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SAFETY SUMMARY

The following general safety precautions musbbserved during all phases of operation and maintenance of this

instrument. Failure to comply with these precautions or with specific warnings elsewhere in this manual violates

safety standards of design, manufacture, and intended use of the instruneendnBElectronics assumes no

liability for the customerdés failure to comply with the:

THE INSTRUMENT MUST BE GROUNDED
To minimize shock hazard the instrument chassis and cabinet must be connected to an electrical ground. The
instrument is equipped with a three conductor, three prong power cable. The power cable mustmitbgetdento
an approved threeontact electdal outlet or used witla threecontact to a twaeontact adapter with the (green)
grounding wire firmly conected to an electrical ground at fh@wveroutlet.

DO NOT OPERATE THE INSTRUMENT IN AN EXPLOSIVE ATMOSPHERE
Do not operate the instrument in thegence of flammable gases or fumes.

KEEP AWAY FROM LIVE CIRCUITS
Operating personnel must not remove instrument covers. Component replacement and internal adjustments must be
made by qualified maintenance personnel. Do not replace components with the cableeconnected. Under
certain conditions dangerous voltages may exist even though the power cable was removed; therefore, always
disconnect power and discharge circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE
Do not attempt internal service adjustment unless another person, capable of rendering first aid and resuscitation,
is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT
Do not install substitute parts or perform any unauthorized modification of the instrument. Return the ingtrumen
Boorton Electronics for repair to ensure that the safety features are maintained.

SAFETY SYMBOLS
This safety requirement symbol (located on the rear panel) has been adopted
by the International Electrotechnical Commission, Document 66 (Central
Office) 3, pargraph 5.3, which directs that the instrument be so labeled if,
for the correct use of the instrument, it is necessary to refer to the instruction
manual. In this case it is recamnded that reference be made to the
instruction manual when concténg the instrment to the proper power

source. Verify that the correct fuse is installed for the power available, and
that the switch on the rear panel is set to the applicable opgevaltage.

The CAUTION sign denotes a hazard. It calls attention to an operation

procedure, practice, or the like, which, if not correctly performed or adhered
- CAUTION to, could result in damage to or destruction of part or all of the equipment.
3 : Do not proceed beyond the CAIWDN sign until the indicated conditions
are fully understood and met.

The WARNING sign denoted a hazard. It calls attention to an operation
procedure, practice, or the like, which, if not correctly performed or adhered
to, could result in injury or los®of life. Do not proceed beyond a

WARNING sign until the indicated conditions are fully understood and met.

Indicates dangerous voltages.
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General Information Sectionl

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2. This manual provides general information, installation information, operating instructions, tifeoperation,
performance tests, maintenance instructions, a parts list and schematic diagrams for the820@éeModulation
Analyzer. The Mode8201Ais mandactured by Boonton ElectronicBarsippany New Jersey.

1-3. DESCRIPTION.

1-4. The Model8201A is a versatile, precision, solitate instrument with features and performance characteristics
especially suitable for laboratory and industrial applications. It covers a frequency range of 100 kHz to 2.5 GHz. Human
engineering considerations haveehemphasized in both the mechanical and electrical design of the 8&del The

result is a modulation analyzer that is easy and convenient to use, despite its flexibility. Among the outstanding features
are:

| Automatic tuning and leveling. The Model8201A can automatically acquire the largest signal present at the input
connector and adjust its local oscillator and measurement channel gain to provide a calibrated display of amplitude
modulation (AM), frequency modulation (FM), or phase modulation (PMditionally, the operator can select the
display of carrier level in millivolts or dBm. This may be accomplished using the front panel keys or remotely via the
IEEE-488 bus.

| Separate displays of all major functionsThe Model8201A has four separate displays to present simultaneously
carrier frequency or level, audio frequency, distortion percent, or distortion SINAD, modulation AM, FM, or PM, and
program number or SPCL function. Continuous display of HBBE bus status is also gented.

~

| Internal Distortion Analyzer. The Model8201Aincludes a fully automatic audio distortion analyzer. The results
can be displayed in percent or dB SINAD.

| Low Residual Modulation. The exceptionally low modulation residuals provide excellent nmreasnt accuracy
with low noise sources. Direct residual measurements are possible using the 840l with internal true rms
detectors. In addition, active peak detectors insure exceptional baseband detection linearity so that residuals may be
easily digounted for enhanced measurement accuracy.

1-5. The features described in the preceding paragraphs, together with those described in1T aliékel the Model
8201A particularly useful for design, production line, and field testing of AM, FM, and PM tittessnand signal
generators. Because of its flexibility, the Mo88D1Ais also a good modulation analyzer for laboratory applications.
1-6. OPTIONS.

-01 Avionics Calibration. Additional tests are made to insure the augmented avionics AM specificgliabke 11)

-02 Rear panel RF IN connector.The RF IN connector is installed on the rear panel of the MRRIZIA

-03 CCITT filter. A CCITT bandpass filter is added to the baseband processing circuits.

-05 Power ReferenceA 50 MHz, 0 dBm calibrator is atd to the rear panel of the Mo@01A

-07 Audio loop-thru. Circuitry is added to the baseband processing circuits to permit the use of custom &kermal

1-1



Sectionl General Information

-08 CCIR filter. A CCIR bandpass filter is added to the baseband processing circuits.

-09 C-MESSAGE filter. A C-MESSAGE bandpass filter is added to the baseband processing circuits.

1-7. Inquiries regarding special applications of the M&R01Ato specific customer requirements are invited. Direct
such inquiries to the Applications Engineering Department of Boonton Electronics.

1-8. PERFORMANCE SPECIFICATIONS.

-9. Performance specifications for the Mo@@01Aare listed in Table-1.

1-10. OUTLINE DIMENSIONS.

1-11. Outline dimensions of the Mod8R01Aare shown in Figure-1.
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Figure 1-1. Outline dimensions
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TABLE 1-1. PERFORMANCE SPECIFICATIONS.

RF INPUT
Frequency Range
Tuning (8)

Sensitivity

Maximum Input (8)

1100 kHz to 2.5 GHz

:Automatic, typical acquisition time one second, or manual from keyboard or

IEEE-488 bus.

:10 mV, Frequency Range: 100 kHz to 520 MHz.
115 mV, Frequency Range: 520 MHz to 1000 MHz.
:28 mV, Frequency Range: 1000 MHz to 1500 MHz.
:50 mV, Frequency Range: 1500 MHz to 2500 MHz.

:1 watt (7 V rms, + 30 dBm)

Maximum Safe Input (8) :40 Vdc, 35 Vac (25 W for source SWR <)4

Level Set (8)

Input Impedance

VSWR

:Automatic, typical acquisition time one second for levels up to 7 V, or manual
from keyboard or IEEE -488 bus.

:50 ohms nominal.

:< 1.50, Frequency Range: 100 kHz to 2.0 GHz.
:< 1.80, Frequency Range: 2.0 GHz t8.5 GHz.

FREQUENCY MODULATION

Measurement

Rates

Range (6)

Resolution(7)

Accuracy(l) (2)

Distortion

Residual FM

(3 kHz low-pass)
Residual FM

(15 kHz low-pass)

Incidental FM

:+ peak,-peak, peak average, quagpeak, and rms.

:20 Hz to 15 kHz, Frequency Range: 0.2 to 0.5 MHz.
:20 Hz to 50 kHz, Frequency Range: 0.5 MHz to 10 MHz.
:20 Hz to 220 kHz, Frequency Range: 10 MHz to 2.5 GHz.

:0 to carrier(kHz)/10 kHz peak, Frequency Range0.2to 0.5 MHz.
:0 to 150 kHz peak, Frequency Range: 0.5 to 10 MHz.
:0 to 500 kHz peak, Frequency Range: 10 MHz to 2.5 GHz.

:1 Hz, 0.000 to 5.000 kHz deviation.
:10Hz, 5.00 to 50.00 kHz deviation.
:100 Hz, 50.0 to 500.0 kHz deviation.

:1% of reading, 30 Hz to 5 kHz rates, Frequency Range: 0.2 to 0.5 MHz.

:2% of reading, 5 kHz to 7.5 kHz, Frequency Range: 0.2 to 0.5 MHz.
:1% of reading, 30 Hzto 15 kHz, Frequency Range: 0.5 to 10 MHz.
:2% of reading, 15 kHz to 30 kHz, Frequency Range: 0.5 to 10 MHz.
:1% of reading, 30 Hz to 100 kHz, Frequency Range: 0.01 to 2.5 GHz.

:2% of reading, 100 kHz to 150 kHz, Frequency Range: 0.01 to 2.5 GHz.

:< 0.1% for deviations <30 kHz, Frequency Range: @.to 0.5 MHz.
:< 0.1% for deviations <75 kHz, Frequency Range: 0.5 to 10 MHz.
:< 0.1% for deviations < 100kHz, Frequency Range: 0.01 to 2.5 GHz.

:< 15 Hz RMS at 2000 MHzcarrier, decreasing linearly with frequency.
:< 1 Hz RMS at 100 MHz.( floor)
:< 30 Hz RMS at 2000 MHz carrier, decreasing linearly with frequency.
:<2 Hz RMS at 100 MHz.( floor)

:< 20 Hz peak deviation at 50% AM, 30 Hz to 3 kHz measurement bandwidth.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS CONTINUED.

AMPLITUDE MODULATION
Measurement . + peak,-peak, peak average, quaspeak, and rms.

Rates : 20 Hz to 15 kHz, Frequency Range0.1 to 0.5 MHz.
: 20 Hz to 50 kHz, Frequency Range: 0.5 to 10 MHz.
: 20 Hz to 220 kHz, Frequency Range: 10 MHz to 2.5 GHz.

Range : 010 99.9%.

Resolution 1 0.001% from 0.000 to 5.000% AM.
1 0.01% from 5.00 to 50.00% AM.
1 0.1% from 50.1 to 99.9% AM.

Accuracy(1) (2) : 1% of reading, 30 Hz to 5 kHz, Frequency Range: 0.1 to 0.5 MHz.
: 2% of reading, 30 Hz to 7.5 kHz, Frequency Range: 0.1 to 0.5 MHz.
: 1% of reading, 30 Hz to 15 kHz, Frequency Range: 0.5 to 10 MHz.
: 2% of reading, 30 Hz to 30 kHz, Frequency Range: 0.5 to 10 MHz.
: 1% of reading, 30 Hz to 100 kHz, Frequency Range: 0.01 to 2.5 GHz.
: 2% of reading, 30 Hz to 150 kHz, Frequency Range: 0.01 to 2.5 GHz.

Distortion : < 0.3% for depths up to 90%
Residual AM (3) : 0.02% RMS, 30 Hz to 3 kHz bandwidth.
:0.05% RMS, 30 Hz to 15 kHz bandwidth.
Incidental AM : < 0.2% AM peak at 5 kHz deviation, Carrier Frequency < 10 MHz.
(3 kHz low-pass) : < 0.2% AM peak at 50 kHz deviation, Carrier Frequency > 10MHz.

PHASE MODULATION
Measurement . + peak,-peak, peak average, quagbeak, and rms.

Rates 1100 Hz to 15 kHz, Frequency Ranged.2to 0.5 MHz.
: 20 Hz to 50 kHz, Frequency Range: 0.5 to 10 MHz.
: 20 Hz to 100 kHz, Frequency Range: 10 MHz t@d.5 GHz.
Range (4) : 0 to CARRIER(kHz)/10 RAD peak, Frequency Range: @to 0.5 MHz.
: 0 to 150 RAD peak, Frequency Range: 0.5 to 10 MHz.
: 0 to 500 RAD peak, Frequency Range: 10 MHz to 2.5 GHz.

Resolution(5) :0.001 RAD, 0.000 to 5.000 RAeviation.
: 0.01 RAD, 5.00 to 50.00 RAD deviation.
: 0.1 RAD, 50.0 to 500.0 RAD deviation.

Accuracy(1) (2) : 3% of reading, 200 Hz to 7.5 kHz, Frequency Range: 0.2 to 0.5 MHz.
: 3% of reading, 200 Hz to 30 kHz, Frequency Range: 0.5 MHz to 2.5 GHz.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS CONTINUED.

Distortion

Residual PM

Incidental PM

Range

Resolution

Accuracy

Reference

CARRIER LEVEL

Range*

Frequency Range
Resolution

Accuracy

AUDIO FREQUENCY

Range

Resolution

Accuracy

: < 0.1% for deviations < 30 RAD, Frequency Range: 0.2 to 0.5 MHz.
: < 0.1% for deviations < 75 RAD, Frequency Range: 0.5 to 10 MHz.
: < 0.1% for deviations <100 RAD, Frequency Range: 0.01 t8.5GHz.

: < 0.1 RAD RMS at 2 GHz decreasing linearly with frequency.
: <0.005 RAD RMS at 100 MHz. (floor)

: <0.02 RAD peak at 50 % AM, 30 Hz to 3 kHz bandwidth.

CARRIER FREQUENCY

: 100 kHz to 2.5 GHz.

: 10 Hz, Frf < 1000 MHz.
: 100 Hz, Frf > 1000 MHz.

: reference accuracy + 3 digits.

: 10.0000 MHz, 1 X 166/year aging.
: 1 X 10-6/degree C temperature influence, from 0 to 50 degrees C.

: -47.0 €27.0) to + 30.0 dBm, Frequency Range: 0.1 to 520 MHz.

: -37.0 €17.0) to +30.0 dBm, Frequency Range: 520 to 1500 MHz.

: -33.0 €13.0) to + 30.0 dBm, Frequency Range: 1500 to 2500 MHz.
* With carrier frequency set.)(values in automatic mode.

: 100 kHz to 2500 MHz.
:0.01 dB or 0.1 millivolts.
dB, Frequency Range: 0.1 to 520 MHz.

1
2.0 dB, Frequency Range: 520 to 1500 MHz.
3.0 dB, Frequency Range: 1500 t8500 MHz.

+ I+ 1+

: 10 Hz to 220 kHz

:0.1 Hz from 10 Hz to 1 kHz.
:1 Hz from 1 kHz to 10 kHz.

: 10 Hz from 10 kHz to 100 kHz.
: 100 Hz above 100 kHz.

: reference accuracy + 1 count.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS CONTINUED.

AUDIO DISTORTION/SINAD

Frequency Range

Tuning

Distortion Range

Resolution

Accuracy

Residual Distortion
AUDIO FILTERS

High-pass

Low-pass

De-emphasis
Accuracy

AM CALIBRATOR

FM CALIBRATOR

PM CALIBRATOR

GENERAL

Power Requirements
Operatina

Dimensions

Weight

Accessories Included

120 Hz to 20 kHz.

: Automatic if modulation frequency is within range, or manual from keyboard or

IEEE-488 bus.

:0.01 TO 100% THD or 0 to 80 dBSINAD.

1 0.01%, Range: 0.01 TO 9.99%.
1 0.1%, Range: 10.0 TO 99.9%.
:0.01 dB, Range: 0 TO 80 dB SINAD.

:+10% or + 1 dB SINAD. Residual modulation must be accounted for in distortion

measurements.

1< 0.1% or 60 dB SINAD.

: <10 Hz gaussian, less than 10 % droop with 5 Hz square wave.(8)
: 30,300 and 3000 Hz,-pole Butterworth.
: 3 and 15 kHz, 3pole Butterworth.

: 20 kHz, 3-pole Bessel.
: 50 and 220 kHz, 7pole Butterworth.

25, 50, 75, and 750¢s.

: + 4% 3 dB corner and time constant.

. internal, 50.00% depth, 0.1% accuracy.

s internal, 125.0 kHz deviation,.0.1% accuracy.

:internal, 136.3 RAD deviation, 1% accuracy.

: 100, 120, 220, or 240 volts, + 10%,
: 50-400 Hz, single phase, approx. 65 VA.

: 0 to 55 dearees C.

:17.25 inches (43.8 cm) wide,
: 5.75 inches (14.6 cm) high,
: 18.75inches (47.6 cm) deep

: 28 Ibs (12.7 kg)

: Accessory Kit (P/N 08266500A) contains extra fuses.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS CONTINUED.

AF OUT (8)

IF OUT (8)

AM OUT (8)

FM OUT (8)

DIST OUT (8)

REF IN (8)

IEEE-488 (8)

Stereo Separation (8)

Accuracy

Flatness

Frequency

Power Accuracy

SUPPLEMENTAL SPECIFICATIONS
: Uncalibrated, approx. 1 V into 600ohms at 5000 counts on display.

: Approximately 0 dBm into 50 ohms.

AVIONICS AM CALIBRATION ( optional)

POWER REFERENCE ( optional )

CCITT FILTER (optional )

Source impedance 600 ohms.

: Frequency 1.21 MHz nominal fa carriers from 10 to 2500 MHz,
346 kHzfor carriers from 2 to 10 MHz,
and 100 kHz to 2 MHz for carriers below 2 MHz.

: Source impedance 50 ohms.

: DC coupled, 0.02 volts pealto-peak per 1% AM depth.
Source impedance 600 ohms.

: DC coupled, 2 volts peako-peak per £ 100kHz deviation.
Source impedances00 ohms.

: Uncalibrated, approximately 1V rms into 600 ohms at 5000 counts on display.
Source impedance 600 ohms.

: TTL compatible for external timebase. Switching is automatic.

: Complies with IEEE-488-1978.
Implements AH1, SH1, T6, TEO, L4, LEO, SR1, RL1, PPO, DC1, DT1, CO, and

:>48 dB, 50 Hz to 15 kHz, < 10 to 220 kHz bandwidth.

1+ 0.7%, 20 to 40% AM, at 30 Hz to 3 kHz rates,
< 10 to 15 kHz filters.

: + 0.4% for constant AM between 20 and 40%, and
90 and 150 Hz rates.

: 50 MHz, + 1%.

: 0.7% initial accuracy.
.+ 1.2% over 1 year.

: bandpass filter, CCITT recommendation P.53.
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TABLE 1-1. PERFORMANCE SPECIFICATIONS CONTINUED.

CCIR FILTER (optional )
: bandpass filter, CCIR recommendation 4683(DIN 45404).

C-MSG FILTER ( optional )
: bandpass filter, Bell System Technical Reference 410009.

AUDIO LOOP THRU (optional )
Frequency range : < 10 Hz to > 220 kHz.
Input impedance : 1 Megohm, shunted by approximately 50 pF.

Output impedance: 600 ohms

NOTES

(1) Peak residualsmust be accounted for.

(2 For rms add = 1% of reading.
For quasi-peak add + 6% of reading, 20 Hz to 20 kHz.

(3) Level > 100 millivolts, carrier frequency < 520 MHz.
Above 520 MHz, residuals increase linearly with frequency.

(4) Up to 1 kHz modulation rate. Above 1 kHz range decreases
linearly with modulation frequency.

(5) Up to 1 kHz modulation rate. Above 1 kHz resolution is determined by
the product of deviation and modulation rate.

(6) With 750 us deemphasis, and predisplay selected, the deviation is
limited to 50 kHz peak.

@) Di splay resolution issten times
de-emphasis, and predisplay selected.

(8) These specifications are for application purposes and, although typic

are not warranted.
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SECTION I

INSTALLATION
2-1. INTRODUCTION.

2-2. This section contains the installation instructions for the M8@6ILA Modulation Analyzer, and field installable

options. Included is information pertinent to unpacking, mounting, power requirements, line voltage selection, cable
connections and initiahspection.

2-3. UNPACKING.

2-4. The Model8201Ais shipped completend is ready to use upon receipt. Unpack the instrument from its shipping

container and inspect it for damage. See Figulle @ the contents are incomplete or the instrument shows sifin
damage, notify Boonton Electronics and the carrier.

NOTE

Save the packing material and container for possible use in reshipment of the instrument, or for carrier
inspection in case of shipping damage.

2-5. MOUNTING.

2-6. For bench mounting, choose a clean, sturdy, uncluttered mounting surface. For rack manoogssory kits
available P/N 95004493A) thatontains mounting ears, hardware, and instructions for attaching the ears to the Model
8201A An accessory kitR/N 08266500A) containing extra fuses is supplied with the Model 8201A.

CAUTION

Always make certain that the line voltage selector switches are set to the correct positions most nearly
corresponding to the voltage of the available AC power source, and tiaaeaof the correct rating is installed in
the fuse holder before connecting the M&R291Ato any AC power source.

2-7. Set the line voltage selector switches, located on the rear panel, to the appropriate positions as indicated on the LINE

VOLTAGE SELECT chart located next to the switches. Check that the line fuse is correct for the selected power source.
The correct fuse is:

VAC 100 220 50 to
+-10% 120 240 400 Hz
Fuse 3/4 ATD 3/8 ATD 65VA

2-8. POWER FAIL PROTECTION

2-9. If the line voltage drops more than 10% below nominal, a power fail protection circuit automatically isolates the
internal random access memory. Backup power is provided by a lithium cell rated at 3.0 V and 160 mAh, with a life
expectancy of more than fivgears. Simultaneously, the display is blanked and all internal processes stop. Normal
operation resumes when nominal line voltage is restored. All conditions that existed before the loss of power, except the

remote mode, will be restablished. If anothgrower failure occurs during the restart process, the M82ielLA will
discard the previous setup and perform an initialization restart.
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2-10. CABLE CONNECTIONS

2-11.Cable connections requirelgpend on the use of the instrument. Cable connectionsrigitbe required include:

a. RFIN. RF input, front panel, 50 ohms nominal impedance. Type N connector.

AF OUT. Audio output, front panel, 600 ohms impedance, 1 volt rms at 5000 counts on modulation display.
Type BNC connector.

c. AMOUT. AM output, rear panel, 600 ohms source impedance, approximately 0.2 voltsliie%s+AM. Type
BNC connector.

d. FMOUT. FM output, rear panel, 600 ohms source impedance, approximately 2 volts}9€r kHz deviation.
Type BNC connector.

e. IFOUT. IF output, rear panel, 50 ohms nominal source impedance, 0 dBm level.
f.  DIST OUT. Distortion monitor output, rear panel, 600 ohms nominal impedance.

g. EXTREF. External 10 MHz counter reference, impedance and level requirements are TTL compatible,
switching isautomatic. BNC connector. 0 dBm level.

h.  IEEE-488.Instrument bus connection. Connector compatible with HB&1975.

2-12. PRELIMINARY CHECK.

2-13.The preliminary check verifies that the Mo@201Ais operational and should lperformed before thimstrument
is placed into use.

2-14. Turn the instrument power ON. Wait several seconds then depress the INIT key. The FREQUENCY/LEVEL
display will contain the instrument firmware number and the other displays will contain dashes for a period of about
three seconds. The FREQUENCY/LEVEL display will then change to indicate self test progress, and finally the
OUNLOCO® message will be displayed . Refer to Section 3

2-15.Depress the SPCL key and enter 30 into ISPEGM display using the DATA keypad. Depress the ENTER key to
compl ete the entry. The FREQUENC-EALOEWELs adjies p |0abys eg hveeu It ch €
the instrument. The Modé201Ais performing an internal calibration of the modida detectors. As the calibration

proceeds, the results of the calibration routines will appear in the modulation display window. The AM detector is
calibrated first. The calibration point is 50.00%. If Error 20 appears in the FREQUENCY/LEVEL displagwyiad

calibration fault has occurred and hardware maintenance is required.

2-16.The RMS detector is calibrated next using the AM waveform. Error 23 is a calibration fault. Next comes the FM
detector. The nominal indication is 125.0 kHz and error codes 2lhe calibration fault. Finally, the PM detector is
calibrated. The nominal indication is 136.3 RAD and the error code is 22.

2-17. After the calibration routine completes, the instrument will return to normal operation. If the calibration routine
complees properly, the instrument is functional.

2-18. OPTIONAL FILTERS.

2-19.Installation of the optional filters requires that the instrument cover(s) be removed. Refer to Section VI for safety
precautions and disassembly details, and Figt#da? filter board assembly details.

2-20.Audio Loop Thru Optionr07. Remove all power and signal connections and remove the instrument top and bottom
covers. Proceed as follows:
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Thread W16 (blue) coaxial cable assembly through the AUDIO OUT connector hole in the rear panel of the
Model 8201A

Slide the 3/8 washer and nut over the cable, and secure the BNC connector to the rear panel.

Thread W17 (yellow) coaxial cable assemthisough the AUDIO IN connector hole in the rear panel, and
secure as above.

Route both cables through the large openings in the sheet metal as shown inRigure 2

Snap the SMC connector on W17 (yellow) onto J1 of Filter option A15.

Snap the SMC conntr on W16 (blue) onto J2 of Filter option A15.

Dress the two cables toward the left side of the circuit-cage.

Move the 2circuit shunt from pins 8 and 9 to pins 7 and 8 of J3.

If no other filters are to be installed, place the A15 Option bivdodthe card guides and seat into the XA15

connetor on the Motherboard. Note: The A15 option assembly is inserted directly behind the A9 (pink
extractors) assembly.

2-21.0ptions-03, 08, and 09. Remove all power and signal connections and remowstthenent top cover. Proceed

as follows:

A Insert the optional filter assembly(ies) into the appropriate mating connectors. Circuit board A15 is marked
to indicate the proper location for each of the optional filters.

A Secure the optional filter assemfs) to the A15 assembly using two-#@ machine screws provided.

A Place the A15 Option board into the card guides and seat into the XA15 connector on the Motherboard.
Note: The A15 option assembly is inserted directly behind the A9 (pink extractas)tdgs

A Before replacing the top cover, complete performance test 13 to verify optional filter performance, as slight
adjustnent of the nominal insertion gain may be required.

A Replace the instrument top cover.
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Operation Section 3

SECTION I
OPERATION

3-1. INTRODUCTION.

3-2. This sectioncontains complete operating information for the Mo8201A Modulation Analyzer. Included )
are descriptions of the front and rear panel controls, dlspIaP/s, and connectors, option selections, and instructions
for local and remote modes of operation. Additionally, typical measurement situations are described.

3-3. OPERATING CONTROLS, DISPLAYS, AND CONNECTORS.

3-4. The controls, indicators and connectors used during the operation of the instrument are listed ifl Eadule 3
shown in Figures-2 and 33.

3-5. GETTING STARTED.

3-6. Turn on the instrument and depreke t CL(INIT) key. After a short lamp test, the FREQUENCY/LEVEL
display will contain theB201A firmware reference number and the other displays will contain dashes for about
three seconds. The message OUNLOCO 'wi I_Iwmctom.é’heaLmlpéJear
and modulation displays will contain theleL’: =] message and the SPCL/PRGM display will contain 99, the
initialization program number. Refer to Table’ 3or the meaning of any reported errors.

3-7. The front panel of the Moded201A is organized for simple instrument operation. It consists of a display
window and a separate keyboard area. The display area contains the FREQUENCY/LEVEL display, the AUDIO
display, the MODULATION display, and the SPCL/PRGM display. The keys are orgdmigdunction keys, data
keypad, and measurement control keys.

fiBoonton8201A MODULATION ANALYZER

5 = | = | [ rem
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Figure 3-1. Instrument Displays

3-8. DISPLAYS. (Figure 31)

3-9. The FREQUENCY/LEVEL display is eight characters wide and displays measurements of carrier level and
frequency. Unitannunciators are mV and dBm for level, MHz for frequency,%rfdr ratio. This display is also
used for error and status messages.
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FIGURE 3-2. Model 8201A, Front View
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FIGURE 3-3. Model 8201A, Rear View
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TABLE 3-1. CONTROLS, DISPLAYS, AND CONNECTORS.

Section 3

CONTROL, FIGURE and

INDICATOR or INDEX NO. FUNCTION

CONNECTOR

FREQUENCY/LEVEL display 32,1 Displays carrier frequency in kHz or MHz, . and RF level
in dBm or mV. Alternately displays error codes and
messages.

AUDIO display 3-2,2 Displays modulation frequency in Hz or kHz and
distortion in % or dB SINAD.

MODULATION display 32,3 Displays modulation in% AM, kHz FM deviation, and
RAD PM deviation. Also displays ratio in% or dB.

