2 are switched again, Q3 turns on and Q4 turns off. TP8 now goes HIGH, CR3 turns
on and ramp-up stops. The integrator now has a constant output as shown by the flat por-
tion (A) in Figure 8-7 and this level is sampled and passed to the FN VCO. Ulb will be reset
by the next pulse from A30.
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8-228. When the BIAS line goes HIGH at U3(14) and the LATCH CLOCK triggers U3, the
‘“‘ramp down’’ time begins. The first part of the ramp-down current shown (B) in Figure 8-7
is Bias current only applied to the integrator. All ramp-down current flows into US. The
LATCH CLOCK is now triggering U3 at the rate FN VCO + 10, called ‘*‘API Clock’’. At all
times other than during ramp-down, LATCH CLOCK is held HIGH by the LOW present
on the BIAS line {on the A30 board). After several API Clock pilses, a pre-determinéd (see
FN -+ N discussion in paragraph 8-233) combination of API lines 1 to 5 are switched to modify
the Bias current with API current as shown at (C) in Figure 8-7. The selected API
current-sinks absorb a precise amount of the Bias current so that the slope of the integrator
ramp-down is decreased. Each API current-sink absorbs 10 times more current than the one
next to it with API-1 absorbing the most and API-S the least. These current sinks are turned
on and off by the outputs of U3 and Q18-Q20. This API-current cycle lasts for 10 pulses of
the API Clock. Each current-sink may be on for 0-9 of the 10 pulses so that any numerical

combination from 0 to 99,999 is possible.
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Figure 8-7. Fractional-N Integrator Output (A32TP2).

8-229. Next the API current-sinks are switched out of the integrator loop and again only the
Bias current ramps the Integrator downward (D). When the Bias current is turned off after a
specific number of API clock (FN VCO =+ 10) pulses, the integrator is momentarily in a
quiescent state (E). This rest state varies in time depending on VCO frequency but it ends
upon receipt of the next FN + N 100 kHz pulse at the phase detector. This pulse again begins
“‘ramp-up’’ (F) and at the receipt of the 100 kHz reference pulse which stops ramp-up, the
reference period is complete. The duration of the ramp-down time is controlled by the
Fractional-N chip on A30.

8-230. Sample and Hold occurs during the (A) portion of the integrator waveform. Shortly
after the 100 kHz reference pulse shuts off the ramp-up, the FN Logic chip on A30 sets the S
+ H line HIGH. Q80 provides buffering, Q81 shifts the level, and open-collector switches
UB8a-U8d now bias and turn on Q32 and Q33. C11 charges to (samples) a DC level equal to
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the integrator ‘‘top-of-the-ramp’’ output voltage; the S + H line now goes LOW and C11
‘‘holds’’ the FN TUNE voltage for the FN VCO.

8-231. Bias constant-current source Q21 feeds into the +35 volt node at the input to the
BIAS/API Current Summation Amplifier. Q8, Q10 and Q11 hold this node at a constant
+ 35 volts, permitting precise current division in the five API lines. The API current-sinks
then siphon off current from that node to control the slope of the integrator ramp-down.

8-232. The integrator input at the gate of Q22a is held at virtual ground (@ volts D.C.) by
grounding the gate of Q22b. Q22 provides a high impedance input stage with unity gain.
Q24,Q25,Q26 and Q27 form a high-gain, high speed operational amplifier to satisfy the
ramp-up, ramp-down speed requirements of the integrator. Q28, Q29, Q30 and Q31 provide
a very low impedance output with low-distortion for ramp-up current output.

8-233. Fractional-N + N (A30). The A30 board provides the +~ N function for the FN
phase-locked loop. The heart of this operation is the Fractional-N Logic chip U16 which
receives instructions and data from the processor on the A60 Controller board.

8-234. 3586 Fractional-N Logic controls the FN VCO in the FN phase-locked loop at a fre-
quency which will yield the exact desired tuned frequency while using a whole integer as the
FN loop + N number. For example, if a front panel frequency of 3.603 MHz is desired, the
processor adds this frequency to 54 MHz and divides by two to determine the ~ N number
for the Step Loop (in this case, 28). The remainder (1.603) is subtracted from 4 MHz to ob-
tain 2.397 MHz as the desired frequency input to the A53 Sum Loop Phase Detector from
the FN loop. To obtain this frequency out of the A31 FN VCO -+ 10 circuit, the FN VCO
must run ten times higher at 23.97 MHz. The processor sends the frequency command to the
FN Logic chip U16 which determines the whole integer + N number for the XXX to 999
counter and the fractional portion of the frequency for ‘‘pulse-swallow’’ determination and
for API current calculation. For this example, the +N number is 239 and the fractional
number is .7. U16 sends the 9’s complement of the +~ N number (999-239 = 760) to preset the
XXX to 999 counter to 760. When the counter increments from 760 to 999 as clocked by the
FN VCO frequency, the next clock pulse causes the counter to roll over and generate a
““Cycle Start”’ pulse that begins a new reference period. This roll-over occurs at a 100 kHz
rate which is also the variable frequency input to the A32 FN Phase Detector (23,900,000 Hz
+ 239 = 100,000 Hz). Note that the input to the counter must be 23,900,000 Hz even
though the FN VCO is running at 23,970,000 Hz. The fractional number .7, saved by U16, is
used to determine when to ‘‘swallow’’ one of the FN VCO pulses entering the Pulse Delete
Gate (U4c) so that the average frequency of the signal going into the counter is an exact
100 kHz multiple of the + N number. The .7 is also used to calculate the needed amount of
API Current during ‘‘ramp-down’’ of the A32 Integrator.

8-235. All FN operations are defined in terms of a reference period which covers a com-
plete cycle of the output of the Integrator circuit on the A32 board. At the beginning of a
new reference period, the XXX to 999 counter rolls over at 999 to generate the ‘‘cycle-start’’
pulse to U16 for the new period. U16 now controls the following FN operations.

1. The Integrator output is sampled and passed to the FN VCO.

2. If 360° or more of phase accumulation has occurred within U16 during the previous
reference period, a ‘‘pulse-swallow’’ occurs at the FN VCO input to the + N counter.

3. The positive Bias current is switched into the integrator.
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4. The negative API current sources are switched into the integator, siphoning out a
calculated amount of Bias current.

5. The API current sources are switched off, followed by the Bias current source.

6. Output data is sent to the counter in 9’s complement to preset the + N number for the
next reference period. This is done during the last six counts (993-999) of the counter.

8-236. When the Bias current is switched off, U16(10) goes LOW, reversing the inputs to
Ul1b and therefore to Ul2a. Before the counter rolls over, a clock pulse (FN VCO =+ 2) trig-
gers Ul2a, Q1 turns on at the next FN VCO clock pulse to U12b, TP3 goes HIGH and a new
100 kHz variable frequency input pulse is sent to the phase detector to begin ‘‘ramp-up’’.
After a short time period, which is dependent upon the FN VCO frequency, the counter rolls
over, a new ‘‘cycle start’’ pulse is generated and a new reference period begins. After the
““cycle start”’ pulse is received, U16 sets the S + H line (pin 11) to HIGH to sample the in-
tegrator output and then LOW to hold the FN TUNE voltage for the FN VCO. Circuit
timing, by design, ensures that the Sample/Hold operation does not occur until ramp-up is
complete.

8-237. Some discussion of pulse-swallow theory is helpful at this point to understand FN
operation. If there were no pulse swallow, a phase-locked loop VCO would run at an exact
multiple N of the reference input to the Phase Detector ‘‘in-phase’’ with the reference input,
the loop would be locked and the VCO output would be constant. This kind of loop,
however, has limited applications. When small frequency increments are desired, the +N
counter range must become very large, an expensive and complex design procedure.
Fractional-N logic, using a ‘‘pulse-swallow’’ technique is a satisfactory solution to this pro-
blem.

8-238. If we were to open the tuning voltage line to the VCO and, using some precision DC
voltage source, increment the VCO frequency by 1 Hz, the variable input to the Phase
Detector (VCO =+ N) would be slightly higher in frequency than the reference input and
therefore would lead in phase by a fixed number of degrees after one reference period. If this
situation was not corrected, the phase error would accumulate with each input pulse until
360° of phase error at the VCO frequency existed, at which time the inputs would again be
in-phase.

8-239. Since the phase error is predictable for any change in VCO frequency, we can
calculate how long it will take for 360° of phase error to occur for any frequency difference
between the VCO =N input and the reference input. When 360° of phase error is ac-
cumulated, if we then stop one pulse of the VCO output from entering the + N counter, the
average number of pulses entering the counter (divided-by-N, in the counter) will produce a
variable input at the Phase Detector which will be in-phase with the reference input. This oc-
curs even though the VCO is operating at a frequency that is a fractional number multiple of
the reference while N is an integer. In the 3586, the above logical operations, where a VCO
pulse is ‘‘swallowed’’ before it can enter the + N counter, are controlled by the FN Logic
chip U16.

8-240. After the sample/hold operation takes place, the FN Logic chip U16 determines if
360° or more of phase error has accumulated since the last pulse-swallow. If yes, the PS line,
U16(12), to U14(2) is set momentarily HIGH and this signal is gated through to Pulse Delete
Gate Udc where it shows up as a one-shot LOW pulse that inhibits one pulse of the VCO in-
put to the counter.

8-70



Model 3586A/B/C Service Information

8-241. After the PS line again goes LOW, the BIAS line is set HIGH to the integrator on
A32 and ramp-down begins. After several pulses of the Chip Clock (VCO =+ 10), a precisely-
controlled amount of API current is turned on at the A32 board by U16 control of lines
API-1 to API-S. If the desired frequency is not an exact multiple of .1 MHz, API current
will be flowing during each reference period. When a change in frequency is ordered by the
processor, U16 calculates the amount of API-current required to modify the ramp-down
slope of the Integrator. Then, after the Bias current is turned on, one or more of the five
API current sinks on A32 are turned on for up to 9 pulses of the Chip Clock for each control
line. This whole operation causes the integrator output to ramp up or down to a new level of
FN TUNE voltage, thereby changing the FN VCO to the new frequency. Because very
precise control of API current is possible, very small incremental frequency changes are
possible. Since the 3586 has .1 Hz resolution, the FN VCO is controlled in 1 Hz steps so that
the FN VCO =+ 10 output will step in .1 Hz increments.

8-242. After ten API-Clock pulses, all API control lines are turned off, followed a few
clock pulses later by the BIAS line going LOW which turns off the Bias current and ramp-
down ceases. After a short period of time, determined by the current frequency setting and
therefore by the + N number, the counter rolls over, a new *‘Cycle-Start’’ pulse is generated
and a new reference period begins.

8-243. For a given frequency change, U16 determines the new + N number which could
range from 200 to 400 since the FN VCO can operate from 20 MHz to 40 MHz. If for exam-
ple, the desired instrument frequency is 18,450,330.3 Hz, the processor adds 54 MHz to the
number of MHz in the desired frequency (18) to obtain the Step VCO frequency (72 MHz).
It then divides by two to obtain the Step loop + N number(36) which it sends to AS0. The re-
mainder (450,330.3 Hz) is subtracted from 4 MHz and sent to the FN Logic chip Ul6
(4,000,000.0-450,330.3 = 3,549,669.7). This is the desired reference input to the Sum Loop
Phase Detector. The FN Logic chip breaks this frequency into two components without
regard to the decimal place (354 = + N number, 96697 = API line programming). The 354
is subtracted from 999 (=645) and sent to preset the counter. The 96697 is used to control
API 1 to API 5 turn-on times (API 1 is turned on for 9 of the 10 API-Clock pulses, API 2
for 6 pulses, etc.) The FN loop is calibrated so that the resulting FN TUNE integrator output
voltage will exactly tune the FN VCO to 35,496,697 Hz, and the desired frequency for the in-
put to the Sum Loop phase detector (FN VCO + 10 = 3,549,669.7 Hz) is obtained. The
Sum Loop tuning voltage will now drive the Sum VCO to 68,450,330.3 Hz which will beat
with the Step VCO frequency of 72,000,000.0 Hz in the Sum Loop Mixer to also obtain
3,549,669.7 Hz as the other input to the phase detector. The Sum VCO output is also the
First L.O. frequency and when it beats with the input signal to the instrument of
18,450,330.3 Hz, the first I.F. of 50 MHz is derived out of the First Mixer AS.

8-244. Second Local Oscillator - A11 (Service Group B).

8-245. The Second L.O. has a frequency which is exactly 49.984375 MHz and which is
mixed with the first [.F. (50 MHz) in the Second Mixer (A10) to produce the second I.F. of
15.625 kHz. This very stable frequency is obtained by fine tuning a voltage-controlled
crystal oscillator (VCXO) that uses a 49.9843 MHz crystal in the feedback circuit. The
VCXO is one component of a phase-locked loop (PLL) that uses the same Frequency
Reference (A40) as the first L.O. for phase stability and frequency accuracy.

8-246. The VCXO output of 49.984375 MHz takes two paths, one to the Second Mixer
board A10 through buffer U44 and the other to the PLL mixer U50 through buffer U33.
The second input to U50 is the 50 MHz frequency reference from the A40 Board. These two
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signals mixed together furnish the 15.625 kHz variable input to Phase Detector U70b
through Waveshaper U60.

8-247. The reference input to the Phase Detector comes from the A40 board as a 1 MHz
low-level signal, is shaped by Q10 and Qll toa TTL square wave and input to U70a. The
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““a’’ half of U70 is a selectable ‘‘divide-by’’ circuit which is hard-wired for +64. The 1 MHz

square wave from Q10/11, divided by 64 in U70a gives the stable 15.625 kHz reference input
internally to Phase Detector U70b. The variable 15.625 kHz input from mixer U50 is com-
pared in U70b to the reference input and a DC tuning voltage is generated and passed to
U80. Integrator U8O filters out the frequency components present on the tuning voltage so
that TP2 is a DC level to be passed to the VCXO.

8-248. U90 is a dual comparator used to detect a ‘‘loop-unlocked’’ condition. If the loop
starts to drift, U80 will drive it quickly to the positive or negative rail and as soon as the
voltage at U90(3,6) exceeds +10.5 VDC,, one of the open-collector outputs of U90 will go
LOW. CR91 will then turn on and the (L) 2nd L.O. UNLOCK line notifies the A60 pro-
cessor to display error code E 3.1 (Second L.O. unlocked) on the front panel of the instru-
ment.

8-249. Controller - A60 (Service Group C).

8-250. All digital operations inside the 3586A/B/C are managed by the micro-processor on
the A60 Controller together with its associated software stored in six ROM’s. In addition,
two NMOS and two CMOS RAM'’s provide ‘‘scratch pad’’ memory and data storage
capabilities. The processor handles all front panel switch depressions, changes instrument
measurement modes, processes data, commands display changes, monitors P.C. board
status, performs automatic calibration and, upon command, initiates internal self-test pro-
cedures.

8-251. Microprocessor U6 has three types of input/output. There are: 16 address lines
(AB-A15) for selecting a particular ROM or RAM memory address; 8 data lines (D@-D7) for
reading data or instructions into the processor from ROM or RAM memory or for writing
data into a RAM memory address; 9 control lines for directing read/write operation, timing
signals, enable, interrupt and reset operations. Seven of the address lines, A@-A2 and
A12-A15, are also used to select one of eight different combinations of input data from
various circuits in the instrument, each combination then being passed to the processor over
the 8 data lines. The processor can also send output data to different circuits via the 8 data
lines to U18, the Parallel Interface Adapter (PIA). The PIA directs the output data to the
correct circuit over one of its two data buses, Port A or Port B. All Mnemonics on A60 con-
trol lines use positive logic. For example, R/W means that, when this line is HIGH, the pro-
cessor is performing a Read operation. When LOW, a Write operation is in process.

8-252. Microprocessor Operation. Timing for the processor is furnished by Clock
Generator US. A 3.8 MHz oscillator circuit provides the basic timing frequency to US. U5
then provides outputs at that frequency (4xfo), half that frequency (2xfo), and one-fourth
that frequency (¢1 and ¢2) to control all processor operations. A start-up circuit keeps the
processor from running until the + 5v supply voltage is stabilized. It does this by holding the
RESET line to U6 in a LOW state until C1 charges up sufficiently to let the RESET
line go HIGH. Comparator U23 also monitors the + 5v supply for ripple or noise spikes.
One side of the comparator input is heavily filtered and the other side is not. A sharp, nar-
row spike on the + 5v will not cause a system reset because C21 and C29 will filter it out, but
C21 is not large enough to handle wider spikes or AC ripple like C29 can. Therefore, the
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comparator will trip on either of these conditions, C30 will give positive feedback to speed
the comparator output in going LOW and C1 will discharge through CR7 into U23. When
the transient is gone or C30 is completely charged, the comparator will flip back, C1 will
again charge and the HIGH on the SYSTEM RESET of U5 will force the RESET line
HIGH to U6 to re-start the processor. S1(1) provides a manual means of resetting the pro-
cacenr hu charting At 01 TI92 will mat Aadans yraooiY = cband cbnta ~m 242 e

CCSSOT OY SAO0rUng out Li. uas wWia 1ot aciect CA\.CDMVCU’ ulsu or luw si€aqay-siaic bUllulLlUllb

of the + 5v supply.

8-253. U2a, U3, Udb and U4d provide gating for the Write Enable Line (WE) to ensure
data is properly written into the NMOS RAM’s U14 and U16.

8-254. Memory Operation (ROM/RAM). As clocked by the ¢1 and ¢2 inputs from US,
processor U6 performs fetch and execute operations from ROM memory. During the fetch
phase, U6 places a word on bits A@-A11 of the address bus which is sent in parallel to all six
of the ROM’s (U7-U12). At the same time, a three-bit select code is placed on bits A12-A14
to ROM-Select chip U24. The select code determines which one of the ROM?’s is the desired
one and it enables only that ROM to output data on the data lines. The selected ROM places
its data on lines D@ to D7 which are buffered by U13 and then input to U6 via the data bus
and stored internally in U6. U13 is gated by U2b when bit A15 is set HIGH and the Read/
-Write line (R/W) is set High (‘“‘Read from ROM”’ condition) and ¢2 is also HIGH.
During the execute phase, U6 examines the instruction word from ROM and carries out the
instruction.

8-255. RAM memory shares the same address bus with ROM memory. When AlS5 is set
LOW, a ‘““Read from RAM’’ condition exists and U26 is used to decode bits A12-A14 and
select the proper RAM pair for a read operation. For ‘“Read from RAM”’, U2a is off
because R/W is HIGH and therefore the Write Enable line (WE) to Ul4 and U16 is
HIGH and the R/W line to U28 and U29 is also HIGH. Bits A@ and A9 now select the
desired address for NMOS RAM (bits Ad to A7 for CMOS RAM) and a single 8 bit data
word is assembled from the selected RAM pair (U14/U16 or U28/U29) and passed through
shorting network J1 (provided for troubleshooting procedures) to the processor data bus.

8-256. The NMOS RAM pair (U14/U16) is used for normal operations of the instrument.
The CMOS RAM pair (U28/U29) is used only to perform the STORE/RECALL operations
from the front panel, where up to nine different front panel mode/frequency configurations
may be stored and recalled by the operator. A nickel-cadmium battery, which is physically
located on the A80 board, provides a ‘‘keep-alive’’ voltage (V-BAT) to the CMOS RAM’s
so that these stored configurations are retained even with the instrument turned off for ex-
tended periods. The select line from U26(14) to CMOS RAM has a filter network composed
of R26, R27, and C37 which protects the CMOS chips from transients at instrument turn-
on. Additional protection for the CMOS data is provided by Q1 and other components
which keep transients from disturbing the stored data on U28 and U29. Writing into RAM
memory occurs when the respective RAM write enable lines, U28/U29(16) and
U14/U16(10), are set LOW. The processor puts the address to be written into on the address
bus and then puts the word destined for that address on the data bus.

8-257. U26 also controls the selection of input/output (I/0) data to or from other circuits in
the instrument. When R/W is HIGH and U26 selects Y6 (pin 9) LOW, U25(6) output goes
LOW and S will strobe input data onto the data bus from the Input Multiplexers. When
R/W is LOW and U26 selects Y4 (pin 11) LOW, CS2 selects U18 (PIA) to accept data from
the processor and output it from Port A or Port B as determined by address lines A@ and A1l
into U18. Address line A11 HIGH, in conjunction with CS2 LOW enables the PIA. Line E
clocks the data transfer.
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8-258. Input/Output (I/0). All inputs that enter the Controller board pass through input
multiplexing with two exceptions, V-BAT (keep-alive voltage to the CMOS RAM’s), and
INT (interrupt line from the A61 HP-IB board to the PIA). The rest of the inputs are passed
into four 8:1 input data selector chips (U39-U42) for data lines D@-D3, or into two dual 4:1
selector chips (U36 and U38) for data lines D4-D7. The processor will select one combina-
tion of eight inputs by setting a specific code on address lines A@, Al and A2 and then strob-
ing the data selectors to put the selected inputs on their respective output lines D@-D7 for
transfer to the processor. An eight-position DIP-switch (S2) provides special test inputs to
the processor as well as identification of instrument model (3586A, B, or C) and whether
Option 003 (Impairments) is installed. A five-position DIP-switch (S1) provides a manual
processor reset and additional test capabilities (see Service Group C). Comparators U37a-
U37d are level-shifters for inputs which are not at TTL levels.

8-259. All outputs from the A60 board are controlled through Ports A and B of U18. The
processor sets up an output operation by placing the output gating code on the data bus and
the destination (Port A or B) on address lines A@ and Al. The PIA is then enabled by setting
A1l HIGH and CS2 LOW. R/W is now set LOW (write command) and the next ¢2 pulse on
line E clocks the gating code into U18 and directs it to the correct port. For example, if Port
B were the destination, the gating code would be placed on PIA output lines PBO-PB7. The
next negative-going pulse on line E is now passed to U18 pin 19 (CB2) and gated to one of
two output decoders (U30 or U31) as determined by U18 pin 13 (PB3). If PB3 is HIGH, the
pulse is gated through U30 and one of its output lines (Y@-Y7) as selected by the gating code
on PB@, PB1 and PB2. If PB3 is LOW, the pulse is gated through U31 in the same fashion.

8-260. When selected, pulses Y1 or Y7 from U31 are sent to latches U21 or U22 respectively
where they gate data from U18 Port A (PA@-PA?7) to other circuits in the instrument. U31
outputs Y2 and Y6 are used to convert parallel data (PA@-PA7) arriving at U19 into serial
data for circuits requiring this form of data. A typical serial output to the A70 (Option 003)
board would occur as follows. The processor would place a clock steering command on
PA®@-PA7 and latch it into U21. U21 pin 6 would then enable the OPTION CLOCK gate
U33c as soon as an output code from Y7 of U31 latched the Port A data into U21. The pro-
cessor would then change PA@-PA7 to the data destined for A70. Y6 of U31 now causes the
data to be latched into the shift register and then eight successive pulses on the Y2 line clock
the data over the serial output line of U19 (pin 9). In between each pulse of Y2, the processor
must also generate the OPTCK signal by selecting output Y3 of U31. This signal shifts in the
serial data stream, one bit at a time, into a serial-to-parallel shift register on the A70 board.
The Y3 output is a general purpose clock that is steered by various enables being output by
U21, and Y4/YS go to the FN Logic Chip on A30 as Instruction Valid (FIV) and External
Clock (FDC) lines respectively. The Y@ output is used both as a Display Clock on the A98
board and also as a reset to Display Refresh Timer U20. Lines Y@-Y6 of U30 go directly off
of A60 as control lines or latches for other circuits.

8-261. While Port B of U18 usually provides the control function for output operations,
Port A usually provides the actual data to be sent to other circuits. During normal opera-
tions, the processor will determine that some data must be output to a specific circuit. For
example, a frequency change of several MHz would require a new + N number for the Step
loop. The processor would first direct a new + N number over the data bus to the PIA for
Port A (PA@-PA7) and then direct an output gating code to Port B that would select the Y1
output of U31. The Y1 output of U31 would then latch PA@-PA7 data into U22 for
transmission to the A50 board.

8-262. Some parallel output data, like the serial data mentioned above, is latched in at the
board it is directed to. For example, changes to various display annunciators on the front
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panel are handled by sending PA@-PA7 data directly from buffer U1 over to the A98 board
and then selecting Y3, Y4, Y5 or Y6 of U30 to latch the data over on the A98 board into the
correct annunciator group (ANNUN @-ANNUN 3).

8-263. Whenever data must be transmitted across the ground isolation barrier (refer to
Phata_icnlatar AQQTT1 and Dnilea
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transformers A99T3, A99T4 and A99TS provide this isolation feature for selected signals.

8-264. Interrupts. When the HP-IB board (A61) has input data for the processor, A61 will
set the INT line HIGH and U18 will then set IRQ B LOW to interrupt the processor for the
HP-IB operations. The basic timing signals for all other processor operations come from
U20 which generates a timing pulse at approximately 1900 Hz. This pulse, occurring on the
INT CAL1 line causes U18 to set the IRQ A line LOW, interrupting the processor. Each time
the PIA sets the IRQ A or IRQ B line LOW, it places a status word on the data bus lines
D@-D7 to identify to the processor the source of the interrupt request. The processor sets
R/W HIGH, samples the status word and, if HP-IB, requests a data word from the input
multiplexers for HP-IB. If display timer is the source, the processor then checks various pro-
gram counters for subroutine executions.

8-265. Displays/Keyboard - A98 (Service Group C).

8-266. Displays. The front panel displays are selected and updated in one of two ways,
either one-shot or pulsed display refresh. The panel annunciators such as dBm, OVLD,
SCALE, TALK, LISTEN, THSHLD, OFFSET, etc., are one-shot, i.e., they are selected on
or off and not disturbed again unless they must be changed from their present condition. To
reduce steady-state power consumption, however, the measurement and frequency digital
LED display areas and the switch LED’s (red lights in the center of some keys) are refreshed
at a scan rate of about 100 Hz. Prior to each refresh clock pulse the numerical value
segments for each digit are re-latched into the segment drivers and the next pulse then il-
luminates the correct number (@-9 plus decimal point) for the selected digit (DS1-DS14).
Since every digit is pulsed once during a single display scan (or 100 times per second), it takes
less than 10 milliseconds to update the entire display if a change occurs. The switch LED’s
(called Key Annunciators) are pulsed on in five groups of seven or eight at a time as part of
the scan. The scan is fast enough that no flickering is discernible and the displays and switch
LED’s appear to be on at all times.

8-267. Digit display data enters the A98 board as follows. The processor on the A60 board
puts the proper segment pattern of the first digit (DS1) on data lines PAG-PA7 of A98J1 and
the display clock line (DSP CLK) latches the data into A98U7. The processor now places a
single bit (HIGH) on the display serial input line (DSP SI) and the next clock pulse on DSP
CLK sets Ul(3) HIGH and U4(1) LOW which selects DS1. The pattern latched into U7
determines the segments to be illuminated on DSI, the proper drivers (Q1-Q8) are turned on
and the correct number is displayed on DS1. DSP CLK is about 1900 Hz.

8-268. The processor changes the segment pattern on PA@-PA7 to that for DS2 and sets
DSP SI to LOW prior to the next clock pulse. The next clock pulse on DSP CLK shifts the
HIGH on U1(3) to U1(4) and also latches the new segment pattern into U7. This lets U4(1)
go HIGH (turning OFF DS1) and U4(4) go LOW (turning on DS2). This process continues
as DSP CLK shifts the single pulse down and out of Ul into U2, through U2 until the last
digit (DS14) has been scanned, then through the switch LED groups in the last part of U2
and the three outputs of U3. The clock pulses are about .5 ms apart and the whole scan takes
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19 pulses or about 10 milliseconds to complete, therefore the refresh rate is about 100 Hz.
Only one display digit (DS1-DS14) or one group of switch LED’s is actually on and drawing
current at any instant of time. The display scan rate can be checked via TF11 (paragraph
8-78).

