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WARNING!
HIGH VOLTAGE EQUIPMENT:

B\

FOR QUALIFIED SERVICING TECHNICIANS ONLY

THIS EQUIPMENT CONTAINS CERTAIN CIRCUITS AND COMPONENTS OF EXTREMELY
HIGH VOLTAGES, CAPABLE OF CAUSING SERIOUS BODILY INJURY OR DEATH.
WHEN PERFORMING MAINTENANCE PROCEDURES ON THIS EQUIPMENT, HEED ALL
WARNINGS THAT FOLLOW AND REFER TO THE "SAFETY FIRST"” PAGES IN THE
OPERATION MANUAL FOR PRECAUTIONARY MEASURES.
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1. BE SURE TO SERVICE ONLY WHEN ANOTHER PERSON IS PRESENT WHO IS

CERTIFIED TO PERFORRM FIRST AID FOR ELECTRICAL SHOCK AND CARDIO-
PULMONARY RESUSCITATION (CPR). STEPS IN THE PROCEDURES BELOW

MARKED WITH AN ASTERISK (*), ASSUME SUCH CERTIFICATION.
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EXERCISE CAUTION WHILE SERVICING EQUIPMENT WHEN POWER IS TURNED
ON. TURN OFF POWER TO THE UNIT BEFORE REMOVING COVERS, PANELS,
PC BOARDS, CANNISTERS, OR BEFORE ENGAGING IN ANY OTHER ACTIVITY
THAT COULD RESULT IN DIRECT CONTACT WITH AN ELECTRICAL CURRERNT,
SUCH AS REMOVING AND SOLDERING COMPONENTS.

TO PREVENT ELECTRICAL SHOCK OR EQUIPMENT DAMAGE, ALWAYS CHECK
THAT YOUR EQUIPMENT 1S PROPERLY GROUNDED PRIOR TO CONNECTING
WITH POWER SOURCE. THIS EQUIPMENT IS CAPABLE OF PRODUCING A
MAXIMUM OF 120 VAC (U.S./CANADA) OR 240 YAC (EUROPE).

RESCUE AND FIRST AID FOR SHOCK VICTIMS

STOP MOMENTARILY TO ASSESS THE SITUATION. CALL FOR HELP FROM YOUR
FIRST AID REPRESENTATIVE. DO NOT ATTEMPT TO PULL OR GRAB THE VICTIM.
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IF POSSIBLE, TURN OFF ELECTRICAL POWER SOURCE AND REMOVE POINT OF
CONTACT FROM VICTIM.

iIF YOU CANNOT TURN OFF ELECTRICAL POWER: USE A WOODEN POLE, ROPE
OR SOME OCTHER DRY INSULATING MATERIAL TO PUSH, PULL OR LIFT THE
VICTIM TO SAFETY.

SEND FOR A DOCTOR AND/OR AMBULANCE.

IF VICTIM’S BREATHING HAS STOPPED: YOUR FIRST AID REPRESENTATIVE
SHOULD IMMEDIATELY BEGIN TO TAKE STEPS IN ADMINISTERING CPR.

IF VICTIM IS BREATHING: ATTEMPYT TO CONTROL ALL SERIOUS BLEEDING, IF
NEEDED.

IFf THERE 1S NO BLEEDING OR BLEEDING IS STOPPED: KEEP VICTIM WARM AND
FLAT ON HIS/HER BACK.




WARNING:

CAUTION:

DEVICES MUST NOT BE INSERTED MOR REMOVED FROM CIRCUITS WITH
POWER ON.

INTEGRATED CIRCUITS AND SOLID STATE DEVICES SUCH AS MOS FETS,
ESPECIALLY CMOS TYPES, ARE SUSCEPTIBLE TO DAMAGE BY
ELECTROSTATIC DISCHARGES RECEIVED FROM IMPROPER HANDLING,
THE USE OF UNGROUNDED TOOLS, AND IMPROPER STORAGE AND
PACKAGING. ANY MAINTENANCE TO THIS UNIT MUST BE PERFORMED
WITH THE FOLLOWING PRECAUTIONS:

® BEFORE USING A CIRCUIT, KEEP ALL LEADS SHORTED TOGETHER
WITH VENDOR-SUPPLIED SHORTING SPRINGS OR BY INSERTING
- LEADS INTO A CONDUCTIVE MATERIAL.

® GROUND THE HAND BEING USED TO REMOVE DEVICES FROM
THEIR CONTAINERS WITH A CONDUCTIVE WRISTBAND. REMOVE ALL
METAL JEWELRY BEFORE WORKING WITH DEVICES.

® TIPS OF SOLDERING IRONS, AND ALL OTHER TOOLS, MUST BE
GROUNDED WHEN USED.

® PC BOARDS, WHEN REMOVED FROM EQUIPMENT, MUST BE SET
ON A GROUNDED CONDUCTIVE MAT OR STORED IN A CONDUCTIVE
STORAGE BAG. REMOVE ANY BUILT-IN POWER SOURCE, SUCH AS A
BATTERY, BEFORE LAYING PC BOARDS ON A CONDUCTIVE MAT OR
STORING IN A CONDUCTIVE BAG.

PC BOARDS, IF BEING SHIPPED TO THE FACTORY FOR REPAIR,
MUST BE PACKAGED IN A CONDUCTIVE BAG AND PLACED IN A
WELL-CUSHIONED SHIPPING CONTAINER.

THE USE OF SIGNAL GENERATORS FOR MAINTENANCE AND OTHER
ACTIVITIES CAN BE A SOURCE OF ELECTRO-MAGNETIC INTERFERENCE
(EMI) TO COMMUNICATION RECEIVERS, WHICH CAN CAUSE DISRUPTION
AND INTERFERENCE TO COMMUNICATION SERVICE OUT TO A
DISTANCE OF SEVERAL MILES.