BUS Status display 3-2,4 Displays current IEEE-488bus status; REM (remote
enabled), LSN (listener addressed), TLK (talker
addressed), and SRQ (service request active).

SPCL/PRGM display 32,5 Displays the current program number or selected special
function.

FREQ key 3-2,6 Selects carrier frequency ashe active function. Use beforg
setting carrier frequency or to activate carrier frequency
display.

LEVEL key 3-2,7 Selects carrier level as the active function. Use before
setting carrier level or to activate the level display.

AUTO key 3-2,8 Forcesthe selected function
to the measurement mode. Not active for the
PRGM and SPCL functions.

DATA ENTRY keys

0-9 keys 32,9 Numeric entry keys.
. key 32,9 Selects decimal point during data entry.
-key 32,9 Prefix for negative quantity.
VIGHz key 3-2,9 Selects volts or gigahertz units.
mV/MHz key 3-2,9 Selects millivolts or megahertz units.
kHz key 3-2,9 Selects kilohertz units.
%/Hz key 329 Selects percent or Hertz units.
dBm key 329 Selects decibels referenced to 1 milliwatt.
DEL ( key ) 3-2,9 Deletes the last entered digit, or increments parameter.
CLR( ZzZ ) 3-2,9 Clears errors or current data entry,
or decrements parameter.
RAD/ENTER 32,9 Selects radians or unitless number termination.
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TABLE 3-1. CONTROLS, DISPLAYS, AND CONNECTORS.

Operation

CONTROL, FIGURE and

INDICATOR or INDEX NO. FUNCTION

CONNECTOR

High-pass Hz keys

<10/THRU 3-2,10 Selects the < 10 Hz higipass or THRU bandpass filter.
30/CCIR 3-2,10 Selects the 30 Hz higipass or CCIR bandpass filter.
300/CCITT 3-2,10 Selects the 300 Hz higipass or CCITT bandpass filter.
3000/CMSG 3-2,10 Selects the 3000 Hz higipass or GMSG bandpass filter.
ALT 3-2,10 Toggles filter selection from highpass to bandpass.
Low-pass kHz keys
3 32,11 Selects the XHz low-pass filter.
15 32,11 Selects the 15 kHz lowpass filter.
20 32,11 Selects the 20 kHz lowpass filter.
50 32,11 Selects the 50 kHz lowpass filter.
220 32,11 Selects the 220 kHz lowpass filter.
De-emphasis uS keys
25 32,12 Selectsthe 25 us deemphasis filter.
50 32,12 Selects the 50 us demphasis filter.
75 32,12 Selects the 75 us demphasis filter.
750 32,12 Selects the 750 us demphasis filter.
OFF 32,12 Deselects the demphasisfilters.

SINAD key 3-2,13 Selects SINAD audio distortion measurement.

FREQ (audio) 3-2,14 Selects audio frequency as the active function. Use befo
setting audio frequency for SINAD measurements, or to
activate the audio frequency display.

DIST key 3-2,15 Selects audio distortion measurement.

RATIO key 3-2,16 Alternate action key. Changes the active display from
absolute to relative. Units keys may be used to select
displayed units.

AM key 3-2,17 Selects AM modulation as the active function. Use beforg¢
setting AM modulation reference for subsequent ratio
measurement, or to activate the AM modulation display.

FM key 3-2,18 Selects FM modulation as the active function. Use before

setting FM modulation reference for subsequent ratio
measurement, or to activate the FM modulation display.
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TABLE 3-1. CONTROLS, DISPLAYS, AND CONNECTORS.

CONTROL, FIGURE and
INDICATOR or INDEX NO. FUNCTION
CONNECTOR
PM key 3-2,19 Selects PM modulationas the active function. Use before
setting PM modulation reference for subsequent ratio
measurement, or to activate the PM modulation display.
SPCL key 3-2,20 Selects special function as the active function. Use befor
selecting special function.
PRGM key 32,21 Selects instrument program as the active function. Use
before selecting program number for store or recall.
LCL/INIT key 3-2,22 Causes instrument to "geto-local" if local lockout is not
active and remote is active, or initialize when the
instrument is in the local state.
STO key 32,23 Stores the instrument setup at selected program number
RCL key 3-2,24 Recalls instrument setup from selected program number|
PEAK keys
+ key 32,25 Selects + peak detector for display.
- key 3-2,25 Selects peak detector for display.
+ key 3-2,25 Selects peak average modulation display. The display is
peak ( +)-peak )/2.
QUASI-PEAK key 3-2,26 Selects CCIR 3863 peak detector for display.
The display is peak responding, calibrated in rms.
RMS key 3-2,27 Selects a true rms detector for modulation display.
HOLD key 3-2,28 Alternate action key used to display the greater of the
current or last modulation reading.
CAL key 3-2,24 Causes the selected function to be calibrated. Active for
carrier LEVEL, AM, FM, and PM.
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TABLE 3-1. CONTROLS, DISPLAYS, AND CONNECTORS.

Operation

CONTROL, FIGURE and
INDICATOR or INDEX NO. FUNCTION
CONNECTOR
RF IN connector 3-2,30 RF input connector, used to apply an external carrier
signal.
AF OUT connector 3-2,31 Audio output connector, used
to connect the demodulated signal to external
test equipment.
LINE switch 3-2,32 Switches the instrument ac power supply ON or OFF.
Fuseholder 33,1 Holds fuse for ac line protection.
Line connector 3-3,2 Permits connection of instrument to ac power supply.
Voltage Selector Switch 3-3,3 Permits the selection of various ac power supply voltages
IEEE-488 bus connector 3-3,4 Provides a means for connecting the Modeéd201Ato a
system control bus.
IF out connector 3-3,5 Provides a means for connecting
the intermediate frequency signal to external
test equipment.
FM out connector 3-3,6 Provides a means for connecting the demodulated FM
signal to external test equipment.
AM out connector 3-3,7 Provides a means foconnecting the demodulated AM
signal to external test equipment.
DIST out connector 3-3,8 Provides a means for connecting
the distortion analyzer signal output to external
test equipment.
EXT REF connector 3-3,9 Provides a means for connecting

an external 10.00 MHz frequency standard to the
internal timebase circuits.
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TABLE 3-1. CONTROLS, DISPLAYS, AND CONNECTORS.

Section 3

CONTROL, FIGURE and
INDICATOR or INDEX NO. FUNCTION
CONNECTOR
Optional; 3-3,10 Provides a means foiconnecting
CAL OUT connector the optional 50 MHz, 0 dBm calibrator to
the Model 8201Afor level calibration.
RF IN connector 3-3,11 Optional RF input connector, used to apply an external
carrier signal.
AUDIO OUT connector 3-3,12 Provides a means for connecting
the modulation signal to external filters or
processing circuits.
AUDIO IN connector 3-3,13 Provides a means for connecting an external audio signg

to the internal baseband processing circuits.
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3-10. The AUDIO display is four characters wide and displays the measured audio frequency or distortion. Units
annunciators are Hz and kHz for frequency, and percent and dB for distortion.

3-11. The MODULATION display is four characterswide and displays themeasured modulation. Units
annunciators are percent for AM and ratikbjz for FM deviation, RAD for PM deviation, and dB for ratio
measurements.

3-12.The SPCL/PRGM display is an entry only display which is two characters wide and displays selected special
function, or the current instrument program number. Units annunciators are PRGM for program number, SPCL for
special function, and ADRS for IEE&B8 bus address. Also included is a LINE annunciator which indicates that ac
power is applied.

@W“Boonton 8201A MODULATION ANALYZER
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FIGURE 3-4. Function Keys

3-13.To the immediate left of the SPCL/PRGM display is the |IEBB status display. This display indicates REM
when the ModeB201Ais in the remote state, LSN when addressed as a listener, TLK when addressed as a talker,
and SRQ when the ModBR01Ahas activated the IEEES8 service request line.

3-14.FUNCTION KEYS. (Figure 3-4)

3-15. The top row of illuminated switches are the function keys. These keys are used to select the parameter to be
displayed and to enable tdata keypad for subsequent data entry. The functions are carrier FREQ, carrier LEVEL,
audio SINAD, audio FREQ, audio DIST, AM, FM, PM, SPCL, and PRGM. The LED in the switch of the selected
function will be illuminated continuously; the others will be offless a measurement of that function is in
progress. In this case the LED will flash during the measurement interval.

3-16. To select a function depress the desired function key. The units legends associated with that function will
appear immediately tdé right of the numeric display.

3-17. For example, select the carrier FREQ function and depress the 1 and V/IGHZ keys. The display will now
contain the number 1000.0000 and the active legend will be MHz.

3-18. Depress the FM function key. The LED in the carrier FREQ key will go out, and the LED in the FM key will
illuminate. Depress the 1,0, and kHz keys. The number 10.00 will now be displayed in the modulation display.

3-19. All other function keys operate ithe same manner, except that data cannot be entered when the DIST or
SINAD functions are selected.
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FIGURE 3-5. Data Keypad

3-20. DATA KEYPAD. (Figure 3-5)

3-21. Operation of the data keypad is conventional. Select the carrier FREQ function and depress the [8] key. The
carrier frequency display wil!/l i ndi c at(edindicates thatdhe t h e
number displayed has not yet besriered. Continue by depressing the [2], [.], [1] and [5] keys and the MHZ key

to enter the number. The display will now indicate 82.15000 MHz.

3-22. Note that it is not necessary to enter any trailing zeroes, nor is it necessary to depress the ENTER key
units key is used. While this is the most efficient way to enter 82.15 MHz, it is equally valid to enter 82150 kHz,
82150000 Hz, et cetera. If at any time before entry the wrong digit is entered, depress the DEL key to clear the
digit, or depress th€LR key to clear all input and restore the previous frequency display.

3-23. The kHz and GHz keys are provided for convenience when entering frequency; however, the display will
only indicate in MHz. Similarly, the V key can be used for entering ilguat; however the display will indicate in
millivolts.

3-24.The ENTER key is used for unitless quantities, such as special function and program numbers.

3-25. The CLR key is used to recover from errors. Without changing function, depress the dBM key. The
FREQUENCY/LEVEL display will now indicate Error 9 or 11. This means that an inconsistent units key has been
depressed to terminate a data entry. Depress the CLR key. The display will return to normal. A list of error codes is
presented in Table-3, at he end of this section.

3-26. Depress the carrier LEVEL function key, then the 0 and dBm keys. The FREQUENCY/LEVEL display will
now indicate 0.00 dBm. Depress the mV/MHz key. The display will change to 223.6 mV. Carrier level may be
entered in millivoltsyolts, or dBm. The control program will recalculate or rescale numbers as required.

3-27. The DEL and CLR keys are also labeled as aqpd downrarrow keys for scrolling through SPCL function
menus.

3-28. MEASUREMENT CONTROL KEYS. (Figure 3-6)

3-29. The masurement control keys consist of the groups of switches marked FILTERS and DETECTORS. These
keys may be operated at any time and will affect the MODULATION and AUDIO displays. The filter switches are
arranged as setfancelling groups of four and five keyDepressing any highass switch will cause the selected

filter to be placed into the measurement channel and cancel any other select@adsbidiiter. Similarly,
depressing any loysass filter will cause the selected filter to be placed into the merasat channel and cancel

any other selected Iopass filter.
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FIGURE 3-6. Measurement Control Keys

3-30. The maximum lowpass bandwidth selection is a function of carrier frequency. The control program will
automatically adjust the lowass filter cutoff frequency as required. The carrier breakpoints anpdssVfilters are:

Carrier Filter
<500 kHz 15 kHz max.
<10 MHz 50 kHz max.
> 10 MHz 220 kHz

3-31.The deemphasis filters are normally available when measuring FM only. They are selected in the same manner
as the higkpass and lovpass filters, but are automatically removed from the measurement channel when AM or PM
modulation function is selected. @lselected demphasis filter will be restored when the FM function is again
selected. Additionally, the demphasis filters may be placed before or after the modulation display. This is
accomplished by selecting SPCL function 7 for-gigplay and SPCL fuction 8 for posdisplay deemphasis. SPCL
function 9 permits the demphasis filters to be selected in the AM measurement function. This is useful for
performance verification of the filter 3 dB points.

3-32.The ALT key is active if optional filters are installed in the Mo8201A Optional filters available are:

THRU Permits connection of external filters in theaudio path.
CCIR CCIR recommendation 4683 bandpass filter.
CCITT CCITT recommendation P.53 bandpass filter.
C-MSG Bell System Technical Reference 41009 bandpass filti

Any or all of these filters can be installed at one time, however, the A15 option board is required with any of the
filters. The ALT key will actvate the filters marked above the corresponding-pigs key, if the filters are
installed. Error 19 will be displayed if an optional filter is not installed and the key is depressed.

3-33. The second group of measurement control keys is the DETECTOE&hesitThe peak detectors are normally

used to measure modulation, however, precision rms detectors are included in th&20ddelThese detectors are

used primarily to characterize noise residuals and complex or distorted modulation signals. Twosdatector
provided. The normal function of the RMS key is to select an rms calibrated display; however, SPCL function 18 can
be executed to change the RMS key to select rms detection calibrated in peak for sinusoidal modulation. This is
particularly useful whe comparing peak and rms indications of noisy signals. A ¢pess{ detector, compatible

with CCIR 3683, is available for use with the CCIR filter option. This detector is always available, whether the
optional filter is installed or not.

3-34.The Peak #+-, and  keys, the RMS key, and the QUASAK key are arranged such that only one detector
can be selected at a time.

3-35.The HOLD key is used to activate the hold detector mode. It is an alternate action key which can be used with
any detector. In aggration, as modulation measurements are made, the larger of the current measurement or the
previous measuremehbecomes the displayed modulation. Depress the HOLD key to activate this mode, then depress
the key again to cancel.
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FIGURE 3-7. Other Keys

3-36. OTHER KEYS. (Figure 37)

3-37. The RATIO key is an alternate action key which changes the active display from absolute to relative. In
addition, the ratio measurement can be made relative to the current display, or to a set value. Ratisagdzkid
percent, measurement units, or dB by using the %, units, and dB keys in the data keypad.

3-38. The AUTO key is used to resume automatic operation of a particular function. It is active for the carrier FREQ,
carrier LEVEL, audio FREQ, AM, FM, and PM functions. When numerical data is entered into a particular function
window, the LED in the AUTO kewill go out. This indicates that the selected function is not displaying a measured
value. To resume measurement, depress the AUTO key. If carrier FREQ is the active function, depressing the AUTO
key will always force the Modéd201Ato reacquire the cder signal.

3-39. The LCL(INIT) key is a dual function key. If the Modg201Ais in the local IEEEA88 bus state and the key is
depressed an initialization restart occurs. This is similar to a power on reset except that the current instrument status is
lost. This does not include bus address or@rstring selection. If the Modé201Ais remote enabled, and the local

lockout bus state is not active, the instrument will return to front panel control.

3-40. The STO and RCL keys are used with the PRGM tfanckey to store and recall one of the 100 possible
instrument control settings.

3-41. The CAL key is used to calibrate the active function. It is active for carrievHIE AM, FM, and PM
modulation.

3-42. DISPLAYED MESSAGES

3-43. When the ModeB201Aun| oc k s, the FREQUENCY/LEVEL display wil!/l
message and the AUDIO and MODULATION displays will be overwritten with the [ = = ] symbol, which means
display out of range. When a valid carrier is acquired, the displays will tetmormal.

344.The 61 FHI 6 and 061 FLO6 messages appear in the modul ati
level is not within range to make an accurate measurement. SPCL functions 13 and 14 allow the operation of these
messages to be modified.

345When the CAL key is depressed, or dur i€HL-6t hies ewreictutteinc
to the FREQUENCY/LEVEL display to indicate that a calibration sequence is in progress.

346.A nor mal error r espons arinte FREQUENCYLEVEL displdy fdldwely anurabertindicatng p e
thenature of the error. Error codes are tabulated in Tafdl@l®ng with a description of the error.
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3-47.Themesaged SELFCHK®, foll owing by a c¢hangVEhdjsplayiatpower,on,app e at
and indicates that a hardware check is in progress. Any error messages displayed indicate a hardware problem. See Table
3-8 for the meaning of any reported errors.

3-48. Other displayed messages are described in detail in thegmérbiperation section.

3-49. SPECIAL FUNCTIONS.

3-50. Several of the Modé8201A operating features are internally programmable by selecting a SPCL function. These
functions allow the operator to change measurement configuration, as well as changedwerehatate of the
instrument. Some of the more useful SPCL functions are listed below, the others are included irf2Table 3

3-51. SPCL 0, CLEAR ALL SPECIALS.
3-52. SPCL function 0 allows the operator to reset any active SPCL functions. The instsjp@eat status is returned
to the defaults indicated in Table23

3-53. SPCL 14, MODULATION RANGE SETTINGS.

3-54. SPCL functions 1 through 4 permit the operator to select the modulation display range. This is useful for speeding
up measurements where nudation may be removed temporarily, or in situations where the modulation range is known.
This feature is also useful when decreased display resolution is desired. SPCL 1 is the default function which is
autorange. The others are:

SPCL 2 5.000 fullscale
SPCL 3 50.00 fullscale
SPCL 4 500.0 fulkscale

3-55. SPCL 5, ENABLE SLOW PEAK DETECTOR MODE.

3-56. SPCL function 5 is provided to slow the response of the peak detectors for modulation signal frequencies below
200 Hz. The detectors are optimized &gnal frequencies greater than 200 Hz for maximum measurement speed.
Below 200 Hz additional filtering is required.

3-57. SPCL 6, DISABLE SLOW DETECTOR MODE.
3-58.SPCL function 6 allows the operator to cancel SPCL 5. This is the default setting.

3-59. SKCL 7, SET PREDISPLAY DE-EMPHASIS.

3-60. SPCL function 7 allows the operator to change therdphasis filter location from posdisplay to predisplay.

This means that the éemphasis filters will affect the displayed modulation readings as well as the AF OUT signal. This
is useful for compasion of receiver demphasis networks to the precision network used in the M&DdIA

3-61. SPCL 8, SET POSIDISPLAY DE-EMPHASIS.

3-62. SPCL function 8 allows the operator to change therdphasis filter location from praisplay to postisplay.

This mens that the demphasis filters will not affect the displayed modulation readings, but will affect the AF OUT
signal. This is the default setting for thee@m®mphasis filters.
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TABLE 3-2. SPECIAL FUNCTIONS.

Section 3

SPECIAL
FUNCTION

PURPOSE

O
NI

O O
N

©O©ow ~NO) U1 WDNEFEL O
NK¢

13 Dz

32 Dz

40-49
50-99

Resetall SPCLf uncti ons to defaults.
Set Modulation Range to AUTO.

Set Modulation Range to 5.000 fulkcale.

Set Modulation Range to 50.00 futkcale.

Set Modulation Range to 500.0 futkcale.

Set slow peak detector mode.

Cancel slowpeak detector mode.

Set deemphasis to Predisplay.

Set deemphasis to Postisplay.

Enable deemphasis for AM measurements.

Disable deemphasis for AM measurements.

Set dB resolution to 0.001 dB for ratio measurements.
Set dBresolution to 0.01 dB for ratio measurements.
Enable IFHI and IFLO messages for FM measurements.
Disable IFHI and IFLO messages for FM measurements.
Set IEEE-488 endof-string character.

Set IEEE-488 SRQ mask. See text.

Set IEEE-488bus address.

Set RMS key to &d2RMS.

Reset RMS key to RMS.

Set 750 uS deemphasis gain to 1.

Set 750 uS deemphasis gain to 10.

Activate function hold display mode.

Toggle fast acquisition mode.

Display IF frequency.

Display LO frequency.

Display calibrator frequency.

Reserved.

View firmware code.

View instrument serial number.

Execute complete detector calibration.

Enable 82Q.A error code reporting.

Enable 8201Aerror code reporting.

Activate key test routine.

Activate Display test routine.

Activate AGC test routine.

Activate COUNTER test routine.

Activate LOCAL OSCILLATOR test routine.

Activate DAC test routine.

Activate A/D test routine.

Reserved.

ACCESSABLE ONLY WITH A9JP1 INSTALLED. See Section VI.

I ndi c
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3-63. SPCL 910, SET/RESET DEEMPHASIS IN AM.

3-64. SPCL function9 alters the operation of the -@enphasis filters such that the filters are active for AM and
modulation measurement$his means that the demphasis filters will affect AF OUT signal and, optionally, the
displayed modulation readings in thé&1 modulation measurement mode as well as the FM mode. This is useful for
performance testing of eemphasis timeonstantsSPCL 10 rest@s FM only operation.

3-65. SPCL 11, 0.001 DB RESOLUTION FOR LOG MEASUREMENTS.

3-66.SPCL function 11 allows the operator to select a measurement resolution of 0.001 dB for ratio measurements in the
dB mode. This function is useful when increased display resolution is desired.

3-67. SPCL 12, 0.01 DB RESOLUTION FOR LOG MEASUREMENTS.

3-68. SPCL function 12 allows the operator to select a display resolution of 0.01 dB for ratio measurements in the dB
mode. This is the default resolution for power and log ratio measurement display.

3-69. SPCL 30, MODULATION DETECTOR CALIBRATION.

3-70. SPCL function 30 is the modulation detector calibration program. When execute@Ahe message will appear

in the FREQUENCY/LEVEL display and detector calibration will begin. The calibration routine will take about 80
seconds to complete. The AM detector ibrated first, followed by the rms detector, the FM detector and finally the
PM detector. If calibration errors occur, they will be displayed as the particular detector is being calibrated.

3-71. FRONT PANEL CONNECTORS.

3-72. The Model8201A is normally supplied with two connectors on the front panel, RF IN, and AF OUT. These
connectors are the most often used. Optionally, the RF IN connector can be placed on the rear panel.

3-73.The RF IN connector is the means to apply a test signal to the Mad#A It is a type N connector which is the
preferred connector in this frequency range. The nominal input impedance at the RF IN is 50 ohms (SWR < 1.5). The RF
IN connectorof the Model8201A is designed to accept inputs of 40 volts dc, or 35 volts ac wittaotage. A
protection circuit automatically disconnects ac inputs exceeding about +32 dBm. The carrier level response is shown in
Figure 38.

3-74.The AF OUT connector is a type BNC. The signal at this connector is a sample of the recovered modulation. As a
result, the amplitude varies with modulation and modulation range settings and the signal is affected byptmszgd
low-pass filters andhe deemphasis networks. The nominal level is 1 volt into 600 ohms at 5000 counts on the
modulation display. Source impedance is 600 ohms. Amplitude variations will also occur at the AF OUT connector with
carrier level if the AM measurement mode is sadatven though the modulation is constant. This happens because the
Model 8201A uses a microprocessor controlled discrete AGC system rather than an analog one. The AM indication is
not affected since the AM detector level is measured for each displayeddiddtion.

3-75. REAR PANEL CONNECTORS.

3-76. The most prominent connector on the rear panel of the MeRIElAis the IEEE488 connector. This connector
provides a means of incorporating the Mo8201Ainto an automatic test system. Complete instrurogetation when
connected to the IEEE88 bus is covered in later paragraphs.

3-77. The connector marked IF OUT is a type BNC connector with a source impedance of 50 ohms which provides a
sample of the frequency translated carrier signal. The nominalife@etBm, and the frequency is determined by the
carrier frequency as follows:
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Carrier IF Frequency
<2 MHz same as carriet
2to 10 MHz 346 kHz

>10 MHz 1.211 MHz

3-78. The connector marked AM OUT is a dc coupled sample of the output of the AM detector. This output is always active
and has a small signal bandwidth of 220 kHz, corresponding to the 220 kHz filter setting on the front panel. Additional
filtering may be requed to use this signal if the carrier frequency is below 10 MHz. The nominal sensitivity is 0.2 volts
peakto-peak for 10% AM. The dc and ac portions of this signal can be used to calculate AM according to the following
formula:

%AM =100% X volts ac peakVolts dc - offset)

3-79.The offset in the above equation can be determined by depressing the carrier FREQ and V/MHZ keys and removing the
RF IN connection, then noting the dc voltage at the AM OUT connector. Reconnect the carrier signal and messanelthe
dc components. For example:

offset =+ 7millivolts dc
ac volts =0.35volts rms
= 0.5volts peak
dc volts =1.008volts
% AM =100% X 0.5/ (1.008 .007)= 49.95%

3-80. Theconnector marked FM OUT is a doupledsample of theutput of the FM detector. This output is always active

and has a small signal bandwidth of about 220 kHz, corresponding to the 220 kHz filter setting on the front panel. Additional
filtering may be required to use this signal if the carrier frequencgl@bl0 MHz. The nominal sensitivity is 2 volts peak
to-peak for 100 kHz deviation. When the IF frequency is 1.211 MHz, the dc voltage will be approxiinatedyts, and at

346kHz +7.6 volts. To determine the sensitivity at this connector, apply anduiated carrier aabout 1 MHz. Note the dc
voltage at the FM OUT connector and then change the frequency to 1.5 MHz. The sensitivity is:

volts dc @ 1.5 MHZ volts dc @ 1.0MHz/0.5 MHz

For example:

volts dc at1.5MHz =-4.4

volts dc at1.0MHz =+0.887

sensitivity = [(-4.4)- (0.887)]/0.5
=-10.57volts/MHz or
=-1.057volts/100kHz

Note

The sense of the recovered audio signal is reversed for carriers below ZTkkHzontrol program automatically
reverses the sense of the peak detectors below 2 MHz.

3-81. The connector marked DIST OUT is a sample of the audio signal with the fundamental frequency component removed.
The source impedance is 600 ohms. The level is proportional to the distortion indication and is approximately 10 millivolts
rms into 600 ohmstal% distortion. The signal is useful in determining the character of the distortion products of a
demodulated signal.

3-82. The connector marked EXT REF provides a means to connect a precision timebase reference to the counter circuits of

the Model8201A This input is TTL compatible, that is, the input circuit is a TTL gate with a termination network.
Reference switching from internal to external is automatic when the external signal is present.

3-83. MEASURING AND SETTING CARRIER FREQUENCY.

3-84. The Model8201A uses a sampling technique to convert frequency. Using this technique it is necessary only that the
sampling frequency (and as a result the local oscillator frequency) vary over one octave to convert frequencies over the
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operating range ohe instrument. In practice, more than one octave is covered, but the details of operation remain the same.
For any carrier in the operating range of the instrument and any local oscillator frequency, an intermediate frequency signal
will be produced whichs between zero and omelf of the sampling rate. This signal is used to tune the local oscillator to

the correct frequency. The problem is that the harmonic number of the local oscillator creating the intermediate frequency is
not known. The relationshipetween the three different frequencies is:

Frf = N X Flo-Fif

where Frf is the carrier frequency

Flo is the local oscillator

Fif is the intermediate frequency
and N is the harmonic number

3-85. The unknown quantity in the equation is N. This can be determined by varying Flo and noting the change in Fif.
The ratio of the change in Fif to the change in Flo is the harmonic number. See Theory of Operation for complete details
of the operation of thEsequency acquisition circuits.

3-86.When the ModeB201A acquires a carrier signal, the harmonic number is determined as described. The displayed
carrier frequency is then calculated from the above expression and displayed.

3-87. To measure carrier fregncy, first depress the carrier FREQ function key. If the AUTO key LED is not

il luminated, depress the AUTO key. The OBUNLOCOd message
displayed. At this point other functions may be selected or the fnegusetting can be held by depressing one of the
frequency units keys: VIGHz, mV/MHz, or kHz. Depressing AUTO again will cause the instrument to reacquire the
carrier signal.

3-88. The frequency of operation of the Mod201A can be established by maneaitry using the data keypad. This
operation does not imply any form of preselection or filtering, merely that automatic acquisition time can be eliminated.
To enter the carrier frequency depress the carrier FREQ key and enter the operating frequertby dsitagkeypad.
Terminate the number entry with one of the frequency units keys. For example, to set thé8R0ddelo operate at

123.5 MHz, depress the [1], [2], [3], [.] and [5] keys, and then the mV/MHz key to complete the entry. The
FREQUENCY/LEVEL dsplay will now contain 125.50000 MHz and the LED in the AUTO key will be out.

