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WARNING
HIGH VOLTAGE EQUIPMENT

THIS EQUIPMENT CONTAINS CERTAIN CIRCUITS AND/OR
COMPONENTS OF EXTREMELY HIGH VOLTAGE POTENTIALS,
CAPABLE OF CAUSING SERIOUS BODILY INJURY OR DEATH.
WHEN PERFORMING ANY OF THE PROCEDURES CONTAINED IN
THIS MANUAL, HEED ALL APPLICABLE SAFETY PRECAUTIONS.

RESCUE OF SHOCK VICTIMS

DO NOT ATTEMPT TO PULL OR GRAB THE VICTIM.
IF POSSIBLE, TURN OFF THE ELECTRICAL POWER.

IF YOU CANNOT TURN OFF ELECTRICAL POWER, PUSH,
PULL OR LIFT THE VICTIM TO SAFETY USING A WOODEN

POLE, ROPE OR SOME OTHER DRY INSULATING MATERIAL.
FIRST AID

AS SOON AS VICTIM IS FREE OF CONTACT WITH SOURCE
OF ELECTRICAL SHOCK, MOVE VICTIM A SHORT DISTANCE

AWAY FROM SHOCK HAZARD.

CALL FOR DOCTOR AND/OR AMBULANCE, IMMEDIATELY.

IF BREATHING HAS STOPPED; ADMINISTER CARDIO-PULMONARY
{RESUSCITATION (CPR), AS NEEDED.

IF VICTIM IS BREATHING, ATTEMPT TO CONTROL ALL SERIOUS
BLEEDING.

KEEP VICTIM WARM, QUIET AND FLAT ON HIS/HER BACK.




CAUTION:

CAUTION:

CAUTION:
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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 USE IN A CIRCUIT, KEEP ALL LEADS SHORTED TOGETHER
EITHER BY THE USE OF VENDOR-SUPPLIED SHORTING SPRINGS OR
BY INSERTING LEADS INTO A CONDUCTIVE MATERIAL.

® WHEN REMOVING DEVICES FROM THEIR CONTAINERS,GROUND THE
HAND BEING USED WITH A CONDUCTIVE WRISTBAND.

® TIPS OF SOLDERING IRONS AND/OR ANY TOOLS USED MUST BE
GROUNDED.

® DEVICES MUST NEVER BE INSERTED INTO OR REMOVED FROM
CIRCUITS WITH POWER ON.

® PC BOARDS, WHEN TAKEN OUT OF THE SET, MUST BE LAID ON A
GROUNDED CONDUCTIVE MAT OR STORED IN A CONDUCTIVE
CONTAINER. REMOVE ANY BUILT-IN POWER SOURCE, SUCH AS A
BATTERY, BEFORE LAYING PC BOARDS ON A CONDUCTIVE MAT OR
STORING IN A CONDUCTIVE CONTAINER.

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

THE USE OF SIGNAL GENERATORS FOR MAINTENANCE AND OTHER
ACTIVITIES CAN BE A SOURCE OF ELECTROMAGNETIC INTERFERENCE
TO AVIATION RECEIVERS, WHICH CAN CAUSE DISRUPTION AND
INTERFERENCE TO AERONAUTICAL 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 ENSURE COMPLIANCE WITH INSTRUCTIONS IN FAA
CIRCULAR AC 170-6C, DATED FEBRUARY 19, 1981.
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INTRODUCTION - ATC-601 RAMP TEST SET

This manual contains the information necessary to test and repair the ATC-601 Ramp
Test Set.

It is strongly recommended that personnel be thoroughly familiar with the contents of this
manual before attempting maintenance on this equipment.

NOMENCLATURE

Iin this manual, the ATC-601 Ramp Test Set is also referred to as Test Set, ATC-601 or
ATC-601 Test Set.

ORGANIZATION
This manual is divided into three sections as follows:
CHAPTER 2 - MAINTENANCE

Section 1 - SERVICING (preventive maintenance)

Section 2 - TROUBLESHOOTING (theory of operation, calibration/verification, PC
boards and schematics)

Section 3 - DISASSEMBLY/REASSEMBLY

INTRODUCTION
Page 1
Dec 6/91
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SECTION 1 - SERVICING

1. Preventive Maintenance Procedures

Contains routine maintenance instructions for cleaning and inspecting the Test Set.

CAUTION: DISCONNECT POWER FROM TEST SET TO AVOID POSSIBLE DAMAGE

TO ELECTRONIC CIRCUITS.

A. External Cleaning

STEP

PROCEDURE

1.

4.

5.

Clean front panel, switches and display face with soft lint-free cloth. If dirt is
difficult to remove, dampen cloth with water and liquid detergent.

Remove grease, fungus and ground-in dirt from surfaces with soft lint-free
cloth dampened (not wet) with denatured alcohol.

Remove dust and dirt from connectors with soft-bristled brush.

NOTE: Cover connectors, not in use, with suitable dust cover to prevent
tarnishing of connector contacts.

Clean cables with soft lint-free cloth.

Paint exposed metal surface to avoid corrosion.

B. Internal Cleaning

*{“j CAUTION *f;j

THIS EQUIPMENT CONTAINS PARTS
SENSITIVE TO DAMAGE
BY ELECTROSTATIC DISCHARGE (ESD)

CAUTION: DO NOT MOVE COMPONENTS ON CIRCUIT BOARDS OR

DISASSEMBLE CONNECTORS NEEDLESSLY TO AVOID
POSSIBLE DAMAGE.

CAUTION: DO NOT OPEN COMPLEX INTERNAL MODULES FOR SOLE

PURPOSE OF CLEANING AND INSPECTION.

2-1-1
Page 1
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PROCEDURE

2.

. Remove dust with hand-controlled dry air jet of 15 psi (1.054 kg/cmz) and

wipe internal chassis parts and frame with soft lint-free cloth moistened with
alcohol.

Clean switches and controls with contact cleaner.

C. Visual Inspection

STEP

PROCEDURE

1.

Inspect Chassis for:

® Tightness of sub-assemblies and chassis mounted connectors.
® Corrosion or damage to metal surfaces.

Inspect Capacitors for:

® Loose mounting, deformities or obvious physical damage.

® Leakage or corrosion around leads.

Inspect Connectors for:

® Loose or broken parts, cracked insulation and bad contacts.
Inspect Circuit Boards for:

® Corrosion or damage to connectors.

® Damage to mounted components including crystals and ICs.
® Freedom from foreign material.

Inspect Resistors for:

® Cracked, broken, charred or blistered bodies.

® Loose or corroded soldering connections.

. Inspect Semiconductors for:

® Cracked, broken, charred or discolored bodies.

® Correct placement and condition of seals around leads.
Inspect Switches for:

@® Loose levers, terminals and switch body contact to frame.

® Bent or loose line switch contacts.

2-1-1
Page 2
Sep 1/91
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STEP PROCEDURE

8. Inspect Wiring for:
® Broken or loose ends and connections.
@® Proper dress relative to other chassis parts.

NOTE: Verify laced wiring is tight with ends securely tied.

2-1-1
Page 3
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SECTION 2 - TROUBLESHOOTING

1. Theory of Operation

A. General
Theory of Operation is divided into three levels:
® System Theory of Operation

Contains a simplified description of signal flow through the ATC-601 with
accompanying block diagram.

® Functional Theory of Operation

Contains simplified descriptions of how the various functions of the ATC-601
operate.

® Module Theory of Operation
Contains a detailed description of each assembly in the ATC-601.

Refer to 1-2-2, Figures 2 and 3 in the ATC-601 Operation Manual for location of
controls, connectors and indicators identified with numeric characters. Refer to
appropriate schematics and assembly drawings in 2-2-3 for controls, connectors,
indicators and components identified with alphanumeric characters.

B. System Theory of Operation

The ATC-601 Ramp Test Set simulates a ground or air interrogator, transmitting
Modes A, C, S and Intermode interrogations. The Test Set analyzes reply pulses,
provides reply pulse information and indicates failure to comply with accepted
guidelines (RTCA DO-181). Refer to Appendix E for interrogation and reply
signals.

C. Functional Theory of Operation
(1) Transmit (Refer to 2-2-1, Figure 1.)

Interrogations are controlled and produced from the Front Panel Pulse PC
Board Assembly. Pressing the RUN/STOP Key (9) initiates a trigger that
causes the Front Panel Pulse PC Board Assembly to transmit specific pulse
and Phase Shift Keying (PSK) information (depending on the current Test Set
test function) to the Driver PC Board Assembly. The Driver PC Board
Assembly drives the pulse and DPSK information to modulate a 30 MHz signal
in the Analog IF Assembly. After amplification and frequency mixing by the
Mixer PC Board Assembly, a modulated 1030 MHz interrogation signal is
transmitted through the RF 1/O Connector (15) or ANTENNA Connector (16) to
the unit under test (UUT).

2-2-1
Page 1
Sep 1/91
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Receive (Refer to 2-2-1, Figure 1.)

Replies from the UUT are received on an RF signal at =<1090 MHz, through
the RF 1/0 Connector (15) or ANTENNA Connector (16). The signal is mixed
down to 30 MHz by the Mixer PC Board Assembly, filtered and amplified by
the Analog IF Assembly and sent to the Detector and Digital IF PC Board
Assemblies. The 30 MHz signal is split into two quadrature phase signalis,
converted to digital samples and analyzed by the Digital IF PC Board
Assembly. Measurement data is stored on the Digital IF PC Board Assembly
and accessed by the Front Panel Pulse PC Board Assembly. Reply VIDEO
from the Detector Assembly is decoded by the Front Panel Pulse PC Board
Assembly. Information is processed, compared with stored guideline
information and displayed.

Testing
The ATC-601 uses three interrogation processes when testing transponders:
® Background Interrogations

Background Mode A interrogations are transmitted continuously during
any transponder test. Two background interrogations are sent between
ATCRBS test interrogations. Eight background interrogations are sent
between Mode S test interrogations. Background interrogations determine
transponder sensitivity or MTL. Digital-to-Analog Converters (DACs) on
the Front Panel Pulse PC Board Assembly provide the voltage used by
the Driver PC Board Assembly to drive current through attenuation
diodes on the Attenuator PC Board Assembly. Attenuation increases if
reply is received or decreases if no reply is received. The attenuation
level reached when 50% reply rate occurs is used to calculate MTL on
the Digital IF PC Board Assembly. Replies to background interrogations
are used by the Digital IF PC Board Assembly to measure power and
frequency. Mode C background interrogations are used in the MTL
Difference test to verify MTL is the same for both Mode A and Mode C
interrogations. Background interrogations are verified using Diagnostics.
Refer to 1-2-3C in ATC-601 Operation Manual.

NOTE: All interrogation and reply signals are attenuated to obtain 50%
replies to background interrogations. Displayed MTL is =0.6 dB
higher than the average background level to indicate the 90%
reply point.

® Mode Test

Mode A, Mode C and Mode S (UF11) interrogations are transmitted in a
programmed sequence. Replies determine UUT operating modes. Mode
test is the first test run in Auto Test and each Single Test. Mode test
uses foreground interrogations. Foreground level is =4 dB higher than
background level.

2-2-1
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Test Interrogations

Test interrogations are programmed from ROM to Video RAM by the
Processor on the Front Panel Pulse PC Board Assembly according to
specific test functions. Test interrogations are transmitted at foreground
level and verified using Diagnostics. Refer to 1-2-3C in ATC-601
Operation Manual.

The ATC-601 has five testing functions. Test Parameters (Setup Menu), Auto
Test, Single Test and Power Test are functions used in testing transponder
operation. Self Test is used in evaluating ATC-601 operation.

(a)

(b)

(c)

Test Parameters

Information loaded in the Setup Menu is stored in RAM on the Front
Panel Pulse PC Board Assembly and used for calculating reply delay and
UUT power output.

Reply delay is calculated using the best 8 of 13 replies. Delays are
figured in two parts. Total delay (interrogation to reply) is measured with
counters on the Digital IF PC Board Assembly, triggered by the Pulse
Generator on the Front Panel Pulse PC Board Assembly until reply pulse
(50% amplitude) is received. Distance information in Setup Menu is used
to figure range delay. The Processor on the Front Panel Pulse PC Board
Assembly subtracts the fixed range delay from the average total delay to
obtain reply delay.

Refer to 2-2-1C(3)(d) for calculating UUT power output function.
Auto Test

Auto Test operation control and sequence program, stored in ROM on the
Front Panel Pulse PC Board Assembly, directs the Processor on the
Front Panel Pulse PC Board Assembly to initiate interrogation pulse
generation. Specific interrogations are sent using the transmit function
described in 2-2-1C(1). Replies are received using the receive function
described in 2-2-1C(2). After the series of tests are complete or
terminated, results stored in RAM (Front Panel Pulse PC Board
Assembly) are entered onto the DISPLAY (14).

NOTE: The Auto Test function stores reply information for all Single Tests.
Only modes tested, modes passed, modes failed, UUT
Frequency, UUT ERP, UUT MTL and UUT Diversity Isolation are
displayed in Auto Test.

Single Test

Single Test operates the same as Auto Test, except each test is one
programmed loop. When accessed, each Single Test screen displays
latest reply information stored in RAM on the Front Panel Pulse PC Board
Assembly. When operating, the program stored in ROM on the Front
Panel Pulse PC Board Assembly continues testing until manually
terminated.

2-2-1
Page 4
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Power Test

Power Test is a loop program stored in ROM on the Front Panel Pulse PC
Board Assembly. The test transmits Mode A background interrogations.
Refer to 2-2-1C(3), Background Interrogations, for MTL calculation. The
Digital IF PC Board Assembly splits incoming signals into two quadrature
phases to calculate amplitude of F1 reply pulse. Two power calculations,
average and instantaneous, use four samples of each F1 reply pulse.
Average power is calculated using the amplitude of all replies received
during Power Test. A small correction factor is subtracted from average
power calculations, to offset multipath effects. Instantaneous power is
average power calculated using amplitude from replies to latest 100
interrogations. Distance information from the Setup Menu is calculated
into path loss on the Front Panel Pulse PC board Assembly. Antenna
gain and cable loss from the Setup Menu are added with the path loss
and power calculations to provide displayed power readings.

Self Test (Refer to 2-2-1, Table 1.)
Self Test runs as follows:

TEST THEORY

Non-Volatile RAM Battery (only run on power-up)

Processor on Front Panel Pulse PC Board Assembly reads
non-volatile RAM battery bit status from RAM on the Front Panel
Pulse PC Board Assembly. Status is set only on power-up.

1. Battery

Processor on Front Panel Pulse PC Board Assembly reads
BATTEST line from Power Supply Assembly through Status Buffer
on Front Panel Pulse PC Board Assembly.

2. LO Control

Processor on Front Panel Pulse PC Board Assembly enables Local
Oscillator (LO) through LED Control Register on Front Panel Pulse
PC Board Assembly. Processor reads Status Buffer on Front Panel
Pulse PC Board Assembly to verify LO is On. LO is then disabled
through LED Control Register. Processor reads Status Buffer
again to verify LO is Off.

3. Dual Port RAM (DPR)

Processor on Front Panel Pulse PC Board Assembly writes a
sequence using AA55h to fill DPR on Digital IF PC Board Assembly.
Processor reads DPR and compares with sequence written.
Process repeats using 55AAh. Process repeats a third time loading
a number sequence starting at 0000h and increasing one for each
address loaded. First two processes verify DPR data transfer.
Third process confirms all addresses are being verified.