USERS OF THIS EQUIPMENT SHOULD SCRUTINIZE ANY OPERATION
WHICH RESULTS IN RADIATION OF A SIGNAL (DIRECTLY OR
INDIRECTLY) AND SHOULD TAKE NECESSARY PRECAUTIONS TO AVOID
POTENTIAL COMMUNICATION INTERFERENCE PROBLEMS.
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" CAUTION @
THIS EQUIPMENT CONTAINS PARTS

’%%&
SENSITIVE TO DAMAGE
BY ELECTROSTATIC DISCHARGE (ESD)
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PREFACE

SCOPE

This manual contains maintenance instructions for the FM/AM-16008 Communication Service
Monitor. The information in this manual enables the servicing technician to:

® Service, test or replace any major assembly within the FM/AM-16008S.

® Maintain the operating conditions of the FM/AM-1600S to expected performance
standards.

@ Understand the principles of operation as they relate to the overall operation of the
FM/AM-1600S as well functional operation within the major assemblies.

ORGANIZATION

The FM/AM-1600S Maintenance Manual with Illustrated Parts Catalog is composed of the
following sections:

SECTION 1 - INTRODUCTION

Provides a brief description of the electrical and mechanical configuration of the
FM/AM-160085, intended to familiarize the technician with the overall structure of the set.

SECTION 2. - THEORY OF OPERATION

Describes how the FM/AM-1600S operates on three levels of complexity: 1) at a systems
level, 2) at an interactive functional level and 3) functionally at an assembly level. Block
diagrams accompany each level discussed.

SECTION 3 - CALIBRATION

Provides step by step procedures for calibrating the FM/AM-16008. This procedure is to
be used at normal calibration intervals or after repair or replacement of an assembly.

SECTION 4 - REPLACEMENT PROCEDURES

Provides step by step procedures for removing and installing major assemblies within the
FM/AM-1600S.

SECTION 5 - PREVENTIVE MAINTENANCE
Contains routine instructions for cleaning and inspecting the FM/AM-16008S.

SECTION 6 - MECHANICAL ASSEMBLIES, PC BOARDS AND SCHEMATICS

Contains drawings to aid the technician in isolating a dysfunctional major assembly.

SECTION 7 - ILLUSTRATED PARTS CATALOG

Provides information on ordering replaceable components within the FM/AM-1600S.

APPENDICES

Contains useful supplementary maintenance data.
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SECTION 1 - INTROD

UCTION

1-1 GENERAL

Mhis section contains a brief descvription of the internal electrical and mechanical configuration
of the FM/AM-1600S, providing the technician with an overall view of the product structure.

1-2 ELECTRICAL DESCRIPTION

The FM/AM-1600S is a microprocessor based communications service monitor capable of
generating and receiving modulated RF signals from 250 kHz to 999.9999 MHz. The unit is
capable of operating as a separate receiver and generator as well as full Duplex Mode with an
offset of £999.9749 MHz. Integral to the unit are a Spectrum Analyzer, Oscilloscope and Digital
Multimeter (DMM). Metering functions available include the following:

Power Meter Distortion Meter SINAD Meter
Deviation Meter Modulation Meter Phase Meter

Signal Strength Meter Bit Error Rate (BER) Meter Freq Error Meter
Assemblies that make up the FM/AM-1600S include: |

Digitizer PC Board Assembly

Counter PC Board Assembly

Analyzer Log/IF PC Board Assembly
Analyzer RF Assembly

3rd LO Assembly

90 MHz Generator Assembly

Receiver Assembly

Monitor Assembly

Monitor Control PC Board Assembly
Function Generator PC Board Assembly
RF /O PC Board Assembly

Memory PC Board Assembly

Processor PC BOARD Assembly

Video Controller PC Board Assembly
External 1/0 PC Board Assembly

Power Supply Assembly

CRT Assembly

DMM Assembly

Generator IF Assembly

Attenuator PC Board Assembly

Power Termination Assembly

Auxiliary Power Supply PC Board Assembly
Receive |IF Assembly

1st LO Assembly

2nd LO Assembly

TCXO Assembly (Oven Oscillator Assembly is Optional Replacement)

1-3 MECHANICAL DESCRIPTION

Figure 1-1 is an exploded composite view of the FM/AM-16008S, identifying and locating major
assemblies for the maintaining technician.

1-1/1-2 Blank



CRT ASSY

POWER SUPPLY ASSY

G10001

G10001

. RECEIVE IF ASSY

AUXILIARY POWER SUPPLY PC BOARD ASSY

1ST LO ASSY

REAR PANEL ASSY

2NDLO ASSY .

EXTERNAL /O PC BOARD ASSY

DMM ASSY

VIDEO CONTROLLER PC BOARD ASSY

— PROCESSOR PC BOARD ASSY

8

MEMORY PC BOARD ASSY

MEMORY PC BOARD ASSY

e\ \\eyv

OVEN OSCILLATOR INSTALLATION (OPT-02)

>
(2]
(2]
<
(o]
oc
<
)
m
[&]
a.
Q
L
o

>
0
2
<
=
s
<
Q.
B..
O
a
S
-
<
o
Ty
Z
w
O}
'Z
o
=
Q
r4
>
(T8

POWER TERMINATION ASSY

ATTENUATOR PC BOARD ASSY

GENERATOR IF ASSY

TCXO INSTALLATION (STD)

MONITOR CONTROL PC BOARD ASSY

MONITOR ASSY

1-3/1-4 Blank

Figure 1-1 FM/AM-1600S Composite Diagram

LA

DETAI

%
2
>
20
7]
< B
o o
WE
T
O G >
w Ny Om
I o
5 <
8 Q
fa)
o
m

FRONT PANEL ASSY

%
7]
<
(e
Z
2
o B
a »
w < 5
32 P
O < <
2 0 o
& o g
N& S
250
ZE8
AWR
3 N
©E
¢
(]







SECTION 2 - THEORY OF OPERATION

2-1 GENERAL

This section is included to provide the maintenance technician with a concept of how the
FM/AM-1600S operates. Theory of Operation is divided into three sections with each level

more detailed in explaining the actions performed within the FM/AM-1600S. The sections
include:

1. System Theory of Operation

System Level information is a simplified explanatior. of the unit functions.

2. Functiona! Theory of Operation

Functional Theory describes the signal path during each hasic operation, lists general
etfects of the different areas on the signal and details the different modules invoived.