3-89. Frequency can be entered using any consistent sets of units, as described above. Trailing zeroes are not required
and the CLR key can be used to abort entry.

3-90. MEASURING AND SETTING CARRIER LEVEL

3-91. The Model8201A measures carrier level b 3 +3dB
monitoring the DC output of the AM detector. Bj
knowing the setting of the internal attenuators, th ) +20B

level can be referred to the input oector.
Absolute adjustments are made in the display
value to account for the frequgneesponse of the
sampling frequency converter. As a result, it

EVEL dBm

always necessary for the control program to kng 0 \-..JA\
the carrier frequency to display the carrier leyia \
correctly. The typical frequency corrected respon < B \
is shown in Fig &8.
-2 2dB RF LEVEL
3-92. To measurecarrier level, first set the carrief IACCURACY

frequency, as described above, and depress -3
LEVEL key. If the AUTO led is not illuminated
depress the AUTO key to resume measwaet. 10 100 1000
The FREQUENCY/LEVEL display is now RF FREQUENCY (MHz)
indicating carier level. The units may i@ dBm Or | .3466300a rEV. A

millivolts. To change displayed units, depress the
desired units key and then the AUTO key. TF-
action of depressing a units key will override tt

Figure 3-8. Typical Level Response
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autamatic mode and hold the current level setting. Depressing the AUTO key will resume measurement

3-93. The carrier LEVEL measurement can be calibrated by depressing the CAL key, with the carrier LEVEL function
active.To calibrate the measurement, connect the RF IN connector to a signal with a known level, such as the optional
50 MHz power calibratg and enter the level into the carrier LEVEL displ®epress the CAL key. The calibration
routine will take about 3 seconds to complete. The resulting measurement will be the entered value, or an error will be
displayed if the input signal is not withihdB of the entered value.

3-94. Carrier LEVEL can be set manually in order to eliminate acquisition time. To program carrier LEVEL, first
depress the carrier LEVEL function key. For example, to edt@5 dBm, depress the],[[1], [6], [.], and [5] keys,

followed by the dBm units key. The FREQUENCY/LEVEL display will now contdi.5 dBm. To convert the input

level in dBm to an equivalent voltage across the 50 ohm input impedance of the sensor, depress the V/IGHz or the
mV/MHz keys. The resulting dispfawill be in units of mV. In this example, the power level-26.5 dBm will be
converted to 33.45 mV. Depressing the dBm key will restorelté dBm indication. An input level may be entered in
voltage units initially and displayed as a voltage leved power ratio in dBm.

3-95.SELECTING MODULATION MODE.

3-96. The Model8201Acan detect and display amplitude, frequency, or phase modulation. After the modulation mode is
selected, subsequent instrument operation is very similar.

3-97.To select the AMmeasurement mode, first select carrier frequency and level as described above, then depress the
modulation AM key. The modulation display will indicate the recovered AM modulatick.ifthe IFHI and IFLO
messages are active in the AM mode and indicatdhbeacarrier level is not adequate to make a calibrated measurement.
The [ = =] display indicates that the current measurement is out of range to be displayed, and will occur when
autoranging is in progress or the display is overranged.

3-98.To selecthe FM measurement mode, first select carrier frequency and level as described above, then depress the
modulation FM key. The modulation display will now indicate the recovered FM in kHz. Templeasis filters may be
selected in the FM measurement modeaddition, they may be placed before or after the modulation display. See above

for a description of this option. The -@ephasis filter keys are mutually exclusive, that is depressing one of the keys
will cancel the others. Depress the desiregagphass key. The AF OUT signal, and optionally the modulation display,

will now indicate modulation with the demphasis filter on. Depress theelmphasis OFF key to cancel filter selection.

3-99.To select the PM measurement mode, first select carrier fregamaclevel as described above, then depress the
modulation PM key. The modulation display will now indicate the recovered PM in RADians. The PM modulation mode

is a special case of the FM mode. The modulation information is determined by integratingpilie od the FM

detector. This is mathematically consistent with the definition of frequency as the time rate of change of phase. The
integration is only accurate over a selected range of frequencies so that accuracy specifications are relaxed and
modulaton bandwidth is decreased. Autoranging operation is also different in the PM measurement mode. The
modulation range is determined by monitoring the recovered FM signal. This causes the displayed resolution to change
based on phase deviation and modulataie rather than just displayed deviation. For example, below 1 kHz modulation
rate, autoranging points are the same as they are for FM, 5199 and 499 counts; however, at 5 kHz modulation rate the
autoranging points are 1040 and 99 counts. The displayellities continues to decrease with increasing modulation

rate.

3-100. MEASUREMENT AND DISPLAY CONTROL.

3-101. After the modulation mode has been selected, recovered modulation can be additionally processed by using the
measurement control keys.

3-102.RATIO MEASUREMENTS.

3-103. The RATIO key is used to change displayed values from absolute to relative. RATIO can be displayed with
respect to a previous measurement or a set value. The %/Hz, units, and dB/dBm keys in the data keypad toggle the
relativedisplay between linear (%), units, and logarithmic (dB).
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3-104.1f the RATIO key is depressed when the active function is in the measurement mode (LED in the AUTO key is
illuminated), the current displayed reading becomes the reference for subseqtigetmedasurements. For example, if

the current measurement is 25.00 kHz deviation and the RATIO key is depressed, and the % display is selected, the
display will change to 100.0 and the units annunciators will be kHz and %. If the dB key is depresssulahevdl

change to 0.00 and the annunciators will be kHz and dB. Note that if the active function is AM and the RATIO
display is selected, only t# annunciator will be displayed.

3-105. In our example, if the deviation now changes to 20.00 kHz, the display will change to 80.01% aiB
depending on the selection of the % or dB ratio Modulation readings can also be displajiedto a set value of
modulation. The value of the reésrce modulation ikeyedinto the modulation display using tdata keypadbefore the

RATIO mode is activated. The LED in the AUTO key will go off when the data entry is completed. For example, to
establish a reference modulation of 40.00% AM depth, sdtecAM function and cancel the RATIO display if it is
active. Enter 40% into the modulation display using the data keypad. Depress the RATIO key to measure AM with
respect to 40.00%. The dB key may be depressed to change the displayed units to dB.tiSatdhesactual modulation

was 47.5%. In our example, the modulation display would indicate either 118.7% or 1.5 dB.

3-106.The RATIO display is a convenient way to alter displayed units. For example, incidental AM is often expressed as
a ratio in dB of mdicated AM with respect to 100%. To display incidental AM, enter 100% as the reference modulation
and select the dB RATIO measurement mode. Residual AM and FM and incidental FM may similarly be displayed with
respect to a reference modulation. Carriegdiency will be displayed as MHz, or % frequency shift with respect to a
measured, or set frequency.

3-107.Many other displays are possible by using the RATIO mode. Phase modulation maybe displayed in degrees by
entering 1.745 RAD as a reference and usiiegRATIO % measurement mode.

3-108. PEAK AND RMS DETECTORS.

3-109.When making modulation measurements, the desired result is normally the peak deviation or the peak or trough of
amplitude modulation. The PEAK +,and * keys provide this display. The®EAK detector indicates the positive peak
excursion of FM or PM deviation (increasing frequency or phase), and the peak of AM modulatioR.EAI detector
indicates the negative peak excursion of FM or PM deviation (decreasing frequency or phate,temuh of AM
modulation. The * key indicates the arithmetic mean of the +-grehk key. The display in the PEAK £ mode is
calculated by the display program from independent measurements of the peakd.

3-110.For most measurements there will doélifference in the positive and negative peaks. This is usually due to even
order distortion of the recovered modulation signal. For FM modulation, the distortion would also be apparent in the
carrier frequency display if the magnitude of the distortfofarge enough. This asymmetry is also called carrier shift.

For AM a similar effect occurs, shifting the average carrier amplitude.

3-111.In any case some difference in peak readings is normal since the maxiragal®mesolution of the modulation
dispay can be 1 part in 5000, or 0.02%.

3-112. Several measurement situations arise when peak indication is not very useful. The most often encountered of
these is the measurement of noise residuals. Because the 820deé\ detectors and local oscillators leavery low

noise residuals, the instrument can be used to characterize noisy sources. Under these conditions, the rms detectors
should be used to give meaningful results.

3113.Two rms detectors are provided, R M Snatallyd See@imyMBBCL T h e
function 18 causes the RMS key to be redefined as &a2RM
detector output by the square root of 2, the crest factor for a sinewave; thus, the display is calibrated isipealater

modulation signals. This is very useful for quantifying noise residuals on moderately noisy carriers.

3-114.Rootmeansquare (rms) voltage is obtained by summing the squares of the individual componentefam

and then taking the squareot of the result. Thermocouples, thermistors, and calorimeters are examples of rms
detectors. The detector in the Mo@201Ais a computing type of rms detector, that is, it takes the absolute value of the
voltage, squares it, averages it, and finalketathe square root of the result.

3-115. When the measurement situation calls for display of residual modulation, the rms detector should be used. The
noise of the carrier under test is combined with the residual noise of the B@@®eA circuits in verypredictable
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manner. This allows the Mod8R01Aresiduals to be easily discounted. For example, if the indicated residual FM is 25
Hz rms with a carrier at 1000 MHz antil0 dBm and with the 15 kHz loywass filter selected, the residual noise of the
carrieralone is simply the square root of the difference of the square of 25 and 7.5 or 23.8 Hz rms. Residual AM and PM
are handled in a similar manner. The residaaponses of the Mod8R01Aare shown in Figures-3 through 312.
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FIGURE 3-9. Residual FM, 3 and 15 kHz Filters. FIGURE 3-10. Residual AM, 3 and 15 kHz Filters.
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FIGURE 3-11. Residual FM, 50 and 220 kHz Filters.

CB31439A

RF FREQUENCY (MHz)

FIGURE 3-12.Residual AM, 50 and 220 kHz Filters.

3-116. The QUASIPEAK detector is included for measurements compatible with CCIR recommendatich #68&
detector is most useful for measurements using the CCIR bandpass filter, however, it can be used for other measurements
as well. Notethat the detector dicates the peak value calibrated in rms.

3-117.DETECTOR HOLD.

3-118.The detector HOLD key is useful in measurement situations where the long term modulation peak is desired. The
HOLD key can be used with any of the detectors to display the largez pfékious or current measurement. To use the
HOLD function, depress the HOLD key. The modulation display will change only if the measurement is greater than the

one displayed. Depress the HOLD key again to cancel this measurement control mode.
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Section 3

3-119. FILTERS.

Operation

3-120.The Model8201Aincludes an array of loypass, higkpass, and demphasis filters. These filters can be used to
advantage to minimize measurement errors due to noise, or to remove unwanted components of complex modulation

signals.

3-121. The highpass filters are all thregole Butterworth designs except the < 10 Hz filter. The < 10 Hz filter is a

Gaussian response controlled by the coupling capacitors on the Filter circuit board. The three dB corner is much less than

10 Hz. This filter § also specified to have less than%@roop with 5 Hz square wave modulation. The response of the

high-pass filters is shown in Figurels.

3-122.The lowpass filters are a combination of active and passive designs. The 3 and 15 Khtsofilters ar three

pole Butterworth designs, the 20 kHz lgass filter is a threpole Bessel design, and the 50 and 220 kHz filters are
sevenpole Butterworth designs. Lowass filter response is shown in Figurek33 314 and 316.

3-123. Filter selection is crital in maintaining accuracy of displayed modulation and distortion. All carriers applied to
the RF IN connector of the Mod8R0O1A will contain noise modulation sidebands. The magnitude of the noise can be

determined byusing rms detection as outlined abo Selection of the lowest lepass filter possible based on the

modulation frequency, will usually produce the most accurate indication. For example, if the modulation frequency is 1
kHz, the 3 kHz lowpass filter should be used.
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3-124.1f the modulation signal is a squarewave or pulse, the 20 kHpé&ss filter should be used. This filter is a Bessel
design which has controlled phase characteristics and modest overshoot.

3-125.Filter selection is very important when measuring distortion. A reasonable distortion measurement should include
at least the first three harmonics. For example, if a measurement of distortion is made at 2.5 kHz, the 15kkz low
should be used. Higpass selection will also affect distortion measurements. For example, when measuring distortion at
1 kHz with the 300 Hz higipass is selected, the phase relationship of the fundamental signal, 1 kHz, is changed with
respect to the harmonics and a smalldagyer indicated distortion may result.

3-126. As an option, the Mode8201A can be configured with CCITT, CCIR, orMESSAGE bandpass filters. These
filters are required by various specifying authorities to quantify noise residuals in voice gradenelephradie
telephone systems. Any one, or all of these filters can be installed in the 8&tde&) The responses of these filters are
shown in Figures-37, 318, and 319.
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FIGURE 3-17. Response, CCITT Bandpass Filter. FIGURE 3-18. Response, CCIRBandpass Filter.
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FIGURE 3-19. Response, @IESSAGE Bandpass Filter. FIGURE 3-20. Response, Demphasis Filters.

3-127.For situations requiring proprietary or unusual filter shapes, a loop thru filter option can be installed. This option
permits external circuitry to be placed between the AM and FM detectors and the baseband detectors. Any circuit or
system capable of agpting a 1.0 volt peato-peak signal from a 600 ohm source, and able to drive 1 megohm in shunt
with about 50 picofarads can be used. Both input and output circuits are protected againsttayerand static
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discharge. The frequency response of the linou path extends from less than 10 Hz to greater than 220 kHz.

3-128.The deemphass filters were described abov@he response of the @amphasis filters is shown in Figure28.

3-129.AUDIO FREQUENCY AND DISTORTION.

After the modulation mode andaasurement control functions have been determined, the recovered modulation can be
further processed. The AUDIO display can be used to display audio frequency or distortion.

3-130.To measure audio frequency depress FREQ key under the AUDIO display. The AUDIO display will indicate

the frequency of the recovered modulation. Display resolution is determined automatically by the control program. For
frequencies below 100 Hz, the resolution is 0.1 Hz, decreasingdadd steps to 100 Hz at 100 kHz modulation
frequency.

3-131.The AUDIO display can also be used to display distortion. The internal audio distortion analyzer is automatically
adjusted by the control program if the modulation frequency is between 20 20 &ttz. For frequencies outside this

range, or during range changes, the [ = =] symbol is displayed--Fhe s y mb o | is displayed if
being used for modulation measurements.

3-132.To measure distortion in percent, depress the ISTunder the AUDIO display. The [= =] symbol will appear
until the internal analyzer is tuned, and then the measured distortion will be displayed.

3-133. When the key marked SINAD is depressed, the distortion will be displayed in dB. SINAD is an acoonym f
Signal plus Noise and Distortion. The measurement made is the ratio of signal plus noise and distortion to noise and
distortion expressed in decibels. The SINAD display has a higher resolution at low distortion readings because of the
logarithmic displg, however, it is normally used for adjusting receiver sensitivity at indications of al®dB. When

the SINAD ratio is very low, the distortion analyzer can be tuned manually, by entering the audio frequency into the
AUDIO display using the DATA keypadThe LED in the AUTO key will be out when audio frequency is set.
Depressing the AUTO key will resume audio frequency measurement.

3-134. As indicated above, filter selection is very important when measuring distortion. Using a widpadsw
bandwidth than necessary will cause a higher distortion indication because of additional noise, and conversely, using a
lower lowpass filter than nessary will cause a lower distortion indication because of attenuation of the harmonic
components.

3-135. Some care should be taken when comparing M@&21A distortion indications to those of instruments
connected to the AF OUT connector. Most distortammalyzers use average rather than rms detection to indicate
distortion. Average detectors read noise about 11 percent, or 1.1 dB lower than an rms detector. As a result, this type of
instrument gives an optimistic indication when most of the residuadlsignoise.

3-136.The DIST OUT connector on the rear panel of the M8@8I1Acan be used to assess the nature of the distorting
signal. If the dominant component of the DIST OUT signal is noise, then the front panel indication is not representing
harmoric distortion, but the residual noise.

3-137.PROGRAM STORE AND RECALL .

3-138. The Model8201A contains an internal program memory which will hold 99 front panel setups. The programs
represent the state of the instrument when the STO key is depressed. Storing and recalling program information is
accomplished by depressing the PRGM key to activaeptogram function. Once the program function is active, the
desired program number is entered into the display using the data keypad and the ENTER key. Depress the STO key to
store the current instrument status or the RCL key to restore a previouslyirsstvement setting.

3-139. The internal memory of the Mod8R01A is nonvolatile, that is, when power is removed, the contents of the
internal memory are not lost. In normal operation, the internal memory is never erased. New programs or changes are
simply written over the old ones. It is possible, however, to erase the entire program memory by use of test jumpers
A9JP1 and A9JP2. See section VI. Erased programs cannot be recalled. After recalling a program, any panel setting may
be changed.
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3-140. RECALL ONLY PROGRAM.

3-141.Program number 99 is a setup program equivalent to the program installed when the INIT key is depressed. This
program is installed during power up if a memory fault occurred on the previous power down. If an attempt is made to
store a program at locati®9®, an error will result.

3-142. REMOTE OPERATION.

3-143. Any front panel operation of the instrument except for the LINE ON/OFF switch can be remotely controlled
under direction of an IEEE88 interface controller. IEEE88 is a hardware standard whiaescribes the
communication and handshaking across -#it @arallel bus between a controller and up to 15 instruments.

3-144. Setting the Bus AddressTo set the IEEE488 bus address (MLTA), depress the SPCL key, and enter 17, the
special function to sethe bus address. The current bus address will be displayed, with the ADRS annunciator
illuminated in the SPCL/PRGM display. Select the desired address with the data keypad. The address may be any
decimal number from 0 to 30, inclusive. A secondary addsesst implemented. The bus address function will remain
active until the SPCL function is changed or the PRGM key is depressed

3-145. Setting the Endof String Character. To set the IEEE488 bus end of string character(s), depress the SPCL key,
and enterl5, the special function to access the-efidtring setting program. The current emfdstring character(s) will

be displayed, in the FREQUENCY/LEVEL display. Select the desired characters by using the DEL and CLR (arrow)
keys to step through the possilslelections. Selection is automatic. The different character displays and their meanings
are tabulated in Table-3 In any case, the Mod8R01A always terminates on esai-identify (EOI) true and always

sends EOI true with the last character of everingtrThe display is cleared when another function key or ENTER is
depressed.

DISPLAY LISTEN TALK
CL-CL Line Feed. Carriage Return, Line Feed.
C-CL Carriage Return. Carriage Return, Line Feed.
Cc-C Carriage Return. Carriage Return.
L-L Line Feed. Line Feed.
EOI End-or-identify. End-or-identify.

TABLE 3-3. IEEE-488 Endof-String Characters.

3-146. Entering the Remote ModeThe instrument is put in the remote mode by addressaga listener with remote
enable (REN) bus signal true. In the remote state the keyboard is disabled, except for the LCL/INIT key and the POWER
ON/OFF switch. The REM status annunciator is illuminated.

3-147. Returning to Local Mode.The instrument make returned to the local mode as follows:

|:| The LCL/INIT key is depressed, provided local lockout (LLO) is not active.
|:| The goeto-local (GTL) bus command is sent.

|:| Remote enable (REN) is set false.
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NOTE

The instrument must be placiedthe remote mode for it to store and respond to data messages.

3-148. Triggered Operation.In the remote mode the instrument can be operated in the immediate mode (mnemonic
IM), or in the waitfor-trigger mode (WT). The immediate mode is the default tmmdand results in the immediate
response to talk requests. The waittrigger mode causes data acquisition be deferred until a trigger is received. This
aids in synchronizing the instrument to other system components. Thdom@itgger mode is sewhen the WT
mnemonic is encountered in the input string. From that point on execution is delayed. No change will occur until one of
the following events is encountered:

|:| "Group-executetrigger" (GET) is received.
|:| The mnemonic TR (trigger) is interpeet

[ ] Any mnemonic following IM (immediate) is interpreted.

NOTE

Event (c), above, gtw-local, or unlock terminates the wditr-trigger mode and restores the immediate mode.
The waitfor-trigger mode is not active in local operation.

3-149. Talk Operation. The instrument may be addressed as a talker without regard for remote/local mode. When the
talker state is set by the bus controller, the instrument sends a character string which is determined by the current talk
mode. One of four different talmodes is selected by sending the appropriate mnemonic with the 820&A
addressed as a listener. The selected mode will remain in effect until changed.

Function/Status  Binary Word ASCII string

Manual Tuning Set 0 0O C A 4

Manual Level Set
Manual Range Set
Alternate Filter Set

Unlocked

Unleveled
Manual audio tuning
Audio Display overrange

OOoOPr P O0O

Active Displays
Distortion

Sinad

Carrier Level

Carrier Frequency

PM

FM
AM
Audio Frequency

OoOO0OFrr O OFrOoOPr

TABLE 3-4. Hardware Status, Bit assignments.
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3-150. Talk Status (TS) Mode.If an error is pending, the error code will be returned, otherwise a zero is returned.
The TS mode will automatically clear an error aftee status is reported. Talk Status (TS) is the default talk mode
after initialization of the instrument.

3-151. Talk Function (TF) Mode. The TF mode returns a four character string, in HEX notation, representing the
state of the hardware and display ftioes. The bit assignments are arranged to allow for string or byte oriented
decoding. The bit assignments and meanings are presented in #able 3

3-152. Talk Value (TV) Mode. In the TV mode the argument of the active function is returned. All valuesieet
are in basic units such as: Hz, dB, dBm, % etc. FM deviation is returned in kHz, and carrier level in millivolts.

3-153. Talk Program (TP) Mode. In the TP mode a six digit number is returned that uniquely identifies the
instrument firmware.

3-154. Identify (ID) Mode. In the ID mode a string containing the instrument identification and serial number is
returned. A typical response is:

"Boonton Model 8201A SN: 999, April 12,2015'
whichincludes the model number, the serial number, and the firmware date.

3155.Usi ng iSer vi ce TRe Sewiees Request dBldwv® the Mo®#201A to inform the system

controller that some special event has occurred. The instrument then expectdribliieictm perform a serial poll to

find out what event has occurred. The events that can be selected to generate service requests are instrument error,
measurement is ready, and calibration is completed. Each of these options can be individually edaabtEd with

the SRQ mask. The default settings. for the mask are wi
appropriate bits high in the SRQ mask over the bus followed by the SQ mnemonic or manually using SPCL function

16. In smdl systems only one instrument maybe capable of using SRQ. In this situation there is no need to execute a
serial poll since the nature of the request is known. Error codes may be obtained directly form the talk error (TS) mode.
The SRQ line can then be ated by sending the clear (CL) command.

3-156. Setting the SRQ maskKTable 35 indicates the bit positions in the SRQ mask, what each bit enables/disables,
corresponding bus configuration command. Note that the numeric argument precedesiensic.

Bit Position Function Bus Code

0 Instrument Error 1SQ

I Calibration Completed 2SQ

2 Measurement Completed 4 SQ

3 Reserved for future use. 8 SQ

4 Reserved for future use. 16 SQ

5 Reserved for future use. 32 SQ

6 Reserved for futureuse. 64 SQ

7 Reserved for future use. 128 SQ

More than one item can be selected by adding the corresponding bit positions.

TABLE 3-5. Bus Command Responses.

3-157. Bus Command ResponsedEEE-488 bus commands are sent by the controller to all devices on the bus
(Universal Command Group) or to addressed devices only (Addressed Command Group). The response of the
instrument is listed in Tablg6. All unlisted commands are ignored.

3-158. Program Function Mnemonics. Each front panel key is assigned a program mnemonic. Programming the
mnemonic, followed by unit values, if appropriate, is analogous to manual front panel operation. In addition, other
program mnemonics are used for functiorst thre applicable only in remote operation. Tablé I&ts the program
function mnemonics.
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COMMANDS RESPONSE

Universal Command Group:
Device Clear (DCL) Clear errors.
Local Lockout (LLO) Disable LCL/INIT key.
Serial Poll Enable (SPE) Set Talk mode for poll response.
Serial Poll Disable (SPD) Disable serial poll response..

Addressed Command Group:
Selected Device Clear (SDC) Same as device clear.
Go to Local (GTL) Returns front panel control.
Group Execute Trigger (GET) Trigger a measurement

TABLE 3-6. Bus Command Responses.

3-159. Number Formatting.Number formatting rules are as follows:

[
L]
L]

L]
L]

Fixed or floating formats are accepted.

The optional + of sign may precede the mantissa or the exponent.

The optional radix point may appear at any position within the mantissa. A radix point in the expageotesl.
The optional "E" for exponent may be upper or lower case.

All ASCII characters having hexadecimal valaé® to 23, and 25 to 2B are ignored.

3-160. Data String Format.Data string formats are as follows:

L]
L]

L]
L]

[]
[]

The programming sequence is in natural order, that is, a function mnemonic is sent first followed by the
argument, if appropriate.

All ASCII characers having hexadecimal values of 0 to 23, and 25 to 2B are ignored. The ASCII ($),
hexadecimal 24, is reserved. Lower case letters are automatically converted to upper case.

A primary function mnemonic sent without a following argument wilkeéhe specified function active.

The data string may not exceed 256 characters and may be terminated with LF, CR, or EOI, depending on the
endof- string setting.

Interpretation of the data string does not begin until theodradring character is received.

If units are unspecified for any argument, default units are automatically appended.

3-161. Data String Errors.Errors are detected during interpretation. The occurrence of an error will display the error
code if thedisplay is enabled, and will set SRQ true, if enablée error and SRQ can beeated by a status request
(TS), or a clearerror instruction(CL). All errors cause existing valid parameters to be restored. No new input can be

processed until a pendirgror is cleared.

3-162. Data String ExamplesThe following are examples of typical programming strings in HP BASIC:
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|:| OUTPUT 715; "SP 25" set SPCL function to 25 and execute it.

|:| OUTPUT 715; "H2L2" set highpass to 30 Hz, and lepass to 1%Hz.

|:| OUTPUT 715; "RD" select ratio, dB display for the active function.

|:| OUTPUT 715;"2 SQ" enable SRQ on calibration complete.

|:| OUTPUT 715; "FMTV" set measurement to FM, and talk mode to talk value.

|:| OUTPUT 715; "AM CA" setmeasurement to AM, and calibrate AM detector.

|:| OUTPUT 715; "A2 TS" set alternate filter 2 (CCIR), and talk mode to talk status.

3-163. Reading Back Calibration ValuesCalibration data is normally transient. It exists only during the calibration
process. There arecasions, however, when this data is required. In order to capture this data, the instrument should
be programmed to the wdir-trigger(WT) mode. Select the appropriate function and send the TV and CA
mnemonics to activate calibratiovith the talk value mode selected. When calibration completes, the value read back
is the calibration data.

[ ] OUTPUT 715; "FMTV" set measurement to FM, and talk mode to talk value.

|:| OUTPUT 715; " s@YTrigg€rAnode to wafbr-trigger, and calbirate FM detector.
|:| ENTER 715; A$ read back calibration data.

|:| OUTPUT 715; "IM" restore immediate trigger mode.
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TABLE 3-7. IEEE-488 BUS MNEMONICS.

Operation

BUS MNEMONIC RESPONSE
Function Control:
FR Carrier frequency, argument range: 100 kHz to 2.5 GHz.
RL Carrier level, argument range: -47 to + 30 dBm.( ImV to 7 V)
SI SINAD, no argument allowed.
AF Audio Frequency, argument range: 10 Hz to 20 kHz.
DN Distortion, no argument allowed.
AM AM modulation, argument range: 0 to 100%.
FM FM modulation, argument range: 0 to 500 kHz.
PM PM modulation, argument range: 0 to 500 RAD.
SP Special Function, argument range 0 to 99.
PG Program number, argument range 0 ta99.

Number Termination:

DB dB for ratio, or dBm for level.

GH Gigahertz for frequency entry.

MH Megahertz for frequency entry.

KH Kilohertz for frequency entry.