2-2-1
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TEST GROUP VERIFIES FAILURE | RUNNING
CODE (h) | ORDER
Non-Volatile RAM Power Battery has sufficient power 00000020 | Only on
Battery Supply/ | for RAM to retain memory. power-up
Battery
Battery Power Voltage is within correct 00000010 1
Supply/ | voltage range.
Battery
LO Control RF Valid ON/OFF status 00000001 2
RAM Digital Dual Port RAM (DPR) 01000000 3
Video RAM 02000000 4
Display RAM 08000000 5
Non-Volatile RAM 04000000 6
LED Digital Interrogation and reply drivers 80000000 7
Reply Decoder Digital Unsolicited Mode S reply 00000400 8
(squitter)
Solicited Mode S reply 00000200 9
Solicited ATCRBS reply 00000100 10
Puise Wrap Digital PULSE to DPSK timing 00800000 11
UART Digital | RS-232 loop back 00400000 12
Attenuator #1 Digital Level at end line diodes 10000000 13
Attenuator #2 Digital | Level at midline diodes 20000000 13
LO Compensation Digital DCXO control voltage 40000000 15
LO Detect RF LO is locked. 00000002 16
RF Detect RF TX level out/Attenuation 00000004 17
DSP Initialization Digital | Handshake routine 00000040 18
IF Loop RF Background level (0 dB) 00020000 19
SLS/Foreground ratio (9 dB) 00100000 20
DSP does not measure a 00200000 21
non-existent signal.
NOTE: Multiple failures are indicated by the sum of the error codes.
NOTE: If DPR Test fails, subsequent RAM tests are not run.
Self Test
Table 1
2-2-1
Page 6
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TEST THEORY
NOTE: If DPR test fails, Self Test skips other RAM tests and goes
to LED test.
4. Video RAM

Processor on Front Panel PC Board Assembly tests Video RAM on
Front Panel Pulse PC Board Assembly in same fashion as DPR on
Digital IF PC Board Assembly.

5. Display RAM

Processor on Front Panel PC Board Assembly copies current
screen and transfers visibility to unused secondary page on Liquid
Crystal Display (LCD). Processor tests Display RAM on Front
Panel Pulse PC Board Assembly using primary page and in same
fashion as DPR on Digital IF PC Board Assembly. After test, screen
and visibility are returned to primary page.

6. Non-Volatile RAM

Contents of non-volatile RAM on Front Panel PC Board Assembly
are transferred to DPR on Digital IF PC Board Assembly. Processor
on Front Panel PC Board Assembly tests non-volatile RAM in same
fashion as DPR. After test, original contents are restored in
non-volatile RAM.

7. LED

Processor on Front Panel PC Board Assembly turns On Interroga-
tion and Reply LEDs on Front Panel LED PC Board Assembly
through LED Control Register on Front Panel PC Board Assembly.
Processor verifies On status through Status Control Register on
Front Panel PC Board Assembly. After =80 ms, Off status is
verified through Status Control Register.

8. Reply Decoder (Unsolicited Mode S reply)

Processor on Front Panel PC Board Assembly programs Video RAM
chips on Front Panel PC Board Assembly with DF11 Mode S
squitter. Pulse Generator on Front Panel PC Board Assembly sends
squitter from Video RAM chips through RF Assembly to Reply
Decoder on Front Panel PC Board Assembly. Decoded reply is
stored in RAM on Front Panel PC Board Assembly. Processor
compares decoded reply with squitter sent.

NOTE: Reply Decoder tests fail if RF Assembly is not functioning.

2-2-1
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THEORY

9.

10.

11.

12.

13.

15.

16.

Reply Decoder (Solicited Mode S reply)

Processor on Front Panel PC Board Assembly sends trigger to
Reply Decoder on Front Panel Pulse PC Board Assembly to prepare
for (solicited) Mode S reply. Processor tests Reply Decoder in
same fashion as unsolicited Mode S reply.

Reply Decoder (Solicited ATCRBS reply)

Processor on Front Panel PC Board Assembly tests Reply Decoder
on Front Panel Pulse PC Board Assembly using solicited ATCRBS
reply in same fashion as solicited Mode S reply.

Pulse Wrap

Processor on Front Panel PC Board Assembly sets up Pulse
Generator on Front Panel PC Board Assembly to send a pulse on
the PULSE and DPSK lines. Processor uses internal Timer 1 to
verify programmed distance between PULSE and DPSK pulses is
eight counts (=3.2 pus).

UART

Processor on Front Panel PC Board Assembly configures UART
(RS-232 Interface on Front Panel Pulse PC Board Assembly) to
loop back. Processor sends message and verifies reception.

Attenuator #1/Attenuator #2

Processor on Front Panel PC Board Assembly writes values to
attenuation DACs on Front Panel PC Board Assembly. Processor
reads corresponding status from Analog-to-Digital Converter (ADC)
on Front Panel PC Board Assembly to verify DACs are correctly
converting attenuation voltage data.

LO Compensation

Processor on Front Panel PC Board Assembly writes values to a
DAC on Front Panel PC Board Assembly. Processor reads
corresponding status from ADC on Front Panel PC Board Assembly
to verify DAC is correctly converting LO compensation voltage data.

LO Detect

Processor on Front Panel PC Board Assembly turns On Local
Oscillator on LO Source PC Board Assembly through an LED
Control Register on Front Panel PC Board Assembly. Processor
verifies LO Detect voltage is 0.35 to 3.1 Vdc by reading 71 to 635
from ADC on Front Panel PC Board Assembly. Test fails if LO is
not locked (=7.5 Hz trapezoidal waveform present at TP27033 on
Front Panel Pulse PC Board Assembly).

2-2-1
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18.

19.

20.

21.

. RF Detect

Pulse Generator on Front Panel PC Board Assembly sends CW at
MTL+4 dB with 0 dB attenuation. PULSE, SLS0 and SLST lines are
activated on Front Panel PC Board Assembly. After going through
transmit portion of RF Assembly, the signal returns on RF DETECT
line to the ADC on Front Panel PC Board Assembly. Processor on
Front Panel PC Board Assembly verifies level after digital
conversion. Test is repeated with 3 dB attenuation set by
Attenuator Control on Front Panel PC Board Assembly through
Driver PC Board Assembly to Attenuator PC Board Assembly.
Processor checks 3 dB difference by verifying ratio of unattenuated
level to attenuated level is 2 (£0.4).

DSP Initialization

Processor on Front Panel Pulse PC Board Assembly resets Digital
IF PC Board Assembly through LED Control Register on Front
Panel PC Board Assembly. After reset, Digital Signal Processor
(DSP) on Digital IF PC Board Assembly controls RDY output to
Status Buffer on Front Panel PC Board Assembly. Processor
verifies DSP ready status through Status Buffer.

IF Loop (Background level)

Pulse Generator on Front Panel PC Board Assembly activates
PULSE and SLSO0 lines through Driver PC Board Assembly to
modulate 30 MHz CW signal on Analog IF PC Board Assembly. CW
signal at background level is sent from Analog IF PC Board
Assembly to Digital IF PC Board Assembly. DSP on Digital IF PC
Board Assembly measures power level. Processor on Front Panel
Pulse PC Board Assembly verifies correct level after digital
conversion.

IF Loop (Foreground/SLS ratio)

Pulse Generator on Front Panel PC Board Assembly activates
PULSE, SLS0 and SLS1 lines through Driver PC Board Assembly to
modulate 30 MHz CW signal on Analog IF PC Board Assembly. CW
signal at foreground level (MTL+4 dB) is sent from Analog IF PC
Board Assembly to Digital IF PC Board Assembly. DSP on Digital
IF PC Board Assembly measures power level. Process repeats
with SLS0 and SLS1 lines deactivated to send CW at SLS level
(MTL-5 dB). DSP measures power level. Processor on Front Panel
Pulse PC Board Assembly checks for 9 dB difference by verifying
ratio of foreground level to SLS level is 3 (11).

IF Loop (valid DSP measuring)

LO is turned Off, disabling CW signal on Analog IF PC Board
Assembly. Processor on Front Panel Pulse PC Board Assembly
verifies DSP does not measure noise floor as a valid signal.

2-2-1
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D. Module Theory of Operation

(1) Power Supply

The Power Supply consists of two major assemblies:

(a)

Line Supply Assembly
Power Supply Assembly

Line Supply Assembly

The Line Supply Assembly is an ac to dc converter containing a power
transformer, bridge rectifier and filter.

The AC PWR Connector (J10050) (7) on the Front Panel Assembly is
connected to the Line Supply Assembly through P33048A. Transformer
T33001 has two primary windings connected in parallel when 115 VAC is
selected by double pole, double throw Switch S15001. The two primary
windings are connected in series if 230 VAC is selected. The secondary
winding of T33001 is connected to a full wave rectifier BR33001 mounted
on the side panel heat sink. Unregulated voltage from BR33001 is
applied to the crowbar circuit (over-voitage protection), filtered by
C33003 and sent through P33049B to the Power Supply Assembly.

The crowbar circuit includes CR15001, CR15002, R15001, R15002 and
Q15001. If voltage becomes excessive, Q15001 turns on, effectively
shorting the bridge output and disabling Fuse F12001. F12001 opens
when the line reaches approximately 160 VAC (115 VAC operation) or
320 VAC (230 VAC operation).

(b) Power Supply Assembly (Refer to 2-2-1, Figure 2.)

1 Battery Charger

The Battery Charger operates on 15 to 22 V source from the Line
Supply Assembly through P23047. The CHARGE Indicator (1)
illuminates red when charging and green when battery is more than
80% charged. The CHARGE Indicator (1) is Off when no ac power is
applied or the ATC-601 is operating.

The Battery Charger requires Test Set power Off and a partially
charged battery to initialize. With no battery, the Battery Charger is
inoperable. If ATC-601 power is On (DISPLAY [14] is illuminated and
screen is shown), the Battery Charger is disabled.

When ac power is first applied with Test Set power Off, the Battery
Charger provides constant current to the battery. When the battery
achieves a 75% charge, voltage across the battery rises rapidly and
the Battery Charger switches to voltage regulation mode (at =14.2 V).
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Figure 2
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The 15 V source voltage is applied to the Power Supply Assembly at
P23047-8 and P23047-15. Input to the switching section goes through
a low-pass filter (C14032, L14006, C14023 and C14038) to
Converter/Transformer T14001. Output of T14001 is rectified by
CR14003 and filtered by C14001, providing the battery voltage at
J11048-1. CR14015 and CR14014 provide back-up voltage separation
between the battery, Battery Charger and Output Supply. The battery
is grounded through Current Sense Resistor R14001. Regulator
U14001 operates on three inputs. The peak current on FET Q23002 is
fed back to the Current Sense input (U14001-7). The battery charge
voltage is fed back and sensed across a voltage divider (R14003,
R14080 and R14007). R14007 (ADJ BATT CHARGER VOLTAGE)
adjusts the operating float voltage (14.2 Vdc with charged battery).
The charging current sensed at R14001 sets up the reference voltage
formed across diodes CR14001 and CR14002. Thermistor RT14001
controls bias current on CR14001 and CR14002. The reference input
to U14001-1 is a function of temperature and establishes trickle
charge control between 0° C and 70° C. R14073 (GAIN ADJ) controls
excess voltage. The pulse output (U14001-13) controls Gate Drivers
Q14001 and Q14002. Q14001 and Q14002 drive the Transformer
T14001 through Q23002.

The ac voltage at T14001 (E14004) is rectified by CR14011 and
C14026. Rectified voltage feeds constant current source Q14015.
Q14015 provides =20 mA to the CHARGE Indicator (1) through
P12001-3. When the line from Q14015 is sourcing current, the
CHARGE Indicator (1) is red. When Q14013 and Q14014 are turned
on, Q14015 shuts off and sink current through CR14010 causes the
CHARGE Indicator (1) to illuminate green. Three conditions must be
met to obtain a green indication on the CHARGE Indicator (1):

® Charging current (<=400 mA) is sensed by U14006C.

@® Regulator U14001 is in voltage regulation mode when the
compensation output (TP14001) is <=4 V. The compensation
output is sensed by U14006D.

® Regulator U14001 produces enough power to trickle charge the
battery when the compensation output (TP14003) is >=2 V. This
indicates a battery is connected and the battery has no open
cells. The compensation output is sensed by U14006B.

Output Supply

The Output Supply is dependent upon the battery line for the input
power. Input voltage to the Output Supply varies with the charge level
of the battery. The Output Supply provides operating voltages for the
Test Set and is controlled by the POWER Key (11). The Battery
Charger is switched Off when the Output Supply is operating.

2-2-1
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The POWER Key (11) is connected to P12001-1. A switch closure to
ground at R14017 turns Q14017 On momentarily, clocking J-K
Flip-Flop U14002B connected as a one-shot. At switch closure,
U14002B-2 produces a single 100 ms pulse, set by R14019 and
discharge time of C24010. The trailing edge of the pulse (going
positive) clocks J-K Flip-Flop U14002A. When toggled On,
U14002A-15 goes high turning On the Output Supply and U14002A-14
goes low activating SHUTDOWN line to turn Off the Battery Charger.
The high at U14002A-15 activates Q14004, Q14005 and Q14006.
Q14006 drives the Regulator U14003. Q14005 drives the low voltage
sensing circuit.

U14003 regulates using three inputs. Current limit control through
FET Q23001 is sensed at U14003-6. The +5 V feedback voltage is set
by R14074 and sensed at U14003-1. Feedback current through
R14025 sets the negative error sensing input at U14003-2. The pulse
output (U14003-13) controls Gate Drivers Q14007 and Q14008 which
drive the Transformer T14002 through Q23001. Two outputs from
T14002 are rectified, filtered and regulated to provide +12 and

-12 Vdc. The other output is rectified and filtered to provide +5 Vdc,
regulated by U14003.

The battery voltage is sensed through Q14005 across Voltage Divider
R14062, R14060 and R14061. When the battery voltage drops below
a threshold determined by temperature (=+11.3 V at 25° C), U14008C
drives a low level through R14068 to the Front Panel Pulse PC Board
Assembly causing two blocks to appear on the DISPLAY (14) in the
lower left corner (low power indication) and the Battery Test portion of
the Self Test to fail. As the battery voltage drops further (to =+10.4 V
at 25° C), Comparator U14008B senses the low voltage and a high
level output activates Q14012. U14002A resets and shuts off the
Output Supply. If the Keypad is inactive for =15 minutes during
operation, Power Disable (PWRDIS) line from the Front Panel Pulse
PC Board goes high to Comparator U14008A-6. The high level output
causes U14002A to reset and shut off the Output Supply.