3. Module Theory of Operation

Module Theory of Operation explains the process in each module to functional block
level. Dependencies on other modules and signal manipulation in the module are
described at a functionai level.

2-2 SYSTEM THEORY OF OPERATION

The FM/AM-1600S is a micropracessor based communications service monitor capable of
generating and receiving modulated RF signals from 250 kHz to 999.9989 MHz. The unit is
capable of operating as a separate receiver and generator as well as full Duplex Mode with an
offset of £989.9749 MHz. Integral to the unit are a Spectrum Analyzer, Oscilloscope and Digital
Multimeter (DMM). Metering functions available include the following:

Power Meter Distortion Meter SINAD Meter
Deviation Meter Modulation Meter Phase Meter
Signal Strength Meter Bit Error Rate (BER) Meter Freq Error Meter

Receiving signals is done with a triple conversion superheterodvne receiver. Modulations
decoded include FM, AM, PM, FM DATA and SSB. The received signal is converted in the
Receive IF Assembly to a 10.7 MHz [F Signal. The 10.7 MHz IF Signal is demodulated in the
Receiver Assembly and passed to the Monitor Assembly where demodulated signals are routed
as required. Signals can be received at the ANTENNA IN Connector or the T/R Connector.
Signals received at the T/R Connector are attenuated in the Power Term Assembly.

Generated signals can be transmitted both modulated and unmodulated. Modulation types
availabie include FM, AM and PM. Signals originate in the Function Generator PC Board
Assembly, where they are passed to the 80 MHz Generator Assembly for conversion to a

90 MHz IF Signal. The 80 MHz IF signal is mixed to the RF output frequency in the Generator
IF Assembly. The RF Signal is then passed to the Attenuator PC Board Assembly where it is
attenuated to the desired output level and applied to the T/R Connector through the Power
Term Assembly.

Separate Receive and Generate functions aliow full Duplex operation. Received signais are
accepted at the ANTENNA iN Connector and the T/R Connector. Generated signals are
available at the DUPLEX OUT Connector or the T/R Connector. Routings are the same as if the
Receiver and Generator were operating alone, but operation is simultaneous.
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The Function Generator PC Board Assembly for the FM/AM-1600S provides audio and serial
data modulation for the Generate function as well as a baseband signal available at the
Speaker, DEMOD OUT Connector or AUDIO OUT Connector. Wave shapes available include
Triangle, Square and Sine for the audio signals and +5 V for the serial data. Audio frequencies
available are 0 to 40 kHz.

The Spectrum Analyzer signal starts in the Receive |IF Assembly with a 90 MHz IF Signal. That
signal is processed in the Analyzer RF Assembly into a swept 10.7 MHz |F signal and sent to
the Analyzer Log/IF Assembly. The 10.7 MHz IF Signal is converted in the Analyzer Log/IF
Assembly to a dc voltage for the Digitizer PC Board Assembly. This dc voltage, called ANLZR
VIDEO, is converted to a digital signal by the Digitizer PC Board Assembly and passed to the
Processor PC Board Assembly for display on the CRT Assembly.

The Oscilloscope signal starts from the Monitor Assembly where input from the required source
is routed to the Digitizer PC Board Assembly. There, the analog signal is converted to digital
data and passed to the Processor PC Board Assembly for display by the CRT Assembly.

The CRT Display is controlled by the Video Controller PC Board Assembly. Data provided by
the Processor PC Board Assembly is processed and stored by the Video Controller PC Board
Assembly. Processed data to be displayed is passed to the CRT Assembly by the Video
Controller PC Board Assembly.

The DMM Assembly measures ac and dc current, ac and dc voltage and resistance. In alil
cases, measurements are converted to dc voltage, then converted to digital data and passed to
the Counter PC Board Assembly for measurement. The Counter PC Board Assembly then
routes the measurement to the Processor PC Board Assembly.
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2-3 FUNCTIONAL THEORY OF OPERATION

2-3-1 RECEIVE OPERATION

Signals are received by the FM/AM-1600S through two connectors, the ANTENNA IN Connector
and the T/R Connector. Signals received through the ANTENNA IN Connector are passed
directly to the Receive IF Assembly where the incoming signal is attenuated by a 3 dB pad,
primarily for impedance matching, but is also used as a load for input signals >10 mW. The
signal passing through the T/R Connector is processed by the Power Term Assembly. From the
Power Term Assembly, the signal passes to the Receive IF Assembly where the two Receive
Channels merge. Additionally, the signal is sampled in the Power Term Assembly for
measuring the power level of the signal. Measurement of the level is performed in the Monitor
Assembly.

In the Receive IF Assembly, the RF signal is attenuated as selected by the operator and mixed
into two IF signals. One IF signal (89 MHz IF) goes to the Analyzer RF Assembly for use by the
Spectrum Analyzer. The other IF signal (10.7 MHz IF) goes to the Receiver Assembly which is
eventually demodulated to the audio or data signal. Input signals used include 1300-2298 MHz
(1st LO Assembly), 1210 MHz (2nd LO Assembly), 77.3-79.3 MHz (3rd LO Assembly) and
control signals from the Attenuator PC Board Assembly.

