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SECTION 2 - TROUBLESHOOTING 

1.  Theory of  Operat ion 

A.  Genera l  

Theory of  Operat ion is  d iv ided in to  three leve ls :  

 System Theory of  Operat ion 

Conta ins a s impl i f ied descr ip t ion of  s ignal  f low through the ATC-601-2 wi th  
accompanying b lock d iagram. 

 Funct ional  Theory of  Operat ion 

Conta ins s impl i f ied descr ip t ions of  how the var ious funct ions of  the ATC-601-2 operate.  

 Module Theory of  Operat ion 

Conta ins a deta i led descr ip t ion of  each assembly in  the ATC-601-2.  

Refer  to  1-2-2,  F igures 2 and 3 in  the ATC-601-2 Operat ion Manual  for  locat ion of  cont ro ls ,  
connectors  and ind icators  ident i f ied wi th  numer ic  characters .   Refer  to  appropr ia te 
schemat ics  and assembly  drawings in  para 2-2-3 for  cont ro ls ,  connectors ,  ind icators  and 
components ident i f ied wi th  a lphanumer ic  characters .  

B.  System Theory of  Operat ion 

The ATC-601-2 Ramp Test  Set  s imulates a ground or  a i r  in ter rogator ,  t ransmi t t ing Modes A,  
C,  S and In termode in ter rogat ions.   The Test  Set  analyzes rep ly  pu lses,  prov ides rep ly  
pu lse in format ion and ind icates fa i lure to  comply wi th  accepted guide l ines (RTCA DO-181) .   
Refer  to  Appendix  E for  in ter rogat ion and rep ly  s ignals .  

C.  Funct ional  Theory of  Operat ion 

(1)  Transmi t  (2-2-1,  F igure 1)  

In ter rogat ions are contro l led and produced f rom the Front  Panel  Pulse PC Board 
Assembly .   Press ing the RUN/STOP Key (9)  in i t ia tes  a t r igger  that  causes the Front  
Panel  Pulse PC Board Assembly to  t ransmi t  spec i f ic  pu lse and Phase Shi f t  Key ing 
(PSK) in format ion (depending on the current  Test  Set  test  funct ion)  to  the Dr iver  PC 
Board Assembly.   The Dr iver  PC Board Assembly dr ives the pulse and DPSK 
in format ion to  modulate a 30 MHz s ignal  in  the Analog IF Assembly.   Af ter  
ampl i f icat ion and f requency mix ing by the Mixer  PC Board Assembly,  a  modulated 
1030 MHz in ter rogat ion s ignal  is  t ransmi t ted through the RF I /O Connector  (15)  or  
ANTENNA Connector  (16)  to  the uni t  under  test  (UUT).  
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System Block Diagram 
Figure 1 
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(2)  Receive (2-2-1,  F igure 1)  

Repl ies f rom the UUT are received on an RF s ignal  a t  ≈1090 MHz,  through the RF I /O 
Connector  (15)  or  ANTENNA Connector  (16) .   The s ignal  is  mixed down to  30 MHz by 
the Mixer  PC Board Assembly,  f i l tered and ampl i f ied by the Analog IF Assembly and 
sent  to  the Detector  and Dig i ta l  IF  PC Board Assembl ies.   The 30 MHz s ignal  is  sp l i t  
in to  two quadrature phase s ignals ,  conver ted to  d ig i ta l  samples and analyzed by the 
Dig i ta l  IF  PC Board Assembly.   Measurement  data is  s tored on the Dig i ta l  IF  PC Board 
Assembly and accessed by the Front  Panel  Pulse PC Board Assembly.   Reply  VIDEO 
f rom the Detector  Assembly is  decoded by the Front  Panel  Pulse PC Board Assembly.   
In format ion is  processed,  compared wi th  s tored guide l ine in format ion and d isp layed.  