(2) Digital IF PC Board Assembly (Refer to 2-2-1, Figure 3.)
The Digital IF PC Board Assembly consists of:

Receive IF

Digitizer

Digital Signal Processor (DSP)
Off Board Communication

+5 to -5 V Converter

The Digital IF PC Board Assembly changes the incoming reply signals from
analog to digital and accurately calculates power, frequency, pulse spacing,
pulse width, pulse amplitude and reply delay. The Receive IF splits the signal
in two and provides a complex representation of the original reply signal. The
analog signals are converted to digital by the Digitizer and stored into
memory. The DSP conducts calculations with the digital information and
provides the results to the Front Panel Pulse PC Board Assembly through Off
Board Communication. The +5 to -5 V Converter provides the necessary
voltage to operate the Digital IF PC Board Assembly.
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Receive IF

The 30 MHz signal from the Analog IF Assembly, verified at TP26017,
goes through a 6 dB resistive splitter (R26032, R26033 and R26034)
providing two signals while maintaining 12.8 MHz of bandwidth. Delay
equalizers cause a 90° phase difference between the two signals to
provide a sine and cosine representation of the received IF signal. Delay
equalizers are first order constant-resistance time-domain circuits. One
delay equalizer (L26001-L26004, C26057-C27060 and R26011) provides
the in phase (l) signal. The other delay equalizer (L26005-L26008,
C26061-C27066 and R26012) provides the quadrature phase (Q) signal.
C26061 and C26063 (¢ ADJ) maintain the 90° phase difference between
the two signals. R26011 (I LEVEL ADJ) and R26012 (Q LEVEL ADJ)
keep amplitude of both signals equal.

Transformers (T26001 and T26002) convert | and Q signals from bipolar
to polar. High-speed integrating operational amplifiers (U26031 and
U26032) provide approximately seven times amplification for an output of
2 Vp-p at 30 MHz. The midpoints or zero references (=-1 V) used in the
integration process are tapped from resistor networks (R26018, R26017
and R26023, R26024) across the ADC reference voltage (=-2 V). R26017
and R26023 (ADC ZERO) also compensate for temperature drift. Diodes
CR26006 and CR26007 protect the ADCs by effectively shorting positive
voltages (0.4 V) to ground. The | signal is verified at TP26019 and the Q
signal is verified at TP26020.

Digitizer
The Digitizer consists of five main circuits:
ADC Reference
Flash ADCs
RAM
Clock Setter
Digitizer Control

ADC Reference

I—L

The ADC reference provides the -2 V reference voltage for the flash
ADCs. CR26002 drops 2.5 V. Low Offset Amplifier U26027 and
current gain transistor Q26002 convert the 2.5 Vto -2 V. The
non-adjustable ADC reference voltage (1.96 to 2.08 V) is present at
test point TP26023. The -2 V reference is used by flash ADCs
(U26001 and U26002) and Receive IF operational amplifiers (U26031
and U26032). Each flash ADC draws 23 mA nominal, 40 mA maximum,
and the operational amplifier circuits use 0.7 mA. The ADC reference
circuit supplies a maximum of 300 mA.

2-2-1
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Flash ADCs

Flash ADCs U26001 and U26002 convert the input analog signals from
the Receive IF to digital 8-bit signed values (twos complement). Input
signals are set from -2 to 0 V. Voltages >0 V overflow the ADCs.
Digital output values range from 80h (-128 decimal), corresponding to
-2 V, to 7th (+127 decimal), corresponding to 0 V. The 30 MHz digital
clock from U26015 controls ADC operation.

RAM

Digitized data is written into four high-speed RAM chips (U26010-
U26013) at a 30 MHz rate. Each RAM chip has a 4k by 4 byte
capacity. The RAM chips have separate inputs from outputs. Flash
ADCs only write into the RAM chips and the DSP (U26003) only reads
from the RAM chips. Address lines are shared by the digitizer control
circuit and DSP.

Clock Setter

The clock setter converts the 60 MHz sine wave from the Analog IF
Assembly into a 30 MHz TTL clock with a 33% duty cycle. Refer to
2-2-1, Figure 4 for the clock setter timing diagram. Transistor
Q26001, inverting Schmitt triggers (U26023A and U26023B) and
associated circuitry convert the 60 MHz input to TTL. D Flip-Flop
U26024A divides the signal by two and the 30 MHz output provides
both inputs to NAND Gate U26025A. Because DL26001 delays one
input by 5 ns, U26025A has a 67% duty clock output. After being
inverted by NAND Gate U26025B, the 30 MHz TTL clock has a high
time of 10.67 to 12.67 ns. The clock setter output is verified at
TP26022.

60MHZCLK_, I_I L.' I._I I__I I_I I

(ANALOG IF)

somiz L LT Lo

(D FLIP-FLOP)

petavepsiena, ) L1 L1 L

NANDED SIGNAL

oksioNAL ] | | 1 L

8114008
Clock Setter Timing Diagram
Figure 4
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The digitizer control circuit consists of a Programmable Array Logic
(PAL) circuit (U26015), three binary counters (U26017, U26018 and
U26019), two flip-flops (U26020 and U26028) and two address register
buffers (U26021 and U26022). U26015 directs digitizing of data into
RAM and reading of data out of RAM. Refer to 2-2-1, Table 2 for
-description of U26015 inputs and outputs. Refer to Appendix D for
PAL equations and Appendix E for timing diagrams.

FLOW | U26015 | NAME DESCRIPTION
PINS

Input 1 and 2 CLK 30 MHz TTL clock with 33% duty cycle
from clock setter

Input 3 DS Data Select signal from DSP is high
unless made low (active) for communi-
cating to external data memory (DPR).

Input 4 STRB | Strobe signal from DSP is high unless
made low (active) to indicate external
bus cycle.

Input |5, 6 and | A0, A14 | Address lines from DSP

7 and A15

Input 8 TRIG Inverted trigger from Front Panel Pulse
PC Board indicates start of process.

Input 9 RCO Ripple Count Out from binary counters
indicates end of digitizing the data.

Output 12 DIG CLK | Digitizer Clock

Output 13 LOWB | Low Byte selects Line Driver U26026 to
keep data lines (D0-D7) low during
RAM read.

Output 15 ENA Enable Address activates two address
register buffers (U26021 and U26022)
connecting DSP to digitizing RAM.

Output 16 DRDY | Low Data Ready signal indicates digi-
tizing RAM is ready for DSP to read.

Output 17 RAM WR | RAM Write controls RAM access (low
for ADCs writing to RAM and high for
DSP reading from RAM).

Output 18 RAMQ | Enables Q digitizer RAM.

Output 19 RAMI Enables | digitizer RAM.

Digitizer PAL Inputs and Outputs

Table 2

2-2-1
Page 17
Sep 1/91




%/*’ MAINTENANCE MANUAL
IR ATC-601

-----------

Digitizing sequence is:

STEP

ACTION

1.

10.

11.

12.

13.

U26023C inverts high TRIG output from Front Panel Pulse PC
Board Assembly to low, resetting Binary Counters U26017,
U26018 and U26019.

On the first rising edge of the clock pulse after TRIG goes low:

® RAM WR goes low to enable the ADCs to write to RAM.
® ENA goes high to disable DSP addressing.

® DRDY goes high indicating data is not ready for DSP to
read.

RAM WR going low enables Flip-Flops U26020 and U26028 to
address RAM by latching address lines to the output of Binary
Counters U26017, U26018 and U26019.

DIG CLK, RAMI and RAMQ become synchronous with CLK on the
first falling edge of the clock pulse after RAM WR goes low.

TRIG returns to high and the binary counters start counting on
the first rising edge of DIG CLK. Binary Counters U26017,
U26018 and U26019 are cascaded together to provide a count
from 0 to 4095 (the capacity of the digitizer RAM chips).

With each DIG CLK count, the ADCs convert incoming analog
data into another byte.

. With each DIG CLK count, the byte of converted data from the

prior clock cycle is stored in the next address in RAM, as
stepped by the binary counters (U26017, U26018 and U26019)
and latched by the flip-flops (U26020 and U26028).

. Process continues until the binary counters are full and RCO

output U26019-15 goes high.

. DIG CLK, RAMI and RAMQ stop synchronous operation with CLK

and stay high.

After U26015 internal switching allows ADCs to write last byte of
data into RAM, RAM WR goes high setting RAM for DSP to read.

ENA goes low to enable DSP to address digitizing RAM.

DRDY goes low to trigger DSP for reading digitizer RAM. DRDY
stays low until a read is done at any digitizer RAM address.

DSP reads RAMQ (quadrature phase data) using an odd address.
A15 and A0 are high while A14, DS and STRB are low.

DSP reads RAMI (quadrature phase data) using an even
address. A15 is high while A0, A14, DS and STRB are low.
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Digital Signal Processor (DSP)

U26003 is a TMS320C25 DSP. Two external EPROM chips, U26004 and
U26005, provide 8k by 16 bits of ROM containing the program code for
U26003. U26003 selects the EPROM chips at addresses from 0 to 3FFFh
while the PS (U26003-47) and STRB (U26003-49) lines are both low
through OR Gate U26034A. Two external 2k by 8 RAM chips (U26008
and U26009) and internal DSP RAM provide =2.6k by 16 bits of RAM.
Interface to external RAM is accomplished with the 16V8A PAL U26016.
Addresses from 400 to BFFh with STRB low cause SRCS (U26016-19) to
go low, selecting the RAM chips. SROE (read) or SRWE (write) goes low
depending on R/W line (U26003-48). Data lines D0-D7 access U26008
and data lines D8-D15 access U26009. External RAM is contiguous to the
internal RAM located through 3FFh. RAM is accessed with no wait states.

The DSP operates using a 40 MHz clock provided by U26035. Inverting
Schmitt Trigger U26036A converts clock output to TTL.

In operation, the DSP performs calculations, controlied by ROM, on the
data in digitizer RAM. Results are stored in RAM available to the DSP.
After reading the digitizer RAM chips, the DSP performs mathematical
operations to determine:

Position of any pulse

Width of any pulse

Rise time of any pulse

Power of any pulse

Difference in power between pulses

Frequency of the IF
Phase changes in the IF
Off Board Communication

Off Board Communication is accomplished with PAL U26016 and Dual
Port RAM (DPR) U26007. Communication is initiated when the RDY line
(P26006-A7) is high indicating the Digital IF PC Board Assembly is ready
to communicate. The RDY line is reset at power-up or when system is
reset by the Front Panel Pulse PC Board Assembly. IS, STRB and R/W
goes low to U26016 causing RDYCS to go low. RDYCS clocks D Flip-Flop
U26024B and a high on data line DO sets the RDY line high. The DSP
accesses the DPR at addresses C000 to C3FFh through the PAL. When
DS is low with A14 and A15 high (valid DPR address), a high (U26016-15)
is sent to J-K Flip-Flop U26029A to add a wait state. On the falling edge
of CLK2, U26029A output goes high to U26016-5, setting READY high.
When a valid address other than a DPR address is accessed, READY line
is set high without a wait state. Refer to wait state timing diagrams in
Appendix E. When the DPR is accessed by the Front Panel Pulse PC
Board Assembly, the BUSY line from the DPR (U26007-3) goes low
causing the READY line to remain low.
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(e) +5 V to -5V Converter

The +5 V to -5 V Converter is a pulse width modulated circuit consisting
of a relaxation oscillator, Transistor Q26004, Switcher Pass Device
Q26005, Clamp Diode CR26005 and associated filtering components.

The relaxation oscillator consists of Comparator U26037, Voltage Divider
R26036 and R26037, Resistor R26039 and Capacitor C26079. R26039
and C26079 provide the time constant, setting the oscillation frequency.
The voltage divider sets the voltage limitations of the oscillator (centered
around +5 V). Comparator U26037 sends a pulse output to control
Q26005. The pulse (=10 V) is based on the input from Transistor Q26004
and the voltage divider.

Transistor Q26004 works as differential amplifier and provides feedback
current to modulate duty cycle offset by R26038. R26040 and R26041
provide feedback voltage (=-0.7 V) on emitter of Q26004. R26041 (-5V
ADJ) sets level of feedback necessary to maintain the -5 V output.
Diodes CR26003 and CR26004 compensate for voltage drop across the
base to emitter of Q26004. C26080 provides lead compensation to
dampen feedback loop ringing caused by the delay from input to output.

The pulse output from Comparator U26037 causes current to flow through
Q26005 =50% of the time. The other part of the time current flows
through CR26005. The voltage drop across CR26005 goes from +0.5 to
-10 V during the duty cycle averaging out to -5 V. C26081 provides a dc
block between the modulating circuit and the output. L26009 and L26010
provide filtering and modulation allowance.

(3) Front Panel Pulse PC Board Assembly (Refer to 2-2-1, Figure 5.)
The Front Panel Pulse PC Board Assembly consists of:

Processor

Pulse Generator

Reply Decoder

Display Control

Keypad Interface

RS-232 Interface
Attenuator Control
Oscillator Compensation
Analog-to-Digital Converter
Status Buffer

LED Control Register
Digital IF PC Board Assembly Interface

The Front Panel Pulse PC Board Assembly controls the general operation of
the ATC-601 Test Set by providing an interface to the user, generating
interrogations, decoding replies and controlling both the Digital IF PC Board
and RF Assemblies.
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(a) Processor

The Processor has four major components: Microprocessor U27001, two
64k ROMs (U27012, U27013) and 32k non-volatile SRAM U27017.
U27001, a multi-functional 80188 microprocessor, receives instruction
data from the two 64k ROMs and carries out assignments as instructed.
U27001 uses 11 chip selects. Refer to 2-2-1, Table 3 for chip select
definition. Chip select lines are active low. SRAM U27017 has internal
battery back-up to prevent loss of memory.

CHIP SELECT| LINE SELECTION ADDRESSES
Upper UcsS 64k ROM (U27012) F0000-FFFFFh
Lower LCS 32k SRAM (U27017) 00000-08000h
Mid-Range MCS0 Digital IF PC Board C0000-CFFFFh

Assembly (U26007)

MCST | Pulse Generator (U27022) D0000-DFFFFh

MCS2 64k ROM (U27013) E0000-EFFFFh
Peripheral PCS0 | Control Decoder (U27008) 400-47Xh
PCST | RS-232 Interface (U27030) 480-487h
PCS2 | Keypad Interface (U27027) 500h
PCS3 | Control Decoder (U27037) 580-5FXh
PCS4 | Control Decoder (U27036) 600-67Xh
PCS5 LCD Controller (U27048) 680-68;h
Microprocessor U27001 Chip Selects
Table 3
Instruction sequence is:
STEP ACTION

1. Address latch enable (BALE) line (U27001-61) to Transparent Latch
U27010 goes high, allowing U27001 to set address where data is to
be received through data lines to U27010.

2. When address is valid, BALE goes low, causing lower 8 bits of
address to be latched onto U27010 address lines. Lower Address
Latch U27010 allows U27001 to receive data on data lines without
changing address selected.
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STEP ACTION

3. UCS line (U27001-34) is low to enable U27012. Read (RD) line
(U27001-62) goes low to enable data byte at address selected
(initial address is FFFFO0) to be sent to U27001.

4. Data is processed and instruction is carried out in same fashion.
BALE goes high, chip is selected, valid address is latched and data
is read from or written to address. Write (WR) line (U27001-63),
goes low and RD line stays high when sending data to an address.

U27001 also provides Direct Memory Access (DMA) capabilities for Reply
Decoder U27044. DRQO (U27001-18) and DRQ1 (U27001-19) lines set
up DMA, allowing a direct read or write to memory.

DMA sequence is:

STEP ACTION

1. DRQO (from Reply Decoder [U27044-A9], ATCRBS Decoder) or
DRQ1 (from Reply Decoder [U27044-B9], Mode S Decoder) goes
high (DMA request).

2. U27001 finishes current instruction or bus cycle.
3. DMA takes control and programmed action is initiated.

There are four interrupt lines used on U27001. INTO (U27001-45) goes
high from U27030, informing U27001, a transmit or receive action is
required at the RS-232 Interface. INT1 (U27001-44) is high when
activated by Keypad operation. Pressing any key generates an interrupt.
INT2 (U27001-42) is activated by Pulse Generator U27022 and INT3 is
controlled by Reply Decoder U27044.