HZ Hertz for frequency entry.

VO Volts for level entry.

MV Millivolts for level entry.

RA Radians for phase modulation entry.

Display Control:

AU Activates the measuremenmode, for the active function.

Not active in SPCL or PRGM.
RP Activate relative measurements of the active

modulation function in percent.

RD Activate relative measurements of the active modulation function in dB.
RX Turn OFF ratio mode.
WT Enable the waitfor-trigger talk mode.
IM Enable the immediate trigger talk mode.
TR Trigger a measurement,same as GET.
BL Blank Display and disable display updates.
ubD Restore display and enable display updates.
Filter Selections:
D1 De-emphasis, 25 us.
D2 De-emphasis, 50 us.
D3 De-emphasis, 75 us.
D4 De-emphasis, 750 us.
D5 De-emphasis, OFF.
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TABLE 3-7. IEEE-488 BUS MNEMONICS CONTINUED.

BUS MNEMONIC

RESPONSE

H1

H2
H3
H4

Al

A2
A3
A4

L1

L2
L3
L4
L5
Detector Selection:
P1
P2
P3
QP
RM
PR
PH
PX
Program Control:
ST
RE
Test Function:
CH
Cancel Errors:
CL
Talk modes:
TV
TL

TS
TP
TF
ID

High-pass, < 10 Hz.

High-pass, 30 Hz
High-pass, 300 Hz.
High-pass, 3000 Hz.

Optional THRU filter.

Optional CCIR filter.
Optional CCITT filter.
Optional C-MSG filter.

Low-pass, 3 kHz.

Low-pass, 15 kHz.
Low-pass, 20 kHz.
Low-pass, 50 kHz.
Low-pass, 220 kHz.

Peak +.

Peak +.

Peak-.

Quasi-peak detector.

RMS detector.
d42RMS detector.

Peak Hold ON.
Peak Hold OFF.

Store front panel setup.
Recall front panel setup.

Execute selfcheck program.
Clear all errors.

Talk value, sends the value of the active function.

Talk program, sends a string representing the contents of the stored progra
followed by an ASCII $.

Talk status, sends the currenerror number.

Sends a string which identifies the8201Afirmware.

Talk function, sends a string representing the current hardware status.
Sends a string which identifies thé8201A

TABLE 3-7. IEEE-488 BUS MNEMONICS CONTINUED.
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BUS MNEMONIC

RESPONSE

Special Control codes:

RO or SP1
R1or SP 2
R2or SP 3
R3 or SP 4
PD or SP7
AD or SP8
CA

SQ

El

DI

Set modulation range to auto. ( same as SP 1)

Set modulation range 1,0.000 to 5.000. ( same as SP2)
Set modulation range 2,5.00 to 50.00. ( same as SP3)
Set modulation range 3,50.0 to 500.0. (same as SP 4)
Force deemphasis mode to pralisplay.

Force deemphasis mode to postlisplay.

Calibrate the active function.

Set SRQ mask, argument range 0 to 7. See text.
Enable SRQ interrupts. (8200 compatible)

Disable SRQ interrupts. (820Ccompatible)
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TABLE 3-8. INSTRUMENT ERROR CODES.

ERROR
NUMBER MEANING
Operation:
01 (01) Carrier Frequency entry out of range.
02 (05) Carrier Level entry out of range.
03 (03) Audio Frequency entry out of range. .
04 (06) AM modulation entry out of range.
05 (12) FM modulation entry out of range.
06 (21) PM modulation entry out of range.
07 (07) SPCL function entry out of range.
08 (10) PRGM entry out of range.
09 (112) Units do not match active function.
10 (15) Too many characters entered into display.
11 (50) SPCL function requires A9J1 installed.
12 (51) SPCL function not active.
13 (13) Requested Program is empty.
14 (22) Program is recall only.
15 (14) IEEE -488 bus address out of range.
16 (16) IEEE-488, nonexistent mnemonic.
17 (A7) IEEE-488 data string format error.
18 (18) IEEE-488, input text buffer overflow.
Calibration:
20 (40) AM calibration fault.
21 (42) FM calibration fault.
22 (43) PM calibration fault.
23 (41) RMS detector calibration fault.
24 (24) Average detector calibration fault
25 (25) Quasi-peak detector calibration fault.
26 (44) Carrier Level calibration fault.
27 (27) < 10 Hz filter calibration fault.
28 (28) 220 kHz filter calibration fault
Hardware:
30 (30) Oscillator setup error band 1.
31 (31) Oscillator setup error band 2.
32 (32) Oscillator setup error band 3.
33 (33) Oscillator setup error band 4
34 (36) Frequency Counter selfcheck error.
35 (52) Memory error, ROM.
36(53) Memory error, RAM.
37 (37) Memory error, EEPROM
38 (38) GPIB interface fault.
39 (39) Instrument interface fault.
NOTE:
Numbers in () indicate value returned in 82QA error mode.
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SECTION IV
THEORY OF OPERATION

4-1. INTRODUCTION.

4-2. The Model8201Ais a versatile, soligtate, microprocessor controlleadpdulation analyzer that covers the carrier
frequency range of 100 kHz to 2.5 GHz. Recovered modulation is displayed on a four digit LED display, which provides

a maximum resolution of 1 Hz deviation, or 0.001 % AM. Operating modes, input frequencyewguand reference

levels can be keyed in through a front panel keyboard. An {EfEinterface enables remote programming of the
instrument. Selected modes and values are displayed on an alphanumeric display and LED indicators. Input commands
are procesed by the internal microprocessor, and control signals developed by the microprocessor set up the internal
circuits in accordance with the commands. The use of a microprocessor also enables storage of up to 99 complete sets of
instrument setup data. Coromly used setups can be stored in-wofatile memory either through the keyboard or via

the IEEE488 interface; thereafter, the instrument front panel settings can be restored by keying in the program number
assigned to the desired setup and depressinB@i key or sending the RE mnemonic on the bus.

4-3. FUNCTIONAL BLOCK DIAGRAM (Figure 4 -1).

4-4. Control of instrument operation is exercised by a microprocessor that executes a fixed prograrroimyread
memory (ROM). Timing of microprocessor operatiomgontrolled by a 18.432 MHz clock. A randeancesamemory
(RAM) provides storage capability for microprocessor data. To insure retention of data in storage;viblatierRAM

is powered continuously from an internal/@lt lithium battery.

4-5. The mcroprocessor communicates with the in@rcircuits through a data bus aawd address bus. Command
information is entered into the microprocessor through the front panel keyboard or ad8BHkterface. Special
functions are provided for option selextiand test purposes. Input data selection is displayed by means of a digital
readout and LED indicators. The microprocessor stores and processes input data, and generates data and address
information to cause execution of commanded functions.

4-6. The carier signal is first frequency translated to an intermediate frequency for processing. The intermediate
frequency chosen is dependent on carrier frequency. Carriers above 10 MHz are converted to 1.211 MHz, carriers from 2
MHz to 10 MHz are converted to 34&1z, and carriers below 2 MHz are not converted at all. Frequency translation is
accomplished by means of a zenaler hold sampler. The sampler is fully bootstrapped to accept signals as high as 2
Volts rms, without overload.

4-7. A sampling impulsegenerated from a tunable local oscillator, converts the RF signal to the appropriate IF signal.
After filtering and buffering, the IF signal is processed by the AM and FM circuits. Additionally, the IF signal is
processed by the tuning circuits to provgignals to the microprocessor to properly tune the local oscillator.

4-8. The frequency modulation information is recovered by first amplitude limiting the IF signal to remove any AM
informati ocoouminidn@dp ut Be r e s ul tntamegus feequegntya A direcocoupledtoetputnof ne i
the discriminator is connected to the FM OUT connector on the rear panel.

4-9. The amplitude modulation information is recovered by first setting the gain of the measurement channel to a
convenient level for aurate measurement. The resulting signal is amplitude detected by aatitieardetector circuit.
A direct coupled output of the detector is connected to the AM OUT connector on the rear panel.

4-10.The phase modulation information is recovered iratinéio filter section by integrating the recovered FM signal.

4-11. The recovered audio signal from the AM or FM detectorfuiither processed by amplification and selectable
filtering before being converted to dc for measurement. Audio detection consists of precision peak detectors, a quasi
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peak detector, and a true rms detector. The dc information from the audio detadifitzésl by a 12bit A/D converter
for digital processin@nd display.

3d8
PROTECT/ FREGUENCY FREGUENCY
AF IN _)>—ATTEAM3UUAT0H SAMPLING MODULATION | | MODULATION « FM OUT
FREGUENCY LIMITER DISCRIMINATOR
CONVERTER M Ad
Pty —
MULTIBAND AMPLITUDE AMPLITUDE
LOCAL  — MODULATION MODULATION « AM OUT
0SCILLATOR ABC DETECTOR
A242 A3 A3
TUNING | <« IF out
CIACUITS
INSTRUMENT CONTAOL BUS
FREGUENCY CPU, ROM, RAM 13-BIT A/D MULTIPLEXER PEAK, AVERAGE, AUDIO FILTERS,
COUNTER EPAOM, PIA "5 CONVERTER AND OC GAIN RMS, QUASI-PEAK DE-EMPHASIS, <« AF OUT
DETECTORS AND AUDIO GAIN
410 A8 19 A8
1B AB
DISPLAY AND
KEYBOARD
EXT REF - AUTOMATIC
CONTROLLER DISTORTION K

All

FRONT PANEL HEV = phuen SuPPLY/
TEEE-488 BUS IEEE-4B8 BUS DISPLAY AND -8V ——— a0 ~ © AC LINE
A9 KEYBOARD 45V -——f T
A12 AND A13 -30v AL

ANALYZER

f——< ¢ DIST OuT

B3163900A REV.B

FIGURE 4-1. Functional Block Diagram

4-12. The audio signal is also processed by a fully automatic distortion analyzer. This analyzer operates in conjunction
with the control program to provide continuous readout of the recovered audio distortion for baseband frequencies from
20 Hz to 20 kHz.

4-13. Internal calibration circuits are operated by control program as required to establish calibration of the internal AM,
FM, PM, quasipeak, and rms detectors.

4-14. Counter/timebase circuits establish the clocks and reference frequencies for opethtoinezfuency counter and
calibrator.

4-15. Power supply circuits convert the incoming line voltage into regulated dc operating voltages to power the
instrument circuitry.

4-16. THEORY OF OPERATION, RF CIRCUITS.

4-17.The RF circuits convert the carrier input signal into a suitable IF signal for AM, FM, and PM measurements. See
Figures4-2 and 87.

4-18. The carrier to be measured is applied to the front panel RF IN connector. The signal passes through overload
protection module A30, and is attenuated by AT1, a 3 dB pad, before it appears at sampling gate CR2. The attenuator
provides some isolation andgtection for the sampling circuit. The protection module includes a switchable 20 dB pad
which is activated for input levels above + 20 dBm.
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FIGURE 4-2. RF CIRCUITS BLOCK DIAGRAM

4-19. Simultaneously, a local oscillator signal is buffered by transistor Q1 and associated components and divided by two
in U1l. The resulting TTL signal is passed directly, or divided by 5 in U6, to a pulse forming circuit U2. Switching is
accomplished by U3and band control line B2. The instrument control program operates the band switch to select the
proper operating band based on the RF frequency.

4-20. The pulse signal from U2 is further shaped and amplified by Q3 and Q13 to driveectepry diode CR4,
through transformer T2. Initially CR4 is forward biased from thievelt supply through R22. The pulse signal from Q3

and Q13 drives CR4 into reverse conduction; however, CR4 does not "open" until all of its stored charge is depleted. At
that instant theliode recovers and produces a large narrow pulse, which is coupled to the sampling bridge by T1, a balun
transformer. The output of T1 is two nearly equal opposite polarity pulses. If the two pulses were exactly equal, they
would exactly cancel at the inpand output of the bridge. Since such equality is never the case, however, R14 is
required to balance the bridge on the various operating bands.

4-21. R6 is adjusted when the local oscillator signal is between 2 and 4 MHz for optimum sampler efficlehéy. R
adjusted when the local oscillator signal is between 10 and 20 MHz.

4-22. The operation of the sampling gate is shown in simplified form in FigtBe Bach time the sampling gate is

closed, by a shoduration pulse, the input capacitance of theamamplifier plus any stray capacitance is charged to a
voltage that is less than the instantaneous RF input voltage. Before the next sample is taken, positive feedback from the
sampler amplifier causes additional charge to be placed on this capacthiacge is added until the voltage at the

output of the sampling amplifier is exactly equal to the RF input when the sample was taken. This output is held constant
until the next sample is taken. Successive samples are taken until the RF waveform furtedrag 1.211 MHz or 346

kHz, depending on the RF frequency. Additional feedback from the sampler amplifier maintains symmetrical reverse
bias on the sampling gate.
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FIGURE 4-3. Sampling Gate Operation.

4-23.When the carrier frequency is between 100 kHz and 2 MHz, the 1.211 MHz IF is selected and the local oscillator is
set to about 18 MHz. Under these conditions, the input signal passes through the sampling bridge without conversion.
The IF circuits then piaess the signal directly.

4-24. The sampler amplifier is composed of transistors Q2 anf)®4nd associated components. The gain is fixed at
less than one by a direct feedback connection. The stage has a low output impedance required to properlyhieootstrap
sampling bridge.

4-25. The output of the sampling amplifier is connected to a switched 10 times attenuator consisting of R39 and R40.

Analog switch U4 is operated by the control program, via data decoder U5, to select the signal, the signal divided by

or the calibrator signal. The calibrator is connected to the IF circuits when the calibration program is operating, otherwise

the attenuator outputs are selected. If the carrier level is greater than about 100 millivolts, the signal is attenuated 10
times.

4-26. An amplifier consisting of transistors €812 and associated components is required to amplify and buffer the IF
signal. This stage has a gain of about 3.3, as determined by R54 and R46. When the 1.211 MHz IF is selected, relay K1
is operatedd select the output of this stage. If the 346 kHz IF is being used, the signal is filtered by a 750-kldgdow

filter consisting of L12, L14, C58, C62, and C64. Amplifier AR1 has a gain of two which compensates for the insertion
loss of the filter. The atput of AR1 then becomes the IF signal.

4-27.This signal is connected to the AM and FM boards for further processing, and to analog switch U7. U7 is operated
by the control program, via data decoder U5, to select one of foypdsw/ filters. The filtefsconsisting of L2.9, C38

C41, C4649, and C5454, are designed to reject the local oscillator signal and maintain a bandwidth of at |eaaif one

of the sampling rate.

4-28. At any sampling frequency the carrier signal will be converted to a frequesteyedn dc and orealf the
sampling rate. Therefore, to insure proper signal discrimination, the filters must have a bandwidth of at-lesftobne
the sampling rate. The filter bandwidths are 1.8, 2.5, 8, and 12.5 MHz.

4-29. Diodes CR13CR16 isolate th individual filters at the input of limiter U8. Diode bias is provided by R76 through
U7. U8 limits the IF signal to remove any AM and generates square wave outputs to drive U9, a TTL counter, and AR2,
a buffer amplifier used to provide a sample of thaitfhal for the frequency counter circuits.

4-30.The counter output signal is used to measure the IF signal frequency for tuning and RF frequency calculation.

4-31. Counter circuit U9 is programmed to divide by 2 or by 7 as determined by the state of control line B2. If B2 is a
TTL high, the 10 to 20 MHz local oscillator is active and U9 is set to divide by 7. This converts the 1.211 MHz IF to 173
kHz. If B2 is a TTLlow, the 2 to 4 MHz local oscillator is active and U9 is set to divide by 2. This converts the 346 kHz
IF to 173 kHz. The 173 kHz signal is connected to the local oscillator circuits for further processing.
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FIGURE 4-4. Local Oscillator Circuits Block Diagram.

4-32. THEORY OF OPERATION, OSCILLATOR CIRCUITS.

4-33.The local oscillator circuits provide the signals to operate the pulse generator circuits on the RF board. See Figures
4-5 and 89.

4-34. Four oscillators are operated individually to cover the band of frequencies from 20 to 40 MHz. The oscillators are
designed and constructed to produce minimum residual FM. Since all oscillators function the same way, only one will be
discussed in detail.

4-35. The lowest band is covered by an oscillator composed of Q1 and associated components. Transistor Q1 provides
the gain required to sustain oscillations, while transformer T2 and capacitors C7 and C13 along with varactor diodes
CR1017 form the tunedicuit. Feedback is taken from the secondary winding of T2 and connected to the source of Q1
through dc blocking capacitor C5. Diodes CR2 and CR3 provide output voltage amplitude control by rectifying the
feedback and drain voltages and reverse biasingh@4 limiting stage operating current. Capacitor C1 bypasses the gate

of Q1 at the frequency of oscillation. Resistor R1 is required to establish initial gate bias and inductor L4 provides a dc
return for the source.

4-36.The output of the oscillator is connected through isolation resistor R7 and switching diode CR4 to buffer stages Q2
and Q5.

4-37.Band switching is accomplished by the control program via data decoder Ul and level shifter AR1. Uld§ a one
four decodervhich converts data lines BO and B1 into individual select lines for the four oscillators. Diodes DS2 through
DS5, and pulup resistor array R54 couple the four TTL lines to level shifter AR1. The outputs of AR1 swing from
about +13 te13 volts.

4-38.When a band is selected, the LED associated with that band will be illuminated and the corresponding AR1 output
will be at +13 volts. With +13 volts at the junction of CR1 and R4, CR1 becomes reverse biased, as does CR9. CR4 is
forward biased, thus connewgithe output of the selected oscillator to buffers Q2 and Q5.
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4-39.When a band is not selected, the LED associated with that band will not be illuminated and the corresponding AR1
output will be at-13 volts. With-13 volts at the junction of CR1 and R4R1 becomes forward biased, as does CR9.

CR4 is now reverse biased, thus disconnecting the output of the selected oscillator from buffers Q2 and Q5. Diode CR9
shunts the feedback path and stops the oscillator, while CR1 keeps the stage bias at ttperting level.

4-40. Oscillator tuning is accomplished by varying the voltage at the junction of C12 and L7Z5rtmm25 volts. The
four oscillators time from 20 to 24, 24 to 28, 28 to 33, and 33 to 40 Mhz.

4-41. The 173 kHz IF signal from the RF boaisl connected to retriggerable egleot U2. The period of U2 is
determined by R15 and C23 to be 2.9 uS, the gemod of the 173 kHz signal. The duty cycle of the waveform on pin
6 of U2 is then 5@6 and the average value of the waveform is about 215.vamplifier AR2 shifts the dc level of the
signal to make the average value about O volts dc. R19 adjusts the circuit for exactly O volts dc at 173 kHz.

4-42.The output of AR2 is connected trough R30, R31, and analog switch U3 to integrator AR4atptih@biR4a is
connected through a level shifting circuit composed of AR4b, R43a, ¢, and d, and transistor Q9 to buffer stage AR5. The
output of AR5 is the voltage used to tune all the oscillators.

4-43. Additional connections to the integrator permit twatrol program to tune the oscillator using a diglitaiinalog
converter (DAC) located on the CPU board.

4-44.U3 is a dual switch array. The second section is used to operate a bypass circuit consisting of DS1 and Q8. This
circuit operates to speed apquisition by bypassing R52, a 1 megohm resistor, during search.

4-45. Frequency acquisition in the automatic tuning mode proceeds as follows. The input carrier frequency is applied to
the sampling bridge for frequency conversion. The resulting IF frequsrsomewhere between dc and -biadf of the

local oscillator frequency. The input signal to U2, the retriggerablesbot will produce an output waveform whose

duty cycle, and thus average value will be proportional to frequency. The control prognfiguies U3 so as to
connect the integrator to R30, providing a closed loop for frequency acquisition. The integrator will ramp until the input
frequency to U2 is 173 kHz, corresponding to either a 1.211 or 346 kHz IF frequency.

4-46.The control programmonitors the dc voltage at the output of the integrator and at the output of AR2 to determine if
a valid IF has been established. If the integrator output is greater thatiG-\aits, the integrator is reset by connecting
the junction of R29 and R37 tbe input of AR4a. with the DAC IN input set to 0 volts. The band is changed and the
integrator is released. This process continues until a valid IF is found.

4-47.When a valid IF signal is found, the control program changes the DAC IN dc level. This @aasrrent to flow
through R46 which causes the IF frequency to change. The control program then measures the resulting IF frequency
and the local oscillator frequency to determine the harmonic number.

4-48. Buffer stages Q2 and Q5 are grounded base ifienplused primarily to isolate the oscillator from influences
generated by the circuits they drive. Output LO1 is the signal which drives the pulse generating circuits on the RF board
and output LO2 drives a cable and the frequency counter circuits.

4-49, Amplifier AR3 and transistor Q7 regulate tFis volt supply down tel4 volts to reduce power supply noise and
ripple which improves the stability of the oscillator circuits.
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4-50. THEORY OF OPERATION, FM CIRCUITS.

4-51. The frequency modulation circuits recover the audio signal from the frequency modulated carrier. See Bigures 4
andg811

BLOCK DIAGRAM, FILTER CIRCUITS
B83158700A REV.A
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FIGURE 4-5. FM Circuits Block Diagram.

4-52. The intermediate frequency signal from the RF circuits is connected through a 3 Mhihafiat, lowpass filter
consisting of inductors L3 and L4 and capacitors C1 andCT40 a 4stage limiter. The limiter is composed of
integrated amplifier arrays Q@td Q8 and associated components. The stages are designed with small signal feedback to
minimize phase shift changes with level, thus minimizing incidental FM when the carrier contains large amounts of AM.
The output of the limiter is connected to a putsening network consisting of Q13, R77, and R78, C48 and C49 and L8.
This circuit creates a differentiated signal which drives Ulb, a TTHilfip, which is wired as an inverter to drive the

FM detector.

4-53.The FM detector is a precision monostabletiildrator which operates as follows. Each positive transition of the

signal at pin 11 of Ula (corresponding exactly to each cycle of the IF frequency) causes the signal at pin 8 of Ula to go
low. Enhancement mode FET Q1 is turned off, and the constaehtsource consisting of Q2, R2, R4, R11, R13, and

CR1 charges C10 toward the positive supply rail. When the voltage reaches the value established at the base of Q5 by
R30 and R28, transistor Q4 conducts and Q5 is turned off. This causes Q6 and Qdnovthith resets Ula. FET Q1

is turned on and capacitor C10 is discharged, completing the cycle.

4-54. The result of this operation is a constant width pulse at a rate equal to the IF frequency. As the IF frequency varies,
the duty cycle and thus the avgeavalue of the waveform changes.

4-55. Enhancement mode FET Q10 operates in parallel with Q1 to toggle current switch Q11 and Q12. The collector
current of Q12 is a rectangular pulse with a duty cycle determined by the instantaneous IF frequency g@fitbda am
determined by a precision current generator consisting of AR2, Q9 and associated components. The 22pdd4z low
filter consisting of capacitors C36, C39, C41, and C42 and inductors L6, L9, and L10 removes the IF frequency
components from the sighleaving only the modulation information.
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FIGURE 4-6. AM Circuits Block Diagram.

4-56. A phase equalizer consisting of C27, C28, C32, C33, L5, and R51 linearizes the filter phase response.
4-57. Transistors Q15 and Q16 and amplifier AR3 level shift and amplify the signal to drive the audio circuits.

4-58. Two local power supplies are required by the FM circuits. One is generated by Q14, R63, R70, R71 and C35. This
circuit isolates thel5 volt instrument supply. The other is a + 5 volt supply generated by R14, R15, CIl&Ranthis
supply powers the TTL circuits on the FM board.

4-59. THEORY OF OPERATION, AM CIRCUITS.

4-60. The amplitude modulation circuits recover the audio signal from the amplitude modulated carrier. Additionally,
these circuits provide a dc signal which is proportional to the carrier level at the RF IN connector. See fagume84
13.

4-61. The internediate frequency signal from the RF circuits is connected through a 3 MHaniditude, lowpass

filter consisting of inductors L5 and L6, and capacitors C1, C7, and C10 to an input amplifier composeQ®aQB
associated components. The gain fromitiput of the filter to the output of the amplifier is about 1.5, as determined by
R1,R7, and R19. This stage is carefully compensated by R88, C62, R18, and C19 to provide very flat response from less
than 100 kHz to greater than 2 MHz. A flat frequemegponse is required to maintain low incidental AM when the
carrier contains large amounts of FM.

4-62. A programmable attenuator is required to keep the output of the AM detector within reasonable limits while the
carrier level changes about 40 dB. The attenuator consists of two light dependent resistors ( LDRs), two control loops, an
8-bit DAC and two istating transistors.

4-63. Each of the two control loops operate as follows. A current flows through the variable resistance element of DS1
producing a voltage drop. This drop is monitored at one input to loop amplifier AR1a, while the other inputrenaeefe
voltage of about0.5 volts. The output of AR1a is then the amplified difference between the reference and the drop
across DS1. This error voltage is coupled to the LED portion of DS1 through buffer Q7 in such a way as to reduce this
difference to narly zero. The result is that by adjusting the current through the LDR, the resistance can be set precisely.

4-8



Theory of Operation Section 4

4-64. The variable current is supplied by U2, abiBDAC and isolating transistors Q8 and Q9. The current outputs of

the DAC are differential, ahproportional to the magnitude of theb® digital data. When the most significant bit, B1 of

U2 is high and all others are low, the two currents are nearly equal. The magnitude of this current is set by R5. Any other
combination of bits will increase ercurrent while decreasing the other. The two attenuator arms track the DAC current
and thus produce an attenuation which is proportional to the digital data. The control program adjusts the digital data to
adjust the dc output of the AM detector.

4-65. An amplifier consisting of transistors Q10 and @Q36 increases the level of the attenuator output about 18 times
as determined by R42 and R40. The input impedance of the stage is high to avoid loading the attenuator, and the output
impedance is high to maxize the loop gain of the following stage, the AM detector.

4-66. The AM detector is a lineaactive design, that is, the diode rectifiers are linearized by including them in the
feedback path of a high gain amplifier. The amplifier consists of trarsiQd8Q21 and associated components. The
stage is optimized for high gain and high output impedance to drive the nonlinear feedback elements-Wae half
rectified voltages at the junctions if CR6a and CR6b and R68 and R71 are buffered by Q22a anti@2atliied by
differential amplifier AR2. A 220 kHz, seven pole, lgass filter consisting of inductors LAA2 and capacitors C50
C54, and C56 removes IF frequency components from the signal, leaving only the modulation and dc components.

4-67. An addtional gain of two is provided by AR3. Resistors R887 provide a means to compensate for various
offsets between the detector and the output of AR3.

4-68. An amplifier consisting of transistors Q12, Q17, and Q18 provides a sample of the leveled AMacsipeatear
panel IF OUT connector.

4-69. THEORY OF OPERATION, FILTER CIRCUITS.

4-70. The recovered modulation from the AM or FM circuits is further processed by the filter circuits. See Figures 4
and 815.

4-71. Relay K1 is operated to select the output of the FM board for either FM or PM modulation, or the output of the
AM board for AM modulation. Relays K2 and K3 are operated to select either an attenuator, or a 50 kHz, seven pole,
low-pass filter as determinday the control program and the front panel {pass filter selection. The 50 kHz filter is in

the measurement path for all lgyass filter selections except the 220 kHz filters. The 220 kHz filters are located on the
AM and FM boards.

4-72. Capacitors C1%mnd C16 remove any dc information from the signal before it is connected to a programmable
attenuator consisting of R10, R11 and U3a. When the modulation signal is greater than 52.00 kHz, RAD, or %, the
attenuator is selected. CR4 and CR5 protect theviiiig stages from severe overload during range switching. Buffer
amplifier AR1 has a gain of ten as determined by resistors R9 and R17. This stage is inserted in the signal path when the
modulation is less than 5.200 kHz, RAD, or %, otherwise it is byfdasse

4-73. Unity gain buffer AR12 drives the highass filter array. The filters areg®le Butterworth designs except for the

<10 Hz filter which is dc coupled at this point. Resistors R19 and R26 set the insertion loss @Dthiz position to

equal that of the other active filters. The other filters are designed to cut off at 30, 300, and 3000 Hz. The control
program operates analog multiplexer U4 based on the front pangbdwgtfilter selection.