(3)  Test ing 

The ATC-601-2 uses three in ter rogat ion processes when test ing t ransponders:  

 Background In ter rogat ions 

Background Mode A in ter rogat ions are t ransmi t ted cont inuously  dur ing any 
t ransponder  test .   Two background in ter rogat ions are sent  between ATCRBS test  
in ter rogat ions.   E ight  background in ter rogat ions are sent  between Mode S test  
in ter rogat ions.   Background in ter rogat ions determine t ransponder  sens i t iv i ty  or  
MTL.   Dig i ta l - to-Analog Conver ters  (DACs) on the Front  Panel  Pulse PC Board 
Assembly prov ide the vo l tage  used by the Dr iver  PC Board Assembly to  dr ive 
current  through at tenuat ion d iodes on the At tenuator  PC Board Assembly.   
At tenuat ion increases i f  rep ly  is  rece ived or  decreases i f  no rep ly  is  rece ived.   The 
at tenuat ion leve l  reached when 50% reply  ra te occurs is  used to  ca lcu la te MTL on 
the Dig i ta l  IF  PC Board Assembly.   Repl ies to  background in ter rogat ions are used 
by the Dig i ta l  IF  PC Board Assembly  to  measure power and f requency.   Mode C 
background in ter rogat ions are used in  the MTL Di f ference test  to  ver i fy  MTL is  the 
same for  both Mode A and Mode C in ter rogat ions.   Background in ter rogat ions are 
ver i f ied us ing Diagnost ics .   Refer  to  para 1-2-3C in  ATC-601-2 Operat ion Manual .  

NOTE:  A l l  in ter rogat ion and rep ly  s ignals  are at tenuated to  obta in  50% repl ies to  
background in ter rogat ions.   Disp layed MTL is  ≈0.6 dB h igher  than the 
average background leve l  to  ind icate the 90% reply  po int .  

 Mode Test  

Mode A,  Mode C and Mode S (UF11)  in ter rogat ions are t ransmi t ted in  a 
programmed sequence.   Repl ies determine UUT operat ing modes.   Mode test  is  the 
f i rs t  test  run in  Auto Test  and each Sing le Test .   Mode test  uses foreground 
in ter rogat ions.   Foreground leve l  is  ≈4 dB h igher  than background leve l .  

 Test  In ter rogat ions 

Test  in ter rogat ions are programmed f rom ROM to Video RAM by the Processor  on 
the Front  Panel  Pulse PC Board Assembly accord ing to  spec i f ic  test  funct ions.   
Test  in ter rogat ions are t ransmi t ted at  foreground leve l  and ver i f ied us ing 
Diagnost ics .   Refer  to  para 1-2-3C in  ATC-601-2 Operat ion Manual .  

The ATC-601-2 has f ive test ing funct ions.   Test  Parameters (Setup Menu) ,  Auto Test ,  
S ing le Test  and Power Test  are funct ions used in  test ing t ransponder  operat ion.   Sel f  
Test  is  used in  evaluat ing ATC-601-2 operat ion.  
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(a)  Test  Parameters  

In format ion loaded in  the Setup Menu is  s tored in  RAM on the Front  Panel  Pulse 
PC Board Assembly and used for  ca lcu la t ing rep ly  de lay and UUT power output .  

Reply  de lay is  ca lcu la ted us ing the best  8  o f  13 rep l ies.   Delays are f igured in  
two par ts .   Tota l  de lay ( in ter rogat ion to  rep ly)  is  measured wi th  counters  on the 
Dig i ta l  IF  PC Board Assembly,  t r iggered by the Pulse Generator  on the Front  
Panel  Pulse PC Board Assembly unt i l  rep ly  pu lse (50% ampl i tude)  is  rece ived.   
Dis tance in format ion in  Setup Menu is  used to  f igure range delay.   The Processor  
on the Front  Panel  Pulse PC Board Assembly subt racts  the f ixed range delay f rom 
the average to ta l  de lay to  obta in  rep ly  de lay.  

Refer  to  para 2-2-1C(3)(d)  for  ca lcu lat ing UUT power output  funct ion.  

(b)  Auto Test  

Auto Test  operat ion contro l  and sequence program, s tored in  ROM on the Front  
Panel  Pulse PC Board Assembly,  d i rects  the Processor  on the Front  Panel  Pulse 
PC Board Assembly to  in i t ia te  in ter rogat ion pulse generat ion.   Speci f ic  
in ter rogat ions are sent  us ing the t ransmi t  funct ion descr ibed in  para 2-2-1C(1) .   
Repl ies are received us ing the receive funct ion descr ibed in  para 2-2-1C(2) .   
Af ter  the ser ies of  tests  are complete or  terminated,  resul ts  s tored in  RAM (Front  
Panel  Pulse PC Board Assembly)  are entered onto the DISPLAY (14) .  