U27001 operates using an external 20 MHz clock source. D Flip-Flop
U27007B divides 40 MHz Oscillator G27001 output by two. The 20 MHz
clock is fed into U27001-59. U27001 divides the 20 MHz by two,
providing the 10 MHz Clock used internally and sent out on CLKO line
U27001-56.

Two internal timer circuits are utilized by the Processor. Timer 1 is used
to measure distance between PULSE and DPSK pulses during the Pulse
Wrap portion of the Self Test. These pulses are generated by the Puilse
Generator. A single output pulse is programmed in Video RAM for each
signal. The two pulses are then combined into a set-reset type circuit
located in the Pulse Generator, Logic Cell Array (LCA) U27022, and, fed
to Timer 1 for measurement. Timer 2 provides an internal 4.255 ms
interrupt used for interrogation intervals.
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A reset circuit consisting of Supervisor U27018, Q27001 and associated
components provide a delay after power-up or brown-out. The delay (=15
ms) allows the +5 V from the Power Supply Assembly and 40 MHz
Oscillator G27001 to stabilize. Reset is activated manually through
S27001 (low ground to U27018-2) or automatically if the +5 V sensed at
U27018-7 drops below approximately 4.55 V. U27018 output initiates
Logic Cell Array (LCA) programming. The low at U27018-5 is sent to the
Reply Decoder and Pulse Generator. The high at U27018-6 activates
Q27001 allowing the low ground at the emitter to be felt on the D/PN line
(reset to U27001). The LCA components, Pulse Generator U27022 and
Reply Decoder U27044, hold the D/PN line low until programming is
complete. U27001 resets and sends out another reset (U27001-57) to
other logic components on the Front Panel Pulse PC Board Assembly and
Digital IF PC Board Assembly. Reset output is maintained until the +5 V
line reaches =4.7 V. Refer to Appendix E for reset timing diagram.

A Power Disable circuit saves on battery power when the Keypad is
inactive. U27001 monitors Keypad activity and if no key is pressed for
approximately 15 minutes, D Flip-Flop U27007A is accessed with
PCS0+1Xh through U27008 and a low is sent on DO causing PWRDIS to
go high to the Power Supply Assembly. The comparator on the Power
Supply Assembly resets the flip-flop and disables the Output Supply,
switching off the power. PWRDIS returns to low upon power-up or after
reset.

Pulse Generator

The Pulse Generator section of the Front Panel Pulse PC Board
Assembly consists of programmable LCA U27022, Video RAM chips
U27023 and U27024, Serial Access Memory (SAM) Counter Reset
U27006, Buffer/Driver U27004, Multiplexers (MUX) U27015 and U27016,
Delay DL27001, Schmitt Trigger Inverter U27025A, Control Decoder
U27008 and PROM U27003.

The Video RAM chips are dual port with random access available to
U27001 and serial access to U27022. U27001 reads and writes to the
Video RAM chips with access controlled through U27022. Video RAM
chips U27023 and U27024 are accessed when MCS1, BALE and either
WR or RD are activated. Addresses are selected using Multiplexers
U27015 and U27016. When RAS goes low, the select line to U27015 and
U27016 stays high because the output at U27022-43, changing to high
(inverted low by U11025A) when RAS goes low, is delayed 10 ns through
DL27001. This allows A8 through A15 to be latched to the Video RAM
chips, selecting the row address. After the delay, the multiplexers with
the select line low are set to latch A0 through A8 to the Video RAM
chips, selecting the column address when CAS goes low. DT/OE goes
low for a read operation or RWR goes low for a write operation.

Serial access by U27022 is a read only function. The Video RAM chips
transfer rows (256 bytes/row) of data into internal serial access registers.
Data is sent from the registers to U27022, one byte each clock count.
Serialized data is sent out from U27022 with each bit line connected to a
specific output according to 2-2-1, Table 4.
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VIDEO RAM PIN NO u27022 PIN NO

VS0 24 BPULSE 28

VS1 29 BSLSO 30

VS2 31 BDPSK 32

VS3 33 BTRIG 34

VS4 36 BSYNC 37

VSé 38 BSLST 39

Pulse Generator Serialized Data Output
Table 4
215 247 255

CLK _I |_. U I—l LI l—l |—I
HoLD |
DT/OE A —
RAS . _
CAS _

681400

Pulse Generator Data Transfer Timing Diagram
Figure 6

Refer to 2-2-1, Figure 6. Pulse Generator serial sequence is:

STEP ACTION

1. U27001 programs pulses into the Video RAM chips, as directed by
ROM and initiated by the Keypad.

2. U27001 programs a stop byte (10010000) into an address XXFEh
(255th byte) corresponding to the desired row to end on.

3. U27001 programs 256 bytes of cleared memory (00h).

4. U27001 programs the starting address using the STADD line
(PCS0+2Xh) through U27008 for access.
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ACTION

5.

10.

11.

12.

13.

14.

15.

16.

U27001, through U27008 (PCS0+4Xh), sends a low on the START
line to U27022 initiating the start of data transfers and setting the
internal counter to 191h.

. After the 215th byte of cleared memory, U27022 HOLD output (pin

53) goes high to request access to the address lines from U27001.

HLDA input (pin 20) goes high informing U27022 that U27001
relinquishes address line control.

. After 247 bytes, DT/OE goes low to set up the Video RAM chips for a

data transfer to the serial access registers.

RAS goes low on the next clock count. Row address, determined by
the programmed starting address, is selected.

CAS goes low on the following clock count and a zero address from
U27006 (enabled by U27022) causes the data transfer to start at
address zero in the serial access registers.

After 255 bytes of cleared memory is shifted out of the serial access
registers, DT/OE goes high, triggered by internal counter in U27022.
U27022 internal counter tracks 256 clock counts.

Data transfer occurs. 256 new bytes from the selected row are
loaded into the serial access registers.

Each data transfer is followed by a CAS before RAS refresh.

NOTE: When no data transfers are occurring, refresh still takes
place every 12.8 pus.

With each 50 ns (20 MHz) clock count, one byte (one bit for each
output) is shifted out of the serial access registers to U27022.

Data transfer is repeated every 12.8 us with each successive row as
stepped by internal counter in U27022. New rows are transferred
and sent out until the programmed stop byte is encountered. After
the stop byte, the last row is transferred and continually shifted out
of the serial access registers until the next transfer.

NOTE: The last row transferred is usually the 256 bytes of cleared
memory. For CW transmissions, the last row contains all
ones.

The stop byte also initiates an interrupt (INT2) to U27001.

NOTE: If another interrupt is received during operation,
Microprocessor U27001 manually stops Pulse Generator
operation by activating the STOP line (PCS0+3Xh).
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Buffer/Driver U27004 is used to isolate and boost signals off the Front
Panel Pulse PC Board Assembly. Buffer U27014D drives the External
DPSK Out signal out of the Test Set through the Motherboard PC Board
Assembly and COMM Connector (3). Configuration PROM U27003 stores
information for reprogramming U27022 on power-up. External PULSE,
External DPSK and External SYNC from the COMM Connector (3), when
connected, are isolated and converted to TTL before entering the Pulse
Generator.

Reply Decoder

Reply Decoder U27044 is a programmable LCA component with more
functional capacity than the Pulse Generator. Two independently operat-
ing decoders, one each for Mode S and ATCRBS, are incorporated into
U27044. The programmed internal operation allows for two operating
modes, solicited and monitor (receive all). In solicited mode, the Reply
Decoder looks for a reply after receiving a trigger input (U27044-P10)
from Pulse Generator U27022. U27022 sends the trigger indicating an
interrogation is being transmitted and a reply is expected. Replies are
received within 12.8 ps for Mode S and 6.4 ps for ATCRBS, as verified by
the Reply Decoder, to be counted as valid. In monitor mode, the Reply
Decoder looks for all incoming replies and the trigger input is ignored.
When valid replies are received (U27044-P9), the Reply Decoder transfers
data to RAM using DMA. Mode S data is transferred by DMA channel #1
(DRQ1) and ATCRBS data is transferred by DMA channel #0 (DRQO).

Reply Decoder is controlled through an internal control register setup by
U27001. Refer to 2-2-1, Table 5 for control register bit definition.
Control register sequence is:

STEP ACTION

1. PCS4+60h through U27036 causes ENDEC (U27044-P11) to go low.
2. WR (U27044-P12) goes low.

3. Data is written to U27044 (A13, B13, C13, D13, A12, B12, C12 and
D12) setting the control register.

Mode S sequence is:

STEP ACTION

1. If in solicited mode, BTRIG is sent from U27022-34 to U27044-P10.

2. U27044 looks for a reply on VIDEO (U27044-P9), inverted by
U27051A. If solicited, the start of reply must be received within
12.8 ps of BTRIG signal to be valid.

3. Mode S reply decoder verifies detected reply contains Mode S
preamble. BEGIN (U27044-G1) goes high when detected preamble
is valid and control register D2 is high.

4. Mode S reply message is received and DMA1 is activated through
DRQ1 (U27044-B9) going high.

2-2-1
Page 27
Sep 1/91



%/”’ MAINTENANCE MANUAL
V// GRS

..........

BIT #

DEFINITION

SETTING

RESULT

DO

Mode S Function Reset

0

Normal operation

1

Mode S decoder is reset.
All incoming replies and
triggers are ignored. DMA
line (DRQ1) is cleared.

D1

Mode S Receive All

Solicited Mode (12.8 pus
reply delay window)

Monitor Mode (Receive All)

D2

Mode S External
Trigger Enable

BEGIN line disabled

Valid preamble sets
BEGIN line to high (1).

D3

Not Used

D4

ATCRBS Function Reset

Normal operation

ATCRBS decoder is reset.
All incoming replies and
triggers are ignored. DMA
line (DRQO) is cleared.

D5

ATCRBS Receive All

Solicited Mode (6.4 us
reply delay window)

Monitor Mode (Receive All)

D6

Not Used

D7

Video Invert

Incoming VIDEO not
inverted (Self Test)

Incoming VIDEO inverted
(normal operation)

STEP

Reply Decoder Control Register Bit Definition

Table 5

ACTION

5. PCS4+61h causes ENDEC (U27044-P11) to go low and A0
(U27044-N7) to go high, selecting Mode S reply decoder.

6. RD (U27044-P13) goes low.

7. Mode S message is transferred as it is received, one byte at a time,
from U27044 (A13, B13, C13, D13, A12, B12, C12 and D12) to RAM
Chip U27017. Refer to 2-2-1, Table 6 for reply data byte formation.
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ACTION

8.

10.

U27044 verifies message length and presence of message bits,
setting Mode S status register byte accordingly. The Mode S
status register byte uses two bits. The first bit (DO) indicates valid
reply status. A low (0) indicates invalid reply data or a high (1)
indicates valid reply data is received. Bit D1 shows the solicited
reply status. A low (0) indicates unsolicited reply and a high (1)
indicates reply, being within the reply delay window, is a valid reply
responding to the interrogation. Bits D2 through D7 are not used.

When all data is transferred and last DMA request goes high for
transfer of Mode S status register byte, INT3 (U27044-C9) goes
high to U27022.

Mode S status register is transferred, control register is written to
for Mode S reset (PCS4+60h-D0) and interrupt is cleared at
PCS4+63h.

ATCRBS sequence is:

STEP

ACTION

1.

2.

If in solicited mode, BTRIG is sent from U27022-34 to U27044-P10.

U27044 looks for a reply on VIDEO (U27044-P9), inverted by
U27051A. If solicited, reply must be received within 6.4 ps of
BTRIG signal, to be valid. ATCRBS status register solicited reply
status bit DO is set. A low (0) indicates unsolicited reply or a high
(1) indicates reply, being within the reply delay window, is a valid
reply responding to the interrogation.

NOTE: Bits D1 through D7 are not used by ATCRBS status register
byte.

ATCRBS reply decoder verifies detected reply contains correctly
positioned F1 and F2 pulses.

DMAO is activated through DRQO (U27044-A9) going high.

PCS4+62h causes ENDEC (U27044-P11) to go low, A0 (U27044-N7)
and A1 (U27044-N6) to go high, selecting ATCRBS reply decoder.

RD (U27044-P13) goes low.

. When complete ATCRBS reply is received, reply data is transferred,

one byte at a time, from U27044 (A6, B6, C6, D6, A5, B5, C5 and
D5) to RAM U27017. Refer to 2-2-1, Table 6 for reply data byte
formation.

When all data is transferred and last DMA request goes high for
transfer of ATCRBS status register byte, INT3 (U27044-C9) goes
high to U27022 only if in monitor (JTB27001 jumper installed).
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STEP ACTION

9. ATCRBS status register is transferred, control register is written to
for ATCRBS reset (PCS4+60h-D4) and interrupt is cleared at

PCS4+63h.
MODE TRANSFER BIT NUMBER
ORDER
BYTE # D7 D6 D5 D4 D3 D2 D1 DO
Mode S 1 1 2 3 4 5 6 7 8
2 9 10 11 12 13 14 15 16
3 17 18 19 20 21. ... ..
(Short 7 | 51 52 53 54 55 56
Message)
8  |......... Mode S status register . . .. ... ..
or
14 | ..., 107 108 109 110 111 112
(Long
Message) 15 |.... .. ... Mode S status register . . .. ... ..
ATCRBS 1 (HIGH) [SPI Null2 Nulll X A4 A2 A1 B4
2 (LOW) B2 B1 c4 c2 Cc1 D4 D2 D1
EC ATCRBS status register . . . .. ...

Reply Data Byte Information
Table 6

Display Control

Three separate circuits make up the Display Control. The Liquid Crystal
Display (LCD) Data Control circuit controls the information entered onto
the DISPLAY (14). The Contrast Control and Backlight Control circuits
use Digital-to-Analog Converters (DACs) to adjust physical characteristics
of the LCD.

1 LCD Data Control

LCD Data Control is accomplished with a 500 kHz Clock, LCD
Controller U27048, LCD Control PAL U27029 and Display RAM
U27049.

Refer to 2-2-1, Figure 7 for 500 kHz Clock timing. Counter U27039
divides the 10 MHz clock input by 10 (NAND Gate U27011C resets
U27039 on each nine count). The 1 MHz output clocks D Flip-Flop
U27007B, configured to change state with each clock, providing a
500 kHz clock with a 50% duty cycle. The 500 kHz clock is verified at
test point TP27004.
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500 kHz Clock Timing Diagram
Figure 7

LCD Controller U27048, an HD61830 Graphic Display Controller
operating in the character mode, acts as a memory mapped device to
the Processor. U27001 reads from and writes to U27048 on a byte
wide basis. U27001 selects U27048 by activating PCS5, accessing
the data register at address X0h (RS input U27048-18 low) and the
instruction register at address X1h (RS input U27048-18 high).

U27048 has six outputs to the LCD. D1 is the serial data output for
the upper half of the screen and D2 is the serial data output for the
lower half of the screen. FLM is the frame signal for display
synchronization. CL1 is the display data latch signal for LCD drivers
and CL2 is the display data shift clock for LCD drivers. M converts
the LCD driving signal to an ac waveform.