4-74. Amplifier AR2 and asociated components comprise the 30 Hz filter. Similarly AR3 and associated components
comprise the 300 Hz filter, and AR4 and associated components comprise the 3000 Hz filter.
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FIGURE 4-7. Filter Circuits Block Diagram.

4-75. AR5 amplifies the signal about 4.6 times, as determined by R30 and R31 and drivegasddfiiter array. The 3

and 15 kHz filters are-Bole Butterworth designs, and the 20 kHz filter is-poBe Bessel design. Additionally, a thru
position is proided for the 50 and 220 kHz filters, and a gaussian filter consisting of R34, R38, R40, C36, C38, and C41
is provided for calibration. Analog multiplexer U5 is operated by the control program based on the front panel switch
setting or the carrier frequenty select the appropriate filter.

4-76. Unity gain buffer ARS8 drives the demphasis and phase modulation filters. Theaphasis networks are single
pole gaussian filters with cut frequencies of 212 Hz, 2.122 kHz, 3.183 kHz, and 6.366 kHz correspmiigenime
constants of 750, 75, 50, and 25 microseconds respectively.

4-77. AR9a and b and associated components comprise the phase modulation filter. This filter is designed to have an
insertion gain of unity at 1 kHz modulation frequency, and a respibrag approximates an ideal integrator over most of
the audio frequency range.

4-78. Analog multiplexer U7 is operated by the control program to select the appropriataptiasis network as
determined by the front panel-@enphasis switch setting. Additionally, the control program bypasses these networks in
the AM measumment mode, andelects the phase modulation filter in the PM mode.

4-79. Unity gain amplifier A10 buffers the signal which is connected to the detector circuit board through analog switch
U8. U8 is operated by the control program to selectdmplay or postisplay deemphasis as determined by SPCL
functions 7 o018, or the deemphasis mode as set via the |IE&E bus controller.

4-80. Amplifier AR11 increases the signal by about 2.4 times as determined by R53 and R54 to generate the front panel
AF OUT signal. Resistor 55 determines the output impedance of 600 ohms and diodes CR7 and CR8 provide reverse
power protection for AR11.
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FIGURE 4-8. Distortion Analyzer Block Diagram.

4-81. Digital control signals for the filter board al@ched from the instrument control bus by octal latches U2 and U6.
Strobe signals to operate the latches are generated by address decoder Ul.

4-82. THEORY OF OPERATION, DISTORTION ANALYZER

4-83. The distortion analyzer is an automatically tuned and balancedvsat@ble notch filter. The circuits operate in
conjunction with the filter and detector circuits to produce a display of audio distortion in % or dB SINAD. See Figures
4-8 and 817.

4-84. The audio signal to be measured is applied to amplifier AR1 through ac coupling network C28 and R1. AR1 is
configured for a gain of 2.82 as determined by R3 and R2. The signal is then connected to the notch generating circuits.

4-85. The notch filter cosists of a state variable bandpass filter and a balance amplifier AR7a. The bandpass filter is
tuned to the incoming audio signal by the control program. The output of the bandpass filter is subtracted from the input
signal leaving only the harmonics anesidual noise at the output of AR7a. Fine adjustment of the notch center
frequency and the amplitude of the bandpass output is accomplished by two control loops which operate to reduce the in
phase and quadrature components of the signal at the outpetlzlance amplifier.

4-86. The individual integrators in the filter are identical, so only one will be described in detail. The output signal from
summing amplifier AR3a is connected to the reference input of multiplying digiahalog converter (DACY3a. The

gain from the reference input of the DAC to the output of amplifier AR3b is proportional to the digital data orDfFe DO
inputs. The output of AR3b drives resistors FAB8 and transistor switches @¥% which are connected to the inverting

input of AR7b. Integrating capacitor C12 is connected from the output of AR7b to the inverting input, completing the
integrator circuit. Transistors Q6 and Q3 are always conducting and are used to reduce the residual distortion of the
integrator stages. Transiss Q4 and Q5 may be turned on by the control program to change the integrator time constant
in decade steps. Frequency range breakpoints are at 250 and 2500 Hz. Coarse tuning on each band is accomplished by
changing the digital data inputs to the DAC. Thring range is about one decddam 25Hz to 250 Hz, in 1 Hz steps

on the lowest band. The circuit values are adjusted such that when the digital dadedés®28,the frequency is about

25 Hz. Similarly, when the digital data is 250 decimal, theueagy is about 250 Hz.
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4-87.The signal at the output of AR7a is amplified an additional 15 times by AR9a. The gain is determined by R30 and
R31. Additionally, AR9b inverts the amplified signal to provide an out of phase signal used to generateaaefull
rectified signal for the tune and balance integrators. The rectifiers operate as follows: While switch Q2 is shorted to
ground, a current flows in resistor R57. When switch Q2 opens twice as much current, of the opposite phase, flows in
R42. Since the cuents in R57 and R42 are 180 degrees out of phase, the net current flow is in the same direction as
when Q2 is closed. The result is a fwlhve rectified current. This produces a voltage at the output of integrator AR11
which drives four quadrant multighi U7. The current output at Pin 4 of U7 is proportional to the product of the dc
voltage at the output of the integrator AR11 and the ac voltageThR4urrent is summed back into the nottinming

amplifier AR3a to cancel balance and tuning errors.

4-88. The notch output signal is filtered by an 80 kHz active-fmass filter consisting of amplifier AR2b, C2, C8, C15,
R37, R49, and R50. This signal is connected through 600 ohm resistor R4 to the DIST OUT connector on the rear panel,
and through switch b and buffer AR2a to the rms detector circuits.

4-89. Switch U1lb is operated by the control program to monitor the input signal and the notch signal alternately. The
ratio of these signals, times 100 is the distortion in percent. SINAD ratio is calculated by the control program and
displayed in dB.

4-90. A tune status output signal is generated by attenuating and level shifting the dc output of the tune integrator. This
signal is used by the control program to determine that the notch is properly tuned.

4-91. Decoder U2 generates data latch strobes for tigaiits on the distortion analyzer board. A portion of octal latch
U8 is used to store range data for the distortion analyzer.

4-92. Comparator AR12 is used to shift the TTL logic signal levels at the outputs to U8 to 15 volt logic signals to operate
the FET range switches in the notch filter.

4-93. THEORY OF OPERATION, DETECTOR CIRCUITS.

4-94. The recovered modulation signals frone tfiiter board are converted to dc signals by the detector circuits. The
detectors include plus and minus peak detectors, an rms detector, -peplasietector, and an average detector. See
Figures 49 and 819.

4-95. The recovered modulation signal is@mupled to analog switch U1 through coupling network C36 and R5. Ul is
operated by the control program to connect the peak detector circuits to the audio signal or a ground reference
established by R11 and C6.

4-96. The output of Ul is connected to theuh of U13d through an equalizer network consisting or R12 and R13 and

C37 and 38. This network compensates for a slight decrease in peak detector efficiency at about 250 kHz. U13d and
U13c are voltage followers cascaded to drive the positive peak detébwmoutput of U13d also drives a precision
inverter circuit consisting or Ul3a and R58&5d which in turn drives the negative peak detector through voltage
follower U13b. This seemingly unnecessary symmetry is required because theafalresolutiornf the peak displays

is 0.02%. The positive and negative peak detectors are identical circuits driven by audio signals that are 180 degrees out
of phase.

4-97. Amplifier U15 and U19a and associated components are arranged as a positive peak deteayaheDpositive

excursion of the audio signal, the output of U15 is driven positive; C20 then charges through CR3. U19a buffers the
voltage across C20 and adds a small offset. When the output of U19a reaches a value equal to the positive peak of the
wavefom plus a small increment, the output of U15 goes negative and thus terminates the charging of C20. The output
of U19a is then equal to the positive peak of the audio signal.

4-98. The small offset created by R24 and R25 is required to insure that tlzeretigositive charge on C20 when the
signal on pin 3 of U15 is zero. Diode CR1 improves frequency response by limiting the voltage excursion at pin 6 of
U15 at about0.7 volts in the negative direction.
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FIGURE 4-9. Detector Circuits Block Diagram.

4-99. The peak detector consisting of U16 and U19b and associated components operates in an identical manner, except
that the audio signal at pin 3 of U16 is inverted, so that the positive output voltage at pin 3bofddliesents the
negative peak of the audio waveform.

4-100.Analog switch U6, R20 and R22 are connected across capacitors C20 and 21 to reset the peak detectors during the
various phases of the peak measurement cycle.

4-101.The measurement cycle proceexs follows: The control program asserts the peak detector reset &ghagthg

capacitors C20 and C21. Analog switch Ul is set to connect the ground reference network R11 and C6 to the input of
U13d. After a short wait for transients to settle, theet signal is removed and both peak detector outputs are measured.

The measurements represent the zero input signal condition of the detectors. The reset signal is again asserted, and
analog switch Ul is set to connect the audio input signal. The rgaat & again removed and both peak detectors are

again measured. The measurement represents the output of the detectors including the input signal and offsets. The
offsets are removed by the control program and the corrected measurement displayedomt plaeéd| digital display.

The measurement cycle is repeated by the control program as required. The peak average display is generated by adding
the plus and minus peaks and dividing the result by two.

4-102.The outputs of the peak detectors and a duasifjom the AM detector are routed through an analog multiplexer,

U7, to amplifier U22b. The circuit gain is three, as determined by R43 and R37, which brings-sieal&uthutput of the

peak detectors and the nominal output of the AM detector to a@et volts. This signal is connected through analog
multiplexer, U9, to a second amplifier U22a and associated components. This stage is designed to have a gain of about
2.04 and a dc offset of about 100 millivolts. Gain is required to increase tkeedldlsignal to about 6 volts for later
analogto-digital conversion; the offset is required to insure that inputs near zero volts still produce a positive dc output.
The output of U22a is connectddough the card edge to the CPU board.
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4-103. Several other signals connected to multiplexer U9. A signal representing the output of the frequency acquisition
integrator is attenuated atel/el shifted by resistors R33, R34, and R35. When the output of the integrator is +10 volts,
the voltage at the pin 5 of USill be about 3.7 volts and when the output of the integratekQsvolts, pin 5 will be about

0.58 volts. A second voltage from theduency acquisition discriminator is attenuated and level shifted by R38, R40,
and R41. For discriminator voltages between + 3-8ndblts, the voltage at pin 4 of U9 will vary between 3.2 and 0.8
volts respectively.

4-104.The signal on pin 6 of U9 issignal representing the tuning status of the distortion analyzer circuits. This signal is
used to determine that the tuning integrator output voltage is within normal operating range. Pin 7 of U9 is grounded to
provide a zero volt reference for the anatogdigital converter. Three other inputs to U9 will be covered separately
below.

4-105. A second audio signal is ac coupled by coupling network C4, C5, and R18 and R19 to analog switch U5. This
signal originates on the distortion analyzer board and repieae amplified version of the signal at the peak detectors.

R18 and R19 divide the input signal by ten, so that the signal at pin 3 of U14 is either the input signal, or the signal
divided by ten, as determined by the setting of U5. The stage gain oisléb4 at 11.5 as determined by R6 and R7.
Capacitor C7 provides high frequency compensation. Similarly, the output of Ul4 is connected to an attenuator
consisting of R8 and R9, analog switch U5, and a second amplifier U18. DiodeSIER7and resistors3{-R59 speed

overload recovery of U14 and U18. U18 is also configured for a gain of 11.5 and is ac coupled to an attenuator consisting
of R1-R4 and analog switch U4. This attenuator is programmable for an attenuation of zero, six, fourteen, or twenty dB.
Amplifier U20 is configured for a gain of 11.5 and is ac coupled to rms detector U8.

4-106.The complete amplifier/attenuator chain is programmable for a gain change of 0 to 60 dB (1000 times) in steps of
6 or 8 dB. Gain is established as required by tharobprogram to maintain the output of the rms detector between
about 1 and 3 volts dc, corresponding to rms inputs of 1 to 3 volts respectively. Capacitor C26 determines the low
frequency characteristics of the rms detector and is selected to maintéstreaors down to about 10 Hz. The output

at pin 6 of U8 is connected to multiplexer U9 as one of the possible inputs to the analog to digital converter.

4-107. An average detector consisting of U21 and associated components monitors the signaltheveipaitt to the
high-pass filter array. This detector is used to determine if an overload condition exists in the filter circuits, since the
filters may attenuate an overrange signal before it is detected by the peak or rms detectors. This deteatseikfals
autoranging in the PM measurement mode.

4-108.The voltage at pin 2 of U21 is nearly zero due to th
of C35 and R39 produces a current which also flows through R44, CR6, and CREcufrnt is sinusoidal, the current

flows through R44 and CR5 on one hejfcle of the waveform, and through CR6 on the otherdyalfe. The voltage at

the junction of CR5 and R44 is thus haléve rectified, and a dc voltage equal to the voltage peadedi by PI

(3.14159) is produced. This voltage is connected to pin 10 of multiplexer U9 through filter R45 and C33. The filter
removes the ac components from the rectified signal.

4-109.The quaspeak detector consists of amplifiers U12a, and UA¥ad and associated components. This circuitry is
designed to meet the requirements of CCIR-86812a, CR11, CR12, and associated components are configured as an
absolute value circuit. The output signal at the junction of R65 and R66 isveaftdl rectifiedcurrent. Ul7a and U17b

and associated components form a peak detector with a charge time of 2 milliseconds, and a decay time of 400
milliseconds. U17c and U17d and associated components form a peak detector with a charge time of 200 milliseconds,
and a deay time of 600 milliseconds. The circuits are cascaded to meet the timing requirements of CGQIRTHES

output is connected to pin 11 of multiplexer U9.

4-110.Octal latches U3 and U10 are used to store the control data from the instrument bus. Tdimlacsignals are
generated by address decoder U2.

4-111.Power supply decoupling is provided by L1, L2, C1, and C2. Additional supplies ( +5 aotts) are generated
on board by U23a and b, and resistors R27, R29, R31, and R32. Capacitors C10 gndviiE3filtering to reduce
power supply noise.
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FIGURE 4-10. CPU Circuits Block Diagram.

4-112. THEORY OF OPERATION, CPU CIRCUITS.

4-113.The CPU circuits provide the microprocessor control of all functions of the instrument. Additionally, the IEEE
488 microcontroller is located on this board as are the tuning DAC, the A/D converter and instrument interface circuits.
See Figures-40 and 821.

4-114. The output of crystal oscillator Y1 is connected to Ul, a dugubiary counter used to generate the various
timing signals required by the CPU and display circuits. The microprocessor clock signal, CLK is 9.21 MHz which is the
frequency of Y1 divided ptwo. The timing of the IEEE88 controller is generated by dividing the output of Y1 by
five. The resulting signal, SCLK is 3.686 MHz. The 3.686 MHz signal is divided by two again to provide the PCLK
signal for operation of the keyboard display contratle theDisplayboard.

4-115. The 68000 microprocessor executes a control program stored iromachemory, (ROM) U10 and U14.
Program variables and front panel setups are stored in raadogssnemory, (RAM) U15 and U17. Instrument control
is accompkhed via peripheral interface adapter U22, and HEB& communications is controlled by microcontroller
U19 with buffers U24 and U25. Analdg-digital conversion is accomplished by DAC2®in conjunction with
reference U13, comparator U27 and precisiaister array R7 through R30U28 is used to tune the local oscillator
circuits.

4-116.Local communications on the CPU board are via the-bpged CPU data bus DM through D15 and address bus
AO01 through A17. Address lines A18 through A23 are not utiliddeimory space is partitioned BPGAU2 as follows:
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Address Function

O0O00GOFFFF ROM, U10 and U14
1000G1FFFF RAM, U15 and U17
2000020FFF PIA, U22

2100021FFF A/D, conversion, U23A
2200022FFF D/A, conversion, U23B
2300023FFF I/0O board, via U20 andU21
2400024FFF IEEE-488, U19

4-117.U16 and U18 are required to isolate a portion of the devices on the address and data buses to meet the loading
requirements of the microprocessor and memories.

4-118.During powerup, the +5 volt supply is monitored by supply supervisor U4 and the B@®ol line is held low

as long as the supply is below about 4.75 volts. U4 also pulls R®Rif, after normal poweup, the supply drops
below 4.75 volts. Capacitatl is required to reduce the influence of transients on the +5 volt supply at@bCzand

C68 establish the time that tHeORine is held low after the supply reaches normal levels. This delay insures proper
microprocessor reset operation.

4-119. A flip-flop consisting of gates U6a and U6d is set by the high output of gate U6b, and the microprocessor
RESET and HALT-inputs are pulled low through gates U3b and U3c. The active reset signal is also supplied to
peripheral circuits throughPGA U2B. After the+5 volt supply reaches its nominal value, signal PgoRes high, the

HALT - and RESET lines go high and fliglop U6a/U6d is reset. This fliflop activates the RUN + signal to enable
operation of the RAMs.

4-120.The RAM integrated circuits are powered from a{wvotatile power supply consisting of U12, Q1 and battery

BTL1. If the +5 volt supply drops below the battery voltage of about 3 volts, U12 automatically transfers the RAM
supplies to the battery. At the sartime power supply supervisor U4 causes the HDR to be pulled low. This in turn

causes a microprocessor interrupt priority 7, (NMI). The control program is stopped and a RESET instruction is executed
which resets all peripheral circuits, again satsH U6a/U6d, and stops normal program activity. Control line- BOwt

used in normal operation of the instrument and can safely be ignored.

4-121. Analogto-digital conversion is accomplished by the control program, DAG, @d@mparator U27 and precisio
resistor array R11. The analog signal to be measured is connect@¥ tan& R28which parallelsthe two precision
resistors and connects them to pin 2 of U27. Connected to the same pdat8tvidieh is connected to the 0.0 volt
reference U13. BOis connected to the VOT output of DAC U23. The control program successively sets data bits and
tests the output of U27 via PIA U22. The progression is from most significant to least significant bit. If the comparator
changes states, the bit is reset, othesvig is left set. This successive approximation continues until 13 bits are tested.

4-122. Control of the local oscillator tuning is accomplished with DACSUZhe 16bit digital word representing the
desired output of U23-10 to +10 Volts) is simply wtien to U3 and the output taken from the WJ terminal.

4-123. U19 is the IEEEA88 interface microcontroller. All IEEB88 operations are conducted by this circuit in
conjunction with the microprocessor interrupt routines. These routines move data dntutanf RAM buffers as
required and control program flow in response to bus commands. When bus activity occurs, U19 sets thee IINW5
The microprocessor reads the interrupt status registers to determine the nature of the interrupt and resmlmgly.acco
All bus state transitions are controlled by U19, thus insuring compliance with4BEEmMing requirements.
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4-124. THEORY OF OPERATION, COUNTER CIRCUITS.

4-125. The counter circuits provide the frequency measurement functions for the B2a&A Additionally, the
calibration signals for internal detectors are generated on the counter circuit board. See HifjuB234 and &5.

4-126. A signal from 10.0 MHz crystal oscillator Y1 is divided by two by U20a, and by two again by U20b. The
resulting 2.5 Mhz signal is connected to U22 for additional frequency division. The signal on pin 9 of U22 is 1.25 MHz
and is used to generate the AM calibration signal. The signal on pin 15 of U22 is 1.221 kHz and is used to generate the

AM and FM calibrabr modulation. For a complete discussion of calibrator operation, refer to Section 5, Performance
Test 12.

4-127.The output of crystal oscillator Y1 is also connected to gate U4a. The other input of U4a is a signal derived from
the EXT REF input. If an external reference signal is present, pin 8 of U1lb will be alternating between TTL low and high
levels.
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FIGURE 4-11. Counter Circuits Block Diagram.

The lowlevel signal will cause CR1 to become forward biased and thus bias pin 1 of Ulc low. The output of Ulc will be
high, which will enable U4b. This will allow the external timebase signal to appear at pin 6 of U4c. Simultaneously, the
output of Ulc is inveriet by Ule to disable U4a, disconnecting the internal timebase signal. When the external signal is
removed, the internal timebase signal will appear at pin 6 of U4c.

4-128. This signal is divided down to 100 Hz by U5, U7, and U8 and is the gate used ffeqakncy measurements
made by the ModeB201A The gate signal is used to clockatich U6a and U6b, and an interrupt latch on the CPU
circuit board, to interrupt the microprocessor every 10 milliseconds.

4-129. A sample of the local oscillator signal at pin 30 of the edge connector is amplified to TTL levels by Q1 and
associated components. U1f further shapes the signal which is applied to data selector U9.

4-130. A sample of the intermediate frequency at pin &2the edge connector is similarly amplified by Q2 and
associated components and connected directly to data selector U9.

4-131. A sample of the audio frequency signal at pin 34 of the edge connector is converted to TTL levels by AR1b and

associated compents. Operating bias is supplied by diode DS2 and R4. The output of AR1b is connected to data
selector U9 through buffer Uld and to the clock input of U2b.
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4-132. U2a and U2b are configured to synchronize one cycle of the audio signal to the interdepbfcybe
microprocessor. The control program arms the gate latch U6a by setting the D input high. On the rising edge of the 10
millisecond gate signal the Q output of U6a goes high. This clocks the high level D input of U2a to its Q output. The
rising ed@ of the audio signal then transfers this high level to the Q output of U2b and allows the 10 MHz reference
signal to pass through U4d to data selector U9. When the Q output of U2b goes highotitgu@goes low and resets

U2a. This clears the D inpuf 82b so that on the next positive transition of the audio signal the Q output goes low and
disables the counting sequence. This mode of measurement is used for audio frequencies below 1 kHz.

4-133.When the audio frequency exceddkHz, the measuremeig made by counting the number of zero crossings of

the signal in one second. The actual gate interval is controlled by the firmware by allowing a fixed number of 10
millisecond gate cycles to elapse before the arming signal on the D input of U6a isdefBaske gate cycle causes a
microprocessor interrupt. The program counts the number of times an interrupt has occurred since U6 was armed. When
the correct number of cycles is reached, the sequence is stopped. The residue in the counter chain istidetheead
counter is reset.

4-134. Carrier frequency measurements are made by counting the local oscillator for N gate cycles, where N is the
harmonic number used to generate the intermediate frequency. The intermediate frequency is then measured, and the
difference is calculated as the carrier frequency. The expression relating the three frequencies is:

Frf=N x (Floi Fif)

4-135.The output of U9 is the signal to be counted. The counter consists of U10, U12, U13, and U14. U10 and U12 are
high speed binary dividers which are required to measure the local oscillator signal at 40 MHz. U13 and Ul14 are
relatively slow speed CMOS 4t counters which always operate at less than 3 MHz. The counter has a total length of
28 bits which allows counting to greater than 260 MHz with a resolution of 1 Hz.

4-136.The outputs of the counters are connected to the instrument data bestatie Bffers U16U19. The data is read
by the microprocessor in 4;l8t bytes. Besides the frequency information, the gate and external reference status signals
are read.

4-137.U15is an 8bit latch which is used to store instrument data bus information wigecotimter board is addressed
by the microprocessor. Address decoder U3 decodes instrument addresses 8 through 11 to operate the select lines for
Ui15-U19.

4-138. THEORY OF OPERATION, DISPLAY AND KEYBOARD CIRCUITS .

4-139. The display and keyboard circuits provide the operator interface to the Model 8201A circuits. Key closures are
detected and sent to the microprocessor which interprets them. The microprocessor then modifies the display LEDs
appropriately. See Figuresl®, 8-28 and 829.

4-140.The software configurable display/keyboard FPGA circuit A12U1 on the Display circuit board is programmed to
operate 16 display digits. All the displays operated by A12U1 are connected to a common cathode driver bus which is
generatd by the signal lines DAL1(EDPA1(3) and DB1(0DB1(3). These signals are buffered by U7 and connected to

the display cathodes through current limiting resistors R118 through R125.

4-141. The Anode drive signals are connected to a-afrurteen decoderamsisting of U2 and U4. The fourteen
decoder output lines are connected to Darlington buffer/drivers. All segment decoding is done by the FPGA so that no
additional decoders are required.

4-142.Similarly all the Modulation displays operated by A12U1 aerected to a common cathode driver bus which is
generated by the signal lines DA2DA2(3) and DB2(0)DB2(3). These signals are buffered by U8 and connected to
the display cathodes through current limiting resistors R126 through R133.

4-143.The signalgp_DS151 DS23 and p_CSD CS4 are connected to a eokfourteen decoder consisting of U4, U9
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and U10. The output lines are connected to Darlington buffer/driveis5QQ71 8, Q17i 18 and Q24 28. Five of the

buffered lines are connected through i83the keyboard to operate the keyswitch LEDs. The keyswitch LEDs are
connected into five common anode groups with eight common cathode lines. Separate cathode drive lines are generated
for the keyboard LEDs by U11 and R18&R141.

4-144. The FPGA A12U1 ao supplies the signals to drive the keyswitches on the keyboard. The signal lines
p_KBD_RL(0)- p_KBD_RL(7) and p_KBD_RR(0j p_KBD_RR(7) are connected to the keyswitches. The resulting
keyswitch matrix can accommodate siktyir switches, of which 57ra used. The time division multiplexed signals

from A12U1 are connected to the RL lines when a key is depressed. The FPGA controller encodes the key response
based on which RL line was active during the time one of the RL outputs was active. Multiplétdteydosures and

key debouncing are handled by A12U1.
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FIGURE 4-12. Display and Keyboard Block Diagram.

4-145. THEORY OF OPERATION, MOTHERBOARD/POWER SUPPLY

4-146. The motherboard circuitry provides the main interconnect for the operating circuits of the 8268d#& The
motherboard contains the connectors for the jotulgoards, the regulated power supplies, the decoder and latch for the
RF and oscillator circuitgnd the power fail circuitry. See Figured 4, 83, and 84.

4-147. The instrument data lines IB®7 are connected to latches U1l and U9 which are selected by decoder U2.
Information on the data lines is latched into U1, and connected to the RF citouifpgrate the tuning and conversion
circuits. IDO is latched into U9 to operate analog switch U10 and switch Q1 to drive overload protect/attenuator module
A30, for carrier inputs greater than + 20 dBm.

4-148. Line power is connected to transformer Ta line filter FL1, fuse F1, and line voltage selector switch S2. FL1
keeps internally generated RF signals from appearing on the power connecting cable, thus preventing unwanted
electromagnetic radiation. Line switch S2 alters connections to the primary which allows the ModeB201Ato be
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operated from line voltages from 100 to 240 volts.

4-149. One of the two secondary windings on T1 is connected througlvéwi bridge CR1 to regulators U7 and U4.
These three terminal regulators generate 5 volt regulated voltages for the instrument logic circuits and the front panel
display. A separate regutat U7, is used for the display circuits in order to minimize internally generated switching
noise.
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FIGURE 4-13. Motherboard/Power Supply Block Diagram.

4-150. The other secondary winding of T1 is connected thrdufihwave bridge CR2 to regulators U5 and U6. These
regulators are enclosed in feedback loops to improve regulation and increase the operating voltages from 5 to 15 volts.
Capacitors C8 and C10 reduce input ripple voltage and CR6, CR8, CR12, and CRd8 preeise voltage protection.
Reference U8 is the primary reference for the power supply circuits. Precision resistors R7a, R7b, and R7d configure
AR2a for a gain of +1.5. This converts the +10.00 volt reference into +15.00 volts. R7e and R7f confighrioiAR

gain of -1 which inverts the +15.00 volt supply int5.00 volts. Zener diodes CR7 and CR9 are required to insure
proper startup of the supply and are normally reverse biased when the supply is operating properly. C18 and C19 provide
local bypasig to maintain loop stability as the supply loading changes.

4-151. A voltage doubler circuit consisting of C2, C3, CR3, and CR4 produces a dc output of4fbwolts at nominal
line. This voltage is regulated to produce3@ volt level required by the oscillator circuits. R7g and R7h configure AR3
for a gain of exacyl +2 which amplifies the15.00 volt supply t630.00 volts.