8-269. The one-shot displays are much simpler to update. The processor sets the eorrect
on/off pattern for a group of front panel annunciators on lines PA@-PA7 and then sets the
correct latch line LOW (ANNUN 0-3). The annunciators now remain in this state until a
change to one of them occurs at which time only the respective group driven by U8, U9, U10
or Ull is updated.

8-270. Keyboard. Simultaneously with the display refresh of digits DS1-DSS8, the bit being
shifted down the output lines (QA-QH) of Ul is also applied to eight keyboard switch
groups (A-H). There are eight switches in each group (except only seven in group B) for a
total of 63 front panel switches. In their static condition (no keys depressed and scan refresh
not in process), key lines KEY @ - KEY 7 are all LOW due to pull up resistors R17 (2-9)
holding + 5v on the inverting buffers of U14. When scan refresh begins and switch group A
inverting buffer U12(12) goes LOW, the processor samples key lines KEY 8 - KEY 7. If one
of the switches in group A is pressed during the .5 ms clock pulse, the LOW at U12(12) will
be seen through the switch and at the output of inverting buffer U14 as a HIGH on that
respective key line.

8-271. For example, if switch group E were being scanned during the refresh cycle and the
numeral ‘“8"° key was pressed, U14(5) would go HIGH (key line KEY 2). The processor
knows it is scanning group E and since only the KEY 2 line is HIGH, switch SW 26 must be
depressed (numeral 8) since it is the only switch in this 8 x 8 matrix common to both group E
and key line KEY 2. The scanning process is fast enough that the processor actually looks at
all the switches several times before the operator can remove his finger from the key. Switch
“‘debounce’’ is handled by processor software so that each switch depression appears as only
a single input from that key.

8-272. Rotary Pulse Generator (RPG). The RPG utilizes key lines KEY 6 and KEY 7 to
provide an input to the processor. When the scan refresh pulse has been shifted completely
through Ul, U2 and is in the last position (QC) of U3, it also causes U15(5) to go HIGH
which disables all of the U14 buffers. The processor again samples the key lines, but looks
only at KEY 6 and KEY 7. If the RPG was turned either CW or CCW, one or both of the
U16 flip-flops will be set and either U15 pin 13 (KEY 7) or both Ul5 pin 13 (KEY 7) and
Ul5 pin 11 (KEY 6) will be HIGH. The processor will then increment or decrement the
displayed frequency one step accordingly. When the refresh cycle starts over again and DSP
SI goes momentarily HIGH, a pulse is applied to the CLR inputs of U16 to reset the flip-
flops in case the RPG was used during the last refresh cycle and to make it available again

for the coming cycle.

8-273. The A98 board has nine through-the-board traces for external circuits due to some
front-panel-mounted components. The meter, speaker, volume control, headphone jack
and power switch are physically mounted on the front panel or on the A98 board, but their
respective circuits are discussed under the board titles where they are located.

8-274. Impairments - A70 (Service Group G).

8-275. The A70 board (Option 003), has three separate, functional circuits used for com-
munications channel impairment measurements. Demodulated sideband audio from the
A2l board comes onto the A70 board and is immediately paralleled into two of those cir-

8-76



Model 3586A/B/C Service Information

cuits, Phase Jitter and Weighted Filter/Notch Filter. At the output of the Notch Filter cir-
cuit, the audio is then passed to an Impulse Measurement circuit. Additional functions of
the A70 board include a TRUE RMS Detector/Logger circuit for level measurements of the
processed audio, a Crystal Calibration Oscillator for the Weighted Filter, and some digital
control circuits for use by the other board functions.

8-276. Phase Jitter. A measurement for phase jitter is performed on a specific test tone of
either 1004 Hz (3586B) or 1010 Hz (3586A) which is usually applied to one end of a channel
under test and then measured at the other end for phase modulation or “‘jitter’’ induced on
the tone by the channel. This is done by demodulating the phase jitter component
(sidebands) from the test tone and measuring their peak-to-peak amplitude. A DC voltage,
directly related to the number of degrees peak-to-peak of the phase jitter present, is then
passed to the A/D Converter (A22).

8-277. The incoming SSB DEMOD audio is bandwidth-limited for normal channel side-
band audio, but is a 1004 Hz (BELL) or 1010 Hz (CCITT) tone for phase jitter tests. The
tone is applied to a band-pass filter that is centered on 1000 Hz and is 1000 Hz wide so that it
passes 500-1500 Hz. Over-all filter gain is + 15 dB provided by the input amplifier U23a.
The sinewave output of the filter is applied to a Limiter (U26c) which converts it to a
squarewave from OV base to + 12V peak. (See Section VII (A 11).)

8-278. The 1004/1010Hz squarewave (with phase jitter) becomes one input to the phase detector
half of U31. The VCO output is also 1004/1010Hz but without any phase jitter. The phase-
locked loop (PLL) has a + N = 1 and is therefore locked to the test tone frequency and
tracks it even if it drifts. The exact frequency of the tone is not critical to phase jitter
measurements because the next operation is to demodulate the phase jitter sidebands from
their “‘carrier”’, the test tone, and to measure only the jitter. The frequency ranges of in-
terest for phase jitter sidebands are from 4Hz to 300Hz and from 20Hz to 300Hz. The 4Hz
and 20Hz lower limits of the jitter ranges are adjusted in the loop filter. The high end of
the ranges are obtained by passing the output of U31(2) through a 300Hz Low Pass Filter
(LPF). U2S is used to switch between the 4Hz to 300Hz measurement band and 20Hz to
300Hz measurement band. A HIGH on U25(2) selects the 4Hz to 300Hz measurement band.
The VCO in U31 is enabled only when Q4 is turned on under control of the processor (¢
JITTER selected on the front panel). See Section VII (A 11).)

8-279. The last stage of the LPF is an adjustable gain amplifier. It is used to obtain the pro-
per scale factor (6°/1.0 volt) for the phase jitter DC output to a voltage-divider circuit on the
A/D Converter (A22). The only signal remaining at the output of the LPF is the phase jitter
sidebands. This signal has two paths, one of which is through a buffer (U30b) to a rear panel
BNC connector. By observing this signal on a spectrum analyzer, a scope, or a frequency
counter, analysis can be made of the frequency source of the phase jitter present in the chan-
nel. The second path is through a peak-to-peak detector which converts the AC signal to a
DC signal whose amplitude represents the number of degrees of phase jitter present on the
test tone. U42 and U43 provide a means of speeding the discharge time of holding capacitors
C150 and C151 before a new measurement is made.

8-280. An additional output of U31 (pin 10) is a DC voltage related to the VCO error
voltage. This voltage is fed to a dual-comparator circuit used as a Valid Frequency Detector.
U26(1) is normally HIGH and U26(13) is normally LOW, therefore U26(2) is normally
HIGH (frequency valid). If the VCO is running outside a 100 Hz ‘‘window’’ of 960-1060 Hz,
either U26(1) will trip LOW (frequency > 1060Hz) or U26(13) will trip HIGH (frequency
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< 960Hz) and U26(2) will trip LOW (frequency invalid). This signal (L) JITTER INVALID
is passed to the processor which displays the error code E 2.3 in the MEASUREMENT/
ENTRY display area as long as the tone is invalid and the ¢ JITTER measurement mode
is selected. An adjustment is provided (R181) to move the center frequency of the 100Hz
window. (See Section VII (A 11)).

8-281. Weighted Filter/Notch Filter. The SSB DEMOD audio is also applied to the input
of a weighted filter with a +6 dB gain overall. Whenever the WTD 3100 Hz bandwidth is
selected, either a C-Message filter (3586B) for Bell systems or a Psophometric filter (3586A)
for CCITT systems is switched in by U37. When no weighting is desired, an alternate path
through a +6 dB amplifier (Ula) is provided. The audio is then applied to a buffer (U4a)
where again two paths are possible. When the NOISE/TONE measurement mode is
selected, a notch filter, which uses gyrators to simulate the large inductance values required
to obtain low-frequency, narrow notch (high Q), is switched in to notch out the tone. The
notch filter has unity gain and is centered on 1010 Hz. The bandwidth is 30 Hz at the —60
dB points so it eliminates the 1004 Hz tone used by Bell systems also. In all other measure-
ment modes (except IMPULSE), the audio bypasses the notch filter. Switching is performed
by U38.

8-282. The audio is now applied to a + 7.7 dB gain buffer (U8a) from which parallel paths
take it to the True RMS Detector/Logger, to the Impulse circuits, and also to the speaker
amplifier.

8-283. The Logger Range Expander circuit conditions and shifts the dynamic range of the
audio so that it is within the input limitations of the Detector/Logger chip (U22). The output
of U22 is a logarithmic DC voltage representing the true RMS amplitude of the audio signal
present at the output of U8a. This signal is amplified by Ul0a and the voltage is clamped by
U10b to prevent it from ever exceeding about + 40 millivolts, since the A/D operates only
on negative input voltages. Q3 provides a larger time constant selection for U22’s RMS
detector when AVErage is selected on the front panel.

8-284. The second output of U8a is applied through R52 to the A21 board which routes it to
the Volume control, the speaker amplifier and on to the speaker. The third path is to the Im-
pulse circuits.

8-285. Impulse Noise Circuits. Impulse noise measurements are made for communications
channels that carry data. For impulse measurements, the SSB DEMOD audio may include
the 1004/1010 Hz tone. It is passed through the weighted filter, if selected, but it is always
passed through the notch filter. The resulting channel noise is then compared to a threshold
voltage that is selected by the operator (in dBm) from the front panel, digitized by the pro-
cessor and then changed to an analog voltage by a D/A Converter and input to a voltage
comparator as a fixed reference level. Any impulse noise spikes in the channel noise that ex-
ceed the reference level (threshold) are counted and passed to the processor. When a pre-
determined time period set by the operator has passed, the processor freezes the total count
and displays it to the operator. A dead-timer circuit controls the maximum number of im-
pulse spikes that can be counted per second (7 in the 3586B, 8 in the 3586A).

8-286. The impulse circuits have a total dynamic range of 60 dB. Of this, 45 dB (in 15 dB
steps) is in the path of the channel signal and 15 dB (in .25 dB steps) is the D/A Converter
range. The AC channel signal from the notch filter is applied first to a @ dB or +15 dB
amplifier (gain determined by U35b) and then to a @ dB or + 30 dB amplifier (gain deter-
mined by U36). The signal is then applied to a unity-gain, full-wave rectifier stage which
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folds the negative half of the channel noise signal over on top of the positive half and then
inputs it to the comparator. Thus, all positive and negative impulses in the channel will ap-
pear as positive spikes at the comparator.

8-287. The other input to the comparator originates as a digital input to D/A Converter U18
from the processor. This is the reference level, or threshoid value, that the operator has
selected to compare the channel noise to. U41 converts the D.C. current out of U18(4) to a
D.C. voltage at U19(3). The static condition of U19(7) is normally LOW (channel noise
below threshold setting). Any impulse noise spike of long enough duration and high enough
amplitude to trip U19(7) HIGH will trigger the ‘‘one-shot’’ circuit in the Dead Timer. The Q
output of U20 then holds the input to the one-shot LOW until the time constant set up by
C83, R98, and R97 allows the one-shot to reset. This time delay is 143 ms (7 per second max-
imum) for the Bell system (3586B) and 125 ms (8 per second maximum) for the CCITT
system (3586A). Meanwhile, the Q output of U20 has incremented the counter in U21, which
is a 4 bit counter (maximum count = 24 = 16). The counter is sampled once every second by
the processor to prevent overflow. U35a allows a faster time constant to be implemented for
impulse calibration during the CAL cycle.

8-288. Calibration Oscillator. The USB and LSB oscillators used as the SSB LO during nor-
mal operations produce an 1850 Hz tone when beating against the second IF frequency. This
tone would not be usable for calibration of the weighted filter since some of its level would
be clipped by the filter. Therefore a separate calibration oscillator is used to generate an
SSB LO frequency in CAL that will be 1000Hz (3586B) or 800Hz (3586A) after mixing with
the second IF frequency and which will provide accurate calibration of the weighted filter.
(See Section VII (A 11).)

8-289. U40(10) is normally held LOW inhibiting the CAL OSC from reaching the A22 board.
When U40(10) goes HIGH, the CAL OSC signal is then passed through U40 and on to the
A22 board. The frequency of the CAL OSC signal (1.6625MHz/3586B) (1.6425MHz/ 3586A)
is divided by 10 on the A22 board to produce 16.625kHz or 16.425kHz which will become
the SSB LO frequency. When beat against the second IF (15.625kHz), a 1000Hz or 800Hz
audio tone is produced which becomes the SSB DEMOD signal input to the A70 board in
CAL. (See Section VII (A 11).)

8-290. Digital Control. All of the control lines which set up the various analog switches on
the A70 board, together with the digital threshold level selected for impulse measurements
are input in a serial data stream from the processor. The serial data comes in to U15 and is
shifted through U15, into U14 and through U14 by the option clock line OPTCK. Once the
entire data stream is present, the LATCH line latches the data into U16 and U17. U16 now
sets up all the analog switches on the board and U17 provides the impulse reference level for

the D/A Converter.
8-291. Frequency Reference - A40 (Service Group H).

8-292. The Frequency Reference board provides most of the frequencies used throughout
the instrument as references. A 50 MHz oscillator is used as the base frequency and all other
frequencies are obtained by dividing 50 MHz by 5 or by 10 in successive stages until each
desired frequency is obtained. Available frequencies are: 50 MHz, 10 MHz, 2 MHz, 1 MHz
and 100 kHz.

8-293. The 50 MHz reference is obtained from a voltage-controlled crystal oscillator
(VCXO) made up from Q90 and Q91 with Y90 (50 MHz) and varicap CR91 providing a
positive feedback path. A D.C. control voltage from US55 is used to change the capacitance
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of CR91 and thereby maintain the 50 MHz reference accurately. CR90 provides amplitude
limiting for the oscillator output at about one diode voltage drop (peak).

8-294. The VCXO output feeds a Buffer/Level Shifter circuit which raises the sinewave to
an ECL level signal. Other ECL level buffers (U90, U93) then drive three SOMHz outputs
to the Ai5 and All boards and to a test jack. (See Section VII (A8)).

8-295. A fourth 50MHz path is to a + 5 chip (U53) where three outputs of 10 MHz are ob-
tained. One of these goes to a rear panel BNC labeled ‘‘10 MHz’’ for phase-locking other in-
struments to the 3586 frequency reference. One 10 MHz path from U53 (pin 4) is buffered
by U52b and passed through a low-pass filter to obtain a clean sinewave. The signal is then
squared up by buffers (U3a and U3b) to drive a + 10 dB amplifier and obtain the desired
amplitude level. The output of T1 has some harmonic distortion remaining which is reduced
by another low-pass filter and then passed to the rear panel BNC connector.

8-296. A second 10 MHz path from US53 (pin 2) is buffered and then passed to the AS0
board. C15 removes the DC component and shifts the signal down around a @ volt reference.

8-297. The third 10 MHz output of U53 (pin 3) goes to a + 10 chip (U31) where two outputs
of 1 MHz and one test jack secondary output of 2 MHz are obtained. Both of the 1 MHz
outputs, being out-of-phase, are used to drive an ECL/TTL level shifter (Q31 and Q30). The
resulting TTL signal at 1 MHz is again divided by 10 in U30 to obtain 100 kHz, which is
passed through a differentiator circuit to obtain a very narrow pulse (about 30 nanoseconds
wide). This pulse is used in the Fractional-N Phase Detector as the reference input.

8-298. One of the 1 MHz outputs from U31 (pin 14) is also used to provide a 1 MHz
reference to three other boards. It is first buffered by U32 and then shifted in level from
ECL to CMOS by U33b. Three buffered outputs go to the A15, A22 and All boards. The
output to A1l is also passed through a 20 dB attenuator circuit, a portion of which is located
on the All board.

8-299. The 10 MHz at U53(4) is also fed through some buffers to a Phase Detector stage.
The other input to the Phase Detector may come from an external source. Provision is made
by 3586 Option 004 for a temperature stabilized (oven controlled) precision 10 MHz crystal
oscillator (A16) with stability of 2 Hz/year. Any other stable external source may be used
which is exactly 10 MHz or a sub-multiple thereof (e.g. 5 MHz, 3.333333 MHz, 2.5 MHz,
2 MHz, or 1 MHz).

8-300. The external source is connected through the rear panel BNC connector labeled
“EXT REF INPUT 10 MHz =N’ to a signal amplifier (U1) with input diode protection
(CR1 and CR2). The signal level is shifted from @ volt reference at the BNC input to a + 3.5v
(VBB) reference at the input to Ula. It is then amplified by Ulb and out-of-phase signals at
Ulb pins 6 and 7 are passed to U2a. The pin 6 output is delayed slightly behind the pin 7 out-
put so that U2a is turned on for only a short period. The pulses from the U2a out-of-phase
outputs are applied to a differential amplifier (Q50 and Q51) in the Phase Detector stage, are
amplified and then used to switch a bridge made up of diodes CR50-CRS53.

8-301. If an external source is being used, the action of the phase detector bridge is to switch
the 10 MHz signal from U53 into U54. C56 and R59 filter the signal so that only a DC level is
seen as the input and output of U54. This analog signal is then buffered by USS5 and used to
control the frequency of the VCXO, locking it in phase to the external source. U54 has a
voltage gain of 11 to pull up the low level of the 10 MHz signal from U53 to an amplitude
that will control the VCXO.
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8-302. If an external source is not used, the diode bridge is never turned on and U54(3) is
essentially at ground potential. R78 is now used to set the VCXO frequency to exactly
50 MHz while manually shorting TP4 to TP5 to speed-up the normally very slow loop
response time. QS5 is normally on, providing a very narrow bandwidth to the loop. If an ex-
ternal source is used that is outside this bandwidth, the output of U54 will swing positive and
negative trying to lock on. The negative peaks will turn on CR55, charging C75 and turning
off Q55. R88 (5.1 M ohm) now dominates the input impedance to ground instead of R83
(12.4 k ohms), widening the bandwidth momentarily so the loop can “‘speed-up’’ the lock
onto the external source. When lock-on is achieved, the output of US54 will stop swinging,
Q55 will again turn-on and the desired narrow bandwidth is achieved.

8-303. Whenever the loop is not locked but trying to lock-up (as described above) the charge
on C75 will also bias off Q56. This will allow Q54 to turn on and the loop unlock indicator
DS-1 will glow. At the same time, a LOW signal on the (L) REF UNLOCKED line to the
processor will cause an error code (Err 8) to be displayed on the front panel.

8-304. 10 MHz Frequency Reference - A16 (Service Group H).

8-305. The Precision Frequency Reference 10 MHz oscillator (Option 004) uses the raw
+23v from the A99 board as an input to its own + 15v regulator to provide the proper
voltage for U3. When the instrument has been off for any significant period, at turn-on the
oven will be cold and will draw a larger amount of current than normal from the regulator
(U1) to warm up. R7 determines the sensing current level. U2(1) will trip HIGH, turning on
the COLD OVEN light (CR1) on the board and also turning on Q3. When Q3 is on, the (H)
COLD line to the processor will be LOW indicating a cold oven and the pro-
cessor will illuminate the front panel OVEN annunciator. When the oven warms up suffi-
ciently to trip U2(1) LOW, the light will go out on the board and the front panel annunciator
will be off. When the oven is cold, Q2 shorts out the 10 MHz output from the oscillator since
it is drifting until the oven temperature is stable.

8-306. HP-IB Interface - A61 (Service Group I).

8-307. The A6l board accepts instructions/data from the Hewlett-Packard Interface Bus
(HP-IB) and transmits this information to the processor on the A60 Controller board. It also
accepts data from the A60 processor and puts this information on the HP-IB for transmittal
to other instruments. The A61 board has its own microprocessor to facilitate the rapid
handling of I/0 data to and from the HP-IB and the A60 processor.

8-308. The timing for the A61 board is established by an internal clock circuit of the
microprocessor (U1) utilizing an external coil (L3) to achieve a reference clock frequency of
approximately 4-5 MHz. Ul internally divides this clock by 15 to obtain the ALE address
strobe at U1(11) of approximately 300 kHz.

8-309. The A61 processor (Ul) uses the same eight parallel lines (called BUS @-7) for
transmitting both address and data words and for accepting both instructions and data. For
example, during an ‘‘instruction fetch’’ the computer places address bits A@-A7 of the next
instruction to be executed on the BUS @-7 lines and address bits A8-A10 on Port Two (P2)
lines @-2. On the next Address Latch Enable (ALE) clock pulse, U21 latches in the address to
ROM U29. When the Program Store Enable line (PSEN) goes LOW, the Chip Select line
(CS) on U29 enables the ROM output. U29 now places the instruction word found in the
selected address on the Bus where it is read by Ul and then executed.
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8-310. When the A61 processor has data for the A60 processor, it first places a status/con-
trol word on the Bus and latches it into U21 with the next ALE clock pulse. It then places the
data word on the Bus and strobes the bus write line (WR) with a narrow negative pulse. On
the trailing edge of this pulse, U23 latches the data word into the A60 processor input lines
and U22 latches the status/control word. The control word will set U22(9) HIGH which is
the interrupt request line, (H) INTERRUPT, to the A60 processor. The A60 processor wiil
then input the data word when it completes its present instruction cycle. The A61 processor
is now in a ‘‘wait’’ state, waiting for the A60 processor to return one byte.

8-311. When the A60 processor has data to return to the A61 processor it places the data
word on lines PA@-PA7 and then sets the (H) LOAD BUS line HIGH to latch the data into
U24 and to notify the A61 processor (via U25b) that a word is available for transfer. For
U24 to place the data on the Bus, both inputs to U19b must be HIGH which will trigger the
control enable line (CNTRL) on U24. U22(2) will already be HIGH as part of the ‘‘hand-
shake”’ that occurred when A61 passed data to A60. U1l now gates U19b on (output LOW)
by strobing the read (RD) line with a narrow negative pulse. U24 now places the data on the
Bus and the processor reads it into Ul.

8-312. At turn-on, the processor reads its own HP-IB address code from the address
switches on the A62 board which are physically located on the rear panel. To do this, Ul
outputs a control word to U22 which places a LOW at U22(2). This removes the enable from
U19b but provides the enable to U19a through U16b. Now when RD is pulsed, U26 passes
the setting of the address switches over the Bus to Ul. Ul then passes this address word to
the A60 processor. If the front panel LOCAL key is pressed, the processor displays the 3586
address code in the FREQUENCY/ENTRY display area. Also, at turn-on only, if A62S1(1)
is in TEST, the A61 processor performs an automated test procedure determined by the
other switch positions on A62S1 (see Service Group I for a description of these tests).

8-313. When an instrument designated as a ‘‘controller’’ on the HP-IB makes a change to
the HP-IB system configuration, it will set the attention (ATN) line true (LOW).

NOTE

All HP-IB control lines and data lines use LOW = TRUE logic as
defined by standards document IEEE-488. LOW = 1 and HIGH
= 0.

When the ATN line goes true at the A61 input, this LOW is passed through U5 to the CLK 1
input to U30 which normally has both of its flip-flops in a ‘‘clear’’ state. Q1 now flips LOW
which trips the enable lines (pins 10 and 12) to U18c and U18d LOW and the (L) NRFD and
(L) NDAC lines become TRUE, inhibiting data transfer until Ul is ready. The U30 Q1 out-
put is also applied through U9 as a LOW to the T1 input of Ul where it interrupts the pro-
cessor. Ul now outputs a control word to U22 which places a LOW at U22(5). This LOW is
passed through U31a to the CLK 2 input at U3(13). The CLK 2 input flips Q2 LOW which
trips CLR 1 and flops QI back to HIGH enabling U18c and U18d again. Q1 flops LOW trip-
ping CLR 2 and Q2 flops HIGH. Both U30 flip-flops are now again in the clear state. At this
time, all the 1/0 bus transceivers (U2, U3, U4 and U5) must be set up to the input (listen)
state. This is accomplished by ATN true, producing a HIGH at U20(5). U20b is enabled
with A62S1(2) in REMOTE, therefore U20(6) is HIGH and this HIGH is passed through
Ul7a as an enable LOW at all the DIO1-DIO8 gates (U14 and U15). Bus pull-up resistors
(R3) now cause all the Ul (Port One) data lines (PIO-PI7) to be HIGH. These lines being
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HIGH make the outputs of U6, U10 and U11 HIGH. Therefore bus transceivers U2, U3 and
U4 for HP-IB data lines DIO1-DIOS are all HIGH at the point between the OR gates and
the buffer amps. This HIGH acts as a bus pull-up at these points and, since the HP-IB uses
LOW =TRUE logic, an incoming LOW on any of the HP-IB data lines is enabled as an in-
put to the A61 board.

8-314. The ‘“‘handshake’’ control lines for the listen state are set up individually by Ul.
NDAC is true via a LOW at U17(5), with U17(6) already LOW, causing a LOW at U18(9
and8). NRFD is false via a HIGH at U17(8) causing U18(13 and 11) to be HIGH also,
U18(12) already being HIGH. DAV must be enabled by Ul in the listen state and this is ac-
complished by a HIGH at U10(5).

8-315. The (H) TALK, (H) LISTEN, (H) REMOTE and (H) SRQ lines to A60 notify the
processor to light the corresponding status annunciator on the front panel. The (H) TALK
and (H) LISTEN lines also control the direction of HP-IB data and handshake lines on the
A61 board when the HP-IB controller commands the 3586 into either of these modes. In ad-
dition to notifying the A60 processor that the A61 processor has data for it, the (H) INTER-
RUPT line also resets U25b in preparation for the A60 to return data to A61.

8-316. When the 3586 is not in REMOTE and the HP-IB controller wants the 3586 in
REMOTE, the controller sets the ATN line true, puts the 3586 ‘‘Listener’’ address on DIO1-
DIOS and sets the remote enable (REN) line true. Then it sets data valid (DAV) true. When
DAYV goes true, Ul samples the word from DIO1-DIOS8 and checks U1(22) to see if REN is
true. It also checks to see if the 3586 is being addressed by comparing the sample word to the
present address switch settings on A62S1. If the sample address and the 3586 address are not
the same, the HP-IB is ignored and the 3586 stays in LOCAL. If they are the same, Ul
places the 3586 in LISTEN. If REN is true, Ul also places the 3586 in REMOTE.

8-317. If the 3586 is already in REMOTE, U22(6) will be High enabling U20a. If REN now
goes false, U20a will trip U17(13) LOW which generates an interrupt to U1 on the INT line
(pin 6). Also if the controller sets the interface clear (IFC) line true, it will also trip U17(13)
LOW to generate an interrupt. The processor examines U1(21) and U1(22) to see which line
(REN or IFC) caused the interrupt. If REN is false Ul takes the 3586 out of REMOTE. If
IFC is true TALK or LISTEN are cleared out (if selected).

8-318. The 3586 can act as a partial controller if the A62S1(2) switch is put in the TRACK
position. This will change the state of several gates and transceivers and allow the 3586 to
control the ATN and REN lines. In this mode, the 3586 puts out continuous frequency in-
formation only, as a ‘‘Talker’’ on the bus. Ul samples the position of A62S1(2) periodically
anytime the HP-IB is idle (not in REMOTE) to see if this switch has changed position.

8-319. For normal operation in REMOTE as a talker, Ul reconfigures the gates via a HIGH
at U22(18) and U19(12) to pass data on to the HP-IB, rather than accept it from the HP-IB.

8-320. All normal data transfers on the HP-IB, whether in or out, take place with a ‘‘hand-
shake’’ of control line states between the talker and the listener(s). This sequence occurs as
follows:

1. All listeners set (L) NDAC true and (L) NRFD false.

2. Talker places data word on DIO1-DIOS.

3. Talker sets (L) DAYV true.

4. All listeners set (L) NRFD true and sample DIO1-DIOS.
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5. All listeners set (L) NDAC false.

6. Talker sets (L) DAYV false and clears DIO1-DIOS.

7. All listeners set (L) NDAC true and (L) NRFD false and the cycle repeats with a new
data word.

8-321. Power Suppiy - ABO, A99 (Service Group J).