NOTE:  The Auto Test  funct ion s tores rep ly  in format ion for  a l l  S ing le Tests .  Only  
modes tested,  modes passed,  modes fa i led,  UUT Frequency,  UUT ERP, 
UUT MTL and UUT Divers i ty  Iso la t ion are d isp layed in  Auto Test .  

(c)  S ing le Test  

S ing le Test  operates the same as Auto Test ,  except  each test  is  one programmed 
loop.   When accessed,  each Sing le Test  screen d isp lays la test  rep ly  in format ion 
s tored in  RAM on the Front  Panel  Pulse PC Board Assembly.   When operat ing,  
the program stored in  ROM on the Front  Panel  Pulse PC Board Assembly 
cont inues test ing unt i l  manual ly  terminated.  

(d)  Power Test  

Power Test  is  a  loop program stored in  ROM on the Front  Panel  Pulse PC Board 
Assembly.   The test  t ransmi ts  Mode A background in ter rogat ions.   Refer  to  para 
2-2-1C(3) ,  Background In ter rogat ions,  for  MTL ca lcu lat ion.   The Dig i ta l  IF  PC 
Board Assembly  sp l i ts  incoming s ignals  in to  two quadrature phases to  ca lcu la te 
ampl i tude of  F1 rep ly  pu lse.   Two power ca lcu la t ions,  average and instantaneous,  
use four  samples of  each F1 rep ly  pu lse.   Average power is  ca lcu la ted us ing the 
ampl i tude of  a l l  rep l ies received dur ing Power Test .   A smal l  correct ion factor  is  
subt racted f rom average power ca lcu la t ions,  to  o f fset  mul t ipath ef fects .   
Instantaneous power is  average power ca lcu la ted us ing ampl i tude f rom repl ies to  
la test  100 in ter rogat ions.   Dis tance in format ion f rom the Setup Menu is  ca lcu la ted 
in to  path loss on the Front  Panel  Pulse PC board Assembly.   Antenna gain and 
cable loss f rom the Setup Menu are added wi th  the path loss and power 
ca lcu la t ions to  prov ide d isp layed power readings.  
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(e)  Sel f  Test  (2-2-1,  Table 1)  

Sel f  Test  runs as fo l lows:  

TEST THEORY 

 Non-Volat i le  RAM Bat tery  (on ly  run on power-up)  

Processor  on Front  Panel  Pulse PC Board Assembly reads non-vo lat i le  
RAM bat tery  b i t  s ta tus f rom RAM on the Front  Panel  Pulse PC Board 
Assembly.   Status is  set  on ly  on power-up.  

1 .  Bat tery  

Processor  on Front  Panel  Pulse PC Board Assembly reads BATTEST l ine 
f rom Power Supply  Assembly through Status Buf fer  on Front  Panel  Pulse 
PC Board Assembly.  

2 .  LO Contro l  

Processor  on Front  Panel  Pulse PC Board Assembly enables Local  
Osci l la tor  (LO) through LED Contro l  Regis ter  on Front  Panel  Pulse PC 
Board Assembly.   Processor  reads Status Buf fer  on Front  Panel  Pulse PC 
Board Assembly to  ver i fy  LO is  On.   LO is  then d isabled through LED 
Contro l  Regis ter .   Processor  reads Status Buf fer  again to  ver i fy  LO is  Of f .  

3 .  Dual  Por t  RAM (DPR) 

Processor  on Front  Panel  Pulse PC Board Assembly wr i tes a sequence 
us ing AA55h to  f i l l  DPR on Dig i ta l  IF  PC Board Assembly.   Processor  reads 
DPR and compares wi th  sequence wr i t ten.   Process repeats  us ing 55AAh.   
Process repeats  a th i rd  t ime loading a number sequence s tar t ing at  0000h 
and increas ing one for  each address loaded.   F i rs t  two processes ver i fy  
DPR data t ransfer .   Th i rd  process conf i rms a l l  addresses are be ing 
ver i f ied.  