4-152. As a troubleshooting convenience, each supply has an activity LED connected to its outpSD 4!l
normally be illuminated when the supplies are operating properly.
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4-153. THEORY OF OPERATION, OPTIONAL FILTER BOARD

4-154. The optional filter board, Al15, permits three different bandpass filters, and external input connectors to be
inserted into the Filter Circuits signal path. Any or all of these options can be installed at one time. See Bigures 8
through 839.

4-155. A signal from the Filter Circuits, A6AR12, is connected via P1, pin 21 to the input pins 12, 22, and 32 of the three
optional bandpass filters. This signal is also connected through R2, which establishes a 600 ohm source impedance, and
J2 to the rear pan@lUDIO OUT connector. Diodes CR1 and CR2 provide reverse power protection.

4-156. The AUDIO IN signal from the rear panel appears at J1. R1 establishes the 1 Megohm input impedance, and R3,
CRS3, and CR2 provide input oveoltage protection. C1 improvesghi frequency response. This signal, and the outputs
from the three optional filter boards are connected to analog multiplexer U3, a dual 4 input mulitplexer. The multiplexer
is operated by the control program based on the front panel selection of afiitterate

4-157. Amplifier U4a is a unity gain buffer which is necessary to provide the last stage of the CCITT filter circuit. U4b is
connected to an array of variable and fixed resistors which determine the gain of each selected filter. R5, R6, R10, and
R13 are adjusted for nominal gain at the reference frequency for the selected filter.

4-158. A ground connection from each filter assembly (pins 14, 24, and 34) actt@R jumper between pins 7 and 8

of J3 provide a means of identifying which filtertimms are installed. These lines are pulled to +5 volts by R4. If one of

the filter assemblies is not installed, the signal line associated with that assembly will be at +5 volts. Conversely, if the
assembly is installed, the line will be pulled to grouAtipowerup the control software checks the state of these lines

via programmable array U2, and determines which filters are present.

4-159. U1 is an 8bit latch which is operated by the control program to select one of the four possible filter cosnection

4-160. THEORY OF OPERATION, OPTIONAL 50 MHZ CALIBRATOR CIRCUITS.

4-161. The 50 MHz calibrator circuits provide an accurate output signal to calibrate the BRileA carrier LEVEL
measurement. See Figurel8.

4-162. The output signal is generated dicillator Q1 and associated components. The circuit oscillates at approximately
50 MHz as controlled by C11, L2 and adjustable capacitor, C12. The circuit is adjusted until the frequency @s5%0 +

MHz. The signal at the junction of C9 and L2 is reetifboy CR2 and connected to operational amplifier AR1. A second
input to AR1 is provided by precision reference IC1 through adjustable divider R7, R4, and R1 and compensation diode
CR1. The error voltage between pins 2 and 3 of AR1 is amplified and appliedactor CR3, which forms part of a
voltage variable divider. This variable signal is connected to the base of Q1 to complete the oscillator feedback loop. The
circuit is an automatic gain control which maintains the output voltage at exactly 0.223wdetermined by the setting

of R4.

4-163. Capacitors C9 and C10 provide impedance matching, and R15 determines the output resistance. Inductor L3 is
provided to compensate the slightly capacitive output impedance.
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SECTION V
PERFORMANCE TESTS

5-1. INTRODUCTION.

5-2. The following procedures verify the performance characteristics of the Modulation Analyzer. Detailed tests against
specification are included to verify all operational features, including options.

NOTE

A warmup period of one hour is recommended before detailed testing is started.

5-3. EQUIPMENT REQUIRED.

5-4. Equipment required is listed in Tablel5Any equipment which meets the critical specifications may be used for the
recommended model.

NOTE

The following procedures assume that the recommended equipment is used. Procedural changes may be required if
equipment substitution is made.

5-5. TEST RECORD.

5-6. Each test table contains a test result block. As each test is completed, the results blocks are filled in.

5-7. CALIBRATION INTERVAL.

5-8. The instrumentation should be tested to specification at least once per year.

5-9. INITIAL CALIBRATION.

5-10. Initial calibration is performed before detailed performance testing to insure that all detectors are functioning
properly.

5-11. PROCEDURE.

1. Set the LINE ON/OFF switch to ON and depress the LCL/INIT key to initialize the instrument, after the selfcheck
program completes.

2. Select SPCL function 30, which calibrates the modulation detectors.

3. Any errors reported during calibration, indicate an operational failure.
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TABLE 5-1. RECOMMENDED TEST EQUIPMENT

Performance Tests

INSTRUMENT CRITICAL USAGE MODEL
S P ECI F I CATI O N S PERFORMANCE MAINTENANCE
EVALUATION
AM -FM Signal Frequency Range:0.01 to 1000 MH;: X Boonton Model
Generator Level Range: 1021
-50 to +19 dBm
Synthesizer, CW Frequency Range: X Adret
0.01 to 1300 MHz Model 7100A
Residual FM < 1Hz, 3 kHz BW
Residual AM< -80 dBc, kHz BW
Audio Analyzer Frequency Range: X Boonton Model
20 Hz to 20 kHz 1121A
Level Range
.6mV to 6 V into 600 ohms
Distortion < 0.05%
Test Oscillator Frequency Range: Tektronix Model
5Hz to 500 kHz SG502
Level Range:0 to 3 V rmsFlatness:
+-0.3dB
Spectrum Analyzer Frequency:1.2 MHz HP Model 8566B
Resolution BW: 0.1 kHz
Frequency span:1 kHz
Modulator Frequency: 30 MHz Boonton
Flatness:< 0.3%, 20 Hz to 220 kHZz 96400501A
Distortion: < 0.15% at 90 % AM
Low-pass filter 5-pole response, 3d&orner, 50 MHz X Mini -Circuits
NLP-50
RF Calibrator Frequency: 30.0 MHz, crystal X Boonton Model
Level Range:-60 to +20 dBm 2520
Accuracy: 0.105 dB
DC Power Supply Range: Power Designs
0.00to 10.0 volts. Model 5015T
Multimeter Range: X Fluke Model
0.001to 100 volts, dc. 8840A
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TABLE 5-1. RECOMMENDED TEST EQUIPMENT CONTINUED

Section 5

INSTRUMENT CRITICAL USAGE MODEL
SPECI FICATIONS PERFORMANCE MAINTENANCE
EVALUATION
Variac/Line 20% variationabout 100, 120, or 24| X Powerstat
Monitor Volts 3PN116B
Power Meter Frequency Range: X X Boonton Model
10 MHz to 1.3 GHz. 4220
Accuracy: £ 0.5 dB
Network Analyzer Frequency Range:10 MHz to 2 GH] X PMI Model 1038
. NS20/ 1038NS207
SWR Autotester Directivity: 38 dB X Wiltron Model
560-97NF50
RF Millivoltmeter DZ | Frequency Range:100 kHz to 10 X Boonton Model
MHz. 9200
Accuracy: £ 2%
Precision Value: 50.00 ohms + 0.1% X Mepco PME-55
Oscilloscope Frequency Range:DC to 100 MHz. X Hewlett-Packard
0.005 to 50 volts with 10X probes Model 1740A
Bus Analyzer Real time display of IEEE-488 bus X Hewlett-Packard
activity. Model 59401A
Mi I | iwatt Level Accuracy: + 0.015dBm at0 | X Wandel and
dBm. Golterman EPM-1
with TK -10 probe
Time Standard Frequency: 10.0000 MHz X House Standard
Stability: 1X 107° per day
Wave Analyzer Resolution: X Hewlett-Packard

3 Hz bandwidth at 1 kHz.
Dynamic Range:
>100dB

Model 3581A

D7 his equipment is required only if calibrator option is installed or for optional VSWR tests.
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Performance Tests

MODULATION ANALYZER
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PERFORMANCE TEST 1
AM MODULATION ACCURACY AND RESIDUALS

Specification 1+ 1%, 30 Hz to 5 kHz, Frf 0.1 to 0.5 MHz

1+ 2%, 30 Hz to 7.5 kHz, Frf 0.1 to 0.5 MHz

1+ 1%, 30 Hz to 15 kHz, Frf 0.5 to 10 MHz

1+ 2%, 30 Hz to 30 kHz, Frf 0.5 to 10 MHz

1+ 1%, 30 Hz to 100 kHz, Frf > 10MHz

.+ 2%, 30 Hz to 150 kHz, Frf> 10 MHz

. residual 0.05%, 15 kHz bandwidth, leveP> 100

. residual 0.02%, 3 kHz bandwidth, level> 100
. incidental FM 20 Hz peak at 50% AM, 3 kHz
: incidental PM 0.02 RAD at 50%AM, 3 kHz bandwidth

5-12. DESCRIPTION.

5-13. The AM accuracy is verified first by using the internal calibrator which is exactly 50.00% + 0.1% at 1.220 kHz.
The AM flatness is then tested by applying the output of arésidual, wideband linear modulator to the input of the
Modulation Analyzer. TheAudio Analyzer frequency is then varied, and a modulation RATIO change is noted. The
audio frequency is then set to 1 kHz and the incidentals are checked at 50% AM. Finally, the audio signal is removed
from the modulator and the residual AM is measured.

5-14. PROCEDURE.

1. Connect the equipment as shown in Figuke Blote that the power supply is set to 10.0 + 1 volts.

2. Depress the LCL/INIT key to initialize the instrument.

3.  Setthe RF Calibrator to +10 dBm and turn the output ON.

4. Select the AMmodulation mode and depress the CAL key. The calibration routine will displayCthie-

message in the FREQUENCY/LEVEL window and the AM indication in the MODULATION window. Record the
modulation indication.

5. Select the < 10 highass and 220 kHz loywass filters, and SPCL function 5 to enable the slow detector mode.

6.  Adjust the Audio Analyzer for an AM indication of about 47.06% a 1kHz rate and select the Modulation
Analyzer percent RATIO display mode.

NOTE

The following procedures assume that #uelio Analyzer Level flatness is better than 0.5%. This should be
verified before continuing.

7. Setthe Audio Analyzer to the test frequencies of Tateahd record the ratio indication.

8. Set the Audio Analyzer to 1 kHz and adjust the LEVEL darindication of 50 + 1% AM. Depress the RATIO
key to disable this function.

9. Select the 30 Hz higpass, the 3 kHz lowpass, and depress the FM modulation key. Increase or decrease
the RF Calibrator level for a deviation null, then record the inidicat
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10. Depress the PM modulation key and record the indication.

Performance Tests

11. Remove the Audio Analyzer connection to the Modulator, depress the AM and RMS keys and record the
residual AM indication.

12. Select the 15 kHz lowpass filter andecord the indication.

Table 52. AMPLITUDE MODULATION

FREQUENCY FILTER SETTING MINIMUM ACTUAL MAXIMUM
30 Hz 220 kHz 99.00 101.00
100 Hz 220 kHz 99.00 101.00
10 kHz 220 kHz 99.00 101.00
50 kHz 220 kHz 99.00 101.00
100 kHz 220 kHz 99.00 101.00
150 kHz 220 kHz 98.00 102.00
Incidental FM 30 Hz3 kHz 20 Hz
Incidental PM 30 Hz3 kHz 0.02 RAD
ResidualAM 30 Hz-3kHz 0.02%
Residual AM 30 Hz-15 kHz 0.05%
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PERFORMANCE TEST 2
AUDIO FILTERS
[ Specification : + 4% corner accuracy ]

5-15. DESCRIPTION.

5-16. Each audio filter of the Modulation Analyzer is tested for corner accuracy by applying the output efi@dew
wideband modulator to the input of the Modulation Analyzer. The analyzer modulation RATIO measurement mode is
used with a reference set atredband frequency. The frequency of the Audio Modulation Analyzer is then set to the
filter corner frequency and the relative amplitude measured and the results recorded.

5-17. PROCEDURE.

1. Connect the equipment as in Figl5Note that the power supglyset to 10.0 + 1 volts.

2. Depress the LCL/INIT key to initialize the instrument, then execute SPCL functions 7 and 9 tedisplane
de-emphasis, on AM.

3. Set the RF Calibrator to +10 dBm and ON.
4.  Adjust the LEVEL of the Audio Analyzer for andication of about 47.00% at 1 kHz.

5. Select the < 10 higphass and the 220 kHz lepass filters, and depress the RATIO and % keys to establish a
reference modulation.

6. Setthe Audio Analyzer test frequency for each ¥pgks filter in Table 83, then @press the key to select the
filter, and record the ratio indication.

7. Select the < 10 Hz higpass filter and set the Audio Analyzer test frequency for eagmgbdasis filter in Table
5-3. Depress the key to select the filter, and record theinatication.

8. Turn the deemphasis filters off, select the 30 Hz higass filter. Set the Audio Analyzer test frequency for each
low-pass filter in Table 88 except the 50 and 220 kHz, thaepress the key to select the filter. Record the ratio
indication.

9. Forthe 50 and 220 kHz filters, connect the Test Oscillator in place of the Audio Analyzer Source in-Higure 5

10. Depress the RATIO key and adjust the Test Oscillator amplitudenfimdécation of about 47.00% AM at 1 kHz
rate.

11. Select the 50 kHz loypass filter, depress the RATIO key and increase the Test Oscillator frequency until the
ratio indication is 70.7%. Record the audio FREQ display indication.

12. Select the 220 kHz loywass and continue to increase the Test Oscillator frequency until the ratio indication is
again 70.7%. Record the audio FREQ display indication.
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Table 5-3. AUDIO FILTERS

Performance Tests

FILTER SOURCE SETTING MINIMUM ACTUAL MAXIMUM
High-pass:
<10Hz 30HZ 99.50 100.50
30Hz 30 Hz 67.50 73.70
300Hz 300 Hz 67.50 73.70
3000Hz 3000 Hz 67.50 73.70
De-emphasis:
25uS 6.366 kHz 67.50 73.70
50uS 3.188 kHz 67.50 73.70
75uS 2.122 kHz 67.50 73.70
750uS 212.2 Hz 67.50 73.70
Low-pass:
3 kHz 3 kHz 67.50 73.70
15 kHz 15 kHz 67.50 73.70
20kHz 20 kHz 67.50 73.70
50 kHz 50kHz approx. 48.00 52.00
220kHz 220 kHz approx. 211.2 228.8
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PERFORMANCE TEST 3
AMPLITUDE MODULATION, DISTORTION

[ Specification : 0.3% for depths of 90%, ]

5-18. DESCRIPTION.

5-19. The amplitude modulation distortion is verified by applying the output of arésidual, wideband, linear
modulator to the input of the Modulation Analyzer. The Audio Analyzer level is then adjusted for 90% and the
recovered modulation distortion is diaped using the internal distortion analyzer which has to be verified before

this test.

5-20. PROCEDURE.
1. Depress the LCL/INIT key to initialize the Modulation Analyzer.

2. Connect the equipment as in Figurd Band select the Modulation Analyzer Afbdulation measurement

mode.
3. Setthe Audio Analyzer to 1 kHz and adjust the level for an AM indication of 90.0 + 0.5%.

4. Select the audio DIST mode and record the indicated distortion.

Table 54. AMPLITUDE MODULATION, DISTORTION

DEPTH RF FREQUENCY MINIMUM ACTUAL MAXIMUM

90% 30 MHz 0.3%
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PERFORMANCE TEST 4
FM MODULATION ACCURACY AND INCIDENTAL AM

/ Specification : £ 1%, 30 Hz to 5 kHz, Frf 0.2 to 0.5 MHz \
1+ 2%, 30 Hz to15kHz, Frf 0.2 to 0.5 MHz
1+ 1%, 30 Hz to 15 kHz, Frf 0.5 to 10 MHz
1+ 2%, 30 Hz to 30 kHz, Frf 0.5 to 10 MHz
1+ 1%, 30 Hz to 100 kHz, Frf > 10 MHz
: +2%, 30 Hz to 150 kHz, Frf > 10 MHz
: incidental AM 0.2% AM peak at 50kHz peak deviation Frf > 10MHz
K - incidental AM 0.2% AM peak at 5 kHz peak deviation Frf < 10 MHz /

5-21. DESCRIPTION.

5-22.The FM accuracy is verified by using the internal calibrator which is exactly 125.0 kHz + 0.1% at a 1.220 kHz
rate. The FM flatness is then tested by applying the FM modulated output of the Test Generator to the input of the
Modulation Analyzer. The Audidnalyzer frequency is then varied from 30 Hz to 5 kHz, and a modulation RATIO
change is noted. Higher audio frequencies are tested by using Bessel null measuremnents at specific audio frequencies.
The audio frequency is then set to 1 kHz and the incitl&Mas checked at 50 kHz and 5 kHz deviation.

NOTE

The following procedure is used in lieu of Bessel null measurements. The Bessel zero technique is quite
tedious at frequencies below about 1 kHz, as Spectrum Analyzer adjustment is difficult, andrdighth

nulls, or higher, must be used to produce enough deviation for reasonable accuracy. The test generator used
for the following tests is used over less than onehwudredth of its modulation bandwidth, and can safely

be assumed to be flat.

5-23. PRCCEDURE.

1. Connect the equipment as shown in Figué& 5

2. Depress the LCL/INIT key to initialize the Modulation Analyzer.

3. Setthe Test Generator to 500 MHz, 0 dBm and EXT DC FM.

4. Adjust the Audio Analyzer Source to 0.7 volts at 1 kHz, and prognanTest Generator for 50 kHz deviation.

5. Select the Modulation Analyzer FM modulation mode and depress the CAL key. The calibration program will
display the FM indication in the MODULATION window during the calibration program. Record the
indication.

6. Select the < 10 Hz highass and 220 kHz lowass filters, then adjust the Audio Analyzer LEVEL for an FM
indication of about 47.00 kHz at a 1 kHz rate, and depress the RATIO and %/Hz keys to set a modulation

reference.

NOTE

The following procedures assie that the Audio Analyzer Level flatness is better than 0.5%. This should be
verified before continuing.

7. Set the Audio Analyzer to 30, 100, and 500 Hz and record the ratio indication.

8. Temporarily disconnect the Audio Analyzer fraime Test Generator and adjust the Spectrum Analyzer
for afull scale indication of the unmodulated carrier. Reconnect the Audio Analyzer signal.
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9.

On the Modulation Analyzer depress the RATIO key to disable this function, atijeist the Audio

Analyzer frequency to 4.1583 kHz. Set the Test Generator to 10 kHz deviation.

10.

11.

12.
13.

14.

15.

Observe the Spectrum Analyzer display and, using the Audio Analyzer LEVEL STEP function, adjust for
a carrier null of greater than 50 dB. This corcegps to a deviation of exactly 10.00 kHz £ 0.3%.

When the deviation reading settles, select SPCL function 3 to hold the 50.00 modulation range, and
temporarily disconnect the the Audio Analyzer from the test generator. Subtract the residual reading fro
the deviation indication and. record the difference.

Select SPCL function 1 to resume autoranging, then repeat the above procedure at 41.583 kHz and 100 kHz.

Replace the Audio Analyzer in the test setup with the test oscillator and performlltta¢ £50 kHz.
Discount the residual indication as above and record the ratio indication.

Select the 30 Hz higpass and the 3 kHz lepass filters, and adjust the Test Oscillator for a deviation of
50 kHz peak at a 1 kHz rate. Select the AM modulatr@asurement of the Modulation Analyzer and
record the indication.

Change the test generator frequency to 5 MHz, and adjust the Test Oscillator for a deviation of 5 kHz peak
at a 1 kHz rate. Select the AM modulation measurement of the Modulation Analyd record the
indication.

Table 55. FREQUENCY MODULATION ACCURACY

FILTER SOURCE FREQUENCY MINIMUM ACTUAL MAXIMUM
<10-220 kHz 30 Hz 99.00 101.00
<10-220 kHz 100 Hz 99.00 101.00
<10-220 kHz 500 Hz 99.00 101.00
<10-220 kHz 1000 Hz Reference
<10-50 kHz 4.1583 kHz 9.90 10.10
<10-220 kHz 41.583 kHz 99.00 101.00
<10-220 kHz 100 kHz 238.1 242.9
<10-220 kHz 150 kHz 353.5 367.9
CALIBRATION 123.8 126.3
INCIDENTAL @ 500 MHz 0.2%
INCIDENTAL @ 5 MHz 0.2%
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PERFORMANCE TEST 5
FREQUENCY MODULATION, DISTORTION

Specification : 0.1% for deviations < 30 kHz, Frf 0.2 to 0.5 MHz

1 0.1% for deviations < 75 kHz, Frf 0.5 to 10 MHz
1 0.1% for deviations < 100 kHz, Frf > 10 MHz

5-24. DESCRIPTION.

5-25. The Frequency Modulation distortion is verified by applying the output of the Test Generator to the input of the
Modulation Analyzer. A small amount of FM deviation is applied to the carrier signal, and the Modulation Analyzer
local oscillator frequencysivaried. The measurement determines the change of slope of the Frequency Modulation
detector. The distortion components are then calculated and compared to the specifications. This technique is extremely
sensitive and much easier than finding an FM soofeifficiently low distortion to make the test.

5-26. PROCEDURE.

1. Depress the LCL/INIT key to initialize the Modulation Analyzer.

2. Connect the RF output of the Test Generator to Modulation Analyzer RF IN connector. Set the Generator for
15.211 MHz,0 dBm, and 3 kHz FM deviation at a 1 kHz rate.

3. Select the 300 Hz higbass, 3 kHz lowpass, and the RMS detector. Execute SPCL 18 to seleGtRidS
detector, and enter 15.0 MHz into the FREQUENCY/LEVEL display.

4. Select the FM modulation mode, and whibe reading settles, depress the RATIO and %/Hz keys.

6. Using the DATA keypad, enter the carrier frequencies listed in TabléRecord the ratio indication.

CAUTION
Do not change the Test Generator carrier frequency or FM deviation duringriiedure, as large errors will result.

7. The change in indication is small and represents changes in the slope of the FM detector. The second harmonic
term is dominant and equal to 1/4 of the change in slope. For example, if the indication at 14.59v#9280% and the
indication at 15.5 MHz was 100.00%, the slope change would be 0.2% for a 506rkHz deviation. This would
indicate a distortion of 0.05%. The difference between indications at 14.9 and 15.1 MHz should be less than 0.4%
corresponding t®.1% distortion for deviations of + 100 kHz and carriers greater than 10 MHz. The difference between
any two indications should be less than 0.4% corresponding to 0.1% distortion for deviations of + 50 kHz for carriers

below 2 MHz. The difference betweé&n.3 and 14.4 MHz should be less than 0.4% corresponding to 0.1% distortion for
deviations of + 50 kHz for carriers between 2 and 10 MHz.
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Table 5-6. FM MODULATION DISTORTION .

FREQUENCY MINIMUM ACTUAL MAXIMUM
14.10 MHz -0.40 - +0.4
14.20 MHz -0.40 - +0.4
14.30 MHz -0.40 - +0.4
14.40 MHz -0.40 - +0.4
14.50 MHz -0.40 - +0.4
14.60 MHz -0.40 - +0.4
14.70 MHz -0.40 - +0.4
14.80 MHz -0.40 - +0.4
14.90 MHz -0.40 - +0.4
15.00 MHz Reference
15.10 MHz -0.40 - +0.4
15.20 MHz -0.40 - +0.4
15.30 MHz -0.40 - +0.4
15.40 MHz -0.40 - +0.4
15.50 MHz -0.40 - +0.4
15.60 MHz -0.40 - +0.4
15.70 MHz -0.40 - +0.4
15.80 MHz -0.40 - +0.4
15.90 MHz -0.40 - +0.4
16.00 MHz -0.40 - +0.4
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PERFORMANCE TEST 6
FM RESIDUALS, 3 and 15 kHz FILTERS

Specification : < 15 Hz rms at 2000 MHz, 3 kHz bandwidth

1 <7.5Hz rms at 1000 MHz, 3 kHz bandwidth (linear decrease

: <1 Hz rms at 100 MHz, 3 kHz bandwidth ( floor)

: <30 Hz rms at 2000 MHz, 15 kHz bandwidth

: < 15 Hz rms at 1000 MHz (linear decrease )15 kHz
: < 2 Hz rms at 100 MHz, 15 kHz bandwidth(floor)

5-27. DESCRIPTION.

5-28.The FM residual modulation is determined by applying the output of aéise Synthesizer to the input of

the Modulation Analyzer and noting the modulation indication using the rms detector.

5-29. PROCEDURE.

1. Depress the LCL/INIT key to initialize thdodulation Analyzer.

2. Connect output of the Synthesizer to the RF IN connector of the Modulation Analyzer. Set the
Synthesizer to 2 GHz and 0 dBm. Depress the RMS key, and when the reading settles, record FM

deviation.
3. Change the lovwpass filtersetting to 3 kHz and record the FM deviation.
4. Change the Synthesizer frequency to 1000 MHz and record the FM deviation.
5. Change the lovpass filter setting to 15 kHz and record the FM deviation.
6. Change the Synthesizer frequency to 100 MHz and detber FM deviation.

7. Change the lowpass filter setting to 3 kHz and record the FM deviation.

Table 57. FREQUENCY MODULATION, RESIDUALS.

FILTER TEST FREQUENCY MINIMUM ACTUAL MAXIMUM
15 2000 MHz 30 Hz
2000 MHz 15Hz
1000 MHz 7.5Hz
15 1000 MHz 15 Hz
15 100 MHz 2 Hz
3 100 MHz 1 Hz
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PERFORMANCE TEST 7
PHASE MODULATION, ACCURACY AND FLATNESS

Specification : 3% 200 Hz to 7.5 kHz, Frf 0.2 to 0.5 MH:
: = 3% 200 Hz to 30 kHz, Frf > 0.5 MHz

5-30. DESCRIPTION.

5-31. The Modulation Analyzer measures Phase modulation by integrating the output of the FM detector, as this is the
mathematical relationship of phase and frequency. The PM accuracy is first verified by calibrating the phase detection
system with the internalalibrator. The detector flatness is then measured by applying known amounts of FM deviation
and comparing the equivalent PM. PM deviation is equal to the FM deviation divided by the modulation rate.

5-32. PROCEDURE.

1. Complete the FM system performanests, this will verify FM flatness and FM and PM distortion, then connect
the equipment as in Fig-2& but omit the Spectrum Analyzer.

2. Select PM, PEAK = detector, 30 Hz higlass, and 50 kHz lowpass filters. Depress the CAL key to calibrate the
PM meaurement.

3. Set the Test Generator to 100 MHz, 0 dBm, and FM EXT DC.

4. Depress the Modulation Analyzer FM key, set the Audio Analyzer Source frequency to 1 kHz and adjust the
LEVEL for a deviation of 50.00 kHz.

5.  Depress the Modulation Analyzer PM keydarecord the deviation.

6. Depress the Modulation Analyzer FM key, set the Audio Analyzer Source frequency to 200.0 Hz and adjust the
LEVEL for a deviation of 50.00 kHz.

7. Depress the Modulation Analyzer PM key and record the deviation.

8. Depress thdModulation Analyzer FM key, the 300 Hz higilass filter, set the Audio Analyzer Source frequency
to 30.0 kHz and adjust the LEVEL for a deviation of 50.00 kHz.

9. Depress the Modulation Analyzer PM key and record the deviation.
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Table 5-8. PHASE MODULATION , ACCURACY AND FLATNESS.

Performance Tests

CARRIER FREQUENCY SOURCE SETTING MINIMUM ACTUAL MAXIMUM
100 MHz 1 kHz 48.50 51.50
100 MHz 200.0 Hz 242.7 257.5
100 MHz 30.0 kHz 1.62 1.72

Table 59. DISTORTION ANALYZER, ACCURACY.
AUDIO ANALYZER TEST OSCILLATOR MINIMUM ACTUAL MAXIMUM
1 kHz 2 kHz -39.0 -41.0
20 Hz 40 Hz -39.0 -41.0
20 kHz 40 kHz -39.0 -41.0
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PERFORMANCE TEST 8
DISTORTION ANALYZER

Specification :+10% or 1 dB SINAD

: residual distortion < 0.1% ( 60dB SINAD )

5-33. DESCRIPTION.