PAL U27029 inserts wait states in the processor bus cycle. Refer to
Appendix D for PAL equations. U27029 also generates the Enable
(U27048-16) and Read/Write (U27048-17) signals for U27048. Wait
states, inserted before the ARDY line to U27001 goes low, are
required because LCD Controller U27048 operates slower than the
microprocessor. Refer to Appendix E for timing diagrams.

Display RAM U27049 stores pixel data (character codes) for U27048
and is accessed by U27001 through U27048.

Contrast Control

Contrast Control is based on the input voltage obtained from CR22001
on the Analog IF PC Board Assembly. Ambient temperature conditions
are sensed by CR22001 and the resulting voltage (2.73 V at 0° C,
changes 33.94 mV/°C) is sent through a differential amplifier U27034C
to the ADC (U27045-1). Refer to 2-2-1D(3)(i) for ADC operation. The
information sent from U27045 causes U27001 to send adjustment data
to DAC U27032, selected by ENCON (PCS4+1Xh through U27036)
going low. U27032 provides a bipolar output of -5 to +5 V, used to
control the contrast on the LCD. The -5.1 V, used in powering the
LCD, is provided by the voltage drop across Zener Diode CR27011.
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3 Backlight Control

Backlight Control is based on the input voltage obtained from R13001
on the Front Panel LED PC Board Assembly. Ambient light conditions
are sensed by R13001 and the resulting voltage drop is applied to the
ADC (U27045-26). Refer to 2-2-1D(3)(i) for ADC operation. Informa-
tion sent from U27045 causes U27001 to send adjustment data to DAC
U27033, selected by ENBLT (PCS4+0Xh through U27036) going low.
U27033 provides a corresponding voltage output through Driver
U27034A with Q27005 to drive Inverter Supply U27035. U27035
provides the increased voltage levels necessary to run the backlight.
Capacitors C27082 and C27083 provide noise suppression in the
operational amplifier feedback circuit. Zener Diodes CR27016 and
CR27017 are clamped to ground to protect circuit if backlight is not
connected.

(e) Keypad Interface

Keypad Interface consists of Buffer/Latch U27027, NAND Gate U27011B,
resistors, transistors and diodes. U27027 is selected by U27001 with
PCS2. Keypad data, activated when low, is defined in 2-2-1, Table 7.

When the Keypad is inactive, Resistive Network RN27001 holds the row
and column lines to a high impedance. When a key is pressed, a row and
column line are connected together.

COLUMN BIT

ROW BIT D1 (COLY) D2 (COL2) D3 (COL3)

D4 AUTO TEST PWR TEST RUN/STOP
(ROW 1) Key (13) Key (12) Key (9)

D5 SETUP Key (4) SELF TEST SLEW Key
(ROW 2) Key (6) () (8)

D6 SELECT Key SELECT Key SLEW Key
(ROW 3) (T) (10) () (10) (T) (8)

D7 Not used
(ROW 4)

NOTE: DO is ANT SW from the ANTENNA PUSH BUTTON Switch (21).

Keypad Data Definition
Table 7

Keypad Sequence Example is:

STEP

ACTION

1. Pressing the AUTO TEST Key (13) connects row 1 with column 1.
Circuit is closed and current flows.
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STEP ACTION

2. Current flowing at the base turns Q27002 on, allowing the low
ground on the emitter through the collector and Diode CR27001 to
NAND Gate U27011B. The high output sends an interrupt (INT1) to
the Microprocessor (U27001-44).

3. The low through Q27002 is also sent through U27027 when selected
by U27001 with PCS2. The low on collector of Q27002 is felt at
U27027-4, causing DO to be read low by U27001 indicating the
pressed key is in column 1. The low on the base of Q27002 is felt
at U27027-11, causing D4 to be read low indicating the pressed key
isinrow 1.

RS-232 Interface

RS-232 communications are provided by an INTEL 82510 Universal
Asynchronous Receiver-Transmitter (UART U27030). U27030 is selected
by U27001 with PCST+(addresses from X0h to X7h). Driver/Receiver
U27028 drives the serially transmitted signal off the Front Panel Pulse
PC Board Assembly through P/J25014 to J10053 COMM Connector (3)
and buffers incoming handshake and data signals. U27030 generates an
interrupt (INTO) when servicing is required. U27001 polis the internal
status registers to determine the cause of the interrupt (TXD or RXD).

Attenuator Control

Two DACs having 0 to 10 Vdc outputs control attenuation. U27041, an
8-bit DAC, provides a +5 V reference and ATTEN1 voltage used to set
current on the Driver PC Board Assembly for attenuator end line pin
diodes on the Attenuator PC Board Assembly. R27041 (+5V REF ADJ)
adjusts the +5 V reference, verified at TP27002. U27041 is accessed
by U27001 when ENATT1 (PCS4+5Xh through U27036) goes low.
U27042, a 12-bit DAC, provides the ATTENZ2 voltage used to set current
on the Driver PC Board Assembly for attenuator midline pin diodes on the
Attenuator PC Board Assembly. U27041 is accessed by U27001 when
ENATT2 (PCS4+4Xh through U27036) goes low. Address lines A0-A3 are
used to select the data transfer process. Refer to 2-2-1, Table 8. Both
output levels are read from ADC U27045.

Oscillator Compensation

Oscillator Compensation is based on the input voltage obtained from
CR22001 on the Analog IF PC Board Assembly. R27037 (TEMP COMP
ADJ) is adjusted at the factory and used in board level calibrations.
Ambient temperature conditions are sensed by CR22001. The resulting
voltage (2.73 V at 0° C, changes 33.94 mV/°C) is applied through
Differential Amplifier U27034C to ADC U27045-1. Refer to 2-2-1D(3)(i)
for ADC operation. Information sent from U27045 causes U27001 to
send adjustment data to DAC U27043, selected by ENOSC (PCS4+2Xh
through U27036) going low. U27043 provides a 0 to 10 V output.
Operational Amplifier U27050 and associated components offset, scale
and low-pass filter to achieve the desired +2 to +8 Vdc output. Output
level is read from ADC U27045.
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ADDRESS OPERATION BITS

4Eh Load low nibble D0-D3

4Dh Load middle nibble D4-D7

4Ch Load low byte (optimum method) DO-D7

4Bh Load high nibble D0-D3, D3 = MSB
47h Transfer data XX

43h Load high nibble and transfer D0-D3, D3 = MSB

data (optimum method)

Attenuator #2 Operation Selection
Table 8

Analog-to-Digital Converter

ADC U27045 is used for both normal operation and Self Test operation.
Refer to 2-2-1, Table 9 for analog input description.

ADC sequence is:

STEP ACTION

1.

U27001 selects channel address with PCS3+1X through Control
Decoder U27037 and, with WR active, through NOR Gate U27038B
(ADLTCH). The high output is sent to U27045-22 along with
specific lower address (A0-A2), latching the desired channel to the
ADC.

The start A/D conversion command is sent using address PCS3+0Xh
through U27037, and with WR active, through NOR Gate U27038C
(SOC). The high output is sent to U27045-6. Conversion begins
and End of Conversion (EOC) line to Status Buffer U27026 goes

low (within 18 pus from when start command was issued).

U27001 polls the EOC signal from the Status Buffer and when the
conversion is finished (=48 pus), EOC goes high.
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INPUT ADDRESS DESCRIPTION

PHOTO RES PCS3+10h | Voltage across Photo Resistor R13001
Channel 0 (Front Panel LED PC Board Assembly),
set by ambient light conditions, is used in
making Backlight Control adjustments.

RF DETECT PCS3+11h | Provides indication if RF carrier is present

Channel 1 (Self Test). 2.5 V (£0.125 V) indicates
passing status (only active in CW mode).

Channel 2 PCS3+12h | Not used

OSC T RD PCS3+13h | Voltage across Diode CR19001 (Analog

Channel 3 PC Board Assembly), controlled by

ambient temperature conditions, is used
in making Contrast Control and Oscillator
Compensation adjustments.

LO DETECT RD | PCS3+14h | Local Oscillator Detect (Self Test), Pass-
Channel 4 constant level between 0.35 and 3.1 Vdc,
Fail-oscillation (at =7.5 Hz) or level out-
side Pass voltage window (0 to 0.35, 3.1

to 4.14 V).
ATTEN1 BIT PCS3+15h | Provides level of Attenuator #1 DAC
Channel 5 output (DAC output + 2.5 [+ 10%])
ATTEN2 BIT PC83+16h | Provides level of Attenuator #2 DAC
Channel 6 output (DAC output + 2.5 [+ 10%])
OSC COMP BIT | PCS3+17h | Provides oscillator compensation level
Channel 7 (DAC output + 2.5 [+ 10%])

Analog Input to ADC Description
Table 9

STEP ACTION

4. Data is read from output Buffer U27046 using address PCS3+2Xh
through U27037, and with RD active, through NOR Gate U27038D
(DEN). The high output is sent to U27045-9 and through Inverter
U27038A to activate U27046. Two data reads are required to
receive all 10 bits. Data is sent out in the following fashion:

Data Bit Locations: D7 D6 D5 D4 D3 D2 D1 DO
First Read: Bit # 10 9 8 7 6 5 4 3
Second Read: Bit # 2 1 X X X X X X

Bit 10 = MSB, Bit 1 = LSB
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(i) Status Buffer
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Status Buffer U27026 enables the current condition of several signals to
be read and is accessed with address PCS0+0Xh through U27008. Refer
to 2-2-1, Table 10.

BIT # DEFINITION SETTING RESULT
DO Current state of INTERR 0 LED is Off.
LED output from LED i
Control Register 1 LED is On.
D1 Current state of REPLY 0 LED is Off.
LED output from LED -
Control Register 1 LED is On.
D2 Conversion status of 0 Conversion in progress
ADC (EOC)
1 Conversion complete
D3 Ready status of DSP on 0 DSP not ready
Digital IF PC Board
Assembly 1 DSP ready and working
D4 Monitor Enable status 0 Enter Monitor (jumper
(JTB27001) installed)
1 Normal operation (jumper
not installed)
D5 ac Power status 0 ac Power connected
(CHARGE LED) (Q27008 activated)
1 ac Power not connected
(Q27008 turned off)
D6 Battery Charge Level 0 Battery =70% discharged
status (BATTEST) (=36 minutes left)
1 Battery is charged.
D7 Current state of LO 0 Local Oscillator is enabled.
CONTROL output from
LED Control Register 1 Local Oscillator is shut
down.

Status Buffer Bit Definition
Table 10

(k) LED Control Register

LED Control Register U27040 controls INTERR Indicator (18), REPLY

Indicator (20), Local Oscillator and Digital IF PC Board Assembly reset
operation. Refer to 2-2-1, Table 11. U27040 is accessed with address
PCS4+3Xh through U27036.
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BIT # DEFINITION SETTING RESULT
DO |Interrogation LED 0 Sets LED ready for turn On
(INTERR Indicator [18])
1 Initially Off or turns LED
On for timed period
D1 Reply LED 0 Sets LED ready for turn On
(REPLY Indicator [20])
1 Initially Off or turns LED
On for timed period
D2 |LO Control 0 Enables Oscillator
1 Shuts down Oscillator
D3 |DSP Reset 0 Enables Digital IF PC
Board
1 Resets Digital IF PC Board
D4 to |Not used
D7

LED Control Register Bit Definition

Table 11

LED bit locations DO and D1 are set high on power-up. An LED is turned
on by writing zero and then one to the respective bit location in the
control register. The zero to one transition triggers One-Shot Timer
U27047. The high level output from U27047, timed for =62 ms, activates
transistor Q27006 or Q27007 turning on the respective indicator.

() Digital IF PC Board Assembly Access

DPR U26007 on the Digital IF PC Board Assembly is accessed using
MCS0. Access is controlled by PAL U27029. DIR goes high to activate
data lines through Transceiver U27009. MEMR goes low to read DPR or

MEMW goes low to write to DPR.

(4) RF Assembly (Refer to 2-2-1, Figure 8.)

The RF Assembly consists of:

SSB Assembly

Driver PC Board Assembly
Detector Assembly

Analog IF Assembly
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Figure 8
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(a) SSB Assembly

The Single-Sideband (SSB) Assembly provides a two-way conversion
between an IF of 30 MHz and an RF of 1030 MHz (transmit) or 1090 MHz
(receive). The SSB Assembly consists of the Attenuator PC Board
Assembly, LO Source PC Board Assembly and Mixer PC Board Assembly.

1 Attenuator PC Board Assembly (Refer to 2-2-1, Figure 9.)

I DRIVER

ATTEN ATTEN |
RF DETECT MD  END
T I
DIRECT RF @ |
(VIDEO DETECTOR) I |
I |
| 15dB BPF | |
ANTENNA 7\ _ | Dpua o % | |ATTENUATOR MT-RCV RF
(FRONT PANEL) \J “| coupLer | T ~ > osoas [ )€E| )(MIXER)
| 1060 MHZ
A
l 3= ANT SW
L ATTENUATOR — — — — — — — — T
8101006

Attenuator PC Board Assembly Block Diagram
Figure 9

The Attenuator PC Board Assembly provides 0 to 50 dB of variable
attenuation for measurement and testing purposes. The Attenuator
PC Board Assembly consists of a dual coupler, bandpass filter and pin
diode attenuator.

Dual Coupler HY31001 provides two RF signals, 15 dB down from the
calibrated level at the ANTENNA Connector (J10057) (16). On
transmit, one signal drives biased Diode Detector CR31001. CR31001
provides a dc level proportional to RF level and is used for the RF
Detect test (Self Test). On receive or transmit, the signal is coupled,
15 dB down, to the RF 1/0 Connector (J10058) (15) through the Video
Detector PC Board Assembly and Power Termination Assembly.

Microstrip Bandpass Filter HY31002 rejects signals outside the
300 MHz bandwidth (passes 910 to 1210 MHz signals).

The pin diode attenuator consists of four pin diodes (CR31003-
CR31006) and associated components. The pin diodes are spaced
1/4 wavelengths apart and act as current controlled resistors. The
Driver PC Board Assembly supplies the controlling current. Midline
diodes (CR31004 and CR31005) provide most of the attenuation and
end line diodes (CR31003 and CR31006) match the circuit. C31013
and C31015 (ATTEN 1060 MHz ADJ) tune out series inductance.
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LO Source PC Board Assembly Block Diagram
Figure 10

The LO Source PC Board Assembly provides a 1060 MHz signal using
a Voltage Controlled Oscillator (VCO). The frequency is kept tuned
by a Multiplier, Phase Detector, Error Amplifier (Integrator) and
Temperature Compensator.

The Digitally Controlled Crystal Oscillator (DCXO) from the Analog IF
Assembly provides the 10 MHz frequency reference to the Multiplier.
The reference signal drives the base of high current amplifier Q24002.
Current controller Q24001 uses the regulated +11 V from the Driver
PC Board Assembly to bias Q24002. The high level current output
from Q24002 drives the multiplying veractor, Snap Diode CR24002.
R24049 sets the voltage reference for CR24002. L24002 and C24004
provide impedance matching to increase the multiplying efficiency of
CR24002. CR24002 generates 10 MHz spectral lines. C24005 and
224001 form a Tank Circuit tuned to 1060 MHz, enhancing the 106th
harmonic. The signal, monitored at TP16002, is fed into a three-stage
linear Buffer amplifier consisting of saturable transistors, Q24003;
Q24004 and Q24005. The Buffer amplifier, tuned to 1060 MHz,
increases the power of the desired harmonic and drives an input to
Phase Detector HY24001.