NOTE:  I f  DPR test  fa i ls ,  Sel f  Test  sk ips other  RAM tests  and goes to  LED 
test .  
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TEST GROUP VERIFIES FAILURE 
CODE (H) 

RUNNING 
ORDER 

Non-Volat i le  RAM 
Bat tery  

Power 
Supply /  
Bat tery  

Bat tery  has suf f ic ient  power for  
RAM to reta in memory.  

00000020 Only  on 
power-up 

Bat tery  Power 
Supply /  
Bat tery  

Vol tage is  wi th in  correct  vo l tage 
range.  

00000010 1 

LO Contro l  RF Val id  ON/OFF status 00000001 2 

RAM Dig i ta l  Dual  Por t  RAM (DPR) 01000000 3 

  V ideo RAM 02000000 4 

  Disp lay RAM 08000000 5 

  Non-Volat i le  RAM 04000000 6 

LED Dig i ta l  In ter rogat ion and rep ly  dr ivers  80000000 7 

Reply  Decoder  Dig i ta l  Unsol ic i ted Mode S rep ly  (squi t ter )  00000400 8 

  Sol ic i ted Mode S rep ly  00000200 9 

  Sol ic i ted ATCRBS reply  00000100 10 

Pulse Wrap Dig i ta l  PULSE to DPSK t iming 00800000 11 

UART Dig i ta l  RS-232 loop back 00400000 12 

At tenuator  #1 Dig i ta l  Level  a t  end l ine d iodes 10000000 13 

At tenuator  #2 Dig i ta l  Level  a t  mid l ine d iodes 20000000 13 

LO Compensat ion Dig i ta l  DCXO contro l  vo l tage 40000000 15 

LO Detect  RF LO is  locked.  00000002 16 

RF Detect  RF TX level  out /At tenuat ion 00000004 17 

DSP In i t ia l izat ion Dig i ta l  Handshake rout ine 00000040 18 

IF Loop RF Background level  (0  dB)  00020000 19 

  SLS/Foreground rat io  (9  dB)  00100000 20 

  DSP does not  measure a non-
ex is tent  s ignal .  

00200000 21 

NOTE:  Mul t ip le  fa i lures are ind icated by the sum of  the error  codes.  

NOTE:  I f  DPR Test  fa i ls ,  subsequent  RAM tests  are not  run.  

Sel f  Test  
Table 1 
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TEST THEORY 

4.  V ideo RAM 

Processor  on Front  Panel  PC Board Assembly tests  V ideo RAM on Front  
Panel  Pulse PC Board Assembly in  same fashion as DPR on Dig i ta l  IF  PC 
Board Assembly.  

5 .  Disp lay RAM 

Processor  on Front  Panel  PC Board Assembly copies current  screen and 
t ransfers  v is ib i l i ty  to  unused secondary page on L iqu id  Crysta l  Disp lay 
(LCD).   Processor  tests  Disp lay RAM on Front  Panel  Pulse PC Board 
Assembly us ing pr imary page and in  same fashion as DPR on Dig i ta l  IF  PC 
Board Assembly.   Af ter  test ,  screen and v is ib i l i ty  are re turned to  pr imary 
page.  

6 .  Non-Volat i le  RAM 

Contents  of  non-vo lat i le  RAM on Front  Panel  PC Board Assembly are 
t ransferred to  DPR on Dig i ta l  IF PC Board Assembly.   Processor  on Front  
Panel  PC Board Assembly tests  non-vo lat i le  RAM in  same fashion as DPR.  
Af ter  test ,  or ig ina l  contents  are restored in  non-vo lat i le  RAM. 

7.  LED 

Processor  on Front  Panel  PC Board Assembly turns On In ter rogat ion and 
Reply  LEDs on Front  Panel  LED PC Board Assembly through LED Contro l  
Regis ter  on Front  Panel  PC Board Assembly.   Processor  ver i f ies  On status 
through Status Contro l  Regis ter  on Front  Panel  PC Board Assembly.   Af ter  
≈80 ms,  Of f  s ta tus is  ver i f ied through Status Contro l  Regis ter .  