5-34.The distortion analyzer is tested by applying a synthetically generated distortion reference signal to the Modulation
Analyzer FM and audio circuits. This signal is generated by accurately combining the outputs of two audio sources with
levels set exactl}0 dB apart to obtain a calibrated distortion indication.

5-35. PROCEDURE.

10.

11.

Set the output impedance of the Audio Analyzer and the Audio generator to 50 ohms and connect them together
using a TEEO6 connector to the EXT FM input of the Te

Set the Test Generator to 100 MHz, 0 dBm, and EXT DC FM.
Connect the Test Generator output to the Modulation Analyzer RF IN connector.
Depress the LCL/INIT key to initialize the Modulation Analyzer.

Set the Audio Analyzer LEVEL to 0 volts ( OFRnd the Audio Generator to 1 kHz and about 0.7 volts.

Adjust the Audio Generator LEVEL until the MODULATION display indicates about 45.00 kHz, then depress
the Modulation Analyzer RATIO key to set a reference.

Turn OFF the Audio generator and adjimt Audio Analyzer level until the indication is 100.0 % at 2 kHz rate.
Turn on the Audio generator and reduce the level of of the Audio Analyzer exactly 100-4thd8 ().

Depress the Modulation Analyzer SINAD key and record the settled reading.

Depress < 10 Hz highass key and repeat the procedure at 20 Hz ( Audio Analyzer at 40 Hz).

Depress 50 kHz lowpass key and repeat the procedure at 20 kHz ( Audio Analyzer at 40 kHz ).
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PERFORMANCE TEST 9
CARRIER LEVEL

Specification :+1dB, 0.1 to 520 MHz,-47 to +30 dBm
: +2dB, 520 to 1500 MHz-37 to +30 dBm
: +3dB, 1500 to 2500 MHz-33 to +30 dBm

5-36. DESCRIPTION.

5-37. The carrier LEVEL measurement is verified by applying the output of the RF Calibrator to the RF IN of the
Modulation Analyzer and calibrating the measurement. The RF calibrator is then used to verify performance at 30 MHz.
An accurate power meter is theged to verify the accuracy at other frequencies.

5-38. PROCEDURE.

1. On the Modulation Analyzer, depress the LCL/INTT key to initialize the system.

2. Connect the RF Calibrator output to the RF IN connector of the Modulation Analyzer and set the RftdCalib
to 0 dBm and ON.

3. Enter 0 dBm into the carrier LEVEL display, then depress the CAL key to calibrate the measurement.
4.  When the calibration routine completes, depress the carrier FREQ and MHZ keys to hold the frequency setting.
5. Depress thearrier LEVEL key and record the indications for the RF Calibrator levels listed in Tdlfle 5

6. Connect the Reference Power Meter sensor to the output of the Test Generator using the same cable that is used
to connect the Generator to the Modulatforalyzer.

7. Setthe Test Generator to 1000 MHz and to the Test levels indicated in TEhl&Bcord the indications.
NOTE

Start the procedure at the highest level to insure that the Modulation Analyzer properly acquires the signal
before depressing tHdHZ key.

8. Without changing any settings, disconnect the Reference Power Meter and connect the Test Generator to the
Modulation Analyzer.

9. Onthe Modulation Analyzer depress the carrier FREQ and AUTO keys to acquire the signal. When the
frequency readip settles, depress the MHZ key to hold the measurement frequency.

10. Depress the LEVEL key and record the indications at the indicated test levels.

11. Repeat the procedure at 2000 MHz.
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Table 5-10. CARRIER LEVEL ACCURACY.
FREQUENCY TEST LEVEL MINIMUM ACTUAL MAXIMUM
30MHz 0dBm REFERENCE
30 MHz -47.0dBm -48.0 -46.0
30 MHz -10.0dBm -11.0 -9.0
30 MHz + 10.0 dBm + 9.0 +11.0
30 MHz +19.0 dBm + 18.0 + 20.0
1000 MHz 0 dBm -2.0 +2.0
1000 MHz -37.0 dBm -39.0 -35.0
1000 MHz -10.0 dBm -12.0 -8.0
1000 MHz + 10.0 dBm + 8.0 +12.0
1000 MHz + 19.0 dBm +17.0 +21.0
2000 MHz 0 dBm -3.0 + 3.0
2000 MHz -33.0 dBm -36.0 -30.0
2000 MHz -10.0 dBm -13.0 -7.0
2000 MHz +10.0 dBm +7.0 - +13.0
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PERFORMANCE TEST 10
FREQUENCY ACCURACY AND SENSITIVITY

: reference = 3 counts Frf < 100 MHz
: reference + 3 countsr 30 Hz whichever is greatest, Frf > 100 MHz
: sensitivity 10 mV rms, Frf <520 MHz

. sensitivity 15 mV rms, Frf < 1000 MHz
. sensitivity 28 mV rms, Frf < 1500 MHz
. sensitivity 50 mV rms, Frf> 1500 MHz

5-39. DESCRIPTION.

Specification

5-40. Carrier frequency accuracy is measured by locking the Test Generator to a timebase witflQ 3tahility

and known accuracy, then applying the output of the generator to the input of the Modulation Analyzer. Frequency
readings are taken at various fueqcies and levels and the indications recorded. The test also verifies the
measurement sensitivity, and audio frequency accuracy, as the same counter and timebase are used.

5-41. PROCEDURE.

1. Connectthe EXT REF input of the Test Generator to the oofghe Metrology Standard timebase.

2. Connect the Test Generator output to the Modulation Analyzer RF IN connector and set the frequency to 500
kHz and level to 10 mV. Record the settled reading.

Increase the Test Generator frequency to 520 MHz. Rebersettled reading.

Increase the Test Generator frequency to 1000 MHz, and increase the level to 15 millivolts. Record the settled
reading

5. Increase the Test Generator frequency to 1500 MHz, and increase the level to 28 millivolts. Resetttethe
reading.

6. Increase the Test Generator frequency to 2000 MHz, and increase the level to 50 millivolts. Record the settled
reading.

Table 511. CARRIER FREQUENCY ACCURACY AND SENSITIVITY

TEST LEVEL FREQUENCY MINIMUM ACTUAL MAXIMUM
10mVv .500000 MHz 49997 .50003
10mVv 520.00000 MHz 519.9997 520.0003
15mV 1000.00000 MHz 999.9997 1000.0003
28mV 1500.00000 MHz 1499.9997 1500.0003
50mv 2000.00000 MHz 1999.9997 2000.0003

5-20




Performance Tests Section 5

PERFORMANCE TEST 11
VSWR

Specification : < 1.5 from 100 kHz to 2.0 GH
1< 1.8 from 2.0 to 2.5 GHz.

5-42. DESCRIPTION.

5-43. The Modulation Analyzer VSWR is verified by measuring return loss. Measurements are made using a Scalar

Network Analyzer from 10 MHz to 2.5 GHz. For optional testing below 10 MHz, the sensor input impedance is
measured at several points and the VSWR lsutated.

5-44. PROCEDURE.

1. Set up the Scalar Analyzer for a 10 MHz to 2.5 GHz sweep at a 0 dBm level, and calibrate the SWR autotester
using the reference open and short to establish a return loss baseline.

2. Connect SWR autotester test port to theIRFconnector of the Modulation Analyzer, and connect the SWR
autotester to the Scalar Analyzer sweep generator with a short low VSWR cable.

3. Enter 100 MHz into the carrier FREQ display to keep the Modulation Analyzer local oscillator frequency
constantand record the minimum return loss from 0.01 to 2.5 GHz.

NOTE

The following procedure is optional as the Modulation Analyzer input impedance below 10 MHz is essentially
the same as the DC resistance of the input protection pad and termination.

4.  Connecthe equipment as in Figure3 page 522.
5. Set the voltmeter to display the ratio of the two channels, and vary the generator frequency from 0.1 to 10 MHz

at 0 dBm and record maximum amplitude variation in TablE25This variation represents the impedance

variation at the RF IN connector. A ratd -7.96 dB represents 33.3 ohms resistance, @3 dB represents
75 ohms.
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MODULATION ANALYZER - TEST GENERATOR
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=] = | C s
E % % B B e EaEE
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min min

___9200B RF VOLTMETER

; ]@ =
FIGURE 5-3 Measurement Setup #3.
Table 512. VSWR
FREQUENCY RANGE MINIMUM ACTUAL MAXIMUM
2.0 GHz- 2.5 GHz 10.9dB
10 MHz - 2.0 GHz 13.9dB
100 kHz10 MHz -7.96dB | -443dB*

*VSWR AND IMPEDANCE: VSWR = 1.5, RHO = 0.2, Zmax = 75 ohms, Zmin = 33.3 ohms
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PERFORMANCE TEST 12
CALIBRATORS

Specification : FM, 0.1% accuracy
. AM, 0.1% accuracy

5-45. DESCRIPTION.

5-46.The theory of operation of the calibrators is described in detail, and the mathematical procedures used to determine
the accuracy of the calibrators is disclosed. Since the calibrators are so precise, measurement verification of the stated
accuracy is ngpractical. The following discussion presents the design constraints and the implied accuracy.

5-47. DISCUSSION.

5-48.The internal calibrators of the Modulation Analyzer provide modulation standards for AM and FM measurements;
they are activated by the operator as required by the measurement.

5-49. FM CALIBRATION.

5-50. The calibration process consists of (1st) applymthe FM discriminator, in alternation, two accurately controlled
frequencies; (2nd) measuring the resulting recovered modulation information; and (3rd) computing a correction factor
for subsequent FM measurements. As an aid in following this discus$ério Figure &5.

5-51. The input signal to pin 2 of U23 is the internal timebase frequency divided by two: 5.000 MHz £ 0.01%. The
preset inputs, PO through P3 are alternately programmed to divide by 4 or 5, depending on the sense of the signal on pins
3 and 4 of U23. This latter signal is generated by dividing the 5.00 MHz signal by 4096. The resulting signal is phase
coherent with the other generated signals and at a frequency of 1.2207 kHz.

5-52. When the preset inputs of U23 are programmed to dikidé®, the resulting signal frequency is 1.000 MHz.
Similarly, when the preset inputs are programmed to divide by 4, the resulting frequency is 1.2500 MHz. The average
frequency, therefore, is 1.125 MHz; the paaipeak deviation is 250 kHz, and the pelgliation is 125.0 kHz.

5-53. From the above discussion it is clear that the frequency deviation is precisely defined by the clock frequency.
Additionally, since the modulation signal is phase coherent with the carrier frequency, switching from oneooarter
the other is consistent.

5-54. In transferring the calibrator deviation to subsequent modulation measurement the primary limitation is the
voltmeter resolution, in this case 1 part in 1250 or 0.08%. FM noise is of little or no consequencehesitvee t
frequencies are crystal controlled. The calibration program accumulates ten readings, and averages then to eliminate last
digit uncertainty.

5-55. Crosscorrelation measurements using a Bessel null technigdasate that the actual calibration uncertainty for
100 calibrations is close to 0.04% or emedf digit.

5-56. AM CALIBRATION.

5-57.The operation of the AM calibrator is similar to that of the FM calibrator.

5-58. During AM calibration the fixed dide by two output of U22 is used to generate the carrier frequency of 1.25
MHz. The TTL signal from U24 pi7 is passed through a lgpass filter consisting of L5, L6 C17, C18, and C20. This
filter removes harmongof the TTL signal to produce a sinewavetlee input of AR3.

5-23



Section 5 Performance Tests

5-59. Amplifier AR3 increases the signal level, but more importantly provides a very low output impedance to drive
precision dividelR20.The increased level also reduces the effects of charge injection in switch, U21.

5-60. The voltage divider comprising R20a through R20d is a precision resistor array. The absolute value of the
resistors, however, is not as important as is the match between them. Thus, resistors R20a through R20d are guaranteed
to a 0.05% match. Selecting tB&l and 1/4 voltage taps for the output insures that the source impedance for subsequent
circuits is constant.

5-61. Analog switch U21 alternately switches between the 3/4 and 1/4 voltage taps at the 1.2207 kHz rate, thus
producing an amplitude modulatsiginal with a depth of exactly 50%.

5-62. The effects of the inevitable variation in analog switch on resistance (U21) is obviated by inserting a 20 kohm
resistor in series with the switch, thus reducing switch matching errors to less than 0.1%.

5-63. A possible source of error in transferring the calibrator AM accuracy to the measurement is the symmetry of the
modulation waveform. The problem is addressed as follows: (In the following analysis, p + indicates + pedk and p
peak.)

%p+ = (Emax - Eavg)/Eavg x 100 Q)
%p- = (Emax - Emin)/Eavg x 100 (2)
peak average = (p+ p-)/2 x 100 3)

Therefore, combining Egs. 1, 2, and 3, for syetricalmodulation,
%AM = (Emax - Emin)/(Emax + Emin) x 100  (4)

and for the above system:

%AM = (3/4 -1/4)/ (3/4 + 1/4) x 100
=50.00

5-64.The above calculations assume that the modulation is symmetrical (i.e. perfectly so). Should that not be the case, a
dc shift occurs and the plus and minus peaks are not equal. The calibrator program eliminates such an error by
calculating AM as:

%AM = (p+ + 3p-)/4 5)
This expression is determined as follows:

Now, since the peak detectors are ac coupled (see figure for symbols),

(p+)(T1) - (p-)(T2) = 0 (O volts dc ) (6)
And:
T1+T2=1 7)
(pH)(TN) - (p-)(I-T) =0 8
T1=p/(pt +p) 9)
Now:
Eavg =Emin + (Emax- Emin) T1/(T1 + T2) (20)

And in the Modulation Analyzer:
Emax = 3Emin (12)
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Emax
—— |2 —— e T2 ]
Eavg
Eavg
Emin e B | | bag— T | —=
SYMMETRIC (IDEAL) ASYMMETRIC
Combining Equs. 7, 10, and 11:
Eavg= Emin + 2Emin (T1) (12)
Eavg = Emin (1 + 2T1) (13)
If symmetry is perfect:
T1 = 0.5 and Eavg = 2Emin (14)
If symmetry is less than perfect, the dc ratio error R ( that is, Eq. 13 Uljyill be:
R=(1+2T1)/2 (15)
Combining Egs. 9 and 15:
R=(p+ +3p)/(2 (pt + p) (16)
The uncorrected AM is
(P+ +p)/2 a7)
and corrected is
=(p++p)2xR (18)
= (P++3p)/4 (29)

5-65. Again, it should be noted that only ratios are involved in the above analysis. The absolute value of the voltages
are not important to the method. As in the case of FM, the calibration program accumulates ten readings, and
averages then to eliminate lasgit uncertainty. The internal voltmeter can resolve the reading to 1 part in 5000 for a
quantizing uncertainty of 0.02%. AM noise is of little consequence in determining calibrator depth since the original
signal level is determined by TTL gates and flequency of the carrier and modulation signals are crystal
controlled.

5-66. Crosscorrelation measurements using a specially calibrated Modulation Analyzer indicate that the actual
calibration uncertainty for 100 calibrations is approximately 0.15%.
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PERFORMANCE TEST 13
OPTIONAL FILTERS

u Specification : See Tables 8.3, 514, and 515. J

5-67. DESCRIPTION.

5-68. Each optional filter is tested for passband gain accuracy by applying the output efi@isewwideband modulator

to the input of the Modulation Analyzer. The Audio Analyzer Level RATIO measurement mode is used with a reference
set at a specific frequen. The frequency of the Audio Analyzer is then varied, and the relative amplitude measured and
the results recorded.

5-69. PROCEDURE.
1. Connect the equipment as in Figl5Note that the power supply is set to 10 + 1 volts.
2. Depress the LCL/INIT keyotinitialize the instrument.
3. Set the RF Calibrator to +10 dBm and ON.

4. Depress the AM and RMS keys, and execute SPCL18 to select the VRMS detector.

5. Adjust the LEVEL of the Audio Analyzer Source for an indication of about 47.00% at the refé&eoency
from Tables 513 through 515 for the selected filter.

6. Depress the Audio Analyzer LEVEL, RATIO, and dB keys to establish a 0 dB reference level.

7. Select the appropriate optional filter(s), enter the Audio Analyzer test frequencies frora FaBléhrough 515
for the selected filter, and record the RATIO indication.

©

Repeat the above procedure for each installed filter.
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Table 5-13.CCITT BANDPASS FILTER
SOURCESETTING MINIMUM ACTUAL MAXIMUM

800 Hz REFERENCE

50 Hz -65.0 -61.0
100 Hz -43.0 -39.0
200 Hz -23.0 -19.0
300 Hz -11.6 -9.6
400 Hz -7.3 -5.3
800 Hz -0.2 +0.2
1000 Hz 0.0 +2.0
1200 Hz -1.0 +1.0
1600 Hz -2.7 -0.7
2000 Hz -4.0 -2.0
3000 Hz -6.6 -4.6
3500 Hz -10.5 -6.5
4000 Hz -18.0 - -12.0
5000 Hz -39.0 -33.0
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Table 514. C-MESSAGE BANDPASS FILTER.

Performance Tests

SOURCE SETTING MINIMUM ACTUAL MAXIMUM
1000 Hz REFERENCE
60 Hz -57.7 -53.7
100 Hz -44.5 -40.5
200 Hz -27.0 -23.0
300 Hz -17.5 -15.5
400 Hz -12.4 -10.4
800 Hz -2.5 -0.5
1000 Hz -0.2 +0.2
1200 Hz -1.2 +0.8
1500 Hz -2.0 0.0
2500 Hz -2.4 -0.4
3000 Hz -3.5 -1.5
3500 Hz -9.6 -5.6
4000 Hz -17.5 -11.5
5000 Hz -31.5 -25.5
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Table 515. CCIR BANDPASSFILTER.

Section 5

SOURCE SETTING ACTUAL MAXIMUM
1000 Hz REFERENCE
31.5Hz -30.0 -28.0
63 Hz -24.9 -22.9
100 Hz -20.8 -18.8
200 Hz -14.3 -13.3
400 Hz -8.3 -7.3
800 Hz -2.4 -1.4
1000 Hz -0.5 +0.5
2000 Hz +5.1 +6.1
3150 Hz +8.5 +9.5
4000 Hz +10.0 +11.0
5000 Hz +11.2 +12.2
6300 Hz +12.0 +12.4
7100 Hz +11.8 +12.2
8000 Hz +11.0 +11.8
9000 Hz +9.7 +10.5
10.0 kHz +7.7 +8.5
12.5 kHz -1.0 +1.0
14.0 kHz -6.3 -4.3
16.0 kHz -12.7 -10.7
20.0 kHz -23.2 -21.2
31.5 kHz none -40.7
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PERFORMANCE TEST 14
OPTIONAL POWER REFERENCE

Specification :50MHz, + -0.5MHz

: 0.7% initial accuracy
1+ -1.2% over 1 year

5-70. DESCRIPTION.

5-71. The Milliwatt Test Set is first zeroed, and then connected to the Modulation Analyzer 50 MHz power

calibrator. The deviation from 0.00 dBm is noted. Then the 50 MHz power calibrator output is connected to the
Modulation Analyzer RF IN and the frequencynigasured.

5-72. PROCEDURE.

1. Connect the EPM probe to the Milliwatt Test Set reference output with the range set to 0 dBm and
resistance set to 50 ohms. Adjust the calibration control for a zero indication.

2.  Connect the EPM probe to the PWR REF tut on the rear panel of the Modulation Analyzer.

3. Record the deviation from 0.00 dBm in Tabld &

4.

Connect the PWR REF output on the Modulation Analyzer to the RF IN connector with a suitable cable and
select FREQ and AUTO to measure the frequency. Record the calibrator frequency in-Téble 5

Table 516. POWER REFERENCE.

TEST MINIMUM ACTUAL MAXIMUM
Accuracy -0.05dB + 0.05dB
Frequency 49.5 MHz _ 50.5 MHz
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SECTION VI
MAINTENANCE

6-1. INTRODUCTION.

6-2. This section contains maintenance and adjustment instructions for the 826d#i Modulation Analyzer.

6-3. SAFETY REQUIREMENTS.

6-4. Although this equipment has been designed in accordance with international safety standards, general safety
precautions must be observed during all phases of operation, service and repair of the instrument. Failure to comply with
the precautions listed ithe Safety Summary located at the front of this manual or with specific warnings given

throughout this manual could result in serious injury or death. Service and adjustments should be performed only by

qualified service personnel.

6-5. REQUIRED TEST EQUIPMENT.

6-6. Test equipment required for maintenance and adjustments is listed with each procedure. For critical specifications
see Table 8. Equipment of equivalent characteristics may be substituted for an item listed.

6-7. CLEANING PROCEDURE.

6-8. Painted surfaces can be cleaned with a commercial, -graywindow cleaner or with a mild soap and water
solution.

CAUTION

Avoid the use of chemical cleaning agents which might damage the plastics used in the instrument.
Recommended cleaning agents are isppt alcohol, a solution of 1 part kelite and 20 parts water, or a
solution of 1% mild detergent and 99% water.

6-9. MAJOR ASSEMBLY LOCATION.

6-10. See Figures -8 and 62 for the location of the major assemblies of the M&RDO1A Coaxial connectors are
identified by color coded heat shrink attached to the connectors.

6-11. REMOVAL OF MAJOR ASSEMBLIES AND PARTS.

6-12. Instrument Covers. To remove the instrument covers proceed as follows:

1. Disconnect all signal cables and the power cord from the MBROHA

2. Remove the top cover by removing three No. 6 screws at the rear of the cover and lifting the cover up and to the rear.

3. Turn the instrument over and remove the bottom covelsimdar manner.
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6-13. RF assembly covers. To remove the RF assembly covers, proceed as follows:

1.

2.

3.

4.

5.

Remove the instrumebvers as described above.

Remove the No. 4 shipping screw in the RF assembly cover if it has not been removed previously.
Grasp the cover near the front and rear of the instrument.

Pull up on the cover at the rear of the instrument first,thed at the front. The cover should pull away easily.

Turn the instrument over and repeat the above procedure for the bottom cover.

6-14. RF Printed Circuit Board. To remove the RF printed circuit board, proceed as follows:

1.

2.

5.

6.
of t
7.

8.

Remove the instrumeand RF assembly covers as described above.
Remove the connectors from J3, J4, and J5 at the rear of the circuit board.
Remove the connector from J2 near the center of the board.

Remove7 No. 4 screws and the hex spacer holding the circuit boah&tBF casting.

CAUTION

Be careful in the following steps not to break the center pin of the RF in connector.
Use a small pair of pliers to pull up on TP1 to disengage J1 from the local oscillator board.

Carefully unsolder the center conductor of ifygut RF connector while pulling the circuit board toward the rear

he irstrument.

Pull the circuit board up and away from the casting.

To replace the RF circuit board reverse the above procedure.

6-15. Oscillator Board. To remove thé.ocalOscillator board, proceed as follows:

1.

2.

Remove the instrument and RF assembly covers as described above.

Very carefully unsolder the wire from the center pin of the SMB connector at the front of the RF casting.
Remove the connectors from J1 andhdthe rear of the circuit board.

Remove 9 No4 screws and one hex spacer holding the circuit board to the RF casting.

Use a small pair of pliers to gently pull up on TP4 to disengage P1 from the RF circuit board.

Pull the circuit board up andvay from the RF casting.

To replace the Oscillatd@oard reverse the above procedure.
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6-16. Gaining Access to Display/keyboard. To gain access to the display and keyboard, proceed as follows:

1. Remove the instrument covers as described above.

2. Removefour flat head screws holding the Bezel Assembly to the side frames.

3. Loosen the semiigid cable from the input connector to the Protect Attenuator Housing.
4. Unplug any other cable assemblies attached to the Bezel Assembly.

5. Remove thBezel Assembly from the frame.

6. Remove the 8 hex nuts that hold Fnent Panel Assembly to the bezel.

CAUTION

Be careful not to scratch the the inner surface ofatherlaydisplay windows.

7. To access thBisplayPWA, removeB screws from the back of the Display PWA and remove. To access the
Keypad PWA, remove 18 hex nuts and flat washers from the back of the Keypad PWA and remove.

6-17. Changing Instrument Firmware. To change the instrument eproms, proceed as follows:

Remove all cable connections from the Mo8201A, including the power cable.
2. Remove the instrument top cover as described above.

CAUTION

When replacing U10 and U14 observe that the orientation of gratvay from the top of the CPU board. The
three numbers on the replacement IC should match the numbers on the one being replaced

3. Extract the CPU board, A9 (Blue Extractors) far enough to remove U10 and replace it with the new eprom.
4. Remove A9U14 ahreplace with the new eprom.
5. Install jumpers JP1 and JP2, then reseat the CPU board into the motherboard connector.

6. Before replacing the top instrument cover, connect the AC power supply and turn the LINE switch ON.

7. The new firmware numberwilmppear i n the CARRIER display, followed b
8. Turn the instrument power off, extract the CPU board and remove jumpers JP1 and JP2. Replace the instrument
cover.

9. Turn the instrument ON and enter SPCL 30 to calibrate the MeafdIA

6-18. Removal of Detail Parts. Careful attention has been paid in the design of the Mgl&l Ato maintainability.

Most detail parts are readily accessible for inspection and replacement when the instrument covers and RF shields are
removed. Soliestate circuit components, mounted on pigcircuit boards, are used throughout the instrument.
Standrd printed circuit board
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6-19. Instrument Test Jumpers. The Model 8201A CPU board has two tgshpers, JP1 and JP2, which are used as
an aid in troubleshooting the instrument circuits. The jumper positions are listed below.

JP1-JP2 ACTION

OFF-OFF Normal operation, no tests are done.

ON-OFF Enable SPCL functions for test and calibration.

OFF-ON Activate Tests. Exercises the software A/D converter system
instrument interface, and GPIB SRQ line.

ON-ON Erase variable memory and install nominal
calibration factors. Used when a repair has been
made on the CPU board or when new firmware is installed.

TABLE 6-1. TEST JUMPERS.

6-20. PRELIMINARY CHECKS.

6-21. Visual checks. If equipment malfunction occurs, perform a visual check of the M@2@lAbefore performing
electrical tests. Visual checks often help to isolate the cause of a malfunction quickly and simply. Inspect the instrument
for signs of damage caused by excessive shock, vibration, or overheating, such as broken wires, loose thphtare an
loose electrical connections, electrical shorts, cold solder connections, or dirt or other foreign matter. Correct any
problems discovered, then complete the operational checks to verify that the instrument is functional. If a malfunction
persistor the instrument fails any of the operational checks, continue with the troubleshooting procedures below.

6-22. Power Supply Check. Improper operation of the Mod8R01Amay be caused by incorrect dc operating
voltages. Before proceeding with any other electrical checks, perform the power supply checks in the Motherboard/Power
Supply section.

6-23. TROUBLESHOOTING.

6-24. Instrument malfunction will generally be evidembr front panel indications, or IEE#88 bus responses. The
problems will fall into two general categories; selective failure of onesgatem or catastrophic failure.

6-25. Selective failure of one section of the instrument or out of specification performance will be evident from
manipulation of the front panel controls. For example, incorrect or erratic FM .deviation indications would be evident
from display readings only ithe FM modulation mode, and the problem would most likely be associated with the FM
circuit board, A4. However, similar performance on both AM and FM displays would indicate a problem on the Filter or
Detector boards.

6-26. Catastrophic failures, on théher hand, would generally cause the Mag2D1Ato be completely inoperative. For
instance, if the microprocessor was not operating properly, the displays would contain meaningless symbols and the
keyboard would not be responsive.

6-27. Further isolatiorof the problem requires some understanding of the simplified block diagram. Read over the theory
of operation section and then proceed with the troubleshooting section below. When the problem is localized to a specific
assembly, refer to the service infation for that assembly.

6-28. TROUBLE LOCALIZATION.