The other HY24001 input is from the Voitage Controlled Oscillator
(VCO). Oscillating transistor Q24006, driven with a regulated +11 V
from the Driver PC Board Assembly, is matched to the frequency
determining element, Resonator Z24013 with Z24024, Z24025,
224026, C24027, C24028 and C24029. Temperature compensator
C24047 and Varactor CR24004 keep the oscillator tuned to 1060 MHz.
Power is coupled off the oscillator through 224014 and is fed through
a Buffer amplifier, composed of saturable transistors Q24007, Q24008
and Q24009. The Buffer, also tuned to 1060 MHz, drives the local
oscillator input to HY24001.

HY24001 and CR24003 form a Phase Detector providing a dc error
voltage proportional to the phase difference detected between the
VCO and Multiplier inputs. This voltage is filtered by Bandpass Filter
C24021, L24006 and C24022 and sent to Integrator U24001.
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When the output frequency of the VCO is the same as the output
frequency of the Multiplier (Reference), the Phase Detector voltage
(checked at TP16003) output to U24001 is minimal, causing negative
feedback. U24001 and associated circuitry act as a phase-locked
loop filter. When the frequencies of the VCO and Multiplier become
different, U24001-3 becomes more positive. As the frequencies
continue to be ditferent, U24001 becomes a Wien Bridge Oscillator.
The ac output is fed to the VCO tuning Varactor CR24004. CR24004
adjusts the resonating frequency, fed to HY24001, until error voltage
is reduced down and U24001 becomes a phase-locked loop filter
again. R24022 (OFFSET) sets a voltage level compensating for
imbalances in the Phase Detector and/or Buffers and R24025
(DEVIATION) sets the ac deviation voltage limit to prevent the VCO
from setting on the 105th or 107th harmonics.

Q24010 and Q24011 provide temperature compensation. While
Q24010 exponentially increases current with temperature, Q24011 is
the high impedance load providing temperature compensated voltage
to VCO Varactor CR24004. VCO Tune Voltage, nominally 4 Vdc, is
checked at TP16001 and is set by R24026 (TUNING).

3 Mixer PC Board Assembly (Refer to 2-2-1, Figure 11.)

—————————— MKER——-——--—————-——I
! |
JEERI S |
¢ | l/ 90° |
| |
NULL
I I
l |
g | |
XMT-RCV RF | % PWR SPLIT| 30 MHz IF
(ATTENUATOR) | —~> 3 : ] (ANALOG IF)
1100 MHz
I |
I I
g ] 8101007
Mixer PC Board Assembly Block Diagram
Figure 11

The Mixer PC Board Assembly uses the 1060 MHz source signal to
convert the 30 MHz transmit signal to 1030 MHz and the 1090 MHz
receive signal to 30 MHz. The Mixer PC Board Assembly consists of
a low-pass filter, LO amplitier, mixer null and single-sideband mixer.

The low-pass filter (C18022, L18016, C18023, L18017 and C18024)
removes odd harmonics passed by the Attenuator PC Board Assembly.
The low-pass filter consist of a lumped element five pole filter with an
elliptical response and provides 1.5 GHz of bandwidth.
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The LO amplifier (Q18001, Q18002, Q18003, Q18004 and associated
components) provides the necessary gain (=20 dBm output) to drive
the single-sideband mixer after driving the mixer null. Input from the
LO Source PC Board Assembly (=0 dBm) is fed to base of transistor
Q18002. Q18002 is constant-current biased through Q18004 collector
for a gain of =10 dB at base of Q18003. Q18003 is constant-current
biased through Q18001 collector for another gain of =10 dB.

The mixer null adds four vectors, set 90° apart with phase shifts along
Transmission Line HY18001. The amplified LO source signal is fed
into discrete splitter (L18020, C18031, R18022, L18021 and C18032).
One signal is sent to the single-sideband mixer. The other is used as
a reference by the mixer null. HY18001 and the summing network
filter out 1060 MHz at any phase from the transmit and receive signals
going through the single-sideband mixer at Power Splitter HY18002.
R18007 and R18008 (1060 MHz NULL ADJ) control the level. L18018
and L18019 tune out stray capacitance on adjusting resistors.

The single-sideband mixer splits the transmit (30 MHz IF), receive
(1090 MHz) and LO source (1060 MHz) signals into two each. The
resulting signals are phase shifted and summed together, cancelling
the image sideband (upper sideband on transmit, lower sideband on
receive). The LO source signal is split by quadrature microstrip
HY18003. One signal at 0° is fed into High-Level Mixer MXR18002
and the other signal at 90° is fed into High-Level Mixer MXR18001.
C18034 (1090 MHz NULL PHASE ADJ) sets phase of LO source signal
input to MXR18001 for complete sideband cancellation.

On transmit, the 30 MHz signal from the Analog IF PC Board Assembly
is split by T18001, C18017 and R18014. The two signals, 90° apart,
pass through all-pass filters tuned to maintain equal levels (R18013
and R21015, 1090 MHz NULL AMPLITUDE ADJ) and 90° separation
(C18013 and C18015, 1090 MHz NULL PHASE ADJ) One signal (in
phase) is fed into MXR18002. MXR18002 mixes the 30 MHz with the
1060 MHz for a mixed output of 1090 MHz and 1030 MHz. The other
signal (90° out of phase) is fed into MXR18001. MXR18001 mixes the
30 MHz at 90° with the 1060 MHz at 90° for an output of 1090 MHz at
180° and 1030 MHz at 0°. The signals are added together through
Power Splitter HY18002 with the 1090 MHz signals cancelling each
other leaving the 1030 MHz transmit signal.

On receive, the 1090 MHz signal from the Attenuator PC Board
Assembly is split through Power Splitter HY18002. One signal is fed
into MXR18002. MXR18002 mixes the 1090 MHz with the 1060 MHz
(both in phase) for a mixed output of 30 MHz. (2150 MHz is out of
bandwidth.) The other signal is fed into MXR18001. MXR18001
mixes the 1090 MHz at 0° with the 1060 MHz at 90° for an output of
30 MHz at -90°. Signals are sent through the respective all-pass
filters and are added together through T18001. Adding the 90°
separation factor sets the 30 MHz signal from MXR18001 back to 0°.
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(b) Driver PC Board Assembly (Refer to 2-2-1, Figure 12.)

(FRONT PANEL PULSE)
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| DRIVER “] DRIVER DRNVER DRIVER TEST REG I
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PULSE PSKO  PSK1 SLSO SLS1 ATTEN ATTEN RF DETECT SV
[ | |END  MD | (LO SOURCE)
(ANALOG IF) (ATTENUATOR)

8101008

Driver PC Board Assembly Block Diagram
Figure 12

The Driver PC Board Assembly drives the modulating and level control
signals from the Front Panel Pulse PC Board Assembly to the Analog IF
PC Board and Attenuator PC Board Assemblies. The Driver PC Board
Assembly also provides the +11 V for the LO Source PC Board Assembly,
the voltage to bias pin attenuator diodes on the Video Detector PC Board
Assembly and voltage sources from the Power Supply Assembly to the
rest of the RF Assembly. The Driver PC Board Assembly consists of the
attenuator drivers, +11 V regulator, SLS level drivers, modulation drivers,
RF BIT level driver and Direct Connect Power Adjust.

ATTEN2 line voltage from Front Panel Pulse PC Board Assembly (0 to 10
Vdc) across R20005 sets a voltage controlled current source supplying
collector current for half of Q20001. The other half of Q20001 remains
constant as determined by R20052 and R20009. Q20001 and associated
components form a logarithmic converter. Q20002 and associated compo-
nents form an exponential amplifier. Both amplifier circuits cascaded
together form a power function converter with independent adjustments
for gain (R20010, 50 dB ADJ OFFSET) and exponent (R20016, 10 dB ADJ
SLOPE). R20009 (ZERO VOLT ADJ) allows independent adjustment of
R20010 and R20016. Operational amplifier U20002B, set by power func-
tion converter (Q20002-1) and Q20003 feedback, biases Q20003, control-
ling current flow through midline attenuator diodes on the Attenuator PC
Board Assembly. The output voltage of RT20002 and associated compo-
nents provide temperature compensation for pin diode slope changes
over temperature. ATTEN1 line voltage (0 to 10 Vdc from Front Panel
Pulse PC Board Assembly) across linear converter amplifier controls the
current through end line pin attenuator diodes on the Attenuator PC Board
Assembly. Operational amplifier U20001A, set by ATTEN1 line voltage
and Q20005 feedback inputs, biases Q20005, controlling current flow.
R20019 (VSWR 50 dB ADJ) sets the reference current through Q20005.

Voltage regulator U20008 provides the +11 V to operate the Multiplier on
the LO Source PC Board Assembly. U20008 is switched On or Off by the
LED Control Register on the Front Panel PC Board Assembly.
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SLS level drivers U20005B and U20005C invert the active low SLS0 and
SLST signals from the Front Panel Pulse PC Board Assembly. The
output signals, SLS0 and SLS1, bias the SLS gain amplifier output level
diodes. Refer to 2-2-1, Table 13 for transmit gain settings.

Modulation drivers convert the modulating signals from the Front Panel
Pulse PC Board Assembly to levels necessary to modulate the 30 MHz IF
on the Analog IF PC Board Assembly. Active low PULSE is inverted by
U20006C and sent to Analog IF PC Board Assembly as active high
PULSE. PULSE is also inverted by U20006A to enable DPSK modulation.
DPSK modulation is set according to 2-2-1, Table 12. Phase is only
shifted when PULSE is active (during Ps of Mode S interrogation).

PSK PULSE |U20006A|U20005D| U20006B U20005A | PHASE
ouT ouT OUT/PSK1 | OUT/PSKO

Low Low High High Low High 0°

High Low High Low High Low 180°

High High Low High High High N/A

Low High Low Low High High N/A

DPSK Modulation
Table 12

The RF BIT level driver biases the diode detector CR31001 on the
Attenuator PC Board Assembly. Transmit level detected across CR31001
is used in setting the RF DETECT line during the RF Detect test (Self
Test). U20007 output is 0 Vdc when nothing is detected to 2.8 Vdc when
transmit level is highest (MTL+4 dB with no attenuation). CR20001
matches U20007-3 input and R20029 (ZERO ADJ) adjusts bias to set
U20007 output to 0 Vdc when nothing is transmitted (U20007-3 input
=-0.3 Vdc). R20032 (RF DET ADJ) sets output voltage to correct level
when Test Set is transmitting.

R20020 (DIRECT CONNECT POWER ADJ) adjusts the voltage from 0 to
+12 Vdc to bias the pin attenuator diode on the Video Detector PC Board
Assembly. R20020 calibrates the RF I/0 Connector (J10058) (15) level
to -48.25 dB relative to the ANTENNA Connector (J10057) (16) level.
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Detector Assembly Block Diagram
Figure 13

The Detector Assembly converts the 30 MHz, pulse modulated input from
the Analog IF PC Board Assembly to a TTL level output, preserving
original pulse width. The TTL level signal is sent to the Reply Decoder
on the Front Panel Pulse PC Board Assembly for decoding. The output
signal is monitored through the MONITOR Connector (J10056) (19) on
the Front Panel Assembly. The Detector Assembly has a detection range
of =30 dB (-27 dBm to +3 dBm). Detector Assembly circuits, located on
the Detector PC Board Assembly, include the Logarithmic Amplifiers,
Detector and Comparator.

1

N

Logarithmic Amplifiers

The Detector PC Board Assembly has three stages of cascade coupled
Logarithmic Amplifiers (Q21001, Q21002, Q21003 and associated
components) providing a total gain of =30 dB. Each amplifier has

=10 dB gain, calculated by the collector impedance (set by resistors
R21004, R21011 and R21018) divided by the emitter impedance. The
resting current through emitter logging diodes (CR21001, CR2002 and
CR21003) shunts the emitter resistance, effectively causing the small
emitter impedance to change with the input level. With low input
levels, emitter impedance is low and gain is high. As input level
increases, emitter impedance increases logarithmically and gain
decreases, approaching unity gain until compression is reached.

Detector

The balanced Detector preserves envelope detection efficiency and
consists of an unbalanced to balanced Transformer T21001, Diode
CR21004, dual transistor buffer (Q21005 and Q21008) and detector
filter (C21018, L21006, C21019, C21020, L21007, C21021, C21022
and R21039). CR21004 balances the output of T21001 and provides a
60 MHz positive half-wave, the width of the modulating pulse, to the
dual transistor buffer. The detector filter has a 6.5 MHz bandwidth
and a flat time delay response to preserve pulse shape. The detector
filter removes the 60 MHz from the detected puilse.
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3 Comparator

After detection, the signal is split into two paths: primary and delayed.
Buffers Q21008 and Q21009, provide the load for the detector filter.
The delayed signal at Q21009 emitter is set through the delay filter
(C21024, L21008, C21025, C21026, L21009, C21027, L21010 and
C21028). The delay filter has a bandwidth of =10 MHz and a flat time
delay of 120 ns. The delayed signal is referenced using a resistor
network (R21060 and R21046) and applied to the positive inputs to
Comparators U21001A, U21001B and U21004A. The primary signal is
split. One primary signal is dc adjusted by R21061 to provide a higher
level than the delayed signal and is applied to the negative input to
trailing edge Comparator U21001A. Refer to 2-2-1, Figure 14 for
trailing edge comparator input signals. The other primary signal,
applied to the negative input to leading edge Comparator U21001B, is
set lower than the delayed signal. Refer to 2-2-1, Figure 15 for
leading edge comparator input signals. When preserving correct puise
width, slicing occurs at the 50% amplitude points for a linear pulse.
Offsetting input signals cause the comparators to slice pulse 6 dB
down (=-0.15 V), compensating for the level set by the Logarithmic
Amplifiers. Comparator outputs provide the clocks for D Flip-Flops
U21002A and U21002B. The pulses, shown in 2-2-1, Figure 16; have
widths about equal to the filter delay (A and B) and are spaced (rising
edge to rising edge) approximately equal to the input pulse width
minus the filter delay (C). U21002A, triggered by the leading edge
clock, has a negative pulse output to NAND Gate U21003A. U21002B,
triggered by the trailing edge clock, resets U21002A through U21003B
and U21003C. U21002A Q output provides the other input to NAND
Gate U21003A. R21058 (PULSE WIDTH) and C21035 provide a timed
delay in triggering the One-shot U21003D to reset U21002B. The
timed delay provides compensation for the filter delay, offset between
flip-flops and comparator delays. The original pulse shape is restored
at the output of U21003A. Reset Comparator U21004A and associated
circuitry reset U21002A at low signal levels when there is a high
output (U21003A-3) with a low input (U21004A-4). The Detector
Assembly output is sent to the Reply Decoder on the Front Panel
Pulse PC Board Assembly and MONITOR Connector (J10056) (19) on
the Front Panel Assembly, balanced by R21056 and R21057 for 50 Q
impedance matching.

NOTE: The leading edge comparator is set to be more sensitive than
the trailing edge comparator to eliminate flip-flop reset during
DPSK transitions.
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Trailing Edge Comparator Input Signals
Figure 14

*

Leading Edge Comparator Input Signals

Figure 15
le- B =] C A
LEADING EDGE |
CLOCK T ' {_\
TRAILING EDGE
CLOCK

Detector Comparator Pulses
Figure 16
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(d) Analog IF Assembly (Refer to 2-2-1, Figure 17.)