The 10.7 MHz IF Signal is processed in the Receiver Assembly into demodulated audio signals
and data signals for the Monitor Assembly as well as 425 kHz signals for use by the Digitizer
PC Board Assembly and the Counter PC Board Assembly. Input signals used by the Receiver
Assembly include the 10.7 MHz IF signal from the Receive IF Assembly, which is the received
signal, the 1 MHz Reference signal from the 2nd LO Assembly, and control signals for selecting
bandwidth and data lines for specific demodulation types. Signals produced include:

Signals to the Monitor Assembly:
FM DEMOD AM DEMOD PM DEMOD
FM DATA 8SB DEMOD AGC LEVEL

425 kHz low (-20 dBm) to the Digitizer PC Board Assembly and RECEIVER IF Connector
425 kHz high (-10 dBm) to the Counter PC Board Assembly

The Monitor Assembly performs the signal routing needed to match signals to measuring
devices as required. The Monitor Assembly takes the DEMOD AUDIO and DATA Signals from
the Receiver Assembly as well as other internal and external signals and routes them to the
following areas: ‘

AUDIO OUT Connectar DEMOD OUT Connector
Speaker Counter PC Board Assembly

Monitor Control PC Board Assembly SCOPE AUDIO

Signals processed by the Monitor Assembly include:

FM DEMOD PM DEMOD AM DEMOD
FM DATA SSB DEMOD SIGNAL LEVEL
BER/SINAD Connector Input Function Generator Audio RF PWR LVL
EXT MOD Connector Input DTMF IN DTMF OUT

Demodulation signals are filtered, as required, in the Monitor Assembly, through programmable
high-pass, low-pass, bandpass or C-weight filters. Control signals are passed to the Monitor
Assembly by the Monitor Control PC Board Assembly.
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2-3-2 GENERATE OPERATION

The Function Generator PC Board Assembly has two audio sources capable of generating sine,
square and triangle wave sources from 0 to 40,000 Hz at 0 to 5 Vp-p. These sources can be
activated simultaneously at equivalent or differing levels and also in conjunction with other
modulation sources. The other internal source available in the Function Generator PC Board
Assembly is a Serial Data Generator. This signal can be filtered and attenuated before being
passed on.

External modulation sources include EXT MOD IN Connector Signals and MIC/ACC IN
Connector Signals. These sources can be filtered and attenuated before being passed on.

Each modulation source is presented to the Audio Switching Matrix in the Function Generator
PC Board Assembly, The Audio Switching Matrix has five different inputs and three different
outputs. For each input, only one of three outputs can be selected; however, all five inputs can
be active simultaneously. The three outputs available include: FM MOD OUT, AM MOD OUT
and FUNCTION GENERATOR AUDIO OUT to the AUDIO OUT Connector. The FM MOD OUT
and AM MOD OUT signals are available directly to the 90 MHz Generator Assembly

The Function Generator PC Board Assembly passes the modulation signal to the 80 MHz
Generator Assembly where the signal is mixed into an 88 to 90 MHz IF signal. The modulating
source is processed differently depending on whether the modulation signal is AM MOD OUT or
FM MOD OUT from the Function Generator PC Board Assembly. Processor PC Board Assembly
Control and Data Signals are converted to serial format by the RF 1/O PC Board Assembly and
passed to the 90 MHz Generator Assembly. A 1 MHz Reference Signal from the 2nd LO
Assembly is the only other external signal required by the 90 MHz Generator Assembly. If
phase modulation is desired, the FM MOD signal is integrated to provide the phase modulation
signal required.

The 88 to 90 MHz IF Signal is passed to the Generator IF Assembly. Here, the signal is mixed
to form the final RF Signal. The 1st LO and 2nd LO Assemblies provide the signals for the
mixers in the Generator IF Assembly. The 1210 MHz Signal (2nd LO Assembly) and the 88 to
90 MHz IF Signal are mixed with a 1298 to 1300 MHz IF Signal resulting. The IF Signal is
mixed with a 1300 to 2298 MHz Signal (1st LO Assembly) resulting in a final .250 to 1000 MHz
RF Signal. The RF Signal is amplified to provide a +10 to +20 dBm level and passed to the
Attenuator PC Board Assembly.

The Attenuator PC Board Assembly takes the RF Signal from the Generator IF Assembly and
attenuates the signal {o the required level. Control of the Attenuator PC Board Assembly
originates in the Processor Assembly. Processor PC Board Assembly Control and Data
Signals are converted to serial format by the RF 1/0 PC Board Assembly and passed through
the Auxiliary Power Supply to the Attenuator PC Board Assembly. The attenuated RF Signal is
then passed to the Power Term Assembly. The Attenuator PC Board Assembly also decodes
the Control and Data Signals from the Processor PC Board Assembly for the Receive IF and
Power Term Assemblies.

The Power Term Assembly routes the attenuated RF Signal to the selected output connector,
either the T/R Connector or the Duplex Connector. Control of the Power Term Assembly
originates in the Processor PC Board Assembly. Processor PC Board Assembly Control and
Data Signals are converted to serial format by the RF 1/0 PC Board Assembly and passed
through the Auxiliary Power Supply to the Attenuator PC Board Assembly. In the Attenuator PC
Board Assembly, the serial data is converted to parallel format and passed to the Power Term
Assembly as conirol signals. )
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2-3-3 SPECTRUM ANALYZER OPERATION

Signals are received as stated in 2-3-1. The received signal is converted in the Receive IF
Assembly to an 88 MHz IF Wideband Signal and passed to the Analyzer RF Assembly. In the
Analyzer RF Assembly, the 89 MHz IF wideband signal is converted to a 10.7 MHz IF signal for
the Analyzer Log/IF Assembly. Input signals used for conversion include 77.3-79.3 MHz signal
from the 3rd LO Assembly and 1 MHz Reference Signal from the 2nd LO Assembly. Signals
generated in the Digitizer PC Board Assembly are used to sweep the wideband signal. Signalis
from the Digitizer include ANLZR BLANK and ANLZR SWEEP. Control signals for sweep
scaling originate in ithe Processor PC Board Assembly. Processor PC Board Assembly Gontrol
Signals are converted to serial format by the RF 1/O PC Board Assembly and passed to the
Analyzer RF Assembly.

The Analyzer Log/IF Assembly takes the 10.7 MHz IF from the Analyzer RF Assembly and
converts it to the ANALYZER VIDEO Signal. The ANALYZER VIDEO Signal is passed to the
Digitizer PC Board Assembly. Control signals for bandwidth selection originate in the
Processor PC Board Assembly. Processor PC Board Assembly Control Signals are converted to
serial format by the RF {/O PC Board Assembly and passed to the Analyzer Log/IF Assembly.

The ANALYZER VIDEO Signal is in the form of an analog voltage. This analog voltage is
converted to digital data and passed to the Processor PC Board Assembly. Control signals for
the Digitizer PC Board Assembly originate in the Processor PC Board Assembliy and are passed
through the NAT-BUS.