6-29.Many malfunctions are evident from the front panel display. See T&hle 6

6-30. Other front panel indications might include erratic or incorrect displays or an inoperative keyboard. In each case
the circuit board most closely associated with that display should be tested first.
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Display Probable fault on

No display Al Motherboard/Power Supply or A12 Display
Board

Meaningless symbols A9 CPU Board

Error 20 A5 AM Board

Error 21 A4 FM Board

Error 22 A4 FM or A6 Filter Board
Error 23-25 A8 Detector Board

Error 26 A5 AM or A2A1 RF Board
Error 27,28 A6 Filter Board

Error 30-33 A2A2 Oscillator Board
Error 34 A2A2 Oscillator Board
Error 35-39 A9 CPU Board

TABLE 6-2. HARDWARE ERROR DISPLAYS.

6-31. TROUBLESHOOTING, MOTHERBOARD/POWER SUPPLY.

6-32. GENERAL. Procedures for checking the Motherboard circuits are given below. Test points and other
measurement points are indicated on the schematic diagram and circuibbedag, Figures &, 83, and 84.

6-33. EQUIPMENT REQUIRED. The test equipment required for these tests is listed below. See Tablé for
critical specifications.

Oscilloscope HP 1740A
DC voltmeter Fluke 8840A

WARNING

Line voltages up to 240 volts Aflaybe encountered in the power supply circuits. To protect against electrical
shock, observe suitable precautions when connecting and disconnecting test equipment, and when making
voltage measurements.

6-34. PROCEDURE.

6-35. With the instrument covergmoved and power applied, observe EEE35. These displays indicate if the supplies
are operating normally. All of the LEDs should be about the same brightness. If not, troubleshoot the circuit associated
with the incorrect display LED. The LED and asstsikcircuits are:

NOTE

For the following oscilloscope measurements, use a high impedance probe.

6-36. + 5V Display (DS2). The +5 volt display supply is a three terminal regulator, U7, and associated components. If
the output voltage is incorrect check &horted CR11, CR15, or C22. The regulator output can be isolated by
disconnecting 4.
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LED Circuit

DS1 -30V supply

DS2 + 5V (display)
DS3 + 5V (instrument)
DS4 + 15V

DS5 -15V

TABLE 6-3. Power Supply LEDs.

6-37. + 5V Instrument (DS3). The + 5 volt instrument supply is a three terminal regulator, U4, and associated
components. If the output voltage is incorrect check for shorted CR5, CR10, or C14. The regulator output can be isolated
by extracting all of the plugn boards and disconnéag) J4 at the RF housing.

6-38. + 15V (DS4). The +15 volt instrument supply is a three terminal regulator, U5, enclosed in a feedback loop
consisting of AR2a and associated components. Proceed as follows:

1. If the dc voltage at the +15 volt bus is ngawund a short circuit is the most likely problem. The supply can be
isolated by extracting all of the pltiig boards and disconnecting J4 at the RF housing. This can be done one board at a
time to isolate the defective circuit.

2. If the voltage at the 48lvolt bus is low, but not zero, the problem may be with-18evolt supply. See below.

3. In any case measure the dc voltage at the positive terminal of C8. The voltage should be +20 volts at nominal line. If
not, check for defective CR2 or replace défecUS5.

4. Measure the dc voltage at pin 6 of U8. The voltage should be +10 volts. If not, replace defective U8. Note that if the
+15 supply voltage is less than 12 volts U8 will not operate properly.

5. Measure the dc voltage at pin 1 of AR2. The voltsigeuld be +10 volts. If not, replace defective AR2, or
check for shorted CR7.

6-39. -15V (DS5). The-15 volt instrument supply is a three terminal regulator, U6, enclosed in a feedback loop
consisting of AR2b and associated components. Proceed as follows:

1. If the dc voltage at thel5 volt bus is near ground a short circuit is the most likely problem. The supply can be
isolated by extracting all of the plig boards and disconnecting J4 at the RF housing. This can be done one board at

a time to isolat¢he defective circuit.
2. If the voltage at thel5 volt bus is low, but not zero, the problem may be with the +15 volt supply.

3. In any case measure the dc voltage at the negative terminal of C10. The voltage skHailbkis at nominal line.
If not, check for defective CR2 or replace defective U6.

4. Measure the dc voltage at pin 6 of U8. The voltage should be +10 volts. If not, replace defective U8. Note: If
the +15 supply voltage is less than 12 volts U8 will not operate properly.

5. Measure the deoltage at pin 7 of AR2. The voltage should-i@ volts. If not, replace defective AR2, or
check for shorted CR9.
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6-40. -30V (DS1). The-30 volt instrument supply consists of a voltage doubler and operational amplifier AR3 and
associated componeniroceed as follows:

1. If the dc voltage at pin 6 of AR3 is near ground a short circuit is the most likely problem. The supply can be
isolated by disonnecting J4 at the RF housing.

2. Measure the dc voltage at the negative terminal of C3. The valhagsd be40 volts at nominal line. If
not, check for defective CR3 or CR4 or replace defective AR3.

3. Measure the dc voltage at pin 3 of AR3. The voltage should®eolts. If not, troubleshoot th&5 volt supply.

5. Measure the dc voltage at pin 7AR3. The voltage should b&2 volts. If not, replace defective CR14.

6-41. LOGIC SIGNALS.

6-42. Proper operation of the RF and Oscillator circuits depend on correct logic levels on the following control lines:

IA2-1A7 instrument address bus
IDO-ID7 instrument data bus

The instrument address lines are decoded by U2 to produce latch strobes. A7 is a write strobe and IA6 is a read
strobe. In operation, data on the instrument bus is latched into octal latch U1, when address lines LA4 and IA5 are
high, A2, 1A3, and IA6 are low, and strobe IA7 goes from high to low. Data is strobed into U9 under the same
conditions except that LA2 is high.

To troubleshoot the logic circuits proceed as follows:
1. With the Model8201Apowered up normally, but with no RF input signal, depress the INIT key.

2. Use the oscilloscope to monitor the activity on the instrument data bus on®iofstie plugin card connectors.
All of the data lines should show activity and normal TTL levélaot, the problem is on the CPU board.

3. Connect the oscilloscope to pin 6 of U2 and set the timebase to 0.5 mSEC/DIV.

4. The signal should be a narrow positive pulse indicating a write operation to the instrument circuits. If the signal is
incorrect the problem is on the CPU board.

5. Move the oscilloscope probe to pin 12 of U2. The signal should be as in the previous step, except that it is
inverted. If not, replace defective U2.

6. The following table presents logic levels on various pins of Ldmithe indicated data is keyed into the
CARRIER or PRGM displays.
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Pin numbers 1516-12

logic level data entered

low-low-high Enter -20 dBm into carrier LEVEL display.
low-high-high  Enter +10 dBm into carrier LEVEL display.
high-low-high  not used

high-high-low  SPCL 30

Pin numbers 19-2-5

logic level data entered

low-low-low 2.0 MHz FREQ

high-low-low 22MHz FREQ
low-high-low  2.5MHz FREQ
high-high-low 3.2MHz FREQ
low-low-high  10.1 MHz FREQ
high-low-high  12.0 MHz FREQ
low-high-high  15.0MHz FREQ
high-high-high 18.0 MHz FREQ

7. Depress the carrier FREQ and AUTO keys and observe the signals on pins 6 and 9 of U2. The signal should be
TTL logic waveforms indicating proper operation of the frequency acquisition circuits. Ifeptce defective U2,
or check for wiring shorts between the motherboard and the RF casting assembly.

8. Move the oscilloscope probe to pin 19 of U9. Ente2@ldBm, and then 0 dBm into the carrier LEVEL display.
The signal should change from TTL low tagh. If not, replace defective U9.

9. Move the oscilloscope probe to pin 1 of U10. The signal should be as in the previous step except that it is
inverted and is 15 volts pedé-peak. If not, replace defective U10.

10. Move the oscilloscope probe tcetkircuit pad connected to J1, pin 1. (pin 1 is nearest R20). The signal should
be as in the previous step except that it is again inverted. If not, replace defective Q1.

11. If steps 810 are correct, but A30 does still not operate properly, replacetisefé30, or check for open
or shorted wiring.

6-43. TROUBLESHOOTING, RF BOARD.

6-44. GENERAL. Procedures for checking the RF circuit board are given below. Test points and other measurement
points are indicated on the schematic diagram and circuit lowarthy, Figures & and 87.

6-45. EQUIPMENT REQUIRED. The test equipment required is listed below. See Tafléos critical specifications.

Oscilloscope HP 1740A
Signal Generator Boonton 1021
DC voltmeter Fluke 8840A
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6-46. PROCEDURE.

Section6

1. Set the signal generator to 15 MHz CW at 0 dBm and connect the RF OUT to the820tlaRF IN connector.

2. Select the carrier FREQ function and key 15 MHz into the display.

NOTE

For the following oscillosgee measurements, use a high impedance
probe with a very short ground connection. A spring clip type ground
connection is recommended.

3. Connect the oscilloscope probe to the RF input connector, A2J1 g
circuit board, and measure the incoming signale Bignal should be abo
400 millivolts peakto-peak with a period of 67 nanoseconds. Some of

local oscillator signal may be present. Incorrect signals indicate defgc

input connectors, A30 module, or cables.

4. Connect the oscilloscope to TP1. ™ignal should be about 700 millivol
peakto-peak with a period of 33 nanoseconds. No signal indicat
defective local oscillator board.

5. Move the oscilloscope to pin 11 of Ul. The signal should be about
3.5 volts peakto-peak with a period of 33 nanosecondsot, replace
defective Q1 or Ul.

6. Move the oscilloscope to pin 9 of U1. The signal will be a TTlhaig

with a period of 67 nanoseconds. Some ringing and overshoot is normal.

not, replace defective U1l.

7. Use the oscilloscope probe to trace tAd. Bignal to pin 8 and pin 6 of
U3. If not, replace defective U3.

8. Move the oscilloscope probe to pin 3 of U2. This should be atineg
going TTL pulse about 12 nanoseconds wide with a period o
nanoseconds. If not, replace defective U2.

9. Move theoscilloscope probe to the collector (case) of Q3 or Q13. The¢
signal should be a negative going pulse about 12 voltsfoealeak. If not,
replace defective Q3 or Q13.

10. Move the oscilloscope probe to the anode of CR4. The signal shoul
as shown in igure 63, D. If not, check for defective T2 or replace defecti
CRA4.

11. The signals at pins 1 and 6 of T1 should be nearly equal ampl
opposite polarity pulses between .7 and 1.1 volts peak with a 100
oscilloscope bandwidth. If not, replace egive T1 or open CRS3.

12. The signal at the junction of C2 and R9 should be as indicated in R
6-3, B. Incorrect signals indicate defective sampling bridge or bridge
circuits.

14

D

0 | |
Ve

U,

Sensitivity
200 mv/div -

A

n the

it

tha

Timebase
100 ns/div

o= =Y

tn

T

Sensitivity
206 mv/div

-

Timebase
100 ns/Adiv

AA

IMJW‘“ /{’

/

Sensitivity
200 mV/div

)

Timebase
200 ns/div

~“’“-—“\w,r\f“““*"f¥
i

l

Sensitivity
5.00 V/div
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igure
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83162800A REV A

]
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Timebase
£.,20.0 ns/dive

13. The signal at the junction of C7 and R20 should be as indicated in

FIGURE 6-3. RF

Figure 63, A. Incorrect signals indicate defective sampling bridge or bridge

bias circuits.

Board Waveforms.

14. Move the oscilloscope probe to TP2. The signal should appear as in FHgu& & the signal is not as
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indicated, troubleshoot the sampler amplifier, Q& @#Q7 by dc and waveform measurements.

15. Connect the oscilloscope probe to TP3. The signal is the same as at TP2, but ten times smaller. ( 40 millivolts
peakto-peak ) If not, replace defective U4.

16. Connect the oscilloscope probe to TP4. The signthle same as that at TP3, but 3.6 times larger. (150 millivolts
peakto-peak ) If the signal is not as indicated, troubleshoot the amplifie@ @8by dc and waveform measurements.

17. Connect the oscilloscope probe to A2J4 (center SMB connector). g & the same as that at TP4. If not,
replace defective K1.

18. Change the generator frequency to 500 kHz and set the Ma@&Acarrier FREQ to 9 MHz. The signal at
A2J4 pin 1 should be about 150 millivolts peakpeak with a period of 2 microsecondsnot, replace defective
ARL.

19. Move the oscilloscope probe to pin 1 of U8. The signal should be about 75 millivoltsopeedk. If not,
replace defdatve U7 or troubleshoot filter L3, L7, C39, C47, C52.

20. Enter the following frequencies into tbarrier FREQ display and observe the waveform on the indicated
pins of U7. The [illegible] 500 kHz signal as in step 18. Incorrect signals indicate defective U7 or decoder U5.

FREQUENCY PIN

2MHz pin 2
9 MHz pin 7
11 MHz pin 15
18 MHz pin 10

21. Probe the signals on pins 7 and 8 of U8. The signal should be a square wave about 3.5 volts peak
peak, with a 2 microsecond period. If not, replace defective U8.

22.Move the oscilloscope probe to pin 6 of AR2. The signal is a square wave as in step 21 with an amplitude of 600
millivolts. If not, replace defective AR2.

23.The signal on pin 2 of U9 is as in step 21 with an amplitude of about 2 voltdgpakk. If na, replace
defective U9, shorted CR10, or open CR11.

24.The signal on pin 9 of U9 is a TTL waveform with a period of 14 microseconds. If not, replace defective U9.

25. Enter 2 MHz into the carrier FREQ display. The signal on pin 9 of U9 is a TTL wavefithna
period of 4 microseconds. If not, replace defective U9.

6-47. LOGIC SIGNALS.

6-48.Proper operation of the RF circuits depend on correct logic levels on the following control lines:

RO, R1 IF attenuation and calibration
B1, B2 band switching

Thefollowing table indicates the TTL logic levels and the associated function for control lines RO and R1:

Logic Line logic value operation

RO-R1 low-low no IF attenuation
low-high attenuateIF by 10
high-low not used
high-high calibrator signal
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The following table indicates the TTL logic levels and the associated function for control lines B1 and B2:

Logic Line logic value operation

B1-B2 low-low select filter U7, 2 U9 divide by 7 U3, select
low-high select filter U7,7 U9 divide by 7 U3, select
high-low select filter U7, 15 U9 divide by 2 U3, select
high-high $:§Iect filter U7, 10 U9 divide by 2 U3, selecl

Incorrect logic signals on the RR1,B1, or B2 lines indicate a problem on the motherbaleebder U2 or latch U1,
or the CPU board.

6-49. TROUBLESHOOTING, OSCILLATOR BOARD.

6-50. GENERAL. Procedures for checking the oscillator board are given below. Test points and other measurement
points are indicated on the schematic diagram and clvoaitd overlay, Figures-8 and 89.

6-51. EQUIPMENT REQUIRED. The test equipment required is listed below. See Tafhléo5 critical specifications.

Oscilloscope HP 1740A
Signal Generator Boonton 1021
DC voltmeter Fluke 8840A

6-52. PROCEDURE.

1. Measure the dc voltage at pin 16 of U3. The voltage should be approximately + 5 volts. If not, the power supply
circuits or the motherboard connectors are defective.

2. Measure the dc voltage at pins 7 and 4 of AR2. The voltages should be +1% aedpetively. If not, the power
supply circuits or the motherboard connectors are defective.

3. Measure the dc voltage at TP3. The voltage should4€ volts. If not, troubleshoot regulator AR3 and Q7 using
dc measurements.

4. Enter 10 MHz into the carrigfREQ display. Observe that LED DS2 is illuminated. If not, proceed to logic
signals troubleshooting for additional tests.

5. Measure the dc voltage at pin 7 of AR1. The level should be about +13 volts. If not, replace defective AR1 or U1.
NOTE

For the folbwing oscilloscope measurements, use a high impedance probe with a very short ground
connection. A spring clip type ground connection is recommended.

6. Connect the oscilloscope probe to the anode of CR4. The signal should be about 400 millivatisppaiik
with a period of 45 nanoseconds. If the indication is incorrect, troubleshoot oscillator Q1 using dc and waveform
measurements.

7. Select the carrier FREQ function and key 12 MHz into the display. Observe that LED DS3 is illuminated. If not,
proceed tdogic signals troubleshooting for additional tests.

8. Measure the dc voltage at pin 1 of AR1. The level should be about +13 volts. If not, replace defective AR1 or U1.

9. Connect the oscilloscope probe to the anode of CR21. The signal should be about 400 millivolts with a
period of 37 nanoseconds. If the indication is incorrect, troubleshoot oscillator Q3 using dc and waveform
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measurements.

10. Select the carrier FREQ fumah and key 15 MHz into the display. Observe that LED DS4 is illuminated. If
not, proceed to logic signals troubleshooting for additional tests.

11. Measure the dc voltage at pin 8 of AR1. The level should be about +13 volts. If not, replace defectivdJAR1

12. Connect the oscilloscope probe to the anode of CR32. The signal should be about 400 millivolts with a
period of 33 nanoseconds. If the indication is incorrect, troubleshoot oscillator Q4 using dc and waveform
measurements.

13. Select the carrigfFREQ function and key 18 MHz into the display. Observe that LED DS5 is illuminated. If
not, proceed to logic signals troubleshooting for additional tests.

14. Measure the dc voltage at pin 14 of AR1. The level should be about +13 volts. If not, refgateeldR1 or U1.

15. Connect the oscilloscope probe to the anode of CR43. The signal should be about 600 millivolts with a
period of 26 nanoseconds. If the indication is incorrect, troubleshoot oscillator Q6 using dc and waveform
measurements.

16. Connect the oscilloscope probe to ungrounded end of L23. The signal should be about 500 millivolts with a period
of 26 nanoseconds. If not, replace defective diode CR43.

17. Connect the oscilloscope probe to TP4. The signal should be about 800 milliwolesperiod of 26 nanoseconds.
If not, troubleshoot amplifier Q5 by dc and waveform measurements.

18. Move the oscilloscope to the LO2 SMB connector on the front of the RF casting. The signal should be 500
millivolts with a period of 26 nanoseconds. Iftntroubleshoot amplifier Q2 by dc and waveform measurements, or
replace defective T1, or check for shorted RF cable connecting to Motherboard.

19. Set the signal generator to 15 MHz CW and 0 dBm and connect the RF OUT to the RF IN of th820&del
20. Depress the Mod@201ANIT key and then enter 15 MHz into the carrier FREQ Display.

21. Connect the oscilloscope probe to pin 3 of U2. The signal should be a TTL signal with a period of 6 microseconds.
If not, the problem is associated with the RF cirboitrd.

22. Move the oscilloscope probe to pin 6 of U2. The signal should be a TTL signal with a period of 6 microseconds.
Additionally, the time from the falling edge to the rising edge should be 3 microseconds. If not, replace defective U2 or
check C23nd R15.

23. Move the oscilloscope probe to pin 6 of AR2. The signal should be a distorted TTL signal with a period of 6
microseconds and an average value of near zero volts. The oscilloscope must be dc coupled for this test. If not, replace
defedive AR2.

24. Enter SPCL 37 to activate the local oscillator test. The MODULATION display will indicate©.

25. Measure the dc voltage at the end of R29 nearest TP2. The voltage shdiild/bks. If not, the problem is on
the CPU board or in thiaterconnecting cable.

26. The other end of R29 should be 0 volts dc. If not, U3 or AR4a is defective.
27. Measure the voltage at TP2. The voltage should be +10 volts. If not, U3 or AR4a is defective.
28. Measure the voltage at pin 3 of AR5. The voltageutthbe-5 volts. If not, AR4b or Q9 is defective.

29. Measure the voltage at pin 6 of AR5. The voltage should belts. If not, AR5 is defective.
NOTE

If all measurements to this point are correct, but trouble persists, the problem is with the fagjits cr U3 or
possibly Q8 or DS1. Troubleshoot by dc voltage measurement or refer to logic signals troubleshooting below.
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6-53. LOGIC SIGNALS.

6-54. Proper operation of the oscillator circuits depend on correct logic levels on the following congrol line

FCO, FC1 oscillator tuning
BO, B1, B3 band switching

The following table indicates the logic levels and the associated function for control lines FCO and FC1.:

Logic Line logic value operation

FCO-FC1 low-low frequency lock, DS1 off
low-high frequency lock, DS1 on
high-low set frequency, DS1 on
high-high set frequency, DS1 off

Logic Line logic value operation

BO, B1, B3 low-low-high  oscillator Q1 active, DS2 on

low-high-high  oscillator Q3 active, DS3 on
high-low-high  oscillator Q4 active, DS4 on
high-high-high oscillator Q6 active, DS5 on
X -X-low all oscillators inactive
X means donot

Incorrect logic signals on the FCO, FC1, B0, B1, or B3 lines indicate a problem on Motherboard decoder U2, latch
U1, or problems othe CPU board.

6-55. TROUBLESHOOTING, FM BOARD.

6-56. GENERAL. Procedures for checking the FM circuit board are given below. Test points and other measurement
points are indicated on the schematic diagram and circuit board overlay Figiem8 811.

6-57. EQUIPMENT REQUIRED. The test equipment required is listed below. See Tafléo5 critical specifications.

Oscilloscope HP 1740A
Signal Generator Boonton 1021
DC voltmeter Fluke 8840A

6-58. PROCEDURE.

1. Turn off the instrument and remove th# circuit board. (Brown extractors) Insert the FM board into the Extender
board (Grey extractors), and plug the combination back into the FM board slot. Turn on the instrument power, wait for
a normal power up sequence, then depress the INIT key.

2. Measure the dc voltage at pin 6 of AR1. The voltage should be approximately + 5 volts. If not, troubleshoot the
regulator circuit AR1 using dc measurements.

3. Repeat step 1. at pins 7 and 4 of AR1. The voltages should be +1Bamlts respectively. Ifat, the problem is
in the power supply circuits or the Motherboard interconnect.
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4. Measure the dc voltage at either end of L7. The voltage shouliPtevolts. If not, troubleshoot regulator Q14

using dc measurements.

5. Set the signal generator to MHz and 0 dBm with 50 kHz FM at a 1 kH~

rate.

6. Connect the RF OUT of the generator to the RF IN of the M8aelAand
depress the FM function key.

NOTE

For the followingoscilloscopaneasurementsise ahigh impedancgrobe
with a very shortgroundconnection.

7. Connect thescilloscope prob& pin 2 of the edge connector. (aldte right
end of R1). The signal should be an FM modulated signal with an amplitd
about 150 millivolts peako-peak and a period of 0.83 microseconds. Son
the local oscillator signal will be present. If not, the problem is on the RF
or theinterconnecting cables.

™

Sensitivity
500 mv/div

A

Timebase
200 ns/div

1

A

el |\
b

f \_

8. Move the oscilloscope probe to TP3. The signal should be as in step 7 ¢xcept

that the amplitude should be 75 millivolts peakpeak and the local oscillator
signal should not be present. If not, check-loass filter L3L4, C1,and C4C7
for open inductors or shorted capacitors.

9. Move the oscilloscope probe to TP2. The signal should be a clipped sin|

with an amplitude of 1 volt peatio-peak. If not, troubleshoot limiter stages 1 ar

2 (Q3) using dc and waveform measurements

10. Move the oscilloscope probe to TP6. The signal should be a squarewa|

with an amplitude of 1 volt peato-peak. If not, troubleshoot limiter stages 3 griu

4 (Q8) using dc and waveform measurements.

11. Movetheoscilloscope probe to TP7. The signabsld be as shown in
Figure 64, A. If not, troubleshoot level shifter Q13 and associatedoonents
using dc and waveform measurements.

12. Move the oscilloscope probe to pin 5 of U1. The signal should be as s
in Figure 64, B. If not, replace defeote U1.

13. Move the oscilloscope probe to TP8. The signal should be as shg
Figure 64, C. If not, troubleshoot comparator @¥ and current source Q
using dc and waveform measurements. Additionally, check for tilee@1 or
Q1o0.

14. Move the oscitbscope probe to TP1. The signal should be as shoy
Figure 64, D. If not, troubleshoot comparator @¥ and current source Q
using dc and waveform measurements. Additionally, check for tilefe@1 or
Q10.

E% Sensitivity Timebase
500 mv/div 200 ns/div
o
£ il
B\ : :
— F——
N/ € ' Sensitivity Timebase
ky 1.00 V/div 200 ns/div

/ |
\
h 1
L%
[J Sensitivity Timebase
Wi 2.00 V/div 200 ns/div

Figure 64, E. If not, troubleshoot current switch Q11 and Q12, or current SPUSEEs2700A REV A

15. Move the oscilloscope probe to TP9. Tsignal should be as shownJ;n

AR2 and Q9 using dc and waveform measurements. Additionally, chedk—far

n '——\ P
gz TR
2 £e
\ £ ¥F
EZ Sensitivity Timebase
5.00 V/div 200 ns/div

defective Q1 or Q10.

FIGURE 6-4. FM Board Waveforms.

16. Move the oscilloscope probe to TP11. The sighalu#d be a sinewave with
an amplitude of 300 millivolts pedatio-peak and a period of 1 millisecond. If not,
check lowpass filter L5, L6, L9, L10, and C27, C28, C32, C33, C36, C39, C41, C42, and C44 for open inductors or
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shorted capacitors.

17. Move the osilloscope probe to TP12. The signal should be a sinewave with an amplitude of 1 voits-peak
and a period of 1 nlisecond. If not, replace defective AR3, Q15 or Q16.

6-59. LOGIC SIGNALS.

6-60.The operation of the FM circuits does not requireriiaice to the control logic, however, instrument address line
IA1 is dedicated to the FM circuits for future developments.

6-61. TROUBLESHOOTING, AM BOARD.

6-62. GENERAL. Procedures for checking the AM circuit board are given below. Test points andneii@urement
points are indicated on the schematic diagram and circuit board overlay FigiZemf 813.

6-63. EQUIPMENT REQUIRED. The test equipment requiréllisted below. See Tablebfor critical specifications.

Oscilloscope HP 1740A
Signal Generator Boonton 1021
DC voltmeter Fluke 8840A

6-64. PROCEDURE.

1. Turn off the instrument and remove the AM circuit board. (Black ex
tractors) Insert the ANboard into the Extender board (Grey extoas), and
plug the combination back into the AM board slot. Turn on the instrumerjt
power, wait for a normal power up sequence, then depress the INIT key

[\ Sensitivity . Timebase
1.00 V/div 500 hs/div

2. Measure the dc voltage at pin 20 of UL. The voltstgeuld be ap
proximately + 5 volts. If not, the power supply circuits or the mditbard

connectors are defective.

3. Measure the dc voltage at pin 13 and pin 3 of U2. The voltages shou
+15 and-15 volts respectively. If not, the power supplycaits or the N

motherboard connectors are defective.

4. Measure the dc voltage at either end of L7. The voltage should be +32

volts. If not, troubleshoot regulator Q1 and Q2 using dc measues. B ety P ——
500 mV/div 500 us/div

5. Set the signal generator to 15 MHz and 0 dBm with 50 % AMIakHz

rate. 83162800A REV A

6. Connect the RF OUT of the generator to the RF IN of the Ma2igl A

and depreSS the AM function key FIGURE 6-5. AM Board Waveforms.

NOTE

For the following oscilloscope measurements, use a high impedance probe with a very short ground
connection. A spring clip type grod connection is recommended.

7. Connect the oscilloscope probe to pin 2 of the edge connector. (also the right end of R1). The signal should be an
amplitude modulated signal with an amplitude of about 200 millivolts-gegkeak. The carrier period shdube 0.83
microseconds and the modulation period should be 1 millisecond. Some local oscillator signal will be present. If not,
The problem is on the RF board or the interconnecting cables.

8. Move the oscilloscope probe to TP1. The signal should beths frevious step, except that the amplitude should
be 350 millivolts pealto-peak. Additionally, the local oscillator signal should not be present, and the dc level should
be about 0 volts. If not, troubleshoot amplifier-Q3 using dc and waveform measorents.
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