8-322. The A80 board is primarily a voltage regulator board for the three main supply
voltages (+ 12vdc, — 12vdc and + 5 vdc). The source of the inputs to A80 for these voltages
is the power supply circuitry on the A99 Motherboard and some chassis-mounted com-

ponents.

8-323. Instrument AC power is selectable, with a choice of 110, 120, 220 or 240 VAC @
48-66 Hz. Two switches, S1 and S2, physically mounted on the rear panel allow the operator
to choose one of the four above voltages for a fused (F1) input to T1. S3 provides thermal
cutout protection if the ambient temperature exceeds 105°C. A fan (B1) is on anytime the in-
strument power switch (A98S300) is in the ON position, energizing K1. Secondary windings
of T1 drive three diode-bridge, full-wave rectifiers. CR1-CR4 on the motherboard (A99)
provide +16.5v and —16.5v to the + 12v and — 12v regulators respectively. CRS5-CR8 fur-
nish + 8v to the + 5v regulator and CR9-CR12 provide fused (F1 and F2) +23vand —23vto
the A80 board as supply voltages for all the regulator circuits. Spare fuses (F3 and F4) are
provided which are physically located on the mother board. In addition, the +23v feeds a
+ 15v regulator (A99U2) which provides front panel probe power and feeds another + 15v
regulator on the A16 board (when installed). It is also the current source for charging a
Nickel-Cadmium battery (BT1) on the A80 board. QI1, Q2 and Q3 are Darlington transistors
which provide power regulation for the three main supplies.

8-324. In the + 12v regulator, A8OCRS is the reference zener for the circuit with zener
A80CR9 providing overload protection for amplifiers Ula and Ulb. Zener AS8OCR3 pro-
vides —5.11v power for Ul. When the instrument power switch is in standby (STBY), pin
A22 of XA80is “‘open’’ and Q1 is biased on through R17 and R18. This brings U1(5) down
to approximately @ volts and U1(6) follows, cutting off the + 12v supply completely. Since
the + 12v is used as the reference input for the — 12v and + 5v regulators, all three supplies
are turned off. The voltage present at the junction of R17 and R18 is applied through pin
A22 over to the A98 board to light the STBY annunciator light (A98DS40) on the front
panel.

8-325. When the power switch is changed from STBY to ON, the junction of R17 and R18 is
grounded to chassis through the power switch, turning out the STBY lite, turning Q1 off and
allowing the inputs to Ulb to come up to the reference voltage across CR8. The voltage at
TP1 now drives to + 12v as set by R15 and all three main supplies are now turned on.

8-326. Ulb is the voltage regulator while Ula provides current-limiting for the + 12v sup-
ply. If the + 12v supply were to become shorted, U1(1) would go LOW, turning on the red
LED (CR2) and biasing Darlington transistor Q1 off to limit the current into the regulator.
During normal supply operation, green LED CRS is turned on and CRé6 provides reverse
bias protection for Ul in case the plus and minus supplies were to accidentally short to each
other.

8-327. The — 12v regulator operates in the same way as the + 12v regulator, except that the
reference for the voltage regulator (U2b) is the + 12v supply through R38.
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8-328. The + 5v regulator operates in the same way as the + 12v regulator, except that the
reference for the voltage regulator (U3b) is the + 12v supply through R58. Zener CR20 (near
Darlington transistor Q3) provides over-voltage protection at + 6.2v for the + 5v supply.

8-329. The +23v input to A80 is also used to charge BT1, a 100 milliampere capacity NI-
CAD battery which furnishes +2.5v of standby power to the CMOS RAM'’s on the A60
board. When all input AC power is removed from the 3586, the RAM’s draw approximately
100 microamperes of current from BT1. With AC power connected to the instrument, even
in STBY, a charging current of approximately 7 milliamperes maintains BT1 at full charge

to provide about 30 days of battery life at the design load current when power is removed.

8-330. A transformer on the motherboard (A99T1) provides isolated power to the input sec-
tion from the standard power supply buses of + 12v, —12v, + 5v, + 15v and chassis (main-
frame) ground. The isolated power supply buses of +12VI, —12VI, +5VI, +15VI and
isolated ground are all used in the input section of the 3586A/B/C (see paragraph 8-111).

8-331. Motherboard - A99 (Service Group J).

8-332. The A99 Motherboard provides a common point of contact for all of the plug-in
printed circuit boards in the 3586 and eliminates unnecessary wiring and cabling between cir-
cuits. The motherboard also provides connection points for chassis-mounted components
such as the power transformer T1. See paragraph 8-321 for a discussion of the power supply
circuits which are a part of the motherboard.
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8-333. GENERAL INFORMATION.
8-334. Service Groups; What They Are and How to Use Them.

8-335. The troubleshooting information provided in this section is divided into service
groups. A service group is an arrangement of information pertaining to a particular
assembly or group of assemblies which have a common functional operation within the in-
strument. The objective of the service group is to integrate all relative servicing information
into a single location. Each service group contains schematic diagrams, functional block
diagrams, troubleshooting data, and component locators for the circuit assemblies con-
tained in the group. In addition, cross-references are provided within each group for ap-
plicable paragraphs on circuit theory and adjustment procedures for all assemblies in the
group. Only the component parts list has been kept all together and separate in Section VI
for ease in locating parts quickly.

NOTE

The functional block diagrams in each service group were designed
as principal troubleshooting aids rather than merely to illustrate
circuit operation.

8-336. The service technician can use the functional block diagram to isolate most problems
to a single stage or small group of stages since all key test points, waveforms, voltages and
digital codes are clearly shown. The technician may then use the schematic for voltage and
resistance measurements to isolate the failed component(s). Component locator diagrams
are included on the apron pages of both the functional block diagrams and the schematics to
help locate test points and components quickly and easily. The functional block diagram is
located behind the schematic so that it may be left unfolded and referred to as necessary
while using the schematic. With this arrangement, both diagrams can be unfolded and easily
worked with along with the troubleshooting data which overlays the apron pages.

8-337. As an added convenience, the appendix contains a copy of the 3586 System Func-
tional Block Diagram along with duplicate copies of the Major Signal Chart and Turn-On
Troubleshooting Flowchart. Once the faulty section of the instrument is identified and the
functional block diagram for that section is unfolded, the system functional block diagram
can remain unfolded for continued reference. This allows easy access to not only the schematic
and functional block diagrams of a particular service group, but also to the system func-
tional block diagram for an overview of any functional section with respect to the rest of
the instrument.

8-338. Some technicians, experienced with the 3586, can generally recognize a particular
problem symptom as being associated with a certain functional section of the instrument.
Experienced service people can simply open the manual at the ‘‘Service Group Index’’ tab,
quickly locate the correct service group and turn there for immediate troubleshooting.
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8-339. Service Groups; How to Identify Them

8-340. Each service group is designated with a letter. The page numbers, figure and table
numbers in each group contain the service group letter. Table 8-11 is a list of service groups
which also provides cross-reference information for assemblies within each group.

Table 8-11. Service Group Cross Reference

Service Schematic Assembly

Group Assembly Number Designator -hp- Part Number
Input Multiplexer (3586A) A1 03586-66506
Input Multiplexer (3586B) A1l 03586-66501
Input Multiplexer (3586C) A1 03586-66507
Input Amplifier (3586A/B) A2 03586-66502
Input Amplifier (3586C) A2 03586-66503
Input Mixer (3586A/8B) A5 03586-66505
input Mixer (3586C) A5 03586-66509

A10 03586-66510
A20 03586-66520
A20 03586-66523
A20 03586-66524
A21 036586-66521

Second Mixer

IF Filter (2000Hz)
IF Filter (3100Hz)
IF Filter (1740Hz)
IF Gain/Detection

Second Local Oscillator A11 03586-66511
Analog/Digital Converter (3100Hz) A22 03586-66522
Analog/Digital Converter {2000Hz) A22 03586-66525

N, - =

Analog/Digital Converter (1740Hz) A22 03586-66526

Controller 9A/B AB0 03586-66560
Switch/Display (3586C) 10A/B A98 03586-66594
Switch/Display (3586A Opt. 003) 10A/B A98 03586-66595
Switch/Display (3586A STD) 10A/B A98 03586-66596
Switch/Display (35868 STD) 10A/B A98 03586-66597
Switch/Display (3586B Opt. 003) 10A/B A98 03586-66598
Step Loop 11 A50 03586-66550

A51 03586-66551
Ab2 03586-66552
A53 03586-66553
A30 03586-66530

Sum Loop VCO

Sum Loop Mixer

Sum Loop Phase Detector
Fractional -N + N

- e e o 3 e
ONOOPLWN

CC—ITIOOMTMMIMMMUODO0DO0ONO0O00NIIITIP > P> >

Fractional - N VCO A31 03586-66531
Fractional - N Phase Detector A32 03586-66532
BBP/OVLD/CAL (3586A/B) A4 03586-66504
BBP/OVLD/CAL (3586C) A4 03586-66508
Tracking Output 19 A15 03586-66515
Impairments (Opt. 003 - 3586B) 20A/B/C A70 03586-66570
Impairments (Opt. 003 - 35686A) 20A/B/C A70 03586-66571
Frequency Reference 21 A40 03586-66540
10MHz Frequency Reference (Opt. 004) 22 A16 03586-66516
HP-I1B 23 A61 03586-66561
Power Supply (Regulator) 24 A80 03586-66580
Motherboard 24 AS89 03586-66599

8-341. SERVICE AIDS.

8-342. The following paragraphs, figures and tables summarize all of the reference informa-
tion that is common to all of the service groups. The service technician should familiarize
oneself with all of this information to help decrease time wasted in troubleshooting, looking
for information that is grouped together for his convenience.

8-343. Parts Location Aids.

8-344. The location of individual components on a printed circuit board is provided in each
service group. Electronic parts not located on a specific PC board are listed under ‘‘Chassis
Mounted Components’’ at the rear of Table 6-3 in Section VI. These include components
physically mounted on the front panel such as the speaker, volume control and RPG. Also
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included are rear panel items such as the fan, line fuse, etc. and some chassis-mounted
power supply components. At the rear of Table 6-3 are additional pages titled ‘‘Mechanical
Parts”’, ‘‘Cable Parts List’’ and ‘‘Miscellaneous Parts”’ (knobs, key caps, etc.). Figure 6-1 is
a mechanical parts exploded-view illustration and Figure 8-9 shows rear panel component
locations. Figure 8-11 shows the P.C. board locations.

n

100V
120v
240v
220V

VOLTAGE
SELECTORS

A —

2A—

OUTPUTS
(- 15Y MAX

10MHz OVEN

nORM
“IIIIEHIIII'»
HP-18

[}

Fo 10-32MHz)

OC COUPLED~

NETER

INPUT
EXT REF 10MHz4 N
5V_MAX

350000

Figure 8-9. Rear Panel.

8-345. Both the origin and the destination for all cable assemblies are shown on the
schematics and listed for each cable in the ‘‘Cable Parts List’’ of Table 6-3. In addition, all
coaxial cables interconnecting PC boards have the local and the remote connectors iden-
tified at both ends on the PC boards. Table 8-12 also provides this data plus additional infor-

mation.
Table 8-12. Cable Assembly Identification.

Refarance -hp-

Designator Part Number Color Pins Origin Destination Location
wWi1 03586-61612 - 14 A99J1 A98J2 Front Panel
w2 03586-61615 - 5 RPG A98J3 Front Panel
w3 03586-61671 Black 1 A15J2 J6* ""F,(0-32MHz2)"” Rear Panel
w4 035686-61674 | Violet 1 A40J3 Ja* “10MHz"” Rear Panel
wb 03586-61675 | Red 1 A40J1 J11* “INPUT EXT REF”’ Rear Panel
weé ‘03586-61676 | White 1 A16J1 J3* “10MHz OVEN"’ Rear Panel
w7 03586-61677 Blue 1 A40J5 A11J1 Top-Rear
w8 03586-61678 | Gray 1 A40J4 A50J3 Top-Rear
w9 03586-61678 | Gray 1 A51J3 A15J1 Top-Middle
w10 03586-61678 | Gray 1 A51J1 A52J2 Top-Middle
w11 03586-61678 | Gray 1 A50J1 A52J1 Top-Middle
W12 03586-61678 | Gray 1 A2J3 A5J1 Top-Middle
w13 03586-61691 G/R# 1 A4 A2J2 Top-Middle
W14 03586-61691 G/R# 1 A1J1 A2J1 Top-Front
w15 8120-1538 -- 3 Power Line Fitter (LF 1) Rear Panel
W16 8120-2887 Blue 34 A61U1 AB2J1 Rear Panel
w17 8120-2888 Blue 34 A60J3 A98J1 Front Panel

(Jumper) 1250-1499 Black 1 J3* J11* Rear Panel

* Rear Panel BNC Connectors (See Figure 8-9).

# Gray/Red.
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8-346. Controller Mnemonics.

8-347. Most inputs and outputs (both control and data) to and from the A60 Controller
assembly are labeled by a mnemonic. To aid in identifying, locating the source, and describ-
ing the function of each controller 1/0 line, a complete mnemonic dictionary is provided in

P e [

+hhn -
LIiC appfCiilia.

8-348. Adjustments Affected by Repairs.

8-349. Repairs to certain assemblies affect the calibration of the instrument and certain ad-
justments must be performed. Each applicable service group has a ‘‘Post-Repair Ad-
justments’’ paragraph that discusses required adjustments which may not be readily obvious
to the service technician.

8-350. SERVICE HINTS.

8-351. Special Cables. It is not necessary to obtain or fabricate special cables to use the
miniature gold connectors on top of the printed circuit assemblies. The BNC connector on
the rear panel labeled EXT REF INPUT has a long enough cable attached to it to reach any
of the small (50 ohm) connectors in the instrument. Simply disconnect it from A40J1 and
then connect it to the desired connector. You may then use standard 50 ohm coax with BNC
connectors to connect the 3586 to any other instrument using the EXT REF INPUT jack as
an output or an input. In the same manner, the tracking output BNC labeled F, (0-32MHz)
has a cable that will reach the five large gold connectors in the instrument (A15J2, A1J1,
A2]J1, A2J2, and A4J1). Use 75 ohm coax with the tracking output jack.

8-352. Tracking Output. The tracking output BNC on the rear panel labeled F, (0-32MHz)
provides a handy signal source for test purposes. The output frequency should be the same
as the front panel tuned frequency from 0-32.5MHz at 0+ 1.0dBm (75 ohm impedance).
You can connect a 75 ohm cable from the tracking output BNC to the 75 ohm input termina-
tion and you should read 0+ 1.0dBm for any tuned frequency from 0-32.5MHz. Expect
about 0.7dB loss at the higher frequencies if 50 ohm cable is used.

8-353. HP-IB Tracking. The 3586 has an HP-IB tracking generator mode in which it can
command a signal source such as a 3336 or a 3335 to track any frequency set into the
3586. The 3586 is manually forced into a ‘““TALK only’’ mode through rear panel switch
selections and the above-mentioned sources can be forced into the ‘“‘LISTEN only’’ mode to
use this tracking capability. Refer to paragraph 8-I-5 for how to implement this mode.

8-354. Phase Locking. It is often possible to prevent lost troubleshooting time by always
ensuring that critical test instruments such as counters, spectrum analyzers and signal
sources are phase-locked to the 3586. This guarantees accuracy in all frequency-related
measurements and can only help the service technician by eliminating confusion when an in-
strument is off-frequency by only a few hertz. This is especially important when using the
20Hz bandwidth filter in the 3586A.

8-355. Internal Source One. A precision internal calibration source is used to calibrate the
instrument whenever the CAL cycle is active, but this source is normally switched in for only
a few seconds. An internal test function (TF2 - paragraph 8-58) is available from the front
panel to turn on this source and leave it on for test purposes. This function acts as a preci-
sion —40dBm or —20dBm source which is injected directly into the A2 Input Amplifier
board thus bypassing the Al Input Multiplexer circuits, a valuable tool for troubleshooting.
The frequency of this source is the same as the tuned frequency of the 3586. See paragraph
8-59 for more information on the use of this function.
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8-356. Internal Source Two. Another valuable troubleshooting/test tool is TFI12
(paragraph 8-79). This function generates a constant IMHz at —40dBm or —20dBm which
is also injected into the A2 Input Amplifier. Since this source frequency is always 1IMHz
regardless of the tuned frequency of the instrument, by changing the tuned frequency (and
thus the first L.O. frequency), the resulting second I.F. frequency can be varied as necessary
to check bandwidtih filier shapes {e.g., 3dB or *‘haif power’’ poinis). See paragraph 8-80
for more information on the use of this function.

8-357. Problem Symptoms. Determining just what is wrong with the instrument is very im-
portant in determining troubleshooting strategy. The information contained under the heading
“Turn-On Initialization and Milking the Front Panel’’ can help determine all of the pro-
blem symptoms that are discernable without ever removing the covers.

8-358. Schematic Reference Designations.

8-359. Figure 8-10 shows all of the standard reference designations used on schematics of
functional block diagrams in the service groups.

8-360. General Schematic Notes.

8-361. Table 8-13 provides definitions for certain schematic symbology as well as some
general notes applicable to all schematics.

8-362. Recommended Test Equipment.

8-363. Table 8-14 provides a list of Recommended Test Equipment.

8-364. Test/Function Capabilities.

8-365. Table 8-12A is a duplicate copy of Table 8-6 which has been placed here for ease in
referral.
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Table 8-12A. Test/Function Capabilities.

Paragraph | T/F Desig | Key Seq* Test/Function Exit**
8-55 TF 1 CF, @ | Clears CAL constants --
8-58 TF 2 CF, 1 | Tracking CAL signal ON TF 3

Input signal OFF
8-66 TF 3 RO, 1 | Input signal ON -
Tracking CAL signal OFF
8-67 TF 4 CF, 2 | Hundredths digit ON TF 5
8-68 TF 5 RO, 2 | Hundredths digit OFF -
8-69 TF 6t | CF, 3 | First L.O. 1000 point sweep MC
8-70 TF 7 CF, 4 | RF Gain, 12 step cycle MC
8-73 TF 8 RO, 4 | -12 voit supply and A/D check PWR
(—125.50 to ~ 130.30)(X.0938)
8-74 TF 9 CF, IF GAIN, 22 step cycle MC
8-77 TF 10 RO, 5 | Right #=A/D converter offset MC
Left # = Offset/Input difference
8-78 TF 11 RO, 6 | Display Scan Rate (100+ 10 Hz) MC
8-79 TF 12 CF, 7 |1 MHz CAL signal ON AC
Input signal OFF
8-81 TF 13 CF, 8 | Receiver Test MC
1.0-1.11 RF Gain
2.0-2.13 IF Gain
3.1-3.2 Detector/Counter
4.1-4.32 Flatness
5.0 Audio
8-82 TF 14 CF, 9 | Digital Test MC
10 dB ROM A (U12)
100dB ROMB (U11)
AUTO ROMC (U10)
ENTRY ROMD (U9)
AVE ROME (U8)
dBm ROMF (U7)
(other) RAM

* All key sequences include RECALL, e

** MC = MEAS CONT

CF = CNTR—FREQ

PWR = Cycle POWER switch

(decimal point) first.

RO = RDNG—OFFSET

t Available in Revision ‘A’ ROM software only.

AC = AUTO CAL
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Figure 8-10. Reference Designations.

Table 8-13. General Schematic Notes.

- PARTIAL REFERENCE DESIGNATIONS ARE SHOWN.
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DESIGNATION.

. COMPONENT VALUES ARE SHOWN AS FOLLOWS UNLESS
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18 GAUGE WIRE CONNECTED BETWEEN TERMINAL
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Table 8-14. Recommended Test Equipment.

Equipment Critical Specifications Application® Recommended -hp- Model No.
Synthesizer/Level Generator 200Hz—~65MHz, +10dBm-— P,A,R 3335A opt. 001
- 80dBm, 00.01dB level resolu- {special) KO6
tion, frequency stability of less
than 1 x 10~ //year, caiibrated at-
tenuator.
Synthesizer/Level Generator 40Hz—21MHz, +10dBm-~| PA,R 3325A
- 45dBm, frequency stability of
less than 5 x 10%/year.
Oscilloscope 100MHz BW P,A,R 180A/1808A/1821A
Spectrum Analyzer 1kHz—32.5MHz, 60dB dynamic P 1417/8553B/85528B
range.
1dB/Div Vertical Scale AR 3585A
Digital Multimeter +0.1mV AC accuracy at 0.45V| P,A,R 3455A opt. 001
VRMS and 1kHz, +10uV DC ac-
curacy at 6mV, + 0.05Q accuracy
at 2019.
RF Voltmeter AR 411A
RF Amplifier +27dBm output, 15dB gain P,A Q-Bit, QB-188-LH-BNC with case
.5MHz to 32.5MHz. and supply. Available from:
Q-Bit
P.0O. Box 2208
Melbourne, Florida 32901
Frequency Counter 100MHz, 0.1Hz resolution. AR 5382A
Signature Analyzer R 5004A
100kHz Low Pass Filter = 48dB/Octave Roll-off, 75Q P Available from:
input and output. Allen Avionics
10MHz Low Pass Filter = 48dB/0Octave Roll-off, 750 P 224E. 2nd St.
input and output. Mineola, NY 11501
Attenuator (Calibrated) +0.03db with Cal. Sheet P 355D
500Directional Bridge = 30dB Return Loss [ 8721A
= 40dB Directivity
759 Directional Bridge = 30db Return Loss P 8721A opt. 008
2 40dB Directivity
1240 Return Loss Coupler P Part No. 5061-1136
(35868 Standard)
1244 Return Loss Coupler P Part No. 5061-1137
{35868 opt. 001)
150Q Return Loss Coupler P Part No. 5061-1135
75Q .5V Thermal Converter Must include Calibration sheet P 11051A, opt. 003
500 1V Thermal Converter Must include Calibration sheet P 11050A, opt. 002
Frequency Doubler P 10515A
(2) 500/75Q Minimum Loss |50Hz to 32.5MHz, 30dB return P 11852A (pad)

Pads

loss.

1250-1473 adapter
1250-1536 adapter

* P-Performance Tests; A-Adjustments; R-Repair.
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Table 8-14. Recommended Test Equipment (Cont’d).

Service Information

Enclosure

6000 Balance Testing Appara-
tus consisting of:

(2) 10Q Resistors
(2) 3009 Resistors
Enclosure

Three {f) BNC, one {m) BNC,
grounded

1%
0.1%
Three (f) BNC, isolated

Equipment Critical Specifications Application Recommended -hp- Model No.
751 to balanced 1240 matching ]
pad, consisting of:
10QResistor 1% 0757-0346
2010 Resistor 1% 0757-0384
1219Q Resistor 1% 0757-0403
68.10Q Resistor 1% 0757-0397
200 Ten-Turn Potentiometer 2100-3315
2000 Ten-Turn Potentiometer 2100-3095
2kQ Ten-Turn Potentiometer 2100-3109
1k Ten-Turn Potentiometer 2100-3154
Enclosure Three (f) BNC, grounded Pomona 3232
750 to Balanced 135 matching [
pad, consisting of:
24.3Q Resistor 1% 0757-0386
1210 Resistor 1% 0757-0403
759 Resistor 1% 0757-0398
5000 Ten-Turn Potentiometer 2100-3123
2k0} Ten-Turn Potentiometer 2100-3109
1kQ Ten-Turn Potentiometer 2100-3154
Enclosure Three (f) BNC, grounded Pomona 3232
754 to balanced 6000 matching P
pad consisting of:
10Q Resistor 1% 0757-0346
619Q Resistor 1% 0757-0418
110Q Resistor 1% 0757-0402
10Q Ten-Turn Potentiometer 2100-3164
10kQ Ten-Turn Potentiometer 2100-3103
5000 Ten-Turn Potentiometer 2100-3123
Enclosure Two (f) BNC, grounded Pomona 3230
751 to balanced 1500 matching
pad consisting of:
10Q Resistor 1% 0757-0346
36.50Q Resistor 1% 0757-0390
1109 Resistor 1% 0757-0402
82.51 Resistor 1% 0757-0399
109 Ten-Turn Potentiometer 2100-3164
5000 Ten-Turn Potentometer 2100-3123
(2) 2k Ten-Turn Potentio- 2100-3109
meter
Enclosure Two {f) BNC, isolated Pomona 3239
Power Combiner Consisting of: 75Q P
(3) 250 Resistors 0.1% 0698-8011
Enclosure Three {f) BNC, grounded Pomona 3232
124Q Balance Testing Appara- P
tus, consisting of:
(2) 109 Resistors 1% 0757-0346
(2) 620 Resistors 0.1% 0698-6800
Enclosure Three (f) BNC, one (m) BNC, Pomona 3234
grounded
1350 Balance Testing Appara-
tus consisting of: P
(2) 1090 Resistors 1%
{2) 67.3Q Resistors 0.25% 0757-0346
0698-8558

Pomona 3234

0757-0346
0698-6346
Pomona 2102
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Table 8-14. Recommended Test Equipment (Cont’d).

Equipment Critical Specifications Application Recommended -hp- Model No.
1500 Balance Testing Appara- [
tus, consisting of:
(2) 109 Resistors 1% 0757-0346
{2) 75Q Resistors 0.1% 0698-7363
Enclosure Three (f) BNC, isolated Pomona 2102
Available from:
Pomona Electronics
P.O. Box 2767
Pomona, CA 91766
6000 Feedthrough, consisting
of:
6001 Resistor 0.1% 0698-7408
Connector BNC 1250-0052
Connector BNC 11048-27603
Connector BNC 1250-0083
Threaded Sleeve BNC 11048-27604
(3) 750 BNC Coaxial Cables 3 P 11652-60014
{2) 750 BNC Coaxial Cables 2’ P 11652-60013
(3) 7590 BNC Coaxial Cables 1’ P 11652-60012
{3) 500 BNC Coaxial Cables 1’ 11170A
Siemens 3-prong to (m) BNC P,A.R W& G, k164
Cable (must be modified, see
Table 4-4) (3586A only)*
Siemens 1.6/5.6mm to (f) BNC P,AR W & G, s230
Adapter (3686A opt 001 only)* Available from:
W & G Instruments Inc.
119 Naylon Ave.
Livingston, NJ 07039
{2) (m) BNC to single Banana
jack adapter P Pomona 3430-0
{3) Mini-Weco to (f) BNC adapter P 1250-0556
(35868 standard)*
{3) Large-Weco to (f) BNC adap- P 1250-0591
ter (35868 opt. 001)*
(2) 1/4'" Phone Plug to (f) BNC P 1251-3759
adapter (3586B)*
Weco 310 plug to {f) BNC adap- P 1251-3757
ter (35868)*
Dual Banana to (f)} BNC adap- P 1251-2277
ter (3586C)
(2) BNC “T" P 1250-0781
{m) BNC to (m) BNC adapter P 1250-0216
750 Resistor 0.1% P 0698-7363
500 Resistor 0.1% P 0699-0064

*See Table 8-15




Model 3586A/B/C

Table 8-15

Service Information

ADAPTER DESC.