The Analog IF Assembly provides the 10 MHz reference used by the LO
Source PC Board Assembly, provides the 60 MHz clock for the Digital IF
PC Board Assembly, adds puise and DPSK modulation to transmit signal
and provides temperature compensation. The Analog IF Assembly
circuits, contained on the Analog IF PC Board Assembly are: 10 MHz
DCXO, Transmit and Receive.

1

N

10 MHz DCXO

The Digitally Controlled Crystal Oscillator (DCXO) provides a
temperature compensated 10 MHz signal. The temperature of the
oscillator is transmitted as a voltage to the ADC (Front Panel Pulse
PC Board Assembly) by temperature sensor (CR22001). R22001
calibrates CR22001 output voltage. The Front Panel Pulse PC Board
Assembly uses the temperature sensor voltage to set contrast on the
DISPLAY (14) and provide the correct voltage to drive the DCXO for
an output of 10 MHz (+30 Hz) across the temperature range (-20° to
+50° C). The corrected voltage (+2 to +8 Vdc) across CR22002 drives
the oscillator (Y22001, Q22001 and associated circuitry). C22004
adjusts frequency. At 27°C, R22001 is adjusted to provide +3 Vdc
(FL19007) and C22004 is adjusted for 10 MHz (+3 Hz). After
amplification by Q22002, the 10 MHz signal is split. One signal is
buffered by Q22003 for 1 Vp-p output to the LO Source PC Board
Assembly. The other signal is buffered by Q22004 in the Transmit
section.

Transmit

The 10 MHz signal from the DCXO passes through low-pass filter
(C22018, L22002 and C22019) to the X6 Multiplier Transistor Q22005.
The 60 MHz bandpass filter (L22003, L22005, L22007, and associated
components tuned to the sixth harmonic) provides 60 MHz with a

3 MHz bandwidth. After amplification by Q22006, the 60 MHz signal
is split. One signal is buffered by Q22007 for 1 Vp-p clock output to
the Digital IF PC Board Assembly. The other signal clocks D Flip-Flop
U22001B. U22001B, pins 8 and 12 are connected together to divide
the signal by two for a 30 MHz output. The active low pulse signal
from the Front Panel Pulse PC Board Assembly pulse modulates the
signal through U22001B-10.

Resistors R22040 and R220041 reduce amplitude by 10 (checked at
TP22003). The transmit bandpass filter is a four pole Bessel wideband
filter consisting of four series resonators (C22036-L22010, C22038-
L22011, C22040-L22012 and C22042-L22012). The transmit filter is
centered at 30 MHz with a 3 dB bandwidth across 12.6 MHz. Signal
delay, from U22001B through the transmit filter, shapes the transmit
pulse by providing =70 ns of rise time.

Mixer MXR22001 adds DPSK modulation. Phase shifting of 0° or 180°
is controlied by PSKO and PSK1 inputs from the Driver PC Board
Assembly and set by the Front Panel Pulse PC Board Assembly.
When PSKO is Low and PSK1 is High, phase shift is 0°. When PSKO
is High and PSK1 is Low, phase shift is 180°.
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SLS gain amplifier Q22008 provides three output levels according to
the SLS0 and SLS1 input lines from the Driver PC Board Assembly.
SLSO line level biases diodes CR22007 and CR22013). SLS1 line
level biases diodes CR22006 and CR22012. Refer to 2-2-1, Table 13.
R22049 (TX GAIN) adjusts output level of amplifier Q22009. Q22009
provides 10 dB gain for a maximum output of +10 dBm. Inductive
coupler L22020 decreases current and increases voltage. Q22010 is
the final output amplifier, increasing the 30 MHz IF signal level to
=+18 dBm. Q22010 emitter circuitry (RT22001, R22055 and R22056)
provides temperature compensation for the total transmit circuits.
L22027 provides 40 dB isolation between transmit and receive.
C22055 and R22062 (ISOLATION) are adjusted for maximum isolation.

SLSo SLS1 GAIN NAME TO UUT
Low Low 0 dB SLS MTL-5
High Low 5 dB Background MTL
High High 9 dB Foreground MTL+4
Low High Not Applicable

Transmit Gain Settings
Table 13

Receive

The receive signal, 30 MHz IF from the Mixer PC Board Assembly, is
reduced 3 dB by L22027 and applied to Amplifier Q22011. Q22011
amplifies signal 12 dB and provides a 50 Q output to drive the receive
filter. The receive bandpass filter is a four pole Bessel wideband
filter comprises series resonators L22029-C22060, L22030-C22062,
L22031-C22064 and L22032-C22066. The receive filter has a flat
time domain response between the 3 dB points and is centered at

30 MHz with a 12.6 MHz bandwidth. Output is split into two signals.
Q22013 buffers and sends one signal to the Detector PC Board
Assembly through J19033. Emitter-follower Q22012 amplifies the
other signal. R22073 (RX GAIN) adjusts received level. Q22014, with
a 50 Q output, drives the 30 MHz receive signal to the Digital IF PC
Board Assembly through J17034 (=+3 dBm). Q22014 emitter circuitry
(RT22002, R22082 and R22084) provides temperature compensation
for the total receive circuits.
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(5) Front Panel Assembly

The Front Panel Assembly consists of:

(a)

(b)

(c)

Video Detector PC Board Assembly
Power Termination Assembly

Front Panel LED PC Board Assembly
LCD

Keypad

Video Detector PC Board Assembly

The Video Detector PC Board Assembly provides a linear display of UUT
replies on the oscilloscope when Test Set is directly connected to UUT.
The Video Detector PC Board Assembly also provides a calibrated
attenuation of the direct connection signal.

The direct connection receive signal from the Power Termination
Assembly or transmit signal from the Attenuator PC Board Assembly is
split by a resistive power splitter (R30010, R30002 and R30003). One
signal is linearly detected by Schottky Barrier Diode CR30001. Capacitor
C30003 is a printed element to provide for fast detection. The detected
signal is sent to the REPLY VIDEO Connector (J10054) (17). On receive,
the other signal has attenuation level set across a resistive divider
(R30011 and R30012). Current through Pin Diode CR30002, controlled
by the biasing voltage set on the Driver PC Board Assembly, provides =1
dB of attenuation adjustment. Attenuation level is calibrated for accurate
power and MTL measurements. On transmit, the other signal is attenu-
ated before splitting and going to the Power Termination Assembly.

Power Termination Assembly

The Power Termination Assembly provides a 50 Q termination for the
UUT and protects the ATC-601 Test Set against excessive incoming
power through the RF 1/0 Connector (J10058) (15). The Power
Termination Assembly is in the transmit and receive circuit only when
a direct connection with UUT is used. The Power Termination
Assembly connects the RF I/O Connector (J10058) (15) through
P/J28028 with the Video Detector PC Board Assembly through
P/J28029.

Transmit and Receive signals are reduced 20 dB across Directional
Coupler HY28001. Excessive incoming power and stray spikes are
dissipated off through R28002. C22001 and L22001 keep the circuit
frequency balanced for 50 Q impedance.

Front Panel LED PC Board Assembly

The Front Panel LED PC Board Assembly consists of three indicator
circuits and a light sensor used in the LCD Backlight Control circuit.

The INTERR Indicator (18) illuminates red when an interrogation is
transmitted. When activated, a ground on the emitter of Q27006 (Front
Panel Pulse PC Board Assembly) completes the circuit across LED
CR13001.
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The REPLY Indicator (20) illuminates red when a valid reply is received.
When activated, a ground on the emitter of Q27007 (Front Panel Pulse

PC Board Assembly) completes the circuit across LED CR13002.

The CHARGE Indicator (1) illuminates only when the Battery Charger on
the Power Supply Assembly is operating. The CHARGE Indicator (1)
illuminates green (battery is >80% charged) when current flows from the
+15 V source through LED CR13003 to the Power Supply Assembly
(BATT CHARGER LED line). The circuit is completed through CR27010
and the activated transistors, Q27013 and Q14014. The CHARGE
Indicator (1) illuminates red (battery requires charging) when current
flows from the Battery Charger on the Power Supply Assembly through
CR27011 and the activated Q27015 to LED CR13003.

Voltage across light sensitive Photo Resistor R13001 is sent to the ADC
on the Front Panel Pulse PC Board Assembly. The Front Panel
Backlighting voltage to the LCD is adjusted accordingly.

LCD

.The LCD is a 64 line by 240 column dot display. The LCD requires 4.75

to 5.25 V (J12059-7) to run logic. +5 V is nominal for ATC-601. The
LCD drive voltage required is -5.25 to -4.75 V (J12059-9). -5.1 V is
nominal for ATC-601.

Keypad

The Keypad, consisting of ten keys, is contained in the ATC-601 Overlay.
When activated, each key momentarily closes contacts between a row
(ROW) line and column (COL) line. Row and column lines go to the Front
Panel Pulse PC Board Assembly. Keys operate with <20 ms switch
bounce.
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2. Calibration/Verification

A. General

(1)

(2)

(3)

Calibration/Verification Schedule

The Calibration/Verification Procedures should be performed as a result of
one or more of the following conditions:

® Failure to Meet Specifications

If, during the course of normal operation, the ATC-601 or any major
function thereof fails to meet performance specifications according to
1-3-1 in the ATC-601 Operation Manual, Calibration Procedures should
be performed.

If any failure occurs during performance of Verification Procedures,
pertinent Calibration Procedures should be performed according to 2-2-2,
Table 15.

® Assembly Replacement

. If one or more ATC-601 assemblies are replaced, Calibration Procedures
should be performed according to 2-2-2, Table 14.

® Annual Calibration/Verification

IFR Systems, Inc. recommends an annual Calibration and Verification on
the ATC-601 to maintain proper testing standards.

Controls, Connectors and Indicators

Front Panel Controls, Connectors and Indicators specified in Verification or
Calibration Procedures are followed by an item number. Refer to 1-2-2,
Figure 2 in the ATC-601 Operation Manual for location of each Control,
Connector and Indicator.

Disassembly Requirements

No disassembly is required to perform Verification Procedures. The Chassis
Assembly must be removed from Case Assembly to perform Calibration
Procedures. For better access, the RF Assembly is removed from Chassis
Assembly in Calibration Procedures.

VERIFICATION PROCEDURE PAGE
Signal Generator . . . . .. ... ..t e e e e e 5
Pulse CharacteristiCs . . . . . . . . i i i i i ittt ittt ettt ettt ee s e e 7
UUT Measurements . . . . . . i i i v ittt it et et ettt e et et e eenean 16
(@ 1 7= - 1 1 26
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CALIBRATION PROCEDURE PAGE
Power Supply . . . . . . . e e e e e e e e e e 31
RF Assembly . . . . . . . . . e e e e e e 31
0 2 o T 1 - 33
Attenuator . . . . . e e e e e e e e e e e e e e e 34
Isolation Null . . . . . .. . . . e e e e e e e e 36
Generator Output Power . . . . . .. ... . .. i ittt ettt e 37
Generator Image . . . . . . . . ..t e e e e e e e e e e e e e 37
LO NUll . . e e e e e e e e e e e e e e e e e e e e e e 37
Receivelmage .. .. ... .. ... . .. . ittt i 38
Receive Power . . . . .. . . . . . .. . i it it it et e e e e e 38
Isolation Reset . . .. .. . .. .. .. ... it it et e 39
Detector Pulse Width . . . . . . . . . .. .. ... .. ... it 39
Direct Connect Set . . . . . . . . . . . .. . . e e e e e e e e e 40
RF Bit Detector Set . . .. .. .. .. .. .. .. it e e e e 41
Oscillator Compensation . . . . . .. ... ... .. ...ttt neenennn.. 42
£33 - 1 1 43
Self Test . . . . . . e e e e e e e e e e e e e e e e e 43
Receive Power System Recheck .. ... ... .................... 43
Isolation System Recheck . ... .. ... ... ... ... 0 enee.. 44
Generator Power System Recheck . . .. ... .. ... ... .............. 44
Mixer NUlls . . . . . . . i e e e e e e e e e e e e e 45

. Performance Requirements

It is strongly recommended that personnel thoroughly read and understand all
steps of the procedures to be performed and be familiar with the circuit under test.
Knowledge of power, frequency and waveform expected at each test point is
recommended.

NOTE: When one circuit provides the same pulse characteristic for different pulses,
it is necessary to test the specifications for that characteristic only once.

. Test Equipment Requirements

Appendix C contains a comprehensive list of test equipment suitable for performing
any procedure contained in this manual. Other equipment meeting specifications
listed in Appendix C may be substituted in place of recommended models.

NOTE: For certain procedures in this manual, equipment listed in Appendix C may
exceed minimum required specifications.

. Preliminary Operations
(1) Safety Precautions

WARNING: REMOVE ALL JEWELRY OR OTHER COSMETIC APPAREL
BEFORE PERFORMING ANY CALIBRATION/VERIFICATION
PROCEDURE INVOLVING LIVE CIRCUITS.

WARNING: WHEN WORKING WITH LIVE CIRCUITS OF HIGH POTENTIAL,
KEEP ONE HAND IN POCKET OR BEHIND BACK TO AVOID
SERIOUS SHOCK HAZARD.

2-2-2
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Assembly Replacement Calibration Requirements
Table 14
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Verification Failure Calibration Requirements
Table 15
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WARNING: USE ONLY INSULATED TROUBLESHOOTING TOOLS WHEN
WORKING WITH LIVE CIRCUITS.

WARNING: FOR ADDED INSULATION, PLACE RUBBER BENCH MAT
UNDERNEATH ALL POWERED BENCH EQUIPMENT AND A
RUBBER MAT UNDERNEATH TECHNICIAN’S CHAIR.

WARNING: HEED ALL WARNINGS AND CAUTIONS CONCERNING MAXIMUM
VOLTAGES AND POWER INPUTS.

CAUTION: THE POWER SUPPLY PC BOARD ASSEMBLY, DIGITAL IF PC
BOARD ASSEMBLY, FRONT PANEL PULSE PC BOARD
ASSEMBLY, RF ASSEMBLY AND FRONT PANEL ASSEMBLY
CONTAIN PARTS SENSITIVE TO DAMAGE BY ELECTROSTATIC
DISCHARGE (ESD). ALL PERSONNEL PERFORMING
CALIBRATION PROCEDURES SHOULD HAVE KNOWLEDGE OF
ACCEPTED ESD PRACTICES AND/OR BE ESD CERTIFIED.

(2) Environmental Considerations

For best results, environmental conditions should be identical to the
conditions at the normal operating location.

E. Test Record

Calibration and Verification Data Sheets are provided for recording results
obtained while performing Calibration or Verification Procedures.

NOTE: It is recommended the technician reproduce copies of the Calibration and
Verification Data Sheets, rather than use copies in this manual.

F. Verification Procedures

NOTE: Pulse spacings are measured from rising edge to rising edge at the 50%
amplitude points. Pulse widths are measured from rising edge to falling
edge at the 50% amplitude points.