The Processor PC Board Assembly passes the data to the Video Controller PC Board Assembly
for eventual display on the CRT. Traces can also be stored in Memory for future reference.
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2-3-4 SYSTEM CONTROL (PROCESSOR) OPERATION

The Processor PC Board Assembly provides the overall control for the system. The basis of the
Processor PC Board Assembly is an Intel 80376 embedded microcontroller. The 80376 is a

32 bit processor with a 24 bit address bus and 16 bit data bus. To speed up the system, an
Intel 82370 Integrated System Peripheral Device (ISP) is attached to provide supervision for
DMA and Interrupt Requests and Acknowledges. Interface to the unit is provided by an AT-like
bus called the NAT-BUS.

Memory required for the sysiem is contained in the Processor PC Board Assembly and twe
Memory PC Boards. One memory board contains EPROM for the computer code. The other
memory board contains SRAM, memory for parameter storage, trace storage and user
programs. Some of the SRAM is battery-backed for non-volatile storage.

PROCESSOR < >| DIGITALBUS ___ (NAT-BUS) |

MEMORY

8601033
Figure 2-5 Processor Function Block Diagram
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2-3-5 VIDEO OPERATION

Control of Video Operation is provided by the Video Controlier PC Board Assembly. Data is
passed to the Video Controller PC Board Assembly from the Processor PC Board Assembly
through the NAT-BUS. The Video Controller PC Board Assembly accumulates the video data in
video RAM, processes the data and passes appropriate analog signals to the CRT Assembly.

The CRT tube use is a color EGA monitor. An external connector is provided for using an
external EGA Monitor.

PROCESSOR < > DIGITAL BUS (NAT-BUS ) ]

CRT

VIDEO
CONTROLLER

MEMORY

8601024
Figure 2-6 Video Operation Block Diagram
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2-3-6 REMOTE OPERATION

Remote Operation can take place through three different connectors. The SCSI| Connector and
GPiIB Connector operate by passing data in a parallel format, while the RS-232 Connector uses
a serial format. The SCSI Connector and GPIB Connector communicate with the Processor PC
Board Assembly through the NAT-BUS and External I/O PC Board Assembly. The RS-232
Connector is connected directly to the Processor PC Board Assembly.

The SCSI Connector is used in accordance with the Small Computer System iInterface. The
primary use of the SCSI Connector is for auxiliary units available from IFR. Use of this
connector requires a protocol that has been tailored by IFR for exclusive use with their products.

The GPIB Connector is used in accordance with IEEE-488 Standards. Primary use for this
connector is remote operation with programming provided by the user. Programs written to
utilize this connector are in IFR’s Test Macro (TMAC) Language. Address for this connector is
set from the Auxiliary Functions Menu.

The RS-232 Connector is used in a manner similar to the GPIB Connector. The primary use for
this connector is to allow the user to attach to the unit and operate it remotely. Programs
written to utilize this connector are in IFR’s Test Macro {TMAC) Language. Configuration
control for this connector is provided through the Auxiliary Functions Menu.

PROCESSOR < > DIGITAL BUS {NAT-BUS)

RS-232 K p SCS!
MEMORY EXTERNAL
Vo
K ) IEEE-488

8601019

Figure 2-7 Remote Operation Block Diagram
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2-4 MODULE THEORY OF OPERATION
2-4-1 GENERAL

The information in this section provides the maintenance technician with information about the
operation of each specific assembly. Information provided is functional level only. Biock
diagrams outline function and not type, quantity or location of components. Listings of pin
numbers of signals are provide with block diagrams to aid the technician in tracing signals in

and out of the assembly. Additional supporting drawings are available in Section 6.

A list of the assemblies covered follows listed by paragraph and page:
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2-4-2 PROCESSOR PC BOARD ASSEMBLY

The Processor PC Board Assembly provides the overall control for the system. The CPU is an
Intel 80376 embedded microcontroller. The 80376 is a 32 bit processor with a 24 bit address
bus and 16 bit data bus. To speed up the system, an Intel 82370 Integrated System Peripheral

Device is attached to provide supervision for DMA and Interrupt Requests and Acknowledges.
Additional controller circuits include the following:

@ MAX 690 Supervisory Circuit controls power-up RESET and Nonmaskable Interrupt
actions. RESET affects the 80376, the 82370 and other I/O Devices. The RESET
signal from the MAX 690 becomes the RESDRYV signal on the NAT-BUS.

@® Memory Select Circuit controls what section of memory is being used.

® Wait State Circuit inserts 1 {o 16 walit states into I/O processing, as needed.

® Real-time clock containing time-of-day clock, alarm, 100 year calendar, programmable
interrupt, square wave generator and 50 bytes of memory. A lithium power source is
included in the package to keep the clock updated when power is not applied.

Memory available on the Processor PC Board Assembly includes 128kX8 ROM and 64kX8 RAM.
The ROM is used for part of the system code. The RAM is used for storing program global
parameters.
The AT Compatible I/O Channel (NAT-BUS) contains:

© 16 bit bidirectional data bus

@ 24 bit address line bus

9 levels of interrupt

Memory and /O Read/Write lines

@ e @

Clock and timing lines
@ 5 channels of DMA control lines
® 7 memory refresh timing control lines

The following table lists the NAT-BUS Signals and defines their function.

SIGNAL 1/0 DESCRIPTION

8 MHz CLK o 8 MHz System Clock. Divide-by-four of clock crystal.

RESDRV O

falling edge of clock and is active high.

J Resets system logic at power-up or low voltage. Active on
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SIGNAL

I/0

DESCRIPTION

SA0-SA19

Address bits 0 to 18. Used to address memory and 1/O devices.
A0 is ‘east significant bit (LSB) and A19 is most significant bit
(MSB). Generated by CPU or ISP. Address lines are active
high.

SD0-8D15

I/0

Data bits 0 to 15. Provide data bits 0 to 15 for data bus. DO is
least significant bit (LSB) and D15 is most significant bit (MSB).
Data lines are active high.