Siemans 3-prong
to (M) BNC Cable
{must be modified)

Siemans 3-Prong

Available From:

W&G Instruments, Inc.,
119 Naylon Avenue,
Livingston, N.J. 07039

Siemans 1.6/5.6mm
to (F) BNC Adapter

Siemans 1.6/6.6mm
Model S230

Available From:

W&G Instruments, inc.
119 Naylon Avenue,
Livingston, N.J. 07039

Mini-Weco to (F) BNC
Adapter

(2) WECO Type 440

or

WECO Type 440
-hp- P/N 1250-0556

(1) WECO Type 443

WECO Type 443 Available
From: Trompeter Electronics
8936 Comanche Ave.,
Chatsworth, CA. 91311

Large-Weco to (F) BNC
Adapter

(2) WECO Type 358

or

WECO Type 358
-hp- P/N 1250-0591

(1) WECO Type 372

WECO Type 372 Available
From: Trompeter Electronics
8936 Comanche Ave.,
Chatsworth, CA. 91311

%' Phone Plug to (F)
BNC Adapter

(2) WECO Type 347

or

WECO Type 347
-hp- P/N 1251-3759

(1) WECO Type 241

g

y',,.”g“ i

WECO Type 241 Available
From: Pomona Electronics,
1500 East Ninth St.,
Pomona, CA. 91766

WECO 310 Plug to (F)
BNC Adapter

WECO Type 310

-hp- P/N 1251-3757
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INPUT

SERVICE GROUP A

Adjustments (Cross Reference)
Theory of Operation (Cross Reference)

Paragraph 8-A-1
Paragraph 8-A-5

Troubleshooting Data Paragraph 8-A-9
Schematic Diagrams
Input Multiplexer (A1) Figure 8-A-2,3,4
Input Amplifier (A2) Figure 8-A-5
Input Mixer (AS5) Figure 8-A-6
Functional Block Diagram Figure §-A-7
8-A-1. ADJUSTMENTS (CROSS REFERENCE).
8-A-2. Input Multiplexer Adjustments (A1).
Designation 3586 Model Adjustment Title Paragraph
AlC2 A/B/C Calibration Return Loss 5-17 (b)
AlC4 C 50Q Return Loss 5-17 (b)
Al1CI10 B Balance 5-18
A1C22 A/B/C 600Q Response 5-18
AlLl A/B/C 75Q Return Loss 5-17 (b)
AlL2 C 75Q Return Loss 5-17 (b)
AlL12 A/B 150Q Response 5-18
AlL13 B 150Q Return Loss 5-18
AlR15 A/B 150Q Gain 5-18
A1R28 C 600Q Gain 5-18
8-A-3. Input Amplifier Adjustments (A2).
Designation Adjustment Title Paragraph
A2C4 20dB Attenuation Adjust 5-17 (¢)
A2CS 40dB Attenuation Adjust 5-17 (¢)
A2C7 Return Loss Compensation 5-17 (b)
A2C32 Flatness Adjust 5-17 (¢)
A2C33 Flatness Adjust 5-17 (¢)
A2RS 40dB Attenuation Adjust 5-17 (¢)
A2R12 Distortion Adjust 5-19
A2R105 Regulator Adjust (+10.5V) 5-17 (a)

Service Group A
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8-A-2

8-A-4. Input Mixer Adjustments (AD).

Adjustment Title

Designation
ASC23 Notch Adjust
A5C53,56,

59,63,65 Flatness Adjustments
A5C61 50MHz Adjust
ASL21 Bandpass Slope
ASL25 50MHz Adjust
ASR4 Limiter Balance
ASR24 Flatness Adjust
ASRS50 Bandpass Ripple

8-A-5. THEORY OF OPERATION (CROSS REFERENCE).

8-A-6. Input Multiplexer (A1) - Paragraph 8-119.

8-A-7. Input Amplifier (A2) - 8-124.

8-A-8. Input Mixer (A5) - 8-132.

8-A-9. TROUBLESHOOTING DATA.

Paragraph

Model 3586A/B/C

8-A-10. Signal flow through the input section is quite straightforward, and conventional
signal tracing methods may be used.

8-A-11. Input Multiplexer (A1) Troubleshooting.

8-A-12. The input multiplexer performs input impedance and voltage level conversions in
accordance with Table 8-A-1. Note that a given input power level (e.g. 0dBm) will produce
the same voltage at A1J1 regardless of which input port is used. The only exception to this is
when using the 3586C 5012 input, at which time the output will be 1.78dB lower than when

using other inputs. (This correction factor is added later by the processor.)

Table 8-A-1. Input Multiplexer (A1) Voltage Levels and Relay Configurations.

Input Voltage A1 Relays Output
Maodel Input Termination at dBm Activated Voltage (A1J1)
3586A 758 unbalanced .275 Vrms K2, K3 .275 Vrms
10kQ || 50pF 275 K2 .275
1650Q balanced .387 K1, K2 .275%
600Q balanced .775 K1, K2, K4 .2756
6000 balanced (bridged) .775 K1, K2, K4,K5| .275
35868 750 unbalanced .275 Vrms K2, K3 .275 Vrms
10kQ || 50pF .275 K2 .275
124Q balanced .362 K1, K2 .275
1350 balanced .367 K1, K2 .275
600Q balanced 775 K1, K2, K4 .275
6000 balanced (bridged) .775 K1, K2, K4, K5 | .275
3586C 509 unbalanced .224 Vrms K2, K3, K4 .224 Vrms
10kQ || 50pF .224 K2 .224
752 unbalanced .275 K2, K3 .275
10k || 50pF .275 K2 .275
6000 balanced 775 K1, K2 .275
600Q balanced (bridged) 775 K1, K2, K5 .275
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8-A-13. The input multiplexer is the only part of the signal path for which the instrument
does not produce and use internal calibration factors. Any deviations from flat frequency
response here will show up as measurement errors.

8-A-14. Input Amplifier (A2) Troubleshooting.

8-A-15. The Input Amplifier operates at one of twelve different gains, as determined by the
controller. Proper gain may be verified in accordance with Table 8-A-2 by applying a known
signal to A2J1, either directly or through input multiplexer A1, and measuring the output at
A2J3 with an oscilloscope or voltmeter.

8-A-16. TF7, TF13 (see paragraph 8-81) and AUTO-CAL each provide quick verification
that all 12 levels of RF gain are operating correctly. The full scale ENTRY mode may be us-
ed to select a specific gain step for troubleshooting purposes (see Table 8-A-2).

8-A-17. The frequency response of A2 and following stages need not be perfectly flat, as the
AUTO-CAL circuits will measure and compensate for deviations of up to +3dB. However,
CAL errors (see paragraph 8-38) will occur any time a computed correction factor exceeds

3dB.

8-A-18. Relay A2K1 is activated during AUTO-CAL to disconnect the input signal and in-
ject instead the calibration source from A4. This source is an accurate —40dBm signal
(-20dBm for Full Scale settings greater than @dBm) at the frequency to which the
3586A/B/C is tuned. Any problem here will cause all calibration, TF7 or TF13 steps to fail.

Table 8-A-2. Input Amplifier (A2) RF Gain Steps.

CAL Total Gain  (Amplification)
TF13 TF7 Error Full Attenuation Amgplification
Step Step (CE-N) Scale Value K2 K3 Value K4 Q7 3586A/B 3586C
1.0 rFOO N=0 | +20dBm —-40dB 0 1 + 6dB 0 1 ~34d8 (.020) —39dB (.011)
1.1 rFO1 1 {+15 -40 0 1 +11 0o 0 —-29 (.036) -34 (.020)
1.2 rFO2 2 |+10 -40 0 1 +16 11 -24 (.063) -29 (.036)
1.3 rFO3 3 + B -40 0 1 +21 1 0 -19  (11) -24 (.063)
1.4 rFO4 4 V] -20 0 O + 6 0 1 -14 (.20) -19  {11)
1.5 rFO5 5 |- 56 -20 0O +11 o o - 9 (.36) -14  (.20)
1.6 rFO6 6 |-10 -20 0 O +16 1 1 - 4 (.63) - 9 (.36)
1.7 rFO7 7 -15 —-20 0 0 +21 10 + 1 (1.1) - 4 (.63)
1.8 rFO8 8 |-20 0 10 + 6 0 1 + 6 (2.0 + 1 {1.1)
1.9 rFO9 9 |-25 0 10 +11 0 0 +11  (3.6) + 6 (2.0
1.10 rF10 A -30 0 1 0 +16 11 +16 (6.3) +11 (3.6)
1.11 rF11 b -356 0 10 +21 10 +21 (11) +16 (6.3)

NOTES:
1. For TF Definition see paragraph 8-49.

2.1 ON or energized.
O = OFF or de-energized.

3. Amplification in 3586C will be 5dB less.
4. Use LOw DISTortion mode and 100dB range.

5. Number in ( ) is the voltage amplification factor. For example: with a total gain on A2 of +6dB, an input
signal at A2J1 of 275mVRMS (OdBm into 75 ohms) would be 550mVRMS at A2J3 (275x2.0).

8-A-3
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8-A-19. Input Mixer (A5) Troubleshooting.

8-A-20. The Input Mixer further buffers and filters the input signal prior to mixing it with
the first Local Oscillator (L.O.). The negative lead of A5C76 provides a convenient test
point for observing the process signal just prior to its entering the mixer transformer A5T20.
When doing so, the lead may be pulled from its socket for connection to an oscilloscope,
spectrum analyzer, etc. Look for an exact duplication of all input signals below 32.SMHz at
levels never exceeding 30mV p-p (— 19dBm, 75Q).

8-A-21. The first L.O. drive to mixer transformer T3 is about 2.0Vp-p and will usually be at
a frequency SOMHz higher than the frequency to which the 3586A/B/C is tuned.

8-A-22. Measurement of any First L.O. or First LF. signal requires proper use of a high im-
pedance (X 10 or FET input) probe, maintaining short, direct grounds at all times.

8-A-23. A quick verification of the Input Mixer may be performed in the following manner:
Place A5 on an extender board. Apply a IMHz signal to the 3586A/B/C input section by ac-
tivating TF12 (see paragraph 8-79). Connect an oscilloscope or spectrum analyzer to XA5
(A2). As the 3586A/B/C is tuned from 950kHz to 1050kHz, observe constant 40mVp-p
(—17dBm, 75%) output between 995 and 1005kHz, decreasing to very low levels at 15kHz or
more away from 1MHz. The AS output frequency will be S0OMHz + 50kHz as seen on the
spectrum analyzer for XA5 (A2).

8-A-24. INPUT SECTION PROBLEMS.
8-A-25. Amplitude Accuracy Problems.

8-A-26. Carefully follow the problem isolation techniques described in Table 8-9
(Troubleshooting Hints) under ‘‘Amplitude Measurements Incorrect’’ to help determine the
faulty stage(s). Using the functional block diagram (Figure 8-A-7) and the general
troubleshooting data (paragraph 8-A-9), trace a known input signal through the stages until
the problem area is found. The following hints may also be of value.

8-A-27. A1 Amplitude Problems. Frequency response of this assembly is critical. Be
prepared to verify all Al adjustments if any components are changed or wires moved.
AUTO-CAL will not correct for any inaccuracies in Al frequency response. Deviations
from a perfectly flat response will show up as measurement errors!

8-A-28. Al can always be bypassed by inputting a signal from a 75 ohm source directly into
A2J1. (Remember to supply a 75 ohm termination or subtract 6dB from all readings.)

8-A-29. A2 Amplitude Problems. Troubleshooting the input amplifier should be fairly
straightforward, using the functional block diagram and Table 8-A-2. The various gain
levels can be set by using the Full Scale ENTRY mode, (Range 100dB) or by shorting to
ground the appropriate relay control line. Under normal conditions, the AUTO-CAL cycle
will detect and compensate for overall gain errors of up to +3dB.

8-A-30. A5 Amplitude Errors. The input mixer operates at a fixed gain. If an input signal is
less than the current full scale value, then the signal levels shown on the functional block
diagram should be lowered in proportion (this does not apply to the First Local Oscillator
signal which should always remain at the same level).

8-A-4
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8-A-31. The adjustments in the 32.5MHz Low Pass Filter are critical and interactive as are
those in the SOMHz IF Filter. Adjustment should only be made when absolutely necessary,
and strictly in accordance with the appropriate procedure.

8-A-32. Overall gain of the input mixer can be lowered due to insufficient First L.O. drive.

Vearifu tha neamaz oigmal lavale ot AET2
1y i€ proper signai 1€veis at Ao 1o,

8-A-33. Calibration Errors.

8-A-34. Failures displayed as CE-N where N=0,1,2...9,A,b indicate an amplitude error of
greater than 3dB at the current operating frequency. They should be traced as described
above.

8-A-35. Failures displayed during Test Function 13 (e.g. FAIL 4 16) do not necessarily in-
dicate a unit failure. (The limits for this confidence check are +2dB, while the 3586A/B/C
can self-compensate for errors of up to +3dB). Note the readings taken during this portion
of TF13. If they are within the range —20 + 3dBm or — 40 + 3dBm, then the AUTO-CAL
should work. If it does, and there are no Calibration failures (CE-N), then the instrument
may be used with reasonable confidence. It should always be remembered, however, that the
calibration cycle can pass even though the First L.O. frequency is incorrect. See Table 8-9.
under ‘‘Frequency Measurements Incorrect’’ (Steps 3-5) for more information on First L.O.
problems.

8-A-36. Distortion Problems - Harmonic and Intermodulation.

8-A-37. Distortion is an abnormal condition occurring within the RF and IF stages of the
3586A/B/C, which causes signals to appear within the instrument at frequencies for which
no input has been applied.

8-A-38. Harmonic distortion (HD) is occurring when the various harmonics of a pure input
signal are found within the instrument at their appropriate frequencies. Refer to the HD
Performance Test in Volume I of the Service Manual for procedures to measure HD,

8-A-39. Intermodulation distortion (IMD) is occurring when two pure signals (f; and f,) at
the input are observed to ‘‘mix’’ and produce additional signals at f; + f, and f, - f; (second
order IMD). The same conditions that cause second order IMD may generate harmonics of
the input signals, which will also mix causing third and higher order IMD to appear at fre-
quencies such as 2f| - f5, 2f, - f;, 2f; - 2f;, etc. Refer to the IMD Performance Test in
Volume I of the Service Manual for procedures to measure IMD.

8-A-40. The importance of having pure input signal(s) cannot be over-stressed. Distortion
caused by the test set up will generally be indistinguishable from distortion caused within the
instrument. This can make it impossible to obtain accurate performance measurements. It is
best to verify the test set up independently, prior to use, using a high quality spectrum
analyzer.

8-A-41. Harmonic distortion can occur anywhere in the analog signal path from the input
jack up to the input mixer on AS. Intermodulation distortion can occur anywhere up to the
IF detection circuitry on A21. Troubleshooting methods for either type of distortion are
generally the same and involve isolating the source of the distortion to a particular stage.
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8-A-42. Troubleshooting is easiest with a spectrum analyzer. Observe the spectrum at
various points along the signal path from Al to A2 to A5 (and into Service Group B if
necessary). If the distortion is being created within the instrument, it will appear first at test
points in the offending stage.

8-A-43. Without a spectrum anaiyzer, the distortion source can stiii be isolated, using the
procedures described in the following paragraphs.

8-A-44. Isolating Distortion to a PC Board.

8-A-45. First, determine the extent of the problem. For HD, tune the 3586 to the second
through at least the fifth harmonic of the input signal(s). HD exists when the amplitude
measurement is greater than 70dB below Full Scale for any harmonic of a pure input. Next,
for IMD, tune the 3586 to at least the following frequencies. For inputs of f; and f,, measure
the amplitude of f; + f,, f; - f,, 2f; - 5, and 2f, - f,. This will cover all second and third
order IMD products and give you an idea of what you have to get rid of, to cure the pro-
blem. IMD should also be <70dB below Full Scale.

8-A-46. Next, determine if the distortion occurs for all input impedances (when trying this it
is not necessary to use 124Q, 135Q, 600Q, etc. sources -- just vary the source amplitude ap-
propriately to obtain the same displayed measurement reading). If failure only occurs for a
single input impedance, troubleshoot that part of the input multiplexer Al.

8-A-47. If the distortion is there for all input impedances, isolate the board that is causing
the problem as follows:

1. Leaving all instrument settings unchanged, hook the input signal(s) directly into A2J1.
(Use the A15J2 black coax from the rear panel BNC labeled ‘‘F, (0-32MHz)’’ to make the
connection to A2J1, if an appropriate adapter is not available.) If the distortion is now miss-
ing, the problem is on Al. Proceed to paragraph 8-A-50 for further isolation.

2. Attenuate the input signal(s) to — 18dBm total power. (If the test is for intermodula-
tion distortion, each input signal should be half the total, or —21dBm). Apply to A5J1 using
the A40J1 red coax from the rear panel BNC labeled ‘“‘INPUT-EXT REF” or an ap-
propriate adapter cable. If the distortion products are now missing, the problem is on A2.
Proceed to paragraph 8-A-51 for further isolation.

3. If the distortion is still present and it is HD only, or HD and IMD, the problem should
be on AS. If IMD only is present, the problem might still be past AS. Proceed to paragraph
8-A-53 to isolate the problem further.

8-A-48. Isolating Distortion on A1, A2, or A5.

8-A-49. Once the distortion has been isolated to a specific PC board (Al, A2, or AS5) using
the procedures found under paragraph 8-A-44, further isolation may be possible using the
following information.

8-A-50. Distortion Within A1. The input multiplexer is an unlikely source for distortion, as
it contains no active circuitry within the signal path. When isolating to a particular input im-
pedance path, remember that relay contacts may fail, remaining either always open or
always shorted. As a general rule, distortion within A1 (or in any stage, for that matter) will
be caused by some component (or group of components) operating in a non-linear fashion.
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Examples of this include saturating inductors (cracked cores) or leaky capacitors as well as
active components such as transistors, diodes, etc.

8-A-51. Distortion Within A2. A common cause of distortion in the input amplifier is over-
driving. Verify proper signal levels at all test points, and proper operation of the gain switch-
ing logic. Check also the DC bias voltages in the amplifier stages.

8-A-52. To determine whether the distortion is being caused by the RF amplifier (Q1-Q6) or
buffer stages (Q10-Q14) perform the following steps:

1. Tune to, and record, the amplitude of the distortion product.

2. Apply a short from A2Q7(E) to ground, lowering the RF amplifier gain by SdB.
Observe the new display measurement reading.

3. If the distortion is being caused within or prior to the RF amplifier, the amount of
distortion will also drop 5dB.

4. If the distortion remains the same, it’s source (if within A2) is in one of the buffer
stages.

8-A-53. Distortion Within A5. Again, check signal levels and bias voltages throughout. If
the problem is harmonic distortion, the cause will be somewhere prior to T20. Intermodula-
tion distortion ¢an occur anywhere on this board (or further down the signal path in Service
Group B), subject to the following test:

1. Measure second and third order IMD for frequency separations of both 200Hz and
IMHz (e.g. signals at 99,800Hz and 100,000Hz represent a separation of 200Hz).

2. If both tests fail, the problem is prior to the crystal filter.

3. If only the 200Hz separation test fails, the problem is within the crystal filter or the
14dB amplifier or not on AS. (Remember that A5Y1 and Y2 are a matched set and must be
replaced together). Further isolation to prove whether A5 is good requires a Spectrum
Analyzer. Refer to the IMD discussion in Service Group B.

8-A-54, Distortion within the AS mixing circuits can occur due to a low signal level in the
First Local Oscillator drive. The L.O. imput to diode mixer ASCR1 must be pure, balanced,
and of correct amplitude. Be sure to check it carefully as shown on Figure 8-A-7.

B-A-55. Noise Floor Problems.

8-A-56. A noise problem exists when the displayed reading exceeds that specified in Table
8-1. If the high reading is fairly constant from SOHz to 32.5MHz, then the problem is truly a
noise problem. If the high reading only exists at certain frequencies or frequency bands, then
the problem is most likely spurious signals (see the information on spurs under ‘‘High Noise
Floor”’ in Table 8-9). Because spurs are far more likely to occur than excessive true broad-
band noise, it is recommended that the service technician first verify (and correct, if
necessary) the performance of the instrument with respect to residual spurious signals
(paragraph 4-37).

8-A-7
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8-A-57. If the problem appears to be solely a noise problem, the techniques listed in Table
8-9 under ‘“High Noise Floor’’ should be followed to isolate the trouble to a particular PC
board. Following are some hints for further isolation of a noise problem:

1. Remember that isolation to a board doesn’t necessarily mean that noise is being
generated by that board -- the source may be external, but couid be being picked up by that
stage due to shielding problems.

2. Trace the noise, using a spectrum analyzer, from point-to-point on the board to
discern where it may begin.

3. In a variable gain stage such as A2, change the gain by grounding relay control lines to
see if the noise level changes. Whether or not the noise level changes will indicate if the noise
is before or after the amplifier.

4. The most probable source of wideband noise within the input stages is a single
marginal component (active or passive) in the analog signal path.

8-A-58. Return Loss and Balance Problems.

8-A-59. The only boards that can affect return loss and balance performance are Al and
A2. A simple test (paragraph 8-A-67) isolates the cause of the problem to a single board.

8-A-60. Return loss is a measure of the accuracy of a port’s input impedance, e.g. does the
600 ohm input jack exactly represent a 600 ohm load impedance at all frequencies?
(Remember, this is an AC impedance which is generally not measureable with an
ohmmeter.)

8-A-61. Balance is a measure of how well the instrument is capable of rejecting a common
mode input, that is, a signal that appears simultaneously and in phase at both input ter-
minals. As the name suggests, balance problems are usually caused by some sort of non-
symmetrical condition existing with respect to ground, somewhere before the balanced to
unbalanced conversion (balun).

8-A-62. For balance and return loss problems, determine first whether the problem exists
for all inputs or just certain ones, and whether it is frequency related. The magnitude of the
error will suggest whether the problem is merely misalignment of A1 (small error) or if com-
ponent failure has occurred (large error).

8-A-63. Failures that occur only at low frequencies probably indicate a failed component
such as one of the transformers or coupling capacitors.

8-A-64. Failures that occur only at high frequencies probably indicate misadjustment of a
variable capacitor or inductor. (See paragraph 8-A-1.)

8-A-65. Failures that occur at all frequencies again indicate component failure. Check relay
contacts, cabling, resistor values, etc.

8-A-66. Failures that occur for all input impedances are probably caused by a problem
‘“‘downstream’’ from A1K1. Failures that occur for only certain input impedances may be
isolated using the schematic and Table 8-A-1.
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8-A-67. If the failure occurs for all input impedances, activate TF2 (paragraph 8-58),
thereby de-energizing A1K2. If the problem disappears, component failure or misadjust-
ment is indicated somewhere between A1K2 and A2C10, including cable W14. If the pro-
blem remains, it is definitely on Al.

OALCD Povmcaadace cacd lacade caaa
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8-A-69. Testing all inputs of a 3586A/B/C normally requires a signal source with selectable
output impedances (or a collection of matching pads) and a diverse group of interconnecting
cable types. For the service facility that is not so equipped, the following information will
provide some short cuts.

8-A-70. Using A Standard Source Impedance. For most troubleshooting work, a standard
50 or 75 ohm source may be used to drive any input, providing a correction factor is added
to the displayed reading. These factors are listed in Table 8-A-3. For example, consider a
signal source with 50 ohms output impedance set for + 10dBm output. When connected to
the 600 ohm input of a 3586A/B/C, the displayed reading should be +4.53dBm. From the
table, it is seen that a correction factor of + 5.47dB must be added, which results in the cor-
rect reading of + 10dBm.

Table 8-A-3. Impedance Mismatch Loss Factors.

Correction Factor
Source Impedance Load impedance (Add to displayed reading)
500 75Q .18dB
50Q 1240 .87dB
500 1350 1.03dB
500 1500 1.25dB
500 60010 5.47dB
500 90090 7.00dB
75Q 500 .18dB
750 1249 .27dB
750 135Q .37dB
750 1500 .51d8
750 6000 4.03dB
750 900Q 5.47d8

8-A-71. Connector Adapters. In many cases, adapters are available to allow use of stan-
dard, BNC equipped coaxial cables for instrument hookup. These are detailed in Table
8-A-4.

8-A-72. Unbalanced Source - Balanced Input. For troubleshooting, an unbalanced source
may be used to drive the balanced inputs of the 3586A/B/C. Use the center conductor and
shield of the unbalanced source as the two input leads to the instrument. (See Figure 8-A-1).

8-A-73. The above methods will provide useable inputs for signal tracing purposes. They
are not, however, rigidly correct, and may show accuracy degradation at high frequencies or
low signal levels.

8-A-74. Frequencies vs. Input Impedances.

8-A-75. Each input termination impedance has a different ‘‘allowable’’ frequency input
range and the performance specification is defined for that range only. When
troubleshooting, be sure to use a proper frequency input signal for the termination im-
pedance you are using. Refer to Table 8-A-5 for allowable frequencies.

8-A-9
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8-A-10

Table 8-A-4. Input Connector Adapters.

Model 3586A/B/C

Model Option Input Connector Description BNC Adapter
3586A Std 75Q BNC None Required
1500 SIEMENS 3 PRONG 8 Rel-8AC W& G K184
6000 SIEMENS 3 PRONG 9 Rel-6AC W & G K164
3586A | 001 750 SIEMENS 1.6/5.6mm W & G 5230
1500 SIEMENS 3 PRONG 9 Rel-6AC W & G K164
6000 SIEMENS 3 PRONG 9 Rel-6AC W & G K164
35868 Std 75Q WECO 439/440 .300"" Video Connector 1250-0556
1240 WECO 443 dual WECO 439/440 0.5 inch two 1250-0556*
spacing
1350 WECO 241 dual 1/4 inch tip-ring Plug 0.63 | two 1251-3759*
inch spacing
6000 WECO 310 1/4 inch tip-ring-sieeve Plug 1251-3757
3586B | 001 75Q WECO 358 .375"" Video Connector 1250-0591
124Q WECO 372 dual WECO 358 0.5 inch two 1250-0591*
spacing
1350 WECO 241 dual 1/4 inch tip-ring Plug 0.63 | two 1251-3759*
inch spacing
6000 WECO 310 1/4 inch tip-ring-sleeve Plug 1251-3757
3586C Std 50/75Q BNC None Required
6000 dual banana 0.75 inch spacing POMONA 1269

*Dual input connectors require a special cable, shown in Figure 8-A-1.

FROM 1o ~
UNBALANCED” |
SOURCE !
INPUT &= .
3586-8-A-1

N/C

124,135,150

>0

10

R 600 OHM
BALANCED
INPUTS

Figure 8-A-1. Unbalanced To Balanced Input Cable.
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Table 8-A-5. Frequency Range vs. Input Impedance.

Signal Input Impedance

Frequency Range

75Q/5090/10KQ2 (Unbalanced)
1249 (Balanced)

1350/1500Q (Balanced)
60019/Bridged

200Hz to 32.5MHz
4kHz to 10MHz
4kHz to TMHz
100Hz to 108kHz

NOTE

The 1249, 1359, 150Q, and 6009 in-
puts are useable over wider frequency
ranges than specified above.

8-A-76. Removal Procedure For Input Multiplexer (A1).

Service Group A

8-A-77. The front panel must be removed first in order to remove Al. Use the following

procedure:

1. Turn the instrument off and unplug the line cord.

2, Remove the ‘‘beauty strip’’ along the top front edge of the instrument. The strip sim-

ply pulls out.

3. Remove the top cover.

4, Remove the front panel assembly (front panel plus A98 keyboard) by doing the follow-

ing:

a. Remove the 8 screws holding the front panel assembly to the instrument. There are
four screws along the top front edge of the instrument, and four along the bottom

front edge.

NOTE

The 7 short screws (Part No. 0515-0080) go in the 4 top holes and
the 3 right-hand holes on the bottom. The single long screw (Part
No. 0515-0082) goes in the far left-hand hole along the bottom.

These are metric screws.

b. Slowly pull the front panel assembly out of the instrument about two inches. Then
unplug the two cable assemblies attached to the back of the A98 Keyboard. These are
the blue ribbon cable between the A98 and A60 controller assemblies, and the brown

connector of the cable between the A98 and A99 motherboard.

c. Remove the front panel assembly completely from the instrument. Lay the front

panel assembly face down on a surface that won’t scratch the front panel.

5. Remove the coaxial cable from the Input Multiplexer A1J1. The entire multiplexer

assembly may now be pulled forward and slid out of the instrument.

8-A-11/8-A-12
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Figure 8-A-2. Schematic - Input Multiplexer (Al REV C BD) - 3586A
B-A-13/8-A-14
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8-B-1. ADJUSTMENTS (CROSS REFERENCE).

8-B-2. Second Mixer Adjustments (A10).