(1) Signal Generator

1 3 dB Attenuator

1 Frequency Counter
1 Measuring Receiver
1 Power Sensor

TEST EQUIPMENT

STEP PROCEDURE

OUTPUT FREQUENCY

1. Connect Frequency Counter through 3 dB Attenuator to ATC-601
ANTENNA Connector (16).

2. Set Frequency Counter to measure 1030 MHz with 100 Hz resolution.

3. Press SELF TEST Key (6) and either SELECT Key (10) to enter
Diagnostics screen.

2-2-2
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STEP PROCEDURE
4. Set ATC-601 Signal Type to CW, PRF to 235 and Attenuation to O.
5. Press RUN/STOP Key (9) to initiate test.
6. Verify frequency is stable at 1030 MHz (+10.0 kHz). If not, perform
Calibration Procedures according to 2-2-2, Table 15.
7. Press RUN/STOP Key (9) to terminate test.
8. Disconnect Frequency Counter from 3 dB Attenuator.
OUTPUT LEVEL
9. Connect Measuring Receiver through Power Sensor and 3 dB Attenuator
to ATC-601 ANTENNA Connector (16).
10. Press RUN/STOP Key (9) to initiate test.
11. Verify ATC-601 output is -7.6 dBm (12 dB), taking 3 dB Attenuator into
consideration, Record output for reference level. If ATC-601 fails out-
put level, perform Calibration Procedures according to 2-2-2, Table 15.
12. Verity 2-2-2, Table 16; setting ATC-601 Attenuation accordingly. If

ATC-601 fails to provide correct output, perform Calibration Procedures
according to 2-2-2, Table 15.

SPECIFICATION ATTENUATION: OUTPUT LEVEL

Output Level (-7 dBm) and 24 -7.6 dBm (12 dB)
Receiver Sensitivity (-69 dBm) :
(Antenna) MTL-A

Receiver Sensitivity (-77 dBm) 16 -15.6 dBm (12 dB)
(Antenna) MTL-A

Receiver Sensitivity (-67 dBm) 23 - 1-19.15 dBm (+2 dB)
(Direct) MTL-D

Receiver Sensitivity (-79 dBm) 47 -31.15 dBm (12 dB)
(Direct) MTL-D ’

Output Level (-57 dBm) 100 -57.6 dBm (+2 dB)

NOTE: UUT Receiver Sensitivity Specification Verification is based on
following three equations:

Output Level = -7.6 - (ATTENUATION:)/2
MTL-A = Output Level - Cable Loss + Antenna Gain - Path Loss
MTL-D = Output Level - 48.25 ,

Output Level/UUT Receiver Sensitivity
Table 16

2-2-2
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PROCEDURE

13.

14.

15.

15.
16.

17.

18.

Press RUN/STOP Key (9) to terminate test.
DIRECT CONNECTION
Disconnect 3 dB Attenuator from ATC-601 ANTENNA Connector (16).

Connect 3 dB Attenuator to ATC-601 RF I/O Connector (15) (BNC to TNC
Adaptor is required.)

Set ATC-601 Attenuation to @.
Press RUN/STOP Key (9) to initiate test.

Verify output is reference level from Step 11 minus 48.25 dB (+£0.5 dB).
If not, perform Calibration Procedures according to 2-2-2, Table 15.

Press RUN/STOP Key (9) to terminate test.

(2) Pulse Characteristics
TEST EQUIPMENT 1 Heterodyne Monitor
1 Frequency (and Time Interval) Analyzer
1 Frequency Counter
2 Oscilloscopes
1 RF Signal Generator
1 Spectrum Analyzer
STEP PROCEDURE
ANT SYNC
o [ TRIG
SCOPE
ATC - 601 HET
MONITOR Sl
50 Q
\ ‘ RF IF INPUT
Lo

1.

RF
SIGNAL
GEN

8106002

Pulse Characteristics Test Setup Diagram
Figure 18

Connect test equipment according to 2-2-2, Figure 18.
2-2-2
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PROCEDURE

11.

12.

13.

14.

15.

16.

17.

18.

19.

Set Oscilloscope to view Channel 1 with bandwidth limited to 20 MHz.
Set RF Signal Generator to 1030 MHz at +5 dBm.

SPACING

Set ATC-601 Signal Type to ATC_A, PRF to 235 and Attenuation to @.

Press RUN/STOP Key (9) to initiate test.

. Verify P1 to P3 pulse spacing is 8.00 us (£50 ns).

Press RUN/STOP Key (9) to terminate test.
Set ATC-601 Signal Type to ATC_C.

Press RUN/STOP Key (9) to initiate test.

. Verify P1 to P3 pulse spacing is 21.00 ps (£50 ns).

Press RUN/STOP Key (9) to terminate test.

Set ATC-601 Signal Type to FMTO and PRF to 78.
Press RUN/STOP Key (9) to initiate test.

Verify P1 to P2 pulse spacing is 2.00 ps (50 ns).
Verify P1 to Pe pulse spacing is 3.50 pus (50 ns).
Press RUN/STOP Key (9) to terminate test.

Set ATC-601 Signal Type to FMT4_SPR_ON.
Press RUN/STOP Key (9) to initiate test.

Verify P1 to Synchronous Phase Reversal (SPR) spacing is 4.75 pus

(50 ns). Refer to 2-2-2, Figure 19.
PHASE TRANSITION TIME
Pe

N 80% POINT
P, TOSPR ———I

P1 to SPR Spacing/Phase Transition Time
Figure 19

50% POINT
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20. Set ATC-601 Signal Type to ITM_ATC_A.

21. Press RUN/STOP Key (9) to initiate test.

22. Verify P1 to P4 pulse spacing is 10.00 ps (£50 ns).

23. Press RUN/STOP Key (9) to terminate test.

24. Set ATC-601 Signal Type to ITM_MODES_C.

25. Press RUN/STOP Key (9) to initiate 'test.

26. Verify P1 to P4 pulse spacing is 23.00 pus (£50 ns).

27. Press RUN/STOP Key (9) to terminate test.
WIDTHS

28. Set ATC-601 Signal Type to ATC_A and PRF to 235.

29. Press RUN/STOP Key (9) to initiate test.

30. Verify P1 pulse width is 0.80 ps (50 ns).

31. Press RUN/STOP Key (9) to terminate test.

32. Set ATC-601 Signal Type to ATC_C.

33. Press RUN/STOP Key (9) to initiate test.

34. Verify P3 pulse width is 0.80 ps (+50 ns).

35. Press RUN/STOP Key (9) to terminate test.

36. Set ATC-601 Signal Type to FMT@ and PRF to 78.

37. Press RUN/STOP Key (9) to initiate test.

38. Verify P2 pulse width is 0.80 ps (+50 ns).

39. Press RUN/STOP Key (9) to terminate test.

40. Set ATC-601 Signal Type to FMT4_SPR_ON.

41. Press RUN/STOP Key (9) to initiate test.

42. Verify Pe (short) pulse width is 16.25 ps (+50 ns).

43. Press RUN/STOP Key (9) to terminate test.

44. Set ATC-601 Signal Type to FMT16.

45. Press RUN/STOP Key (9) to initiate test.

2-2-2
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46.

47.

48.

49.

50.

51.

52.

583.

54.

55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

Verity Pg (long) pulse width is 30.25 ps (+50 ns).
Press RUN/STOP Key (9) to terminate test.

Set ATC-601 Signal Type to ITM_ATC_A.

Press RUN/STOP Key (9) to initiate test.

Verify P4 (short) pulse width is 0.80 pus (50 ns).
Press RUN/STOP Key (9) to terminate test.

Set ATC-601 Signal Type to ITM_MODES_C.
Press RUN/STOP Key (9) to initiate test.

Verify P4 (long) pulse width is 1.60 ps (£50 ns).
Press RUN/STOP Key (9) to terminate test.
RISE AND FALL TIMES

Set ATC-601 Signal Type to ATC_A and PRF to 235.
Press RUN/STOP Key (9) to initiate test.

Verify P1 pulse rise time from 10% amplitude point to 90% amplitude
point on rising edge is 50 to 100 ns.

Verity P1 pulse fall time from 90% amplitude point to 10% amplitude point
on falling edge is 50 to 200 ns.

Press RUN/STOP Key (9) to terminate test.

PHASE MODULATION: TRANSITION TIME

Set ATC-601 Signal Type to FMT4_SPR_ON and PRF to 78.
Press RUN/STOP Key (9) to initiate test.

Verify SPR transition time between 80% points is <80 ns.

Set Oscilloscope to view Pg and verify difference between highest and
lowest transition amplitude peaks is <4 dB.

Press RUN/STOP Key (9) to terminate test.

NOTE: Steps 66 through 75 require use of a Frequency (and Time
Interval) Analyzer. Because the Frequency (and Time Interval)
Analyzer is more precise and easier to read, Steps 66 through
75 provide the preferred method for measuring Phase Shift
Accuracy. Steps 76 through 86 use two Oscilloscopes to
provide an alternate method of measuring Phase Shift Accuracy.

2-2-2
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PHASE MODULATION: PHASE SHIFT ACCURACY (Preferred Method)

66. Connect test equipment as shown in 2-2-2, Figure 20, with Frequency
Counter connected to Heterodyne Monitor.

ANT SYNC
L J [ EXT ARM
FREQ
ATC - 60 50 Q ANALYZER
-6t HET ") o
MONITOR |
\ ) RF IF
LO
FREQ
COUNTER
RF
SIGNAL
GEN
8106010

Phase Shift Accuracy Preferred Test Setup Diagram
' Figure 20

67. Set ATC-601 Diagnostics screen Signal Type to CW_P4.

68. Adjust RF Signal Generator for Heterodyne Monitor IF output of 10 MHz
(£100 Hz).

69. Disconnect Frequency Counter and connect Frequency Analyzer to
Heterodyne Monitor as shown in 2-2-2, Figure 20.

70. Set ATC-601 Diagnostics screen Signal Type to FMT@ and PRF to 78.

71. Set Frequency Analyzer to 10 MHz.

2-2-2
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72. Set Frequency Analyzer menus as follows:

73.

74.

75.

MENU FIELD SETTING
Function Menu Measurement Phase Deviation
Channel A

Acquire Block # 1

Meas 64

Arming Mode Automatic

System Menu Meas Mode Fast
Input Menu Input Channels Separate
Math Menu Channel A Math On
Carrier Freq Manual

10.900DDDE+D6

Phase Result Modulo 369

A Offset 20.999000QE+QD

While in Graphic mode, adjust Frequency Analyzer until both phase
reversals are displayed (usually between Meas # 25 and Meas # 40).
Restart sample continuously until signal is displayed as shown in 2-2-2,

Figure 21.

Use Markers to mark phase shifts. Record Meas # of each phase shift.

Enter Frequency Analyzer Numeric mode and refer to 2-2-2, Figure 22.
Verify Phase Balance is 180° (+10°) across each phase shift (across the

Meas #s recorded in Step 74).

2-2-2
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MAINTENANCE MANUAL
ATC-601

TVar. Phase Dev A:
O Mkr x: 4.7498 us
y-179.3

12 Oct

1990 13:49:41

F---

100.0
fdiv

= —y— IR NN | I

-300.0

D b - -
’ R o

8.5000 us

Meas # 28

MENUMain
Mrkr Zoom
Marker
=Xl

MAN SCALE
X-AXIS
on IS

Autoscale

Range Hold

X-axis

Marker

Range Hold

Xeaxls

- - More - -

8103005

HP5372A Frequency Analyzer Graphic Screen

Figure 21

RESULT DISPLAY

Ch A Offset = 20.00000E+00

Phase Dev A:

View Meas #

12 Oct 1990 13:49:41

64 Measurements

Math/Ref On INEEEA

Format

Set
Param

gﬂoeza; # Measurement . Expand

0028 -179.3 On

0029 -182.2

0030 -181.4

0031 -180.0

0032 -180.0 I'—'——

0033 180.7 1

0034 -180.7 Prior Page

0035 -180.0 -

0036 -180.0 Next Page

0037 -180.0 J

0038 <700 m —_—
8103006

HP5372A Frequency Analyzer Numeric Screen

Figure 22
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PHASE MODULATION: PHASE SHIFT ACCURACY (Alternate Method)

76. Connect test equipment as shown in 2-2-2, Figure 23 with Frequency
Counter connected to Heterodyne Monitor.

AgT SY.NC TRIG B Gg;.? TRIG
SCOPE SCOPE
#1 #2
ATC - 601
HET CHAN 1 CHAN 1
MONITOR Vso 0 |
\ j | NpPUT |
RF IF e o e o e e
LO
RF FREQ
SIGNAL COUNTER
GEN
8106011

Phase Shift Accuracy Alternate Test Setup Diagram
Figure 23

77. Set ATC-601 Signal Type to CW_P4.
78. Adjust RF Signal Generator for Heterodyne Monitor IF output of 2 MHz.

79. Disconnect Frequency Counter and connect both Oscilloscopes to
Heterodyne Monitor as shown in 2-2-2, Figure 23.

80. Set ATC-601 Signal Type to FMT4_SPR_ON and PRF to 78.
81 Set Oscilloscope #1 as follows:
A Sweep to trigger off of ATC-601 SYNC Connector (2) output
B Sweep to trigger off of 2 MHz IF to Channel 1
50 mV/Division
200 ns/Division

82. Set Oscilloscope #1 delay trigger to directly before SPR. Refer to 2-2-2,
Figure 24.

83. Set Oscilloscope #2 as follows:

20 mV/Division
10 ns/Division

2-2-2
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BEFORE SPR:

[\

y4

AFTER SPR:

™\

A\l .

-+ + ...I.... bt l.. + M
gt ”I -yt -+ 1+

84.

85.

86.

87.

1 RN

v HAN
_. NG
\\

OSCILLOSCOPE #1 OSCILLOSCOPE #2

8116001

Phase Shift Accuracy Oscilloscope Signals
Figure 24

Set Oscilloscope #2 to display signal after SPR with rising edge crossing
the zero point as shown in 2-2-2, Figure 24.

Set Oscilloscope #1 delay trigger to after SPR, but before any other
phase reversal. Refer to 2-2-2, Figure 24.

Refer to 2-2-2, Figure 24 and verify signal displayed on Oscilloscope #2
is 0 ns (£13.9 ns) (180° [£10°]) from crossing zero point. (Phase error
is based on following equation: [dT/T] x 360. T is 500 ns [time for

2 MHz signal to go full 360°] and dT is error from zero crossing.)

Disconnect test equipment.
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88.

89.

90.
91.

92.

93.

94.

95.

96.

97.

AMPLITUDE LEVELS
Connect Spectrum Analyzer input to ATC-601 ANTENNA Connector (16).

Set Spectrum Analyzer as follows:

CONTROL SETTING
Freq Band 0.01 to 1.8 GHz
Center Freq 1030 MHz
Freq Span/Div Max
Resolution Bandwidth Max
Freq Span Mode 200 kHz/Div
Sweep Source Internal
Sweep Trigger Free Run
Sweep Time/Div Auto
Ref Level 0 dBm
Input Atten 10 dB
Log Scale 2 dB/Div

Set ATC-601 Signal Type to CW_P4 and PRF to 235.
Press RUN/STOP Key (9) to initiate test.

Set and record reference point. Center signal on y axis with peak
amplitude point resting on second major division above x axis.

Press RUN/STOP Key (9) to terminate test.
Set ATC-601 Signal Type to CW_MS5.
Press RUN/STOP Key (9) to initate test.

Verify difference in amplitude between reference point established in
Step 92 and current signal position is -9 dB (+1 dB).

Press RUN/STOP Key (9) to terminate test.

(3) UUT Measurements

TEST EQUIPMENT:

10 dB Attenuator
Function Generators
Heterodyne Monitor
Measuring Receiver
Oscilloscope

Power Sensor

RF Signal Generators
Spectrum Analyzer

- D) = =k ek = ) =
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