BALE

Bus Address Latch Enable. Provided by AT compatible signal
generator and used on system board to latch address. Available
to 1/O channel as indicator of valid processor address (when
used with AEN).

BUS/RDY

I/0 Channel Ready. Pulled low (not ready) by a memory or I/O
device to lengthen I/O or memory cycles. Allows slower devices
to attach to /O channel. Devices using this line sets it low
upon detecting valid address and read or write command.

IRQ3-IRQ7
IRQ9-IRQ12

Interrupt Request Lines 3 to 7 and 9 to 12. Used to signal that
/0O device requires attention. Priorities in descending order are
IRQ 92 to 1RQ 12, then IRQ 3 to IRQ 7. IRQ lines are active
high. Line is high until acknowledged by processor.

1/0 Read Command. Instructs I/O device to putl data on data
bus. [nitiated by processor or ISP. Signal is active low.

1/O Write Command. Instructs |/O device to read data from data
bus. Initiated by processor or ISP. Signal is active low.

Memory Read Command. Instructs memaory to put data on data
bus. Initiated by processor or ISP. Signal is active iow.

MEMW .

Memory write command. Instructs memory to store data on data
bus. Initiated by processor or ISP. Signal is active low.

DRQO-DRQ3
DRQ5

DMA Request lines. Asynchronous channel request lines used
by peripheral devices to gain DMA service. They are prioritized
with DRQ5 highest and DRQO lowest. A request is generated by
bringing line high until corresponding DACK lines is activated.
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( SIGNAL

170 DESCRIPTION
%&%ﬁ%’ %ﬁ%’;; o DMA Acknowledge lines. These lines are used to acknowledge
! a DMA request from peripherals. Numbers correspond the DMA
Request commands.
REFRESH 0 DMA Acknowledge 0. Refreshes system dynamic memory.

AEN o Address Enable. Use to disconnect processor and inactive
devices during DMA transfers. When this line is high (active),
the DMA controller has control of address bus, data bus, read
commands and write commands for both memory and I/0.

L

T/C 6] - . . -
Terminal Count Pulse. Provides pulse to signal when terminal
count is reached during DMA transfer. Signal is active high.

SBHE VO | BUS HIGH ENABLE. Indicates transfer of data on high byte of
data bus, SD8 to SD15.

MASTER ' Not Used.
MEM CS16 : Indicates present data transfer is 1 wait-state, 16 bit cycle.

OWsS ! : . .

Zero Wait State. Indicates to the processor that it can complete
current bus cycle without wait states. This is an active low line.

LA17-LA23 "o Signals used to address memory and 1/O devices within the
system. Gives system 16 Megabytes of addressing capability.
Signals are valid when BALE is high. Signals are not latched
and therefore may not be valid for entire cycle. These signals
may be generated by the CPU or other processors or DMA
Contraoliers on the IO Channel.

1/0 CS16 |

Indicates current data transfer is a 16 bit, 1 wait state 1/0 cycle.
This is an active low signal.
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Figure 2-8 PrLcessor PC Board Assembly Block Diagram




2-4-3 MEMORY PC BOARD ASSEMBLY

Current configuration for the FM/AM-1600S is two memory PC Boards. One PC Board contains
EPROM and the other SRAM. The EPROM Is used for system code. The SRAM is used tor
global variables, TMAC Remote Language and System Heap. Some of the SRAM is battery
backed and is considered non-volatile,

Gircuit contiguration is identical on both cards. Jumpers are used to configure addressing to fit
almost any memory type to 64K bytes for ROM and 32K bytes for RAM, Each Memory Block is
made up of two memory devices to create the 16 bit word configuration. There are up to elght
Memory Blocks on each card.

Address and Data lines coming in are buffered before selected device reads data. The buffers
used in the Data Buffer are bidirectional, allowing both read and write. LA17 through LA23
lines are used as chip select lines in the Decode Logic. MEMR (Memory Read) lines are routed
to all memory devices. MEMW {Memory Write) lines are routed 1o all RAM devices. |f a wait
state is required, a MEM CS76 (16 data bits, 1 wait state device) signal is returned 1o the
Processor PC Board Assembly.
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Block Diagram
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2-4-4 RF 1/O PC BOARD ASSEMBLY

The RF I/O PC Board Assembly performs one primary function and several secondary functions.
The primary function is to convert the data presented by the Processor PC Board Assembly
from parallel to serial format, using the Parallel-To-Serial Converter, for the modules attached
to the RF I/O BUS. Included in that function are clock and latch functions for the transmission
of serial data. Clock and Data Signals are presented to all attached modules simultaneously,
however, Latch Signals are unique to each module. Selection of a latch line by the Processor
PC Board Assembly Data aftaches the Serial Data Bus to the specific assembly. The Latch
Decoder is used to decode the upper byte (D8-D15) of data from the processor to determine the
specified 1/0 device. The Parallel-To-Serial Converter passes the serial data to the Latch
Decoder to place on the RF I/O Bus.

The second function of the RF I/O PC Board Assembly is to provide a return path to the
Processor PC Board Assembly from the assemblies attached to the RF I/O BUS. Status signals
provided to the RF I/O PC Board Assembly through the RF I/O BUS by the separate modules
are assembled and latched to the NAT-BUS as a 16 bit word. Status lines returned to the RF
I/O PC Board Assembly include:

STATUS-1stA (1st LO Receive) STATUS-1stB (1st LO Generate)
STATUS-3rd (3rd LO) STATUS-2nd

STATUS-GEN ANLZR-LOCK (Analyzer Phase Lock)
ALARM POWERMODE

SPR DC DET (Power Supply)

MIC-SW ACC-1

ACC-2

The RF 1I/O PC Board Assembly receives inputs from both the NAT-BUS and the RF 1/0 BUS.
The signals provided by the NAT-BUS that are used by the RF I/O PC Board Assembly include:

Address Lines (SA0-SA11) Data Lines (SD0-SD15) /0 Read (IORD)
Upper Byte Enable (SHBE) Address Latch Enable (BALE) 1/O Write (IOWR)

Outputs to the NAT-BUS include the Data Lines (SD0-SD15) which contain the Status Lines and
the signal for 1 I/O Wait State (I/O CS16).