Designation

A10C22
A10L20
A10L24
A10R43
AlOL101
A10L102
A10L103
A10L104
A10R105

Adjustment Title

Notch Adjust

Slope Adjust

S0MHz Adjust

IF Gain Adjust
14242Hz Adjust
17324Hz Adjust
14400Hz Adjust
16795Hz Adjust
400Hz Bandwidth Gain

8-B-3. Second Local Oscillator Adjustments (A11).

Designation

Al11L22

Adjustment Title

VCO Center

Paragraph 8-B-1
Paragraph 8-B-6
Paragraph 8-B-11

Figure 8-B-1
Figure 8-B-6
Figure 8-B-2
Figure 8-B-3

Figure 8-B-4
Figure 8-B-5
Figures 8-B-7,8

Paragraph

5-14
5-14
5-14
5-15
5-10
5-10
5-10
5-10
5-11

Paragraph

5-7

Service Group B
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8-B-4. IF Filter Adjustments (A20).

Designation Adjustment Title Paragraph
A20C32, C42 20Hz Filter Adjust 5-10
A20R24 20Hz Gain 5-11
A20R35 20Hz Ripple 5-10
A20R40 20Hz Tilt 5-10

A20L51-L61 2000/3100/1740Hz Filter Adjust 5-10
A20L91-L92 2000/3100/1740Hz Filter Adjust 5-10
A20R95 2000/3100/1740Hz Filter Gain 5-11

8-B-5. IF Gain and Detection Adjustments (A21).

Designation Adjustment Title Paragraph
A2]1R23 10dB Offset 59
A21R19 10dB Gain 59
A21R25 100dB Offset 5-9
A21R28 100dB Gain 59
A21R44 Mixer Balance 5-22
A21R96 Meter @dB Calibrate 5-9

8-B-6. THEORY OF OPERATION (CROSS REFERENCE).
8-B-7. Second Mixer (A10) - Paragraph 8-137.
8-B-8. Second Local Oscillator (A11) - Paragraph 8-244.

8-B-9. IF Filter (A20) - Paragraph 8-142.
8-B-10. IF Gain/Detection (A21) - Paragraph 8-149.

8-B-11. TROUBLESHOOTING DATA.

8-B-12. Use the IF/Audio function block diagram (Figures 8-B-7, 8) to follow signal paths
and levels.

8-B-13. Second Mixer (A10) Troubleshooting.

8-B-14. The Second Mixer filters and amplifies the SOMHz First IF signal prior to mixing it
down to the Second IF of 15.625kHz. Following additional amplification, the signal is out-
putted to the IF Filter Board (A20) at either full (10kHz) bandwidth or through the 400Hz

passive bandpass filter.

8-B-15. The Second L.O. drive to mixer transformer A10T2 is about 1.8Vp-p and will be at
exactly 49.984375MHz (50MHz-15.625kHz).

8-B-16. Measurement of the First I.F. or Second L.O. signals requires proper use of a high
impedance (x 10 or FET input) probe. Maintain short, direct grounds at all times.

8-B-17. As a troubleshooting convenience, the SOMHz crystal filter may be bypassed by
pulling the appropriate leads of A10R19 and A10C24 from their sockets and placing them in
their alternate positions (see schematic, Figure 8-B-1).

8-B-2
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8-B-18. Also note that, because the Second L.F. is only 15.625kHz, its level can accurately
be measured by most AC voltmeters, freeing the oscilloscope for other observations.

8-B-19. For a quick verification of the 400Hz filter, see paragraph 8-B-23.

8-B-21. Note that all signals, upon entering A20, are referenced to PC ground rather than
isolated ground. See paragraphs 8-111 to 8-116 for a discussion of 3586A/B/C grounding
schemes.

8-B-22. Depending on the control signals to analog switches U3 and U4, the IF signal at TP8
passed through either the 400Hz filter, or the 20Hz filter, or through none at all. From TP8,
all signals then travel through the 2000/3100/1740Hz passive bandpass filter.

8-B-23. The 3586A/B/C is capable of internally verifying the performance of its three IF
filters. Basically, this is done by activating the internal 1IMHz source (RECALL, o,
CNTR —FREQ, 7) and manually tuning the instrument through the signal, observing band-
width, passband ripple, etc. Complete instructions and specifications are found in
paragraphs 4-23 through 4-29 in Volume I of the 3586A/B/C Service Manual.

8-B-24. Output amplifier A20U10 provides an additional +25dB of gain at certain full scale

settings. Table 8-B-1 provides a comparison of IF gain configurations to full scale settings
and test steps.

Table 8-B-1. IF Gain Configurations.

TF13 TFS Full Scale U2 A20U10 U2 A2107 u4 A21U8 Total If
CE- Step Step Note 3 Note 4 [(12) Gain (5) Gain | (15)(16)(19) Gain Gain Amplification
2.0 IFOO | +256dBm +25dBm| 1 10dB 1 OdB| 1 1 1 0dB 10dB 3.2
b 2.1 01 +20dBm +20dBm |1 10dB 1 0dB| 1 1 O 5dB 15dB 5.6
A 2.2 02 +15dBm —-40dBm| 1 10dB 1 0OdB| 1 O 1 10dB 20dB 10
9 2.3 03 | +10dBm -45dBmi}i 1 10dB 1 0OdB| 1 O O 15dB 25dB 18
8 2.4 04 | + 5dBm -50dBm |1 10dB 1 0dB| O 1 1 20dB 30dB 32
7.3 |25 05 0dBm -55dBm| 1 10dB 1 0dB|{ O 1 O 25dB 35dB 56
6,2 | 2.6 06 - 5dBm -60dBm| 1 10dB 1 0dB| O O 1 30dB 40dB 100
51127 07 —-10dBm -65dBm| 1 10dB 1 OQdB| O O O 35dB 45dB 180
4,0 | 2.8 08 -~15dBm -70dBm |1 10dB O 35dB| 1 1 O 5dB 50dB 320
09 ~20dBm -75dBm | 1t 10dB 0 35dB| 1 0 1 10dB 55dB 560
10 | —25dBm -80dBm| 1 10dB O 35dB| 1 0 O 15dB 60dB 1000
11 -30dBm -85dBm| 1 10dB 0 35dB|{ O 1 1 20dB 65dB 1800
12 | —35dBm -90dBm | 1 10dB O 35dB|( O 1 O 25dB 70dB 3200
13 | —40dBm -95dBm| 1 10dB O 35dB|( O O 1 30dB 75dB 5600
14 | —45dBm -100dBm | 1 10dB O 35dB| O O O 35dB 80dB 10000
16 |-105dBm -1056dBm | O 35dB O 35dB| 1 0 O 15dB 85dB 18000
16 |-110dBm -110dBm [ O 35dB O 35dB| O 1 1 20dB 90dB 32000
17 |-115dBm -115dBm | O 35dB O 35dB| O 1 O 25dB 95dB 56000
18 |-120dBm -120dBm | O 35dB O 35dB| O O 1 30dB |100dB 100000
19 O 35dB 0 35dB| O O O 35dB |105dB 180000
20 1 10dB 0 35dB| 1 1 1 0dB 45dB 180
2.13 21 0 35dB 1 0dB 111 0dB 35dB 56
NOTES: 1. For TF Definition see paragraph 8-49.
2. 1 = TTL HIGH (> +3.7VDC).
O = TTL LOW (< +0.3VDC).
3. USE LOW DISTortion and ENTRY 10.
4. USE LOW DiSTortion and AUTO 10, AUTO 100, or ENTRY 100. Full Scale less than —45dBm
not selectable in 100dB Range.
5. IF Gain is measured from A20TP9 to A21TP1.
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8-B-25. IF Gain/Detection Troubleshooting (A21).

8-B-26. On this board the 15.625kHz IF signal is further processed to provide the following
four outputs:

1. Amplified IF signal capable of driving the A22 frequency counter.

2. Detected and logged DC signal for Analog to Digital conversion into a front panel level
reading.

3. Demodulated audio to drive the rear panel output jack.
4. Amplified audio to drive the front panel speaker.

8-B-27. IF gain is provided by U7 and U8 according to Table 8-B-1. Total IF gain range is
95dB (70dB on A21 and 25dB on A20), in 5dB steps. Gain can be measured by comparing
the amplitudes of A20TP9 and A21TP1. Individual gain steps can be set manually by select-
ing the appropriate full scale value as shown in Table 8-B-1.

8-B-28. When troubleshooting the DC logger portion of A21, pay close attention to the DC
levels, gains and offsets as they all directly affect system accuracy.

8-B-29. Past mixer U13, all signals are in the audio (.3-3.4kHz) range. A single frequency
input, such as the IMHz, 0dBm source used for all signal measurements in this section, will
produce an 1850Hz sinewave at TP7. This signal is then routed to the impairments measure-
ment circuitry on A70 (option 003 only) and/or to the audio output amplifier.

8-B-30. The front panel analog meter drive is derived from the signal supplied by A22; a DC
voltage which is buffered, corrected and converted to an appropriate current level for the
meter movement. This DC voltage is proportional to the “‘uncorrected’’ logger output, and
must have a calibration factor added to it, the same as is done for the digital display. This
correction factor begins as an 8-bit digital word fed to Digital to Analog Converter (DAC)
U23, which becomes a DC level and is then added to the meter signal at U20. Table 8-B-2
describes the operation of the correction factor at the DAC. For test purposes, switch A21S2
may be moved to the ‘““T’’ position. This provides a fixed input voltage to the meter drive
circuits which should yield a meter reading of —6.3dB (on the 10dB scale), provided that the
correction factors have been zeroed (TF1).

Table 8-B-2. Analog Meter Correction Factors.

Calibration Factor Digital Input to DAC (U23) DAC Output U23(4)
-3 dB 01000100 0.0mVv
-1 dB 01101100 -100.0mV
- .05dB o1111111 -147.5mV

0O dB 10000000 -150.0mV
+ .05dB 10000001 -152.5mVv
+1 dB 10010100 -200.0mV
+3 dB 10111100 -300.0mV

8-B-31. Second L.0. (A11) Troubleshooting.

8-B-32. The Voltage Controlled Crystal Oscillator (VCXO) is the heart of the second L.O.
Even with no phase control voltage (U80 pin 6 grounded) it should be capable of providing
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proper amplitude drive to the ECL buffers (U33 and U44) at nearly the correct frequency.
Having established this, trace the loop back thru U33 to the Mixer (U50), Phase detector
(U70) and Integrator (U80), checking for proper signal frequencies, amplitudes and
waveshapes.

8-R.33, Error Cv..e F‘.l.

this board. This i
range of +8. 8V 8

: M IY S £ 1lan -
play of E3.1 indicates an out of lock

io
b ase control voltage (TP2) to the VCXO being outside the
V. Check for proper operation of U70, U80 and U9O

8-B-34. IF/AUDIO SECTION PROBLEM AREAS.
8-B-35. Amplitude and Ranging Problems.

8-B-36. Carefully follow the problem isolation techniques described in Table 8-9
(Troubleshooting Hints) under ‘‘Amplitude Measurements Incorrect’’, ‘‘Auto Range Pro-
blems’’, or ‘‘Overload/Underload Indications’’ to help determine the faulty stage(s). Using
the functional block diagram (Figures 8-B-7,8) and the general troubleshooting data
(paragraph 8-B-11), trace a known input signal through the stages until a problem area is
found. The following hints may also be of value.

8-B-37. A10 Amplitude Problems. Signals arriving at the Second Mixer, A10CR1, must be
of proper amplitude. Verify proper 2nd L.O. drive level of 1.8Vp-p at T2 primary and
secondary. Verify proper signal levels coming from 1st Mixer AS5. If the 50MHz crystal filter
is defective or mistuned, it can be bypassed by appropriate jumper placement (see paragraph
8-B-17).

8-B-38. Be especially careful when probing near CR1 and U40. A slipped probe here usually
means a ruined CR1, which is delicate, static-sensitive, and difficult to replace.

8-B-39. Adjustment of A10R43 (IF Gain Adj) provides a means of compensating for gain
variations in the signal path up through U40. If A10R43 is found not to have sufficient range
to bring the signal level at the IF test point (IF TP) to 502 mVrms, the problem is very likely
in a previous stage. Check all signal levels against the functional block diagram, Figure
8-B-7. Check also for proper instrument set up, proper range, proper full scale selection,
proper tuning, etc.

8-B-40. A20 Amplitude Problems. Signal loss through this stage will likely be due to a
defective or mistuned filter. These problems are covered in paragraph 8-B-65, ‘‘Filter Pro-
blems’’.

8-B-41. It is, however, possible that the 10/35dB IF gain stage (A20U10) may be malfunc-
tioning. Check its operation using the information supplied by Table 8-B-1 and Figure
8-B-7.

8-B-42. A21 Amplitude Problems. First, verify proper programming and operation of the
0/35dB and 0-35dB IF gain stages, using Table 8-B-1.

8-B-43. If the signal level at TP1 is correct, then check the operation of the Logger/Detector
circuitry. For proper circuit operation it is important that the signal levels for a given input
are correct, but also that their changes for a given variation in input are also correct. For ex-
ample, verify that all signal levels are correct for a 0dBm, 1IMHz input signal with the

8-B-5
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3586A/B/C in ENTRY 100 and Full Scale set at 0dBm. Next, lower the input by some
number of dB and verify that TP1 lowers by the same number of dB, that TP2 lowers by
half that number of dB, and that TP3 drops 10 millivolts for each dB that the input drops.

8-B-44. The signal relationships at TP1, TP2, and TP3 will be as shown in paragraph 8-B-43

for all combinations of 10 or 100dB Range and Full Scaie AUTO or ENTRY, although IF
gain programming will vary.

8-B-45. If the signal at TP3 is a negative DC level following the above rules, then operation
of this part of A21 is probably correct.

8-B-46. Ranging Problems. Range problems (autorange errors, unexpected
overload/underload indications) occur when the signal levels arriving at A22 are beyond the
range expected for the programmed gain settings. Prior to troubleshooting an OL/UL pro-
blem, refer again to Table 8-9 to determine under what conditions OL or UL may normally
be expected to appear. Consider the possibility of spurious signals in the RF or IF stages
causing “‘false’’ autoranging to occur. A quick check in the WIDEBAND mode will reveal
the total input power to the instrument. If this level does not match the output power from
the source in use, then a spurious signal is probably being generated. This can be a cause of
ranging problems.

8-B-47. The vast majority of ranging problems may still be identified by manually stepping
from range to range and checking for proper gain, in accordance with Table 8-B-1.

8-B-48. Noise Floor Problems.

8-B-49. These problems may occur anywhere in the RF or IF stages, and the causes will be
similar in either case. Refer to paragraph 8-B-55 for a general description of techniques for
problem isolation.

8-B-50. For noise that is generated past the IF Test Point (IF TP) on Al0, try switching
filter bandwidths and noting differences. If the noise goes away when 20Hz is selected, then
its source may be in the 400Hz filter or the 400Hz ground isolation amplifier, A20U2. If the
opposite applies, then check A20U1.

8-B-51. In cases where the noise seems to originate on A21 or beyond, vary the gains of U7
and U8 to determine whether the noise is also amplified. If the noise originates in or passes
through these stages, then its level will also vary.

8-B-52. In order to show up as a measured value, noise will be visible at a fairly high level
from A21TP1 onward. If AVEraging affects the amount of noise, then the problem is in or
before U5. Finally, if noise fluctuations cannot be seen on the DC level at A21TP3, then the

problem probably begins on A22 (Service Group C).

8-B-53. Another cause of noise can be impurities in the Second L.O. signal. Checks at
A10TP2 with an oscilloscope or spectrum analyzer may show excessive amplitude modula-
tion or frequency jitter.

8-B-54. Calibration and Self-Test Failures.

8-B-55. Remember again the pass/fail criteria for the various internal tests. Calibration er-
rors (CE-A, b, 9, 8, ... etc.) occur when the measured level of the internal source deviates

8-B-6
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from —40dBm or —20dBm (full scale dependent) by more than 3dB. The 3586A/B/C can-
not operate accurately when calibration errors occur. TF13 (paragraph 8-81) self-test
failures (example, FAIL 2 8) should be looked upon as ‘‘early warnings’’ in most cases, as
they allow only a + 2dB variation. During these tests, the actual measured value is displayed,
indicating whether the error was acceptable (between 2 and 3dB deviation from the CAL

ninnal manaambals favnntne tlhne
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8-B-56. CE-0 through 9, A, b failure indicates a faulty IF or RF gain step. Use Table 8-B-1
to determine which gain step coincides with which calibration step, then manually select the
corresponding full scale value for signal tracing.

8-B-57. CE-C and d indicate errors, respectively, in the 400Hz and 20Hz filters. Refer to
paragraph 8-B-65 for filter troubleshooting.

8-B-58. CE-E indicates a failure when using the 100dB range of the detector.
Troubleshooting is necessary around A21US, U9 and U10.

8-B-59. Remember that, for multiple CE failures, the /ast failed step will be the one
displayed. Careful observation of the display is necessary to see which other steps fail.

8-B-60. FAIL 2 0 through FAIL 2 11 indicates a specific IF step failure, again indicated in
Table 8-B-1. Troubleshoot as described in paragraph 8-B-56.

8-B-61. FAIL 3 1 indicates that the 10dB range of the detector has failed (usually implying
that the 100dB range is OK, if nothing else has failed). Again, troubleshoot A21U5, U9 and

U10.

8-B-62. TEST 5 - The Audio test should produce reasonably clear, normal volume and
musically-pitched audio from the speaker. If it does not, and all other tests have passed,
then there is trouble in either the audio portions of A21 (U13 and onward), or the SSB L.O.
signal input to U13 is off frequency or missing.

8-B-63. Checking the audio path requires only an oscilloscope or other signal tracer. Verify
presence of the audio signal at the output of the product detector, following it off the board
to the volume control, back on board to the audio amplifier and, finally, off the board to
the speaker. Make sure that switch Sl is correctly set to indicate whether or not the im-
pairments option (A70) is installed. Note that a defective A70 (Service Group G) can cause
missing or defective audio. Switching S1 to the ‘“‘STD”’ position can eliminate A70 as a
possible source of failure.

8-B-64. It is also possible to fail Test 5 because of frequency tuning errors. Correct audio is
contingent upon a correctly functioning 1MHz internal reference (from A40), correct First
and Second L.O. tuning, and correct USB and LSB oscillator outputs (from A22). Each of
these may be individually verified according to information contained in the appropriate ser-
vice groups (see Figure 8-8).

8-B-65. Filter Problems.

8-B-66. Examine the functional block diagram, Figure 8-B-7, to determine signal flow and
switching functions for the filters. Using TF12, each filter can be checked against specifica-
tions, using the procedure given in paragraphs 4-23 through 4-29 in Volume I of the 3586A/B/C
Service Manual.

8-B-7
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8-B-67. The only filter that is not straightforward is the 20Hz crystal filter. Physical damage
to any of the crystals or loss of thermal tracking (by the crystals) may cause excessive loss
through the filter.

8-B-68. Because all the filters are multi-section, they may be easily checked by observing in-
termediate test points for signal level. Remember that the center frequency for aii fiiters is
15.625kHz. The best approach to filter troubleshooting is to perform the appropriate ad-
justment procedure (paragraph 8-B-1) for that filter, noting where problems occur.

8-B-69. Audio Problems.
8-B-70. See paragraph 8-B-62 under TF13 (TEST 5) failures.

8-B-71. Meter problems.

8-B-72. Incorrect readings on the front panel analog meter or the METER output (rear
panel) can be traced to A21 or A22. Verify first that the input to A21 is correct. TP4 should
be at —.3VDC for a full scale (8dB) reading, and should drop .1V for every scale division
below that. For example, if TP4 reads —.8VDC, then the meter should display 8dB minus
5dB, or —5dB (10dB scale), because —.8V is .5V below the full scale reading of —.3V. If
the relationship between TP4 and the meter reading is correct, but the reading is not what is
expected, then troubleshoot A22 (Service Group C).

8-B-73. If the signal at TP4 is correct but the meter reading is not, troubleshoot U19 and
U20 according to the information given in Figure 8-B-8. Note the mathematical derivation
of the voltage at U20 pin 7. If this is not correct then neither the meter reading nor the
METER output will be correct.

8-B-74. If the voltage drop across the meter exceeds about 25 millivolts, it is probably open.
Both terminals should be at approximately + 1VDC with respect to ground at all times.

Do not attempt to measure the internal resistance of the meter
movement with an ohmmeter, as destruction will almost certainly
result.

8-B-75. Intermodulation Distortion.

8-B-76. Prior to troubleshooting IMD problems in this section, be sure to read and under-
stand the discussions on distortion problems in paragraphs 8-A-36 through 8-A-44 and in
Table 8-9. There is no point troubleshooting A10 and beyond if the signal arriving at A10
from AS is at fault.

8-B-77. The only kinds of distortion that can originate in the IF section are intermodulation
products of two or more signals that are within the IF bandpass of the instrument. Much in-
formation can be gained by observing the amount of distortion as a function of the IF band-
width and the frequency separation of the input signals. Every point in the IF section has a
bandwidth associated with it, as shown in Table 8-B-3. Two signals that are separated by
greater than that amount cannot both pass that point, and can therefore not mix to cause in-
termodulation products past that point.

8-B-8
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Table 8-B-3. IF Bandwidths.

Location Bandwidth Center Frequency Selected Filter
Prior to A5T20 0-32.5MHz Not Applicable -
A5T20 to A10T3 + 5kHz 50.000MHz -
A10T3 to A20TP8 + 5kHz 16.625kHz | ({3100/2000/1740Hz Filter)
A10T3 to A20TP8 + 200Hz 16.625kHz (400Hz Filter)
A10T3 to A20TP8 + 10Hz 16.625kHz (20Hz Filter)
A20TP8 to A21TP1 + 1550Hz 15.625kHz (3100Hz Filter)
A20TP8 to A21TP1 + 1000Hz 15.625kHz (2000Hz Filter)
A20TP8 to A21TP1 +870Hz 15.625kHz (1740Hz Filter)

8-B-78. For example, assume that two signals, one at some tuned frequency f, and the other
at f + 4kHz are observed to be causing IMD products at f + 4kHz, f+ 8kHz, etc. When the
signals reach the IF filter board (A20), frequency f has been converted to 15.625kHz and f +
4kHz to 19.625kHz. Because even the widest filter on A20 only passes 15.625kHz +1.55kHz
the higher frequency component will not get through. For IMD to occur, however, two
signals must be present. It can therefore be positively stated that nothing past the
3100/2000/1740Hz filter is causing the problem in this case.

8-B-79. Suppose, however, that the IMD is caused by input signals at f and f+ 100Hz.
Using the 3100/2000/1740Hz or 400Hz filters, both of the signals would be present all the
way down through A21TP1, the input to the detector circuit, and intermodulation could be
occurring anywhere. If the problem were to disappear, however, when the 20Hz filter was
selected, the only portion of the IF path which no longer would be “‘seeing’’ both signals is
the section past the 20Hz filter, which would therefore become the suspect area.

8-B-80. Using this type of logic, the source of IMD can be narrowed to a small number of
stages. Those stages should then be checked for proper biasing, signal levels, alignment, etc.
Some specific areas to watch are as follows.

8-B-81. The 50MHz crystal filters can be a cause of IMD. On the A10 board, this possibility
can be eliminated by using the built-in bypass provision (see paragraph 8-B-17).

8-B-82. Insufficient or unbalanced 2nd L.O. drive is another possible cause of IMD. Check
signal levels on A10.

8-B-83. Spurious Signals.

8-B-84. Because the IF stages are all fixed tuned to either SOMHz or 15.625kHz, their
capability for generating spurs is very small. Any spur that does occur will not be tuneable,
that is, it will appear regardless of the frequency to which the instrument is tuned. Service
Group D covers the isolation of spurs that occur at discrete input frequencies.

8-B-85. The IF stages are, of course, susceptible to picking up stray RF that may appear at
the appropriate frequencies. Isolating the stage that is picking up the signal is as simple as
pulling out PC boards (starting at the front end) until the spur disappears. Having isolated
this stage, look for faulty shielding, poor grounds, etc.

8-B-86. Self-oscillation of an IF stage will also cause a spurious signal to appear indepen-

dent of tuning. Isolate to a specific stage using an oscilloscope, and check for faulty bypass
capacitors, biasing resistors or other components.

8-B-9/8-B-10
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Figure 8-B-5. Schematic - IF Gaim and Detection (A21)
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A/D CONVERSION, DIGITAL CONTROL AND DISPLAY
SERVICE GROUP C

Contents
Adjustments (Cross Reference) Paragraph 8-C-1
Theory of Operation (Cross Reference) Paragraph 8-C-3
Troubleshooting Data Paragraph 8-C-7
Schematic Diagrams
A/D Converter (A22) Figure 8-C-2
Controller (A60) Figures 8-C-4,5
Switch/Display (A98) Figures 8-C-7,8
Functional Block Diagrams
A/D Converter (A22) Figure 8-C-3
Controller (A60) Figure 8-C-6
Switch/Display (A98) Figure 8-C-9

8-C-1. ADJUSTMENTS (CROSS REFERENCE).

8-C-2. A/D Converter Adjustments (A22).

Designation Adjustment Title Paragraph
A22R6 VCO Frequency Adjust 5-8
A22R21 Voltage Reference Adjust 5-8

8-C-3. THEORY OF OPERATION (CROSS REFERENCE).

8-C-4. A/D Converter (A22) - Paragraph 8-168.
8-C-5. Controller (A60) - Paragraph 8-249,

8-C-6. Displays/Keyboard (A98) - Paragraph 8-265.
8-C-7. TROUBLESHOOTING DATA.

8-C-8. A/D Converter (A22) Troubleshooting.

8-C-9. Error Code Err 7. When error code Err 7 is continuously displayed, it indicates that
the A/D Converter did not set the (H) DONE line to HIGH within two seconds after the
A60 processor set (L) START to LOW. This would indicate that the Logic State Machine
(LSM) on A22 is probably hung up in a static condition either because of a component
failure within the LSM or because it did not receive an expected input. The LSM is asyn-
chronous, i.e. it is not clocked but changes state when certain input conditions are changed
(see Figure 8-C-1). If the LSM is stopped, awaiting one of its normal inputs, the latches in
U18 should indicate what state (A-D) the LSM is in and thus what input it did not receive.
This should help in isolating a failed component. An occasional, transient, Err 7 at turn-on
or during auto-ranging which immediately goes away and does not return may be considered
normal operation.
8-C-1
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SEE NOTE 3 SEE NOTE 4

LATCHES A B ¢ 0 ;
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U12 (8} - [H) DONE

U13(2)-iL)START | I

e
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NOTES:

1. The ramp-up slope depends on the input voltage to U5 (pins 1 and 2). Z represents a high input and X represents a low input.
2. The ramp height represents the voltage across charging capacitor A22C7.
3. The time between steps@and@is a fixed time period, determined by the counter going from 990,000 to 1,000,000.

4. The time between steps@and@varies as a function of how large the input voltage was to U5 and therefore how high the charge on A22C7
became.

5. The ramp-down slope is a constant value for all inputs (set by A22R21).

6. Steps:

@ Processor pulses (L) START from HIGH to LOW, forcing ‘"/RAMP’’ from HIGH to LOW. Ramp starts up as A22C7 charges.
@ Ramp crosses threshold. U5 sets ‘OUT’’ from LOW to HIGH. Counter starts counting from 990,000. ‘'(H) DONE’’ goes LOW.

Counter overfiows at 1,000,000 from 500kHz pulses and begins counting upwards from zero. U6 puises ''CARRY’’ from LOW to HIGH,
forcing ‘‘RAMP’’ back to HIGH. Ramp starts down as A22C7 discharges at a constant rate.

Ramp again crosses threshold after time period determined by height of ramp. U5 now sets “"OUT’’ back to LOW. Counter stops. LSM sets
''(H) DONE'’ back to HIGH. Processor now scans-U6 for digital number representing value of analog voltage, presetting counter, LSM is idle.

Figure 8-C-1. A/D Conversion (Dual Ramp).
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8-C-10. A/D Self-Test. TF8 (paragraph 8-73) is a quick self-test for the A/D Converter.
When TF8 is activated, the processor commands A22U7 to select the input from pin 12
which is a voltage divider with about — 1.1V present. This voltage is then converted by the
A/D (when AUTO 10 is selected) to read between —125.5 and —130.3 in the MEASURE-
MENT DISPLAY area on the front panel. If the reading is correct with TF8 active, you
know that U5, U6 and the LSM are all working correctly, i.e., the A/D conversion process is
functional. Also, by multiplying the displayed reading by .0938, a reasonably accurate value
for the — 12V power supply voltage is obtained without removing any instrument covers.
Since the + 12V supply is the reference voltage for the — 12V supply, by implication it must
be good also. Nothing is known, however, about the + 5V supply from this test.

8-C-11. Group test 3.2 under TF13 (paragraph 8-81) is a test for the Frequency Counter
mode of the A22 board. If it fails, troubleshoot the Counter circuits as described in
paragraph 8-C-17. See also paragraph 8-C-13.

8-C-12. A/D Troubleshooting Hints.

8-C-13. A quick way to divide the A22 board for troubleshooting is to use the Frequency
COUNTER mode. Input a known frequency signal to the 3586 with an amplitude equal to
the Full Scale setting with ENTRY 100 selected. For example, with a Full Scale setting of
@dBm, tune the 3586 to a frequency of IMHz and then input a signal of IMHz at @dBm in
LO DIST mode. If the amplitude display is not reading about @dBm, press COUNTER.
With 3100Hz bandwidth selected, vary the frequency of the input signal by several hundred
hertz either side of IMHz. The 3586 frequency readout should follow the input frequency

change.

NOTE

Remember that the 3586 and the signal source must be phase-
locked together for them to track exactly in frequency.

8-C-14. If the frequency readout tracks the signal source frequency in the COUNTER
mode, then U4, U19, U20, U6 and all associated gates are working correctly. In addition,
you know that the analog signal path from the input all the way up to, but not including, the
A21 Detector/Logger circuit is functional. Therefore, any problem with the amplitude
display of the input signal must be between the input to the A21 Detector/Logger and the
A22 LSM, in the A/D Conversion path. Use TF8 (see paragraph 8-C-10) to test the A/D
Converter itself. If good, either the Input Data Selector (U7) is not switching correctly or the
problem is on A21 (see Service Group B for troubleshooting of the A21 Detector/Logger cir-
cuits). If TF8 fails, the problem is most likely on A22. Check the Data Selector (U7) in
paragraph 8-C-15.

8-C-15. To verify U7 operation and to verify the A21 Detector Logger output, again input a
full scale signal as described in paragraph 8-C-13. Connect a DVM across A22TP1 and
A22TP2. The DVM should read a full scale (equivalent) voltage of —.3VDC with LO DIST
and with WIDEBAND selected. If TF8 is now activated, the DVM should read —1.1V.
Again selecting WIDEBAND or LO DIST should cause the DVM to read —.3V as the
selected input is passed through U7 to TP1. All of the logger inputs to A22 are linear,
referenced to the Full Scale setting. At Full Scale, the input should be —.3V. At 10dB below
Full Scale, the voltage should be —.4V. At 20dB below Full Scale, it should be — .5V and so
forth, down to the end of the linear operating range of the logger chips at about 80dB below
Full Scale, where the DVM should read —1.1V. If the DVM reads correctly, U7 is working
and the input signal from the Logger is correct.
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8-C-16. Because of the complexity of the A/D Conversion process there is no simple way to
troubleshoot the LSM if the U18 Latches are not in a static condition (see paragraph 8-C-9).
The service technician must simply check the various inputs and outputs which should be
toggling until a bad component is found. The following checks should help.

1. Look at U5(7) with a scope. If US is cycling correctly, the dual slope ramp should be
clearly visible at a 3-4Hz rate (about 1.5Vp-p Full Scale) with the COUNTER off, and at a
2Hz rate with the COUNTER on. If not, check to see if the RAMP command signal at
U5(10) is present. If yes, and a full scale signal (—.3V) is present at U5(2), then US is pro-
bably bad. If the dual slope ramp is present, one of the LSM gates or latches may be bad.

2. If the frequency COUNTER is not working and the amplitude readout is not working,
suspect U6, U8 and Ul1. With the COUNTER off, look for 500kHz at U6(24). If present,
check for an input of 6 pulses grouped together at the SCAN line every half-second. If pre-
sent and U6(5-8) are not toggling, U6 is probably bad. If the 500kHz is missing, signal trace
backwards through U8(3), U11(4), and U11(1) to U16(12) where it originates. If missing at
U16(12), check the IMHz input to the + 10 circuits. The line into U16(14) and the other
decade counters (U14 and U15) is a CLEAR signal which should be cycling at 2Hz only
when the COUNTER is on. The 1Hz clock at U14(13) is only visible when the COUNTER is
off.

3. With the COUNTER off, U2(19) should be always LOW. With the COUNTER on,
U2(19) should be HIGH with narrow pulses to LOW and back to HIGH every half-second.
This is the command signal which switches the LSM between the A/D mode (U2(19)LOW)
and the COUNTER mode (U2(19)HIGH).

4. The A/D process is started by the processor pulsing (L) START to LOW from its nor-
mally HIGH state. This is a single, very narrow pulse, occurring every half-second, so look
for it carefully before assuming it is missing. However, if Err 7 is displayed because (H)
DONE is stuck LOW, this pulse will be missing and the A/D process cannot begin without
the START pulse. One way to check the processor operation in this regard is to momentarily
ground XA22(B20). If the Err 7 code was not displayed previously, it should be with the (H)
DONE line shorted to ground (after 2 seconds).

5. With the normal range of input voltage to U5 (—.3V to —1.1V), the A/D “‘idle”” time
(between ramps) should be about ten (10) times the width of the dual slope ramp time with
the COUNTER on. With the COUNTER off, the idle time should be about 3 to 4 times the
ramp time. If these conditions are not true, U5 may be bad or R21 may need adjusting
(paragraph 5-8).

6. Normal operation of the U18 latch outputs is all three (pins 4, 7, and 9) HIGH with the
COUNTER off, but pulsing LOW very briefly at a 3-4Hz rate. When the COUNTER is on,
pins 4 and 7 remain HIGH in the idle state, pulsing LOW briefly every half-second, but
U18(9) is now normally LOW in the idle state, pulsing HIGH briefly every half-second.

8-C-17. Counter Inoperative. If the COUNTER does not appear to be working, or it
definitely fails the Group 3.2 subtest of TF13 (paragraph 8-81), proceed as follows.

1. Check XA22(A8) for a 15.625kHz sine wave at about 4Vp-p for a Full Scale signal in-
put. If missing, proceed to Service Group B and troubleshoot the second I.F. signal output
to A22. If present, check U4(3) for a 15.625kHz (fo) square wave at 12Vp-p referenced to 0
volts DC. Check U20(14) for 12Vp-p from + 12V to @V. Check U20(4) for 312.5kHz (20fo)
at 12Vp-p (+ 12V to V).
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2. If the 20fg signal is missing at U20(4), lift either end of R11. The voltage at the junc-
tion of R12 and R13 (about + 7.2V) should drive the VCO to about 350kHz. If it does, U4 is
probably bad although U19 should be checked to see if U19(3) has 15.625kHz present with
312.5kHz at U19(9). If the VCO is not running with R11 lifted, U20 is probably bad.

3. If U20(4) has 312.5kHz present, check U6(24) to see that it is alternating between
312.5kHz and 500kHz every half-second with COUNTER on. If not, one of the gates in U11
or one of the buffers (U8 or Ul7) is probably bad or U2(19) is not switching with the
COUNTER on.

8-C-18. LSB/USB Oscillators.

8-C-19. The signal present at TP101 may be any one of eight (8) different frequencies (see
Table 8-C-1) depending on the 3586 model number (A/B/C), whether option 003 (A70 Im-
pairments) is installed, which sideband (LSB or USB) is selected, and whether CAL is active.
If no signal at all is present, troubleshooting should be fairly straightforward.

Table 8-C-1. Single Sideband (SSB) LO Frequencies.

CAL
Model Opt. 003 Active Bandwidth Sideband Crystal Crystal Freq. SSB LO Freq.  A22 Part Number

.7475MHz 17.475kHz 03586-66522
.3775MHz 13.775kHz 03586-66522
.6425MHz 16.425kHz 03586-66522
.6625MHz 16.625kHz 03586-66522
.6975MHz 16.975kHz 03586-66526
.4275MHz 14.275kHz 03586-66526

35686A/B  YES NO 3100Hz USB  A22Y102
3586A/B  YES NO  3100Hz LSB  A22Y101
3586A YES YES 3100Hz b A70Y1*
35868 YES YES 3100Hz e A70Y1*
3586A# NO NO 1740Hz USB A22Y102
3586A# NO NO 1740Hz LSB  A22Y101

[ T NN S S G (Y

35868 NO NO 2000Hz USB A22Y102 .7126MHz  17.126kHz 03586-66525
35868 NO NO 2000Hz LSB  A22Y101 .4125MHz  14.125kHz 03586-66525
3586C #¥ NO  3100Hz USB A22Y102 .7475MHz  17.475kHz 03586-66522
3586C ## NO 3100Hz LSB  A22Y101 .3775MHz 13.778kHz 03586-66522

NOTES: * 3586A - A70 Part No. 03586-66571
35868 - A70 Part No. 03586-66570

** Don't Care.

# The 3586B (without Opt. 003) has 1740Hz bandwidth available as Opt. 002. It also uses
03586-66526.

## The 3586C is not available with Option 003.

8-C-20. First, try to select other frequencies according to Table 8-C-1. If you can, U101B is
switching correctly and the source circuit for the bad signal is probably defective. If no
signals at all can be seen at TP101, check to see if pins 3, 4, or 5 are stuck LOW and if so,
chase down the short. Normally, two of these pins are solid HIGH while the selected signal
on the third pin is oscillating at the signal frequency.

8-C-21. Note also that U2(6) selects USB when HIGH by enabling U101(10) and by turning
on Q101 and shorting U101(1) to ground to shut off LSB. U2(6) selects LSB when LOW by
disabling U101(10) and enabling U101(1) with Q101 shut off. Also, U2(9) shuts both LSB
and USB off when LOW by disabling U101(2 and 11) whenever CAL is active. The LOW at
U2(9) also goes to A21 during CAL to disconnect the panel meter and mute the speaker.
Also, during CAL, the processor sends a command to A70 (if installed) to activate the CAL
OSCillator signal which comes to A22 through XA22(B3) and is the third switchable input to
U101B.

8-C-22. Check also that the + 100 circuit is working correctly when there is a signal at
TP101.
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8-C-23. Controller (AG0) Troubleshooting.

8-C-24. Since the microprocessor on the A60 Controller board governs all 3586 operations,
it must be working correctly in order to check almost all other functions/capabilities of the
3586. If the operator can select measurement modes, enter frequencies, and select and run
internal self-tests (see paragraph 8-49) satisfactorily from the front panel in the Local mode,
basic processor operation can be assumed as being normal. Any remaining Controller board
problem is usually associated with an input/output operation and, by logical reasoning, can
usually be isolated to a particular IC chip as the most likely candidate for failure.

8-C-25. If basic processor operation is defective, it is usually manifested by such symptoms
as flickering or frozen displays, nonresponsive keyboard switches or unstable readings. Er-
rors in readings or measurements are usually due to a single defective IC chip or, sometimes,
to open or shorted data lines. Frozen displays or non-responsive switches often indicate loss
of a clock pulse or a single stuck switch.

8-C-26. If the 3586 does not initialize correctly at turn-on, often what it does do is a possible
indicator of where the problem lies. Paragraph 8-C-34 discusses all of the various problem
symptoms that might lead the operator or service technician to suspect the A60 Controller
board as having a problem. Directions on how to proceed are also given for each symptom.

The A60 Controller board contains CMOS devices (U28 and U29)
which are extremely susceptible to static electricity damage. It is
especially important that grounded tools and wriststraps be used
when handling or repairing the A60 board. All standard service
procedures for preventing static electricity component damage
should be followed for storing, transport, and handling of
A60U28 and A60U29.

8-C-27. ROM Software Differences. The ROM’s on the A60 board have one of two dif-
ferent software configurations, Revision A or Revision B. ROM’s A60U7-U12 therefore
have different part numbers for the two software revisions as shown in Table 6-3 (see Section
VI). Revision A ROM’s should be available as replacement parts during the warranty period
of all instruments delivered with Revision A software. Individual ROM’s are not inter-
changeable between revisions. A complete set of Revision B ROM’s is a direct replacement
for a complete set of Revision A ROM’s but a capacitor change on the A4 board is also re-
quired at the same time. ROM identification is possible in three ways.

1. Part Number (see Table 6-3).
2. Turn-on input impedance selection:

75 ohm termination - Revision A
10K ohm termination - Revision B

3. TF14 (see paragraph 8-82).- Displayed date of 7-23-79 is Revision A. Displayed date of
6-30-80 is Revision B.
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8-C-28. The Revision B software provides increased program stability, corrects some non-
specification-related algorithm errors, adds a factory-settable ‘‘special instrument’’ con-
figuration index, and provides a Slow Autorange capability not available in Revision A
ROM’s.

8-C-29. Fast/Slow Autoranging. In the Revision B software, a fast/slow autoranging
routine is implemented for front-end (RF section) autoranging. Whenever the input spectra
to the 3586 is varying in power level by several dB at a frequency rate of less than 50Hz, poor
autoranging performance is a possible result. Selecting AVEraging can help alleviate this
problem, but with the tradeoff of a slower measurement sampling rate. The slow autorang-
ing mode can help to overcome the problem of continuous autoranging by reducing the
susceptibility of the broadband power detection circuits to fluctuating input power levels. A
different component value for an A4 board capacitor plus a switch setting change on A60
are required to implement slow autoranging (see paragraph 8-C-32 and Table 8-C-3). If the
instrument is selected for slow autoranging, TF13 will fail because of automatic selection of
dB .775V in SLOW. Put A60S2(7) in FAST to run TF13 (see Table 8-C-3).

8-C-30. Controller Timing. The processor (U6) should run if the supply voltages are pre-
sent and the clock generator (US5) is running to provide clock pulses for basic hardware tim-
ing. Display timing for both scanning the keyboard switches and time-sharing the LED’s in
the frequency and measurement displays is provided by U20. U20 is a one-shot that
generates a .5 millisecond pulse after it is reset by the processor. This pulse is the basic soft-
ware timing clock for the program. It normally occurs at about 1900Hz at U20(3) and is
slightly unstable due to processor reset not always being exactly on time. Since the display
scan circuits on A98 have 19 controllable items to be scanned, the Display Scan Rate is about
100Hz. (See TF11 in paragraph 8-78). If this clock is running too fast or too slow, some tim-
ing problems could occur which might be mistaken for a faulty processor. If TF11 shows the
scan rate to be other than 90-110Hz, try replacing U20 before doing anything else for érratic
processor operation.

8-C-31. Clock Generator U5 should be running at about 3.8MHz for hardware timing. This
frequency does not have to be exact as long as it is not close to 4MHz where spurs would be
generated within the instrument. A range of 3.0MHz to 3.9MHz can be considered normal.
See paragraph 8-C-54 for a troubleshooting discussion of the clock circuits.

8-C-32. Controller Switch Selections. There are two DIP-switch packages on A60, S1 and
S2. These switches are used for selecting input termination configurations, special tests, and
option/model configurations. Before changing any of these switches, for any reason, record
the present settings for future reference. The switch definitions are different for Revision A
software than what they are for Revision B. Be sure of which software revision your instru-
ment has (paragraph 8-C-27) before changing switch positions. Use Table 8-C-2 for Revision
A ROM’s and Table 8-C-3 for Revision B ROM’s.

8-C-33. If A60S1 (1 or 5) are in the Closed position at turn-on, the processor will appear to
be not running (displays frozen, keys not responsive). A60S2 Contacts in the wrong position
(by themselves) will not cause processor problems but will result in instrument misidentifica-
tion to the processor and therefore measurement errors will occur.

8-C-34. Controller Problem Symptoms.

8-C-35. Turn-on Problems. When the 3586 does not complete its turn-on initialization se-
quence correctly, the problem could be on A60 but could also be due to a power supply pro-
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8-C-8

blem, loose cable connectors, boards not seated, etc. Before assuming the Controller is at
fault, review the information outlined in paragraphs 8-27 through 8-31, or use the Turn-On
Troubleshooting flowchart at the end of the ‘‘Turn-On’’ section to eliminate these other pro-
blem sources. If the A60 is then still suspect, proceed to paragraph 8-C-41.

Table 8-C-2. A60 Switch Settings (Rev. A Software) (Terminated).

AB0S1 (Five-contact DIP-Switch)

Contact Closed (Up) Open {Down)
1 Resets Processor (followed by open) Normal Operation
2 Not Used Not Used
3 Not Used Not Used
4 Interrupts Processor to Test Routine (fol- Normai Operation

lowed by open)
5 Processor Kernel Test Norma! Operation

AB0S2 (Eight-contact DIP-Switch)

Contact Closed (0) Open (1)

1 3586A or 3586C 35868

2 3586A (Standard) or 3586B (Standard) 3586A (Option 003) or 35868
(Option 003) or 3586C

3 3586A or 35868 35686C

4 ‘"Hz'* (3586C) ‘‘kHz’’ (3586A or 3586B)
5

6 Used to select test modes

7 {See Table 8-C-9)

8

8-C-36. Front Panel Dark. Follow the procedures under ‘‘Front Panel Dark”’ in Table 8-9.
If those procedures still point to the A60 board, proceed to paragraph 8-C-41.

8-C-37. Front Panel Flickering. Follow the procedures under ‘‘Front Panel Flickering’’ in
Table 8-9. If those procedures still point to the A60 board, proceed to paragraph 8-C-41.

8-C-38. Front Panel Frozen. If the front panel displays are frozen in any configuration
and/or the keyboard switches are not responding, cycle the POWER switch first. If the con-
dition does not change, check that the blue 34 pin cable from A60 to A98 is fully seated at
both ends and that the A60 board is fully seated. If these checks are good, verify that none
of the contacts on A60S1 are in the up (closed) position (see Table 8-C-2). If the switch posi-
tions are correct, proceed to paragraph 8-C-41.

8-C-39. Store/Recall Inoperative. If the STORE/RECALL function switches are not
working correctly, first remove the A60 board and verify that V-BAT is +2.2V to +2.8V at
XA60L (A10) with the line power cord completely disconnected. If bad, proceed to Service
Group J and troubleshoot the battery charging/regulating circuits. If the battery circuits are
good, replace battery A80BT1. If V-BAT is good, plug in the line power cord, place the
POWER switch in STANDBY and again check XA60L (A10) for +2.2V to +2.8V. If bad,
proceed to Service Group J and troubleshoot the battery charging/regulating circuits. If
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good, reinstall the A60 board and troubleshoot the V-BAT line components AGOCR4, CRS,
CR6, CR8, C34, C36, and Q! using Figure 8-C-5. If those components check good, replace
the CMOS RAM’s (U28 and U29).

Table 8-C-3. A60 Switch Settings (Rev. B Software) (10k).

AB0S1
Same switch definitions for A60S1 as for the Rev. A software (see Table
8-C-2).
AB0S2
Contacts
1 2 3 Measurement Group Switches
0 0 o 3586A (Standard)
o] 1 o 3586A (Option 003)
1 (o} 0 3586B (Standard)
1 1 o 35868 (Option 003)
X 1 1 3586C
4 5 6 |** Termination Group Switches
0 (v (o] 3586A Standard
0 0 1 3586A with 1500Q/10kQ in place of 6000
1 0 0 3586B Standard
1 0 1 3586B with 1350/10kQ in place of 6000
4] 1 (0] 3586C with 600Q Bridged
0 1 1 3586C with 150Q Bridged
1 1 (o} 3586C with 900Q Bridged
1 1 1 3586C with 1350 Bridged
El b Fast/Slow Autorange*®
(o} Fast (A4C40 = 14F)
1 Slow(A4C40 = 10uF)
b Hz/kHz Frequency Display
0 Hz (3586C)
1 kHz (3586A/B)
NOTES: 1. *Requires that A4C40 be changed to value indicated when
switch position is changed.
2. ** Contacts 5-8 are also used to select test modes in con-
junction with A60S1(4). See paragraph 8-C-46.
3. Contacts: O = Closed, 1 = Open, X = Don’t Care.
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1ECAUTION3
[

Use grounded tools and wriststraps when handling CMOS RAM's.
They are extremely susceptible to static electricity damage.

8-C-40. 1/0 Problems. If some keys work but others don’t, or display readouts are missing
segments or even whole numbers, it is possible that one of the input/output chips on A60 is
bad. Other indications of a bad I/0 chip are incorrect First L.O. Frequency or HP-IB pro-
blems. Troubleshooting this type of problem is best done through analysis to start. Milk the
front panel for all the information you can get on the exact nature and details of the pro-
blem. Use the system block diagram and information-gathering procedures in Service Group
K to determine what signals are missing or are in error. For a suspected bad key switch or a
bad LED, run the Keyboard Test (paragraph 8-C-64) or the Display Test (paragraph 8-C-62)
to see if any other failures are evident. For multiple switch or LED failures, it may be possi-
ble to identify a common line, clock signal or IC. Then examine the A60 schematics, using
logical reasoning to identify possibly defective components. Finally, use standard digital
troubleshooting procedures to check suspected components.

8-C-41. Controller Self-Tests.

8-C-42. Front Panel Digital Test (TF14). If the front panel is dark or frozen or flickering
(and the power supplies are good), TF14 can not be run. Proceed directly to paragraph
8-C-44. If the A60 Controller and the A98 Switch/Display boards are working to the extent
that the processor is at least responding to key depressions, try running the digital self-test
(TF14) described in paragraph 8-82. It is implemented by pressing RECALL, o
CNTR —-FREQ, 9 in sequence. If it passes this test, you know that the processor itself is
good together with the clock generator circuits or the test could not have run to completion.
You know that the ROM Select and RAM Select chips are working since the test program
came from several ROM’s and since it wrote a test pattern into the RAM’s and then read it
back from RAM memory to verify it. The test performs a checksum on ROM memory so the
ROM’s themselves must be good. You also know that at least some of the input multiplexing
circuits are working to process keyboard switch depressions and the display output circuits
are working because you could see the displayed test results plus the date of the ROM soft-
ware revision in the right side display area. This also implies that the display refresh timer
circuit (U20) is at least functional.

8-C-43. If FAIL is displayed when the digital self-test is run, a lit key LED will identify
where the test failed. Use Table 8-C-4 to identify what failed. If a ROM failed, proceed to
paragraph 8-C-45. If a RAM failed, proceed to paragraphs 8-C-46 and 8-C-47. If the results
of the test are anything other than PASS or FAIL (e.g., blank displays) or if the test cannot
even be accessed due to non-responsive keys or blank displays, proceed to paragraph 8-C-44
and test the processor. If the processor is good, continue with the other tests in paragraphs
8-C-45 through 8-C-49 until the bad component is located.

8-C-44. Processor Kernel Test. To establish that basic processor operation is correct, the
processor must be isolated from the data bus and the rest of the digital devices, and then ex-
amined by itself. The kernel test accomplishes this.

1. Place the A60 board on two extender boards for easy access.
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2. Carefully remove A60J1 (DIP shorting assembly) and A60U13 (ROM data buffer)
from their sockets. This isolates the processor data bus lines from everything except the bus
pull-up resistors and A60S1(5).

3. Place A60S1(5) in the up (closed) position and A60S1(1-4) in the down (open) position.
This places a constant instruction (CLRB) on the data bus which the processor will execute
over and over, incrementing the address bus by one number each time, and thus cycling
through every possible address combination in sequence. As the data from each address is
requested from ROM memory, the ROM’s will try to place the data on the data bus.
However, with U13 pulled, the processor is isolated from that data.

4, If a 5004A Digital Signature Analyzer is available, proceed to Step 7. If not, place a
scope on U6 pins 9-20 and 22-25. Each of these lines should be ‘‘wiggling’’ at a constant fre-
quency, with each line being twice the frequency of the line next to it, beginning at line A15
(pin 25) and descending down to line A0 (Pin 9).

5. Using the scope (DC coupled) or a DVM, check the data bus for + 5V (HIGH) on pins
27 and 29-33 of U6. If any of these lines are @V (LOW), there is a short on that line. Locate
and clear the short before continuing. Pins 26 and 28 of U6 should have about +.6V on
them due to diode drops across CR1 and CR2 with S1(5) closed. Open S1(5) and again check
pins 26-33 of U6. They should now all be pulsing (TTL). Close S1(5) again.

6. Now check the following pins on U6 for about +5V: pins 2,4,5,6,8,34, and 40. Next
check the following pins on U6 for #V: 1,3,7,35,37,38, and 39. Next check pin 36 for about
+2.8V. If any of these pins have the incorrect value present, look for any obvious damage
to the PC board an then replace the processor (U6).

7. If a 5004A Signature Analyzer is available, connect the control leads as indicated.

Clock - US5(7) - Falling edge
Start - U2(9) - Rising edge
Stop - U2(12) - Falling edge

8. Check that the + 5V signature is 0001 and the ground signature is 0000 before pro-
ceeding. If not, recheck your connections first and then use a scope to check for the clock
signals at U2(9,12) and U5(7). If the signal at U5(7) is missing, check U5(3) for the 3.8MHz
basic hardware clock. If missing, replace U4. If present, replace US. If the signal at U2(9,12)
is missing but the clocks at U6(3,36,37) are present, replace U6.

9. If the + 5V and ground signatures are good, check the signatures on the pins of U6 and
U24 according to Table 8-C-5. If any of the signatures are bad, check the + 5V supply and
the clocks (paragraph 8-C-54) first, then replace the IC. If replacing the IC doesn’t correct
the problem, check for opens or shorts on the affected lines. Check also for two lines
shorted together.

10. If the processor (U6) signatures and the ROM Select (U24) signatures are good, the

processor kernel test is complete and the processor (barring intermittent operation) is pro-
bably good. Proceed to paragraph 8-C-45.
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Table 8-C-4. TF14 Failures.

Lit Key LED* Failed Module
10dB ROM A60U12
100dB ROM AB60U11
AUTO ROM A60U10
ENTRY ROM A60U9
AVE ROM A60U8
dBm ROM A60U7

* Any lit key LED other than those listed indi-
cates a possible faulty RAM.

Table 8-C-5. Processor Kernel Test Signatures.

0000 1 40 | 0001 3C96 1 16 | 0001
0001 2 39 | 0000 3827 2 15 | 4POA
*0000 3 38 | 0000 755U 3 14 | 12U3
0001 4 37 | ooooO* 0000 4 U24 13| PCO1
0001 5 36 | 0001* 0000 5 12 | F2A6
0001 6 35 | 0000 0001 6 11 | 6H48
0000 7 34 | 0001 P255 7 10 | 0996
0001 8 33 | 0001 0000 8 9 | U3HS
5555 9 32 | 0001

CCCC| 10 Uue 31 | 0001

7F7F 11 30 | 0001

5H21 | 12 29 | 0001

OAFA | 13 28 | 0000

UPFH | 14 27 | 0001

52F8 | 156 26 | 0000

HC89 | 16 25 | 0001*

2H70 | 17 24 | 755U

HPPO | 18 23 | 3827

1293 | 19 22 | 3C96

HAP7 | 20 21 | 0000

0000 = Ground

0001 = +5V

Notes: 1. Signatures are the same for both Rev. A and Rev. B software.

2. * = Probe is pulsing on + 5V or ground signature.

8-C-45. ROM Tests (U7-U12). If the processor passes the kernel test (paragraph 8-C-44),
test the ROM’s as follows.

1. Connect the S004A control Leads as indicated then check the ROM signatures. Note
the change in edge trigger for START and STOP.