The data is passed to the RF /O PC Board Assembly in two bytes. Each action performed by
the RF I/O PC Board Assembly uses the data in a different manner. The EXTERNAL AGC D/A
Converter uses only D0-D7 for creating the EXT AGC signal for the Receiver Assembly. The
VCXO D/A Converter uses D0-D12 to provide the digital information needed to create the
analog VCXO Signal. When the CONTROL INTERFACE is active, D0-D7 are used to select the
appropriate control signal. The lower byte (SD0-SD7) contains the control data while the upper
byte (D8-D15) contains the information to latch the specified assembly which is read by the
Latch Decoder.
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Figure 2-10 RF I/O PC Board Assembly

Block Diagram

2-21




2-4-5 POWER SUPPLY ASSEMBLY

The Power Supply Assembly converts the 120/240 VAC input into dc voltages used in the
FM/AM-1600S. The voltages provided include +12 Vdc, +15 Vdc and +5 Vdc. Multiple lines are
available for positive voliages to provide power to various sections of the unit. All voltages are
filtered to remove ripple from the final output.

Anytime there is voltage present at the AC IN Input, power is applied to the FM/AM-1600S up to
the AC IN RELAY. This is visible on the front panel with the POWER APPLIED Indicator. The
power is passed through the AC POWER SELECT Switch (shown in Figure 2-11 as the

120/220V SW) to the TRANSFRMR & RECT. FILTER. An EMI FILTER is present to isolate
internal or external interference from entering or exiting the unit. The AC POWER SELECT
Switch is also tied to the LINE RECTIFIER & VOLTAGE DOUBLER to provide proper
configuration information. The TRANSFRMR & RECT. FILTER provides a dc voltage to run the
+12 V Regulator. The +12 V source is used to provide the PWR APPLIED LED Signal to
activate the POWER APPLIED Indicator. The signal is also an input for the DC DET NOR GATE.

Once the POWER Switch is pressed, a PWR ON SW Signal is sent to the PWR ON LATCH.
This LATCH activates the POWER ON LED CURRENT SOURCE, sending out the PWR ON LED
Signal to illuminate the POWER ON Indicator. The PWR ON LATCH also activaies the POWER
CYCLE DELAY. Inputs from the POWER CYCLE DELAY, +12V REG and the PWR ON LATCH
are passed to the DC DET NOR GATE. Once all signals are active, the DC DET Line goes low,
passing the status information to the RF |/O PC Board Assembly.

The signal from the POWER CYCLE DELAY is also passed inverted to the RELAY DRIVER. An
additional input for the RELAY DRIVER is the signal to the PWR ON LED CURRENT SOURCE
from the PWR ON LATCH. These signals activate the RELAY DRIVER, closing the AC IN
RELAY. The ac voltage is passed through the LINE FILTER, for keeping spurious signals from
passing back through the line, to the LINE RECTIFIER & VOLTAGE DOUBLER. The LINE
RECTIFIER & VOLTAGE DOUBLER provides approximately +300 Vdc to a POWER MOSFET
Swiicher that operates at approximately 100 kHz rate. The POWER MOSFET passes a

300 Vp-p square wave to the SWITCHING TRANSFORMER which has +15 V, +56 V and -15 V as
outputs. Various controls regulate the source and draw on the different outputs. The MAG
AMPLIFIER regulates the output from the SWITCHING TRANSFORMER to accommodate
variable loading on the +15 V output. The SWINGING CHOKE effectively filters any switching
power surges that occur in the +15 V load. The +5V SAFETY SWITCH grounds the +5 V signal
if an overvoltage occurs. Additionally, a feedback circuit is used to control the pulse width of
the POWER MOSFET, which provides voltage regulation. The +5 V CLEANUP FILTER provides
a signal to the +5 V ERROR AMP, which sets the +5 V output. The error signal activates the
OPTOCOUPLER, providing a path to the PWM (Pulse Width Modulator) which controls the pulse
width to the POWER MOSFET. The -15 V line has a -15V REGULATOR tc provide voltage
regulation. All voltage lines pass through a COMMON-MODE FILTER used to help remove

100 kHz spikes. The +15 and"+5 V lines also go through a Clean-Up Filter before being
distributed to the various supply lines.

One of the +15 V supply lines is passed through the SCOPE +12V REG to provide +12 Vdc to

the CRT Assembly. AH other supply lines are filtered by Low-Pass Filters and passed to all
assemblies as required.
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Figure 2-11 Power Supply Assembly Block Diagram
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2 5 AUXILIARY POWER SUPPLY PC BOARD ASSEMBLY

The Auxiliary Power Supply PC Board Assembly performs 4 functions:

® Provides interface from 1st LO, 2nd LO and Attenuator PC Board Assemblies to the
RF IO PC Board Assembly.

® Disperses +5 and 15 Vdc from the Power Supply Assembly o the 1st LO, 2nd LO
and Attenuator PC Board Assemblies.

® Provides 34 Vdc to 1st LO Assembly.

® Takes TCXO-PWR line from 2nd LO Assembly and generates an appropriate signal for
STATUS-2ND (2nd LO status line).

The Auxiliary Power Supply PC Board Assembly provides a feedthrough interface for the 1st LO
and Attenuator PC Board Assemblies to and from the RF 1/O PC Board Assembly through the
RF 1/O BUS. Information passed from the RF |/O BUS includes latch, clock and serial data
signals. information passed to the RF 1I/O BUS are status signals from the 1st LO and
Attenuator Assemblies.

The Auxiliary Power Supply PC Board Assembly also passes +5 and £15 V to the 1st LO, 2nd
LO and Attenuator Assemblies. The 1st LO Assembly also requires a +34 V source. This is

generated in the Auxiliary Power Supply PC Board Assembly and is not used by any other
assembly.

2nd LO Assembly passes TCXO-PWR Signal to the Auxiliary Power Supply PC Board
Assembly which passes the signal to the RF I/O BUS and also sets the appropriate signal for a
status signal for the 2nd LO Assembly. If the TCXO-PWR Signal is high, the STATUS-2ND Line
is high.
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Figure 2-12 Auxiliary Power Supply PC Board

Assembly Block Diagram
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2-4-7 RECEIVE IF ASSEMBLY

Signals can be received into the FM/AM-1600S through two connectors, the ANTENNA IN
Connector and the T/R Connector. These signals are processed differently until they reach the
Receive IF Assembly where the two channels merge into one. Signals received through the
ANTENNA IN Connector are passed directly to the Receive IF Assembly where the incoming
signal is attenuated by a 3 dB pad, primarily for impedance matching. The signal passing
through the T/R Connector is processed by the Power Term Assembly. From the Power Term,
the signal passes to the Receive IF Assembly where the two Receive Channels merge.

Selection of the connector to be used starts in the Processor PC Board Assembly based user
selection. The data is passed to the RF 1/O PC Board Assembly to place on RF /O BUS. The
data passes through the Auxiliary Power Supply FC Board Assembly to the Attenuator PC Board
Assembly. The serial data is converted to control signals and become the Antenna/(T/R) SEL
Signal. If the switch is set for the ANTENNA IN Connector and the signal is too high in level,
the switch automatically changes to select the T/R Connector and return an ALARM Signal to
the Processor PC Board Assembly through the path described in reverse order.

In the Receive IF Assembly, the RF Signal is attenuated as selected by the operator.
Attenuation is set using two 20 dB atienuators. The amount of attenuation selected is passed
to the Receive IF Assembly in the same manner as described for the ANTENNA/(T/R) SELECT
Signal. These switchable attenuators are used to reduce signal level above -30 dBm.

The attenuated signal then passes through a 1050 MHz Low-Pass Filter and is presented to the
1st Mixer. The 1st Mixer transforms the RF signal into a 1300 MHz IF signal. The LO signal is
from the 1st LO Assembly (1300-2298 MHz). For RF signals below 10 MHz, the 1st LO signal is
1300 to 1310 MHz. To remove leakage to the IF output, a null circuit splits, attenuates and
phase shifts the LO signal to place in the IF signal path. This null signal cancels out the LO
input from the Ist LO Assembly.

The 1300 MHz IF Signal from the 1st Mixer is passed through 1300 MHz Bandpass Filters and
is amplified before being presented to the 2nd Mixer. The 2nd Mixer transforms the 1300 MHz
IF Signal into a 88 to 90 MHz IF Signal. This signal is amplified and passed to the Analyzer RF
Assembly and the 3rd Mixer of the Receive IF Assembly. The LO Signal for the 2nd Mixer is
generated by the 2nd LO at a frequency of 1210 MHz.

The signal passed to the 3rd Mixer by the 2nd Mixer is amplified and filtered by a 88-90 MHz
Bandpass Filter. The 3rd Mixer mixes this 88 to 90 MHz IF Signal with the 77.3 to 79.3 MHz LO
Signal from the 3rd LO to form the final 10.7 MHz IF Signal. This signal is passed through a

21 MHz Low-Pass Filter, is amplified and then passed to the Receiver Assembly.
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Block Diagram
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2-4-8 ANALYZER RF ASSEMBLY

in the Analyzer RF Assembly, the 89 MHz IF Wideband Signal is converted to a 10.7 MHz IF
Signal for the Analyzer Log/IF Assembly. Input signals used for conversion include a

77.3-79.83 MHz Signal from the 3rd LO Assembly and 1 MHz Reference Signal from the 2nd LO
Assembly. Signals generaied in the Digitizer PC Board Assembly are used to sweep and phase
lock the Sweep VCO. Signals from the Digitizer PC Board Assembly include ANLZR BLANK and
ANLZR SWEEP. Control signals for sweep scaling originate in the Processor PC Board
Assembly. Processor control signals are converted to serial format by the RF [/O PC Board
Assembly and passed to the Analyzer RF Assembly.

The 89 MHz IF Wideband Signal is presented to the Analyzer RF Assembly by the Receive IF
Assembly. The incoming signal is first filtered by a 89 MHz Bandpass Filter (12 MHz
Bandwidth) before it is passed to the 1st Mixer, where it is mixed with the signal fram the
Sweep VCO to form the 33.3 MHz IF Signal. Two 33.3 MHz Bandpass Filters (3 MHz
bandwidth) filter the 33.3 MHz IF Signal. The filtered signal is passed to the 2nd Mixer. The
2nd Mixer converts the 33.3 MHz IF Signal to a 10.7 MHz IF Signal using the signal generated
by the 44 MHz VCO. The 10.7 MHz IF Signal is then filtered by two 10.7 MHz Bandpass Filters
(3 MHz Bandwidth) and passed to the Analyzer Log/IF Assembly.

The Sweep VCO Signal has a frequency band of 116.3 to 128.3 MHz. The ramp function is
generated in the Digitizer PC Board Assembly and passed to the Analyzer RF as the ANLZR
SWEEP Signal. This signal is scaled and amplified before being used as the tune sweep signal
for the Sweep VCO. The Digitizer PC Board Assembly also generates the ANLZR BLANK Signal
that interrupts the ANLZR SWEEP Signal, stops the 44 MHz LO Signal and enables the Lock
Detect circuit. This signal also enables the phase lock system for the 116.3-128.3 MHz VCO,
locking the frequency of the Sweep VCO. Additional Control Signals are passed from the
Processor PC Board Assembly through the RF I/O PC Board Assembly. These signals, CLOCK,
DATA and LATCH-ANZ2, are converted from serial to parallel format and used to select the
Sweep Scaling for the ANLZR SWEEP Signal. The presence of a ZERO SCAN Signal from the
Processor stops the 44 MHz LO Signal from reaching the 2nd Mixer.

The signal from 44 MHz VCO is also fed back into a phase lock system. In the phase lock
system the 44 MHz signal is divided by 44 to a 1 MHz signal. This signal is compared to the
1 MHz Reference Signal from the 2nd LO Assembly. If phase lock occurs, a signal, 44 MHz
LOCK, goes to the L