Clock - US5(7) - Falling edge
Start - (see Table 8-C-6) - Falling edge
Stop - (see Table 8-C-6) - Rising edge

2. Check the ROM’s until at least one is found with correct signatures. If none of the
ROM'’s are good, the problem is likely the data bus. Check each bus line for a stuck O or 1,
or two lines shorted together.

3. If the ROM’s themselves are good, reinstall A60U13 and place S1(5) in the down
(open) position. Do not install A60J1 yet.

4. Connect the S004A control leads as indicated. Note the edge change.
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Table 8-C-6. ROM Test Signatures.

Service Group C

indicated.

ROM U7

Start/Stop - U24(7)

+5bV = P254
GND = 0000
ROM U8

Start/Stop - U24(9)

ROM U9

Start/Stop - U24(10}

ROM U10

Start/Stop - U24(11)

9241
8AUC
65CA
46HC
C7A5
12U0
3HUA
FA11
252F
H4AP
HA7C
0000

9241
8AUC
65CA
46HC
C7A5
12U0
3HUA
FA11
76H3
3F55
6162
0000

9241
8AUC
65CA
46HC
C7A5
1200
3HUA
FA11
FH29
2P17
7A10
0000

8241
8AUC
65CA
46HC
C7A5
1200
3HUA
FA11
H407
770U
93C2
0000

Revision A

24
23
22
21
20
uz 19
18
17
16
10 15
11 14
12 13

OCRONOUDAWN=

Revision A

24
23
22
21
20
ug 19
18
17
16
10 15
11 14
12 13

WONOOAWN =

Revision A

us 19

—_
QOUONDINHDWN =

— -
N =
-
W

Revision A

24
23

uio 19

N=20CO0ONOONHWN=
-
[e]

[ Y

P254
1U5P
AAHU
P254
0000*
U665
826P
H47A
6HH7
9HC6
C1CF
644F

P254
1U5P
AAHU
P254
0000*
U665
826P
83PH
94C7
FOP4
58U6
UF24

P254
1U5P
AAHU
P254
0000*
U665
826P
3F3H
176U
211H
6516
76P9

P254
1USP
AAHU
P254
0000~
U665
826P
8CAb
3008
AO5BA
7169
68C2

9241
8AUC
65CA
46HC
C7A5
12U0
3HUA
FA11
6495
7920
3H4A
0000

9241
8AUC
66CA
46HC
C7A5
12U0
3HUA
FA11
CASB3
55AH
51F7
0000

9241
8AUC
65CA
46HC
C7A5
1200
3HUA
FA11
AAQOH
3U12
7910
0000

Note: The START/STOP connections are always together but at a different location for each ROM, as

Revision B
1 24 | P254
2 23 | 1UGP
3 22 | AAHU
4 21 | P254
5 20 | 000O*
6 uz 19 | U665
7 18 | 826P
8 17 | 05680
9 16 | 7495
10 15 | A6CP
11 14 | P29U
12 13 | 5938
Revision B
1 24 | P254
2 23 | 1UGP
3 22 | AAHU
4 21 | P254
5 20 | 0000*
6 us 19 | U665
7 18 | 826P
8 17 | 3H7H
9 16 | F6UO
10 15 | 96F1
11 14 | PH33
12 13 | 736U
Revision B
1 24 | P254
2 23 | 1UsP
3 22 )} AAHU
4 21 | P254
5 20 | 0000*
6 us 19 | UB6BS
7 18 | 826P
8 17 | F114
9 16 | A15F
10 15 | 3PCé6
11 14 | 0213
12 13 | 2511
Revision B
1 24 | P254
2 23 | 1UbP
3 22 | AAHU
4 21 | P254
5 20 | 0000*
6 U100 19 | U665
7 18 | 826P
8 17 | 066C
9 16 | 8C18
10 15 | 2713
11 14 | 451F
12 13 | 7U19
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Table 8-C-6. ROM Test Signatures (Cont'd).

Revision A Revision B
9241 1 24 | P254 9241 1 24 | P254
8AUC 2 23 | 1USP 8AUC 2 23 | 1USP
65CA 3 22 | AAHU 65CA 3 22 | AAHU
ROM U11 46HC 4 21 | P254 46HC 4 21 | P254
C7A5 5 20 { 0000* C7A5 5 20 | oooO0*
12U0 6 U1t 19 | U665 12U0 6 U1l 19 | U665
3HUA 7 18 | 826P 3HUA 7 18 | 826P
Start/Stop - U24(12) FA11 8 17 | USCC FA11 8 17 | C878
4011 9 16 | O1UA F447 9 16 | 6U12
CA6H | 10 16 | 39P6 C397 | 10 15 | F592
062A | 11 14 | 2U10 7875 | 11 14 | 9CFO
0000 | 12 13 | 4705 0000 | 12 13 | F7AP
Revision A Revision B
9241 1 24 | P254 9241 1 24 | P254
8AUC 2 23 | 1USP 8AUC 2 23 | 1USP
65CA 3 22 | AAHU 65CA 3 22 | AAHU
ROM U12 46HC 4 21 | P254 46HC 4 21 | P254
C7A5 5 20 | 0000* C7A5 5 20 | 0000*
12U0 6 U2 19 | U665 12U0 6 U12 19 | U665
3HUA 7 18 | 826P 3HUA 7 18 | 826P
Start/Stop - U24(13) FA11 8 17 | CH3U FA11 8 17 | AC87
771C 9 16 | FFP7 FHEA 9 16 | AC7C
A1TFP | 10 156 | HOC8 71A0 | 10 15 | 1F6H
HAPC | 11 14 | P412 8885 | 11 14 | 7C57
0000 | 12 13 | C64H 0000 | 12 13 | AAHS
Notes: 1. * = probe is pulsing on ground signature.

Clock - U5(7) - Falling edge
Start - TP4 - Rising edge
Stop - TP4 - Falling edge
5. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(4) then
open it.

6. Check the + 5V signature. It should be 494P. If not, check the signatures on U2, U3,
U4 and U13 (see Table 8-C-7). If they are good, replace U25 first and U26 next.

7. If any of the signatures in Table 8-C-7 are bad, replace the indicated chip. If still bad,
check the associated line for shorts, opens, or two pins shorted together.

8. If the + 5V signature is 494P, check the signatures on U13 pins 3,5,7,9,11,13,15 and
17. If bad, replace U13.* If the data bus signatures are good with the ROM’s reconnected
through U13, connect the remainder of the data bus IC’s back to the bus by reinstalling shorting
assembly A60J1. Now open all contacts of A60S2 (record present settings first).

9. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(4) then
open it.

10. Recheck the signatures on U13 pins 3,5,7,9,11,13,15 and 17. If any of the signatures
are now bad, the problem is on the other side of J1. Trace the bad line with a current tracer
if the line is shorted. If the line is not shorted, or a current tracer is not available, try pulling

* If good, check the signatures at U6 (26-33) and J1 (9-16) to verify that the traces on the PC board are good.
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Table 8-C-7. ROM Data Buffer Signatures.

Service Group C

494p
494P
494pP*

494p

0000*
494P*
494pP*
0000*
494pP*
0000*

494P 1 14
0000 2 13
*0000 3 12
*0000 4 11
*494P 5 10
*0000 6 9
0000 7 8
u3
*0000 1 20
6FFO 2 19
6FFO 3 18
76F6 4 17
76F6 5 16
942F 6 15
942F 7 14
4986 8 13
4986 9 12
0000 | 10 1
u13

494P
0000*
A5HH
ASHH
28C4
28C4
4F1P
4F1P
C2F8
C2F8

* = Probe is pulsing on + 5V or ground signature.

*494P 1 14
*0000 2 13
------ 3 12
0000 4 11
A710 5 10
494P 6 9
0000 7 8
U2
494P 1 14
0000 2 13
494pP 3 12
0000 4 11
*0000 5 10
*494P 6 9
0000 7 8
U4
Notes: 1. See paragraph 8-C-45.
2. +5V = 494P.
3.
4

. Signatures are valid for both Rev. A and Rev. B software.

U18 out of its socket first since that’s the easiest item to eliminate from consideration. If the
line is still bad, find the line designator in Table 8-C-8 and replace the indicated IC’s one at a
time, in the order listed, until the bad component is found.

11. Close contacts 5-8 on A60S2. Check the + 5V signature. It should be 1C4C. If not,
check the processor (paragraph 8-C-44). If the processor is good, change U27, U36, and then

U38.

Table 8-C-8. Data Bus Components.

Pin No. Data Line Suspect IC's
U13(9) DO U39, U29, U16
U13(7) D1 u40, U29, U16
U13(5) D2 U41, U29, U16
U13(3) D3 u42, U29, U16
U13(11) D4 u38, U28, U14
U13(13) D5 u38, U28, V14
U13(15) D6 uU36, U28, U14
U13(17) D7 uU36, U28, U14

Notes: 1. Use caution in handling replacement IC’s
for U28 and U29 as these chips are espe-
cially sensitive to static electricity
damage.

2. See paragraph 8-C-45, step 10.
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8-C-46. NMOS RAM Test (U14 and U16). If the processor and the ROM’s are good, test
the NMOS RAM'’s as follows.

1. Connect the S004A control leads as indicated.
Clock - U5(7) - Falling edge
Start - TP4 - Rising edge
Stop - TP4 - Falling edge

2. Set all contacts on A60S1 to the down (open) position. Set A60S2 contacts 5-8 as
shown in Table 8-C-9 for the NMOS RAM test.

Table 8-C-9. A60S2 Test Positions.

Tost AB0S2 (5) {6) (7} (8)
ROM C C C c
NMOS RAM o} C C C
CMOS RAM C (o} Cc C
P.LA. (o} (0] Cc C
Shift Registers C C (o] Cc
Display (o] C (o} C
Keyboard C (e] (o] C
Notes: 1. C = Closed 0 = Open

2. Contacts 1-4 do not affect the tests.

3. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(4) then
open it.

4, Check the + 5V signature. It should be P2P8. If not, check the signatures on Ul4,
U16, U25, U26, and U27 (see Table 8-C-10).

5. If any of the signatures in Table 8-C-10 are bad, replace the associated IC. If still bad,
check for shorts or opens on the affected line(s).

8-C-47. CMOS RAM Test (U28 and U29). If the processor and the ROM’s are good, test

the CMOS RAM’s as follows.
!;CAUTI ON}

The CMOS RAM'’s (A60U28 and U29) are extremely susceptible
to static electricity damage. Use grounded tools and wristbands
when handling loose components or working in the vicinity of in-
circuit components.

1. Connect the 5004A control leads as indicated.

Clock - U5(7) - Falling edge
Start - TP4 - Rising edge
Stop - TP4 - Falling edge

2. Set all contacts on A60S1 to the down (open) position. Set A60S2 contacts 5-8 as
shown in Table 8-C-9 for the CMOS RAM test.
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Table 8-C-10. NMOS RAM Test Signatures.

Service Group C

4987
PC48
HF82
FASF
8F32
60CP
PCCF
FHO9
0000

64U3
FHO9
FHOS
0A4C
*P2r8
*pP2rP8
0000

4987
PC48
HF82
FA9F
8F32
6oce
PCCF
FHOS
0000

ONOAHLWN =

P2P8
FHO9
P2P8
P2P8
P2P8
P2P8
P2P8
pP2pP8*

1 18 | P2P8
2 17 | 725C
3 16 | 73UA
4 15 | 03C7
5 14 | 084F
6 13 | AOPP
7 12 | 680C
8 11 | 0688
9 10 | P2P8*
u14

7181

7181

7181

7181

*0000

64PH

P2P8

0000

1 14 | P2P8
2 13 | 0000*
3 12 | 0000
4 11 | 0000*
5 10 | FHO9
6 9 | 861C
7 8 | P2P8

u2s

u26

DONOOHWN—

U16

NOTHWN =

14

12
1"
10

u27

P2P8
725C
73VA
03C7
805A
549P
31A3
9U36
P2P8*

P2P8
8F32
6PHA
60CP
8256
PCCF
0954

Notes:

1. * = Probe is pulsing on + 5V or ground signature.
2. See paragraph 8-C-46.

3. Signatures are valid for both Rev. A and Rev. B software.

3. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(14) then

open it.

4. Check the + 5V signature. It should be 61UO. If not, check the signatures on U28 and
U29 per Table 8-C-11.

5. If any of the signatures in Table 8-C-11 are bad, replace the associated IC. If still bad,
check for shorts or opens on the affected lines.

Table 8-C-11. CMOS RAM Test Signatures.

5UCA
40AP
778U
794U
C46C
UH67
API9P
0000
32Cs8

18
17
16
15
14
13
12
1
10

OCONOODWN=

61U0
589P
55A5
0000
77CF
31FF

OF46
1441

32C8

u28

5UCA
40AP
778U
794U
Cc46C
UH57
AP9P
0000
32C8

CONORNHPWN =

u29

61U0
589P
55A5
0000
9728
6549
754H
7U90
32C8

Notes:

1. Signatures are valid for both Rev. A and Rev. B software.

2. See paragraph 8-C-47.
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8-C-48. PIA Test (U18). If the processor and the ROM’s are good, test the Parallel Inter-
face Adapter (PIA) U18, output latches U21 and U22, buffer U1, decoders U30 and U3l,
and gates U32 and U35 as follows.

1. Connect the 5004A control leads as indicated.

Clock - US(7) - Falling edge
Start - TP4 - Rising edge
Stop - TP4 - Falling edge

2. Set all contacts on A60S1 to the down (open) position. Set the A60S2 contacts 5-8 as
shown in Table 8-C-9 for the PIA test.

3. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(4) then
open it.

4. Check the + 5V signature. It should be 484F. If not, check the signatures on Ul , UIS,
U21, U22, U30, U31, U32, and U35 per Table 8-C-12.

5. If any of the signatures in Table 8-C-12 are bad, replace the associated IC. If still bad,
check for shorts or opens on the affected lines.

Table 8-C-12. PIA Test Signatures.

0000 1 20 | 484F 0000 | 1 40 | (unstable)
74U4 2 19 | 0000 1UFC 2 39 | 484F
74U4 3 18 | 403P 75086 3 38 | 0000
4pP2C | 4 17 | 403P 1A94 | 4 37 | 0000
4P2C | 6 16 | 3486 851U | & 36 | 2U3F
1A94 | 6 15 | 3486 4P2C | 6 35 | 2906
1A94 | 7 14 | 851U 3486 | 7 34 | 484F
TUFC 8 13 | 851U 74U4 8 33 | 4373
1UFC | 9 12 | 7505 403P [ 9 uU1s 32 | 2P61
0000 | 10 11 7506 F814 | 10 31 | P2US
692P | 11 PIA 30 | 635P
u1 2H39 | 12 29 | 9A2P
50Cc2 | 13 28 | U2Fa
H710 | 14 27 | 541u
HH2F | 15 26 | A9C6
F730 | 16 25 | 484F*
51CO | 17 24 | 484F*
{unstable) | 18 23 | P700
P3AP | 19 22 | 484F*
484F | 20 21 | P700
484F 1 20 | 484F 484F 1 20 | 484F
cuss | 2 19 | 1426 FP70 | 2 19 | C795
4P2C | 3 18 | 851U 4pP2C | 3 18 | 851U
3486 | 4 17 | 1A94 3486 | 4 17 | 1A94
3808 5 16 | 3cuU 3338 | 5 16 | PFA7
7HF7 | 6 15 | 2PC9 CC8F | 6 15 | 9959
74U4 | 7 14 | 7505 74U4 | 7 14 | 7505
403P | 8 13 | 1UFC 403P | 8 13 | 1UFC
H4U3 | 9 12 | 29P4 8AH7 | 9 12 | UCAC
0000 | 10 11 | PACS 0000 | 10 11 | 9F64
U2t u22
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Table 8-C-12. PIA Test Signatures (Cont'd).

F814 1 16 | 484F F814 1 16 | 484F
692pP 2 15 [ PHBA 692P 2 15 | UC73
2H39 3 14 | 3F67 2H39 3 14 | 9F64
0000 4 13 | 6UF3 50C2 4 13 | C3A8
P3AP 5 12 | 31U7 P3AP 5 12 | 1429
50C2 6 11 5CH3 484F 6 11 1F3H
7P03 7 10 | P373 PACS 7 10 | 98HA
0000 8 9 | 6001 0000 8 9 | 2F5H
U30 - u3s1
6UF3 1 14 | 484F 1UFC 1 14 | 484F
278U 2 13 | 1429 29P4 2 13 | 29P4
278U 3 12 | 5F65 FUFU 3 12 | 851U
6UF3 4 11 | 1F3H 7505 4 11 | 6U36
------ 5 10 | 5471 29P4 5 10 | 29P4
0000 6 9 | 98HA 09H4 6 9 | 1A94
0000 7 8 | HO96 0000 7 8 | CH62
u32 U35

Notes: 1. Allow time for signatures to stabilize (at least 3 seconds).

2. Signatures are valid for both Rev. A and Rev. B software.

3. * = probe is pulsing on + 5V or ground signature.

4. See paragraph 8-C-48.

8-C-49. Shift Register Test (U19). If the processor, the PIA, and the ROM’s are good, test
the shift register U19 and output gates U33 and U34 as follows:

1. Remove the Al and A2 boards for this test to prevent excessive relay cycling. To
remove the Al board, it is necessary to remove the front panel (see paragraph 8-C-66 for
removal procedures).

2. Connect the 5004A control leads as indicated.

Clock - U5(7) - Falling edge
Start - TP4 - Rising edge
Stop - TP4 - Falling edge

3. Set all contacts on A60S1 to the down (open) position. Set A60S2 contacts 5-8 as
shown in Table 8-C-9 for the Shift Register test.

4. Cycle the 3586 POWER switch. Close A60S1(1) then open it. Close A60S1(4) then
open it.

5. Check the +5V signature. It should be H699. If not, check the signatures on U19,
U33, and U34 per Table 8-C-13.

6. If any of the signatures in Table 8-C-13 are bad, replace the associateed IC. If still bad,
check for shorts or opens on the affected lines.
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Table 8-C-13. Shift Register Test Signatures.

A86C 1 16 | H699 H699 1 14 | H699
2C5H 2 15 | 0000 P225 2 13 | P225
P60A 3 14 | 34FU P225 3 12 | H699
F9C2 4 13 | ABCO H699 4 11 | P225
C672 5 12 | 60U3 P225 5 10 | P225
C6CA 6 11 | 789H P225 6 9 | H699
3HU4 7 10 | 0000 0000 7 8 | P225
0000 8 9 | PC6H
u19 u33
H699 1 14 | H699
P225 2 13 | PC6H
P225 3 12 | H699
PC6H 4 11 | PC6H
HE699 5 10 | P225
PC6H 6 9 | H699
0000 7 8 | P225
u34
Notes: 1. See paragraph 8-C-49.
2. Signatures are valid for both Rev. A and Rev. B software.
3. +5V signature is H699.

8-C-50. Mnemonic Dictionary.

8-C-51. The 3586 service information contains many mnemonics that do not have either
their origin or their destination on the A60 Controller board. To keep a single reference
source then for all 3586 mnemonics, the mnemonic dictionary is located in the Appendix.

8-C-52. A60 Troubleshooting Hints.

8-C-53. A frozen display can be due to an inoperative display timer circuit (U20). U20 is a
one-shot that gets its trigger from the processor via U18 and U31. It then outputs a display
refresh timing pulse about .5 milliseconds later as an interrupt to the processor. The trigger
pulse that resets U20 also is used as the display clock to gate the DSPSI data to the A98 Swit-
ch/Display shift registers. If the trigger pulse is not getting to U20(2) or U18 is not process-
ing the interrupt at U18(40), the displays will freeze.

8-C-54. Verify that all the clock signals are present out of US and then check that the clock
is arriving at any suspect IC. See Table 8-C-14 for clock frequencies from a typical instru-
ment for comparison. Note they are based on a sample Controller where the 3.8MHz
Oscillator circuit is running at 3.33MHz into U5(3).

Table 8-C-14. Controller Clock Frequencies.

US Pin Label Frequency Amplitude
3 EXT 3.33MHz 3Vp-p
4 4xfo 3.8 MHz 4Vp-p
5 2xfo 1.69MHz 5Vp-p
7 BUS¢ 2 845kHz 5Vp-p
9 MEM CL 845kHz 5Vp-p
13 02 845kHz 5Vp-p
15 ¢1 845kHz 5Vp-p
Notes: 1. Frequencies and amplitudes are for compari-
son purposes only.
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8-C-55. Test points on A60 were mostly used as development aids since there are no ad-
justments for the Controller board. TP1, TP2, and TP4 provide no useable troubleshooting
information. TP3 is the + 5V supply and may be checked for ripple with a scope. There
should be no visible AC ripple on the +5V. A DVM on TP3 should show less than 5
millivolts RMS on a typical instrument.

8-C-56. Erratic processor operation or improper turn-on conditions could mean the pro-
cessor is not being reset properly at turn-on. If U5(12) does not have +5.25V present with
S1(1) open, either U5 or U23 are bad.

8-C-57. If the instrument won’t autorange properly (or not at all), the problem could be
A60U37 preventing the processor from seeing the A4 UNDERLOAD/OVERLOAD signals.

8-C-58. Switch/Display (A98) Troubleshooting.

8-C-59. The method used to troubleshoot the A98 board depends on the nature of the
symptoms. If none of the LED’s are lit, suspect a power supply problem. If all of the LED’s
are lit, suspect a processor problem. If some LED’s light but others won’t light, run the
display check (paragraph 8-C-62) to find out which LED’s won’t light, then use the
schematic to find out what components are common to the malfunctioning LED’s. If the
seven-segment displays and the key LED’s are not working but the annunciator LED’s are,
suspect register Ul, the display clock or the serial data input (DSPSI). If just the annun-
ciator LED’s are inoperative, suspect the appropriate latch for the group that isn’t working.

8-C-60. If the displays initialize correctly at turn-on, but none of the key switches work,
suspect a stuck switch. Run the keyboard check (paragraph 8-C-64) to find out which one. If
only a couple of switches seem to be inoperative, run the keyboard check to identify all of
the inoperative switches. If they are all common to one key line (KEY 0 - KEY 7), suspect
Ul4. If they are all common to one vertical column of switches as shown on the schematic
(Figure 8-C-7), suspect U12 or Ul3.

8-C-61. If the RPG is not working properly (or at all), look at KEY 6 and KEY 7 on A60U36
(put A60 on extender boards) while turning the RPG. Looking at the lines here first is easier
than removing the front panel. Only the KEY 7 line should pulse HIGH when the RPG is
turned CCW. When the RPG is turned CW, both KEY 6 and KEY 7 lines should pulse
HIGH. If they do pulse correctly, the problem must be on the Controller board, possibly
A60U36. If the pulses are not present at the input to A60U36, remove the front panel (see
paragraph 8-C-66) and trace the KEY 6 and Key 7 lines for pulses back to the RPG until the
problem is found.

8-C-62. Display Check.

8-C-63. If the instrument microprocessor is functional as indicated by successful completion
of the turn-on and calibration cycle, it is possible to examine all the front panel LED’s for
defects by performing the following procedure.

1. Set the POWER switch to STBY. Remove the A60 board. Record the switch positions
of A60S1 and A60S2 for resetting at the test conclusion.

2. Change the following contacts of A60S2 to the indicated positions:
8-C-21
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Contact § - open
Contact 6 - closed
Contact 7 - open
Contact 8 - closed

3. Insert the A60 board and set the POWER switch to ON.

4. After the turn-on cycle, close contact 4 of A60S1 (pull the contact towards the top of
the board) and then open it.

5. The Display test cycle will now begin. The test automatically repeats itself until
manually terminated. The following events occur in the listed order:

a. All the LED’s are lit for approximately two seconds.

b. The 7-segment LED’s come on, one at a time, moving from right to left across the
display. (All other LED’s will be off.)

¢. The LED'’s in the keys of the FREQUENCY TUNE and BANDWIDTH blocks,
and the MEAS CONT key turn on and then off.

d. The LED’s in the keys of the FREQUENCY/ENTRY block and the OFFSET ON-
OFF key turn on and then off

e. The LED’s in the following key groups will turn on and then off, one group at a
time.

(1). RANGE; FULL SCALE; AVE; UNIT.
(2). AUTO CAL; WIDEBAND; Shift; SELECTIVE; SSB CHANNEL.
(3). TERMINATION (All the impedance keys).

f. Groups of annunciators in the MEASUREMENT/ENTRY, FREQUENCY/EN-
TRY, and STATUS blocks turn on and then off in eight steps.

g. All the LED’s are turned on and the whole cycle starts over.

6. To exit this test procedure, set the POWER switch to STBY. Remove the A60 board,
reset the switches and reinstall the board.

8-C-64. Keyhoard Check.

8-C-65. If the instrument microprocessor is functional as indicated by successful completion
of the turn-on and calibration cycle, it is possible to verify that each front panel key
generates the correct key code when depressed. At the same time, intermittent operation of
the individual keys may also be determined by multiple switch depressions. To check
keyboard operation, perform the following procedure.

1. Set the POWER switch to STBY. Remove the A60 board. Record the switch positions
of A60S1 and A60S2 for resetting at the test conclusion.
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2. Change the following contacts of A60S2 to the indicated positions:

Contact 5 - closed
Contact 6 - open
Contact 7 - open
Contact 8 - closed

3. Insert the A60 board and set the POWER switch to ON.

4. After the turn-on cycle, close contact 4 of A60S1 (pull the contact towards the top of
the board) and then open it.

5. Each key on the front panel can now be pressed, causing a different key code number
to be displayed in the far right-hand portion of the FREQUENCY/ENTRY block.
Refer to Table 8-C-15 to find the correct key code for a given key.

6. To exit this test procedure, set the POWER switch to STBY. Remove the A60 board,
reset the switches and reinstall the board.

Table 8-C-15. Key Codes

Switch Group Key Label Key Code
MEASUREMENT/ENTRY AUTO CAL OFF-ON 25
10dB 26
100d8 56
AUTO 66
ENTRY 76
AVE 36
dBm 46
dBpW 16
dB .775V 06
OFFSET OFF-ON 07
FREQUENCY/ENTRY CARRIER 47
TONE 37
. (LSB) 77
=] (USB) 67
COUNTER OFF-ON 57
STATUS LOCAL 27
MEASUREMENT MODE WIDEBAND 55
(3586A/B) FUNCTION (BLUE) 65
LO NOISE 75
@ JITTER 35
NOISE/TONE 45
IMPULSE 15
START 056
MEASUREMENT MODE WIDEBAND 55
(3586C) LO DIST 65
LO NOISE 75
TERMINATION 10KQ||50pF 23
(3586A) 750 53
1500 63
BRIDGED 33
6000 43
TERMINATION 10KQ||50pF 23
(35868B) 750 53
1249 63
135Q 73
BRIDGED 33
600Q 43
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Table 8-C-15. Key Codes (Cont'd).

Model 3586A/B/C

Switch Group Key Label Key Code
TERMINATION 500 23
(3586C) 750 53
FUNCTION (HIGH 2} 63
BRIDGED 33
600Q 43
ENTRY FREQ 03
FULL SCALE 13
STORE 20
THSHLD 21
FREQ STEP 02
OFFSET 22
RECALL 50
TIME 51
(o] 61
1 60
2 70
3 30
4 52
5 62
6 72
7 12
8 42
9 32
« (decimal) 71
UP {(arrow) 31
DOWN (arrow) 41
MHz/-dB 00
kHz/ + dB 10
Hz/MIN 40
MEAS CONT 04
RDNG — OFFSET 01
CNTR — FREQ 11
FREQUENCY TUNE OFF 14
AUTO 44
FREQ STEP 34
RPG (CW) 80
RPG (CCW) 91
BANDWIDTH 20Hz 74
400Hz 64
3100/2000/1740Hz 54
WTD 3100Hz 24

8-C-66. Front Panel Removal.

8-C-67. For access to the A98 board for troubleshooting, the front panel must be removed

using the following procedure.

1. Turn the instrument off and unplug the line cord.

2. Remove the “‘beauty strip’’ along the top front edge of the instrument. The strip simply
pulls out.

3. Remove the top cover.

4. Remove the front panel assembly (front panel plus A98 keyboard) by doing the follow-

ing:
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a. Remove the 8 screws holding the front panel assembly to the instrument. There are
four screws along the top front edge of the instrument, and four along the bottom

front edge.

NOTE

The 7 short screws (Part No. 0515-0080) go in the 4 top holes and
the 3 right-hand holes on the bottom. The single long screw (Part
No. 0515-0082) goes in the far left-hand hole along the bottom.
These are metric screws.

b. Slowly pull the front panel assembly out of the instrument about two inches. Then
unplug the two cable assemblies attached to the back of the A98 Keyboard. These
are the blue ribbon cable between the A98 and A60 controller assemblies, and the
brown connector of the cable between the A98 and A99 motherboard.

c¢. Remove the front panel assembly completely from the instrument. Lay the front
panel assembly face down on a surface that won’t scratch the front panel.
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NOTES:

1. Measurements taken with 3586 set to LO DIST, ENTRY

100, Full Scale @dBm, tuned frequency = 1MHz, input
signal = 1MHz at 6dBm.

2. Voltages shown for TP1 are valid for LO DIST (IF LOG), LO
NOISE (IF LOG), WIDEBAND (BBP LOG RMS), and WTD
3100Hz (WTD LOG). Voltages at TP1 for phase jitter are the
same as those shown at U7(6).

3. ERR-7 on front panel means a positive voltage is presented
to the A/D (U5).
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STEP/SUM LOOPS
SERVICE GROUP D

Contents
Adjustments (Cross Reference) Paragraph 8-D-1
Theory of Operation (Cross Reference) Paragraph 8-D-4
Troubleshooting Data Paragraph 8-D-10
Schematic Diagrams
Step Loop (AS0) Figure 8-D-3
Sum Loop VCO (AS51) Figure 8-D-5
Sum Loop Mixer (AS52) Figure 8-D-6
Sum Loop Phase Detector (A53) Figure 8-D-7
Functional Block Diagrams ‘
Step Loop Figure 8-D-4
Sum Loop Figure 8-D-8

8-D-1. ADJUSTMENTS (CROSS REFERENCE).

8-D-2. Step Loop Adjustments (A50).

Designation Adjustment Title Paragraph
ASOLS Frequency Adjust 5-6
A50R45 Flatness Adjust 5-6
A50R46 Gain Adjust 5-6

8-D-3. Sum Loop Adjustments (A51/A53).

Designation Adjustment Title Paragraph
AS51LS Frequency Cal Adjust 5-6
ASIRSS Flatness Adjust 5-6
AS51R56 Gain Adjust 5-6
A53R3 Gain Adjust 5-6
AS53R13 Offset Adjust 5-6

8-D-4. THEORY OF OPERATION (CROSS REFERENCE).
8-D-5. First Local Oscillator - Paragraph 8-197.
8-D-6. Step Loop (A50) - Paragraph 8-199.

8-D-1
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8-D-7. Sum Loop VCO (A51) - Paragraph 8-212.
8-D-8. Sum Loop Mixer (A52) - Paragraph 214.

8-D-9. Sum Loop Phase Detector (A53) - Paragraph 8-216.

8-D-10. TROUBLESHOOTING DATA.
8-D-11. First Local Oscillator Troubleshooting.

8-D-12. The First L.O. can have several different problems. It can have low amplitude, in-
correct frequency, or be missing completely. It can also have spurs present or sufficient
phase noise present to raise the overall noise floor of the instrument out of specification.
Refer to Figures 8-D-1 and 8-D-2 as necessary during the following paragraphs.

AS52
50-82. SMHz
AS3
SUM LOOP 2-4MHz AS1
FROM STEP < N ASO] S4-BEMHz]  MIXER sum TUNEL gy
SUM LOOP
A0 TCoDE STEP 2-4MHz PHASE VOLTAGE}] LOOP FIRST L. 0
—>
FROM  1OMH Loop DETECTOR VEO | so-g2.smHz 7O AS
aqg ———H
STEP TUNE
VOLTAGE

F:qoaq 100KHz A3z A3l
= | 00KHz FRAC N TN
. _ PHASE  lvoLTAGE] veo
FRON o APT V-5 DETECTOR
| FRAC N
N 20-40MHz 3566-5-5

Figure 8-D-1. First Local Oscillator.

8-D-13. First L.O. Signal Missing. The First L.O. signal to the Input Mixer (AS5) is a direct
output of the Sum Loop VCO. If it is missing or low in amplitude, check A51J2 and A51J3
for the same signal. If present, and the sum loop is unlocked (E3.2 error code displayed and
LED on A53 lit), suspect A51Q9. If the sum loop is not unlocked, suspect A51Q7 and Q8. If
the signal is absent at A51J2 and J3 also, troubleshoot the sum loop (paragraph 8-D-21).

8-D-14. First L.O. Off Frequency. If the First L.O. signal is the wrong frequency as deter-
mined by the procedure in steps 3-5 under ‘‘Frequency Measurements Incorrect’’ in Table

8-9, proceed as follows.

1. Disconnect the red coax from A40J1 and connect it to A51J2. Connect a counter to the
“EXT REF-INPUT’’ BNC connector on the rear panel. Press RECALL and 0.

2. The counter should read SIMHz (tuned frequency plus 5S0MHz). If it does, and the
tracking output BNC on the rear panel labeled ‘‘Fo(0-32MHz)’’ does not read 1MHz, the
problem is in the tracking output circuits. Proceed to Service Group F and troubleshoot the

AlS5 board.
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Figure 8-D-2. First L.0. Loop Relationships.

3. If the counter does not read SIMHz at A51J2, move the red coax to A50J2. The
counter should now read 54MHz. If it does not, troubleshoot the step loop (paragraph
8-D-17). If it does read S4MHz, move the red coax to A31TP1. The counter should now read
30MHz. If it does not, troubleshoot the Fractional-N loop (Service Group E). If it does read
30MHz, troubleshoot the sum loop (paragraph 8-D-21).

4. If the First L.O. frequency problem occurs at some tuned frequency other than IMHz
(RECALL/® frequency setting), use Table 8-D-1 to determine what the correct loop fre-
quencies should be for the tuned frequency(ies) where the problem occurs. This should iden-
tify the faulty loop.

5. Note also that in measurement modes other than LO DIST and LO NOISE, some fre-
quency shift may normally occur between what the front panel tuned frequency reads and
what the First L.O. frequency should be. In Table 8-D-2, this relationship can be clearly
seen. Add SOMHz to the indicated Tracking Output Frequency to determine what the First
L.O. Frequency should be for the selected mode.

Service Group D
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Table 8-D-1. First L.0. Loop Frequencies.

Front Panel Step Loop VCO Fractional-N Loop VCO Sum Loop VCO Frequency
Tuned Frequency Fraquency - A50J2 Frequency (+10) - A31TP1 {First L.0. Frequency) - A51J2
0 Hz- 1,999,999.9Hz 54MHz 4.0MHz-2,000,000.1Hz 50.0MHz-51,999,999.9Hz
2.0MHz- 3,999,999.9Hz 56MHz 4.0MHz-2,000,000.1Hz 52.0MHz2-53,999,999.9Hz
4.0MHz- 5,999,999.9Hz 58MHz 4.0MHz-2,000,000.1Hz 54.0MHz-55,999,999.9Hz
6.0MHz- 7,999,999.9Hz 60MHz 4.0MHz-2,000,000.1Hz 56.0MHz-57,999,999.9Hz
8.0MHz- 9,999,999.9Hz 62MHz 4.0MHz-2,000,000.1Hz 58.0MH2-59,999,999.9Hz
10.0MHz-11,999,999.9Hz 64MHz 4.0MHz-2,000,000.1Hz 60.0MHz-61,999,999.9Hz
12.0MHz-13,999,999.9Hz 66MHz 4.0MHz-2,000,000.1Hz 62.0MHz-63,999,999.9Hz
14.0MHz-15,999,999.9Hz 68MHz 4.0MHz-2,000,000.1Hz 64.0MHz-65,999,999.9Hz
16.0MHz-17,999,999.9Hz 70MHz 4.0MHz-2,000,000.1Hz 66.0MHz-67,999,999.9Hz
18.0MHz-19,999,999.9Hz 72MHz 4.0MHz-2,000,000.1Hz 68.0MH2-69,999,999.9Hz
20.0MHz-21,999,999.9Hz 74MHz 4.0MHz-2,000,000.1Hz 70.0MHz-71,999,999.9Hz
22.0MHz-23,999,999.9Hz 76MHz 4.0MHz-2,000,000.1Hz 72.0MHz-73,999,999.9Hz
24.0MHz-25,999,999.9Hz 78MHz 4.0MHz-2,000,000.1Hz 74.0MHz-75,999,999.9Hz
26.0MHz-27,999,999.9H2 80MHz 4.0MHz-2,000,000.1Hz 76.0MHz-77,999,999.9Hz
28.0MHz-29,999,999.9Hz 82MHz 4.0MHz-2,000,000.1Hz 78.0MHz-79,999,999.9Hz
30.0MHz-31,999,999.9Hz 84MHz 4.0MHz-2,000,000.1Hz 80.0MHz-81,999,999.9Hz
32.0MH2z-32,500,000.0Hz 86MHz 4.0MHz-3,500,000.0Hz 82.0MHz-82,500,000.0Hz
NOTES: 1. These frequencies are valid for LO DIST and LO NOISE modes only. See Table 8-D-2 for First L.O.
frequency shifts in other operating modes.

Table 8-D-2. Tracking Output Frequencies vs. Mode Selections.

Measurement Mode Selection Entry Frequency Channel Tracking Output Frequency #

LO DIST, LO NOISE, WIDEBAND * * 1,000,000Hz
CARRIER A 1,001,850Hz

NOISE/DEMOD, NOISE/TONE, CARRIER ~N 998,150Hz

PHASE JITTER, IMPULSE TONE N~ 999,154Hz (998,350Hz)
TONE A 1,000,846Hz (1,001,050Hz)
TONE * 1,000,000Hz

TONE 1004Hz (TONE 800Hz) # | CARRIER N 998,996Hz (999,200Hz)
CARRIER A 1,001,004Hz (1,000,800Hz)
CARRIER * 1,000,000Hz

CARRIER TONE N 1,001,004Hz {1,000,800Hz)
TONE A 998,996Hz (999,200Hz)
TONE A 1,001,596Hz (1,000,210Hz2)
TONE ~N 998,404Hz (999,790Hz)

SIGNAL 2600Hz (1010Hz) # CARRIER M~ 997,400Hz (998,990Hz)
CARRIER A 1,002,600Hz (1,001,010Hz)

NOTES: 1. All readings taken with front panel tuned frequency = 1,000,000Hz.

2. # Where only one frequency is given, applies to 3586A/B. Where two frequencies given,
first = 3586B, second () = 3586A.
3. * Selection has no effect on T. O. frequency.

8-D-15. Spurious Signals. When spurs are found to be riding on the First L.O. signal, a
spectrum analyzer such as the 3585A is the best troubleshooting aid since there are seven
boards (A50-A53, and A30-A32) and three loops (step, sum and fractional-N) making up
the First L.O. signal. Using Figures 8-D-4, 8-D-8, and 8-E-6, check for spurs at all key test
points. The following information may also help.
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1. Note that residual spurs (no input signal) are specified to be less than — 115dBm (in the
20Hz bandwidth) for all frequencies above 300Hz and less than — 1 00dBm for all frequen-
cies below 300Hz.

2. 60Hz (or multiples thereof) inside the 3586 can enter through the step loop supply
voltages and get into the sum loop at the A52 mixer stage.

3. Both A50 and AS51 must be screwed down tight to prevent signals from either board
mixing with signals on the other board to cause spurs. Look especially for spurs at the dif-
ference frequency (i.e., step-sum = spur) which could be riding the Sum VCO output. For
example, if the Step = 60MHz and the Sum = 57.5MHz (front panel tuned frequency =
7.5MHz), spurs could occur at SMHz and 10MHz (60 - 57.5MHz = 2.5MHz, 7.5MHz +
2.5MHz).

4. If spurs are noted at specific frequencies close to the tuned frequency, determine the
theoretical difference frequency and try to identify the source. For example, if the tuned fre-
quency is 2.3MHz and a spur is noted at 2.300120MHz, look for high ripple on a DC supply
voltage since the difference frequency is 120Hz and could be a harmonic of the line fre-
quency.

5. Also, spurs that form sidebands on the L.O. of about 100 + 10Hz could be due to the
Display Scan Rate (see paragraphs 8-78 and 8-266) somehow getting into the First L.O. signal.

6. Spurs of exactly 2MHz could be related to the A50 board since the step loop uses a
reference frequency of exactly 2MHz.

7. Refer to Table 8-D-3 for a list of frequencies normally occurring on PC boards in the
3586 for identifying possible spurious signal sources.

8. Remember that any .'glmplifier stage is capable of breaking into oscillation if a positive
feedback path is provided. Failure of clamping diodes, leaky capacitors, etc. can sometimes
provide that path. With no input signal to the 3586 present, amplifier stages should be
checked as sources of spurs. Ferrite beads are placed in amplifier stages which are likely to
oscillate, and should therefore always be replaced after troubleshooting or repair.

9. The most likely sources of residual spurs for field failures will be bad bypass capacitors
causing line frequency ripple on one or more of the power supply DC voltages or non-
relateable spurs occurring in the Fractional-N Loop.

8-D-16. High Noise Floor. Although the 3586 is specified to have a dynamic range of 80dB,
it typically is closer to 85dB. The dynamic range is established by the *“‘phase noise’’ level in
the First L.O. signal. Since any noise present on the A50 board can be multiplied by the + N
number, the A50 is the most likely cause of a 3586 high-noise floor that has been isolated to
the First L.O. signal. Use A50S1 to open the step loop and then use a spectrum analyzer such
as the 3585A to try and locate the source of the noise. There is no easy solution to this pro-
blem so replacing likely components on A50 is the only method known.

8-D-17. Step Loop (A50) Troubleshooting.

8-D-18. Error Code E3.8. When error code E3.8 is displayed on the front panel and the red
LED (A50DS70) is lit on the A50 board, it signifies that the Step Tuning Voltage has ex-
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Table 8-D-3. Spurious Signal Possible Sources.

Frequencies® Origin(s) Using P.C. Boards
1Hz | A22 A22, A60O
48-66Hz | Line Frequency A99 (Rectifier Circuits)
80Hz | A4 A4
100(+ 10)Hz | A98 A98
1010(+ 50)Hz | A70 A70
1900(+ 200)Hz | A60 A60, AS8
0-3400Hz | A22 (Audio) A21, A70, A98
13.775KHz | A22 (3100Hz) LSB A21
14.125KHz | A22 (2000Hz) LSB A21
14.275KHz | A22 (1740Hz) LSB A21
15.625KHz { A11 A11
15.625KHz | A10 A10, A20, A21, A22
16.425KHz | A22 (CAL-3586A) A21
16.625KHz | A22 (CAL-35868B) A21
16.975KHz | A22 (1740Hz) USB A21
17.125KHz | A22 (2000Hz) USB A21
17.475KHz | A22 (3100Hz) USB A21
20-50KHz | A4 A4
41(+1)KHz | A61 A61
100KHz | A30, A40 A32
200-333KHz | A61 A61
500KHz | A22 A22
1MHz | A40 A11, A15, A22
1.3775MHz | A22 (3100Hz) A22
1.4125MHz | A22 (2000Hz) A22
1.4275MHz | A22 (1740Hz) A22
1.6425MHz | A70 (CAL-3586A) A22
1.6625MHz | A70 (CAL-3586B) A22
1.6975MHz | A22 (1740Hz) A22
1.7125MHz | A22 (2000Hz) A22
1.7475MHz | A22 (3100Hz) A22
2MHz | A40 A40 (Test)
2MHz | A0 A50
2-4MHz | A31, A52 AB3
2-4MHz | A30 A30, A32
3-5MHz | A61 AB1
3.5(+.3)MHz | A60 AB0
10MHz | A16 A4Q
10MHz | A40 A50
10-20MHz | A30 A30
20-40MHz | A31 A30
0-32.5MHz | A15 A4, A2, A5
49.984375MHz | A11 A10
50MHz | AS A10
50MHz | A40 A11, A15
50-82.5MHz | A51 A5, A15, A52
54-86MHz | A50 A50, A52

*No external source frequencies applied to the 3586 input.

Model 3586A/B/C

ceeded +9V or —9V. The loop may still be locked. The normal range of the step loop
(54-86MHz) typically produces a tuning voltage of +7.45V at 54MHz and about —3V at
86MHz. However, the high frequency end may vary from — 3V by several volts since it is a
function of the characteristics of the matched set of tuning diodes (ASOCR1, A50CR2,
ASICRI1, A51CR2) which are VARICAPS. The low end (54MHz) is adjusted to 54MHz
(x.1MHz) with S1 in TEST at + 7.45V using AS0LS5, and the high end is allowed to fall
where it may, voltage-wise. However, if the loop is locked at 86 MHz and the STEP TUN-
ING VOLTAGE is less than — 9V, the VARICAPS (AS0CR1 or ASOCR2) may be bad. Be

sure to replace all four VARICAPS of the matched set if any one is bad!

8-D-19. Breaking the Step Loop. There are several ways to break the step loop for
troubleshooting and to test separate stages independently. Use the following procedure.
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1. Remove the power from the 3586, place A5S0 on an extender and put A50S1 in TEST.
Connect the red coax from A40J1 to A50J2. Then connect a frequency counter to the “EXT
REF INPUT”’ BNC on the rear panel.

2. Reapply power. The counter should read 54MHz + .1MHz. If it does not, try A50J1

tny aliminate NA/NA Tf ctill had tharsa ic a nrahlam 1 a VOO or in huffer O7 /08 Thara ic
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no simple way to identify a defective VCO component. Gain what information you can from
schematic voltages (Figure 8-D-3) and then replace the VCO active components (transistors,
diodes, etc.), one at a time, until the bad component is found.

3. If the loop locks up at 54MHz with A50S1 in NORMAL but won’t lock up at some
step frequency other then 54MHz (i.e., a tuned frequency other than dHz - 1,999,999.9Hz),
attach a DC source to TP1 with S1 in TEST. By driving TP1 with a DC voltage from + 8V to
— 8V, you should be able to change the VCO frequency from 52MHz - 86 MHz. If not, the

VCO has a problem. This procedure should not be necessary after the preceeding step 2
unless the Step loop unlocks at some tuned frequencies but not others.

{
IECAUHON}
[

Do not let current from the DC source get too high while driving
the VCO or other component damage may occur.

4. If the VCO is working, leave S1 in TEST (VCO =54MHz) to check the + N Counters
(U71 and U72) and the + N code programming from A60. Connect a scope to U70(14) and
verify that the 54MHz is getting to the counters. Connect the frequency counter to U74(6).

5. Use tuned frequency values from Table 8-D-4 to select a specific + N number for the
counters. If the code from A60 for that number (N) is correct and the counters are working,
the frequency at U74(6) should be in the corresponding range shown in Table 8-D-4. The
range is based on the VCO always being S4MHz (+ .1MHz) divided by N. If the frequency is
always correct at U74(6) for different values of N from Table 8-D-4, the counters (U71 and
U72) are correct and so is the coding from A60.

6. If the frequency at U74(6) is incorrect for any + N number, use Table 8-D-5 to verify
the A60 input codes for that N. If the code is correct, one of the counters (U71 or U72) is
probably bad.

7. If the A60 code on A50is incorrect, remove power and pull A60 out of the instrument.
Ground pin B14 on XA50R and reapply power. Because of pull-up resistors RP73(2-6), the
+ N code will appear to be 011111 (N=33). If U74(6) is now 1.633-1.640MHz (Table
8-D-4), the problem is most likely that A60 is not sending the correct codes. (Other codes
may be tried if necessary by grounding the correct edge connector pin(s) to obtain a ‘‘0’’ for
the selected code in Table 8-D-5). If the problem is A60, proceed to Service Group C and
troubleshoot the A60 output circuits and then the A60 processor data lines.

8. If the counter still is not dividing correctly with A60 removed and a synthetic code pro-
vided as in Step 7, then U71 or U72 are bad. There is no simple way to tell which is bad since
their outputs are tied together.

9. If the counters are good, the problem must be in the Phase Detector, switching amps or
current sources. These can be checked, one-half at a time, by following steps 10-13.
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10. Put AS0S1 back in NORMAL. Short TP2 to ground (adjacent test pin). This will kill
the input to the + N and therefore the 2MHz (normal) output of the + N. The reference 2
MHz should still be present at U74(11) and U75(12).

11. Now the following conditions should exist: The step frequency should drive very high

{near 100MHz) because the STEP TUNE VOLTAGE should be at the negative rail (near

—12V). The unlock red LED on ASO should be lit. The POSITIVE current source (Q72)
should be triggering on and off in sync with the reference 2MHz. The NEGATIVE current
source should be full on (Q71 on). U74(2,14) should be LOW (+ 3.4V) and U74(3,15) should
be HIGH (+4.2V). Q75/Q76 should be turning on/off at a 2MHz rate, Q74 should be off
and Q73 should be on.

12. Remove the short from TP2. Disconnect the gray cable from A40J4 to A50J3 to kill
the reference 2MHz into U74/U75. The + N 2MHz should again be present at U74(6).

13. Now the following conditions should exist: The step frequency should drive very low
(near 45MHz) with the STEP tuning voltage above +9V. The unlock LED on A50 should be
lit. The POSITIVE current source should be full on and the NEGATIVE source should be
full off. U74(2,14) should be HIGH and U74(3,15) should be LOW. Q72, Q74 and Q75
should be on. Q71, Q73 and Q76 should be off.

Table 8-D-4. Troubleshooting Values for Step + N.

Front Panel Frequency Range
Tuned Frequency + N Number Allowabls at U74(6)*

1MHz 27 1.996 - 2.004MHz
3MHz 28 1.925 - 1.933MHz
5MHz 29 1.858 - 1.866MHz
7MHz 30 1.796 - 1.804MHz
9MHz 31 1.738 - 1.746MHz
11MHz 32 1.684 - 1.691MHz
13MHz 33 1.633 - 1.640MHz
15MHz 34 1.685 - 1.592MHz
17MHz 35 1.540 - 1.546MHz
19MHz 36 1.497 - 1.503MHz
21MHz 37 1.456 - 1.463MHz
23MHz 38 1.418 - 1.424MHz
25MHz 39 1.382 - 1.388MHz
27MHz 40 1.347 - 1.353MHz
29MHz 41 1.314 - 1.320MHz
31MHz 42 1.283 - 1.289MH:
32MHz 43 1.253 - 1.259MHz

Notes: 1. *Assumes Step VCO is within its allowable ad-
justment range of 53.9MHz - 54.1MHz (para-
graph 5-6.a) with AB0OS1 in TEST.

2. Refer to paragraph 8-D-19 for more informa-
tion.

8-D-20. It should be noted that it is possible for the Step Loop to normally be locked up at
52MHz in certain single sideband (SSB) measurement modes. For example, if the tuned fre-
quency on a 3586B is 1003Hz or less and TONE 1004Hz is selected with ENTRY FRE-
QUENCY set to CARRIER and the CHANNEL = ~ (LSB), the step will be 52MHz.
This occurs because the processor sees that the operator has identified the tuned frequency
as a telecommunications carrier and he wants to measure the tone in the lower sideband.
That tone should be located 1004Hz below the carrier (1003Hz) at (— 1Hz). Although in the
real world, that frequency does not exist, the instrument thinks it does and will try to tune
there. As a result, the step loop will drop to 52MHz, the fractional-N loop output (divided
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by 10) will go to 2,000,001Hz and the First L.O. (sum loop) frequency will be
49.999999MHz. The same conditions will hold true if CARRIER mode is selected while the
ENTRY FREQUENCY is set to TONE and the CHANNEL = A (USB).

Table 8-D-5. Step Loop +N Codes.

Front Panel F20 F10 F8 F4 F2 F1 Step VCO
Tuned Frequency ) (11) (12 (16} (15 (14 (13)* Frequancy # + N Number
0 Hz- 1,999,999.9Hz 1 0 0 1 (o} 1 54MHz 27
2.0MHz - 3,999,999.9Hz 1 0 o 1 0 [o] 56MHz 28
4.0MHz - 5,999,999.9Hz 1 o] 0 0] 1 1 58MHz 29
6.0MHz - 7,999,999.9Hz 1 0] (0] 0 1 0 60MHz 30
8.0MHz- 9,999,999.9Hz 1 [0} 0 0 (0] 1 62MHz 31
10.0MHz - 11,999,999.9H2z 0 1 (] o] 0 0] 64MHz 32
12.0MHz - 13,999,999.9Hz (o} 1 1 1 1 1 66MHz 33
14.0MHz - 15,999,999.9Hz o 1 1 1 1 (o} 68MHz 34
16.0MHz - 17,999,999.9Hz o] 1 1 1 (o] 1 70MHz 35
18.0MHz - 19,999,999.9Hz 0 1 1 1 0 0 72MHz 36
20.0MHz - 21,999,999.9Hz (o] 1 1 0 1 1 74MHz 37
22.0MHz - 23,999,999 .9Hz 0 1 1 0 1 o] 76MHz 38
24.0MHz - 25,999,999 .9Hz 0 1 1 (o} 0 1 78MHz 39
26.0MHz - 27,999,999.9Hz 0 1 1 0 (o} (0] 80MHz 40
28.0MHz - 29,999,999.9Hz 0 1 0 1 1 1 82MHz 41
30.0MHz - 31,999,999.9Hz 0 1 0 1 1 (o} 84MHz 42
32.0MHz - 32.5MHz (o] 1 4] 1 (o} 1 86MHz 43
Notes: 1.*Pin numbers (11) - (16) are on resistor pack RP74.
2. 0= +26VDC, 1 = +5.0VDC.
3. # Under certain conditions, the Step VCO can be 52MHz (100110).
See paragraph 8-D-20.

8-D-21. Sum Loop (A51/A52/A53) Troubleshooting.

8-D-22. Error Code E3.2. When error code E3.2 is displayed on the front panel and the
(unlocked) red LED (A53DS1) on the A53 board is lit, it signifies that the difference between
the STEP TUNING VOLTAGE and the SUM TUNING VOLTAGE has exceeded + 1.8V
or —.6V as seen at A5S3TP2. This can occur for many reasons. The step and fractional-N
loop frequencies are controlled by the processor and they, in turn, determine the sum loop
frequency. The operation of the AS3 Loop Sync Comparator circuit is to try and keep the
sum loop tuning voltage close enough to the step loop tuning voltage so that their difference
(seen at TP2) is between — .6V and + 1.8V. This will keep comparators U3A and U3B at rest
(untripped condition). Since the sum voltage at U1(3) normally tracks the step voltage at
U1(2), voltage measurements at these two pins and at TP2 should identify what is happen-
ing. The sum tuning voltage should track very closely to the step tuning voltage over the
whole range of the First L.O. since the tuning diodes for both VCQO’s are a matched set.
However, the sum VCO will be at 52MHz (+.1MHz) for +7.45V compared to the step
loop’s 54MHz (+.1MHz) at +7.45V.

8-D-23. If the step loop tuning voltage at A5S3TPS is about +7.45V at 54MHz, and the sum
tune voltage is sufficiently different to trip one of the comparators (U3A or U3B), then the
problem is either in the sum loop or the fractional-N loop. To determine which, first tune
the 3586 to 1.25MHz. Next check both of the 2-4MHz signals coming into the sum phase
detector by putting A53 on an extender and looking at edge connector pins B12 and B14 of
XAS53 with a frequency counter.

8-D-24. If the frequency at XAS3(B14) is correct (2.7SMHz), then the fractional-N loop is
operating correctly and the problem is in the sum loop. Proceed to paragraph 8-D-25. If the
frequency is not correct at XA53(B14), then the fractional-N loop has a problem. Proceed to
Service Group E and troubleshoot the fractional-N loop.

Service Group D
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