8 .  Reply  Decoder  (Unsol ic i ted Mode S rep ly)  

Processor  on Front  Panel  PC Board Assembly  programs Video RAM chips 
on Front  Panel  PC Board Assembly wi th  DF11 Mode S squi t ter .   Pulse 
Generator  on Front  Panel  PC Board Assembly sends squi t ter  f rom Video 
RAM chips through RF Assembly to  Reply  Decoder  on Front  Panel  PC 
Board Assembly.   Decoded rep ly  is  s tored in  RAM on Front  Panel  PC Board 
Assembly.   Processor  compares decoded rep ly  wi th  squi t ter  sent .  

NOTE:  Reply  Decoder  tests  fa i l  i f  RF Assembly is  not  funct ion ing.  

9 .  Reply  Decoder  (Sol ic i ted Mode S rep ly)  

Processor  on Front  Panel  PC Board Assembly sends t r igger  to  Reply  
Decoder  on Front  Panel  Pulse PC Board Assembly to  prepare for  (so l ic i ted)  
Mode S rep ly .   Processor  tests  Reply  Decoder  in  same fashion as 
unsol ic i ted Mode S rep ly .  

10.  Reply  Decoder  (Sol ic i ted ATCRBS reply)  

Processor  on Front  Panel  PC Board Assembly  tests  Reply  Decoder  on 
Front  Panel  Pulse PC Board Assembly us ing so l ic i ted ATCRBS reply  in  
same fashion as so l ic i ted Mode S rep ly .  

11.  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 
l ines.   Processor  uses in ternal  T imer 1 to ver i fy  programmed dis tance 
between PULSE and DPSK pulses is  e ight  counts  (≈3.2 μs) .  
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TEST THEORY 

12.  UART 

Processor  on Front  Panel  PC Board Assembly conf igures UART (RS-232 
Inter face on Front  Panel  Pulse PC Board Assembly)  to  loop back.   
Processor  sends message and ver i f ies recept ion.  

13.  At tenuator  #1/At tenuator  #2 

Processor  on Front  Panel  PC Board Assembly wr i tes va lues to at tenuat ion 
DACs on Front  Panel  PC Board Assembly.   Processor  reads corresponding 
status f rom Analog- to-Dig i ta l  Converter  (ADC) on Front  Panel  PC Board 
Assembly to  ver i fy  DACs are correct ly  conver t ing at tenuat ion vol tage data.  

15.  LO Compensat ion 

Processor  on Front  Panel  PC Board Assembly wr i tes va lues to a DAC on 
Front  Panel  PC Board Assembly.   Processor  reads corresponding status 
f rom ADC on Front  Panel  PC Board Assembly to  ver i fy  DAC is  correct ly  
conver t ing LO compensat ion vol tage data.  

16.  LO Detect  

Processor  on Front  Panel  PC Board Assembly turns On Local  Osci l la tor  on 
LO Source PC Board Assembly through an LED Contro l  Register  on Front  
Panel  PC Board Assembly.   Processor  ver i f ies LO Detect  vo l tage is  0.35 to 
3.1 Vdc by reading 71 to 635 f rom ADC on Front  Panel  PC Board Assembly.   
Test  fa i ls  i f  LO is  not  locked (≈7.5 Hz t rapezoidal  waveform present  at  
TP27033 on Front  Panel  Pulse PC Board Assembly) .  

17.  RF Detect  

Pulse Generator  on Front  Panel  PC Board Assembly sends CW at   
MTL+4 dB wi th 0 dB at tenuat ion.   PULSE , SLS0  and SLS1 l ines are 
act ivated on Front  Panel  PC Board Assembly.   Af ter  going through t ransmi t  
por t ion of  RF Assembly,  the s ignal  returns on RF DETECT l ine to the ADC 
on Front  Panel  PC Board Assembly.   Processor  on Front  Panel  PC Board 
Assembly ver i f ies level  a f ter  d ig i ta l  convers ion.   Test  is  repeated wi th 3 dB 
at tenuat ion set  by At tenuator  Contro l  on Front  Panel  PC Board Assembly 
through Dr iver  PC Board Assembly to  At tenuator  PC Board Assembly.   
Processor  checks 3 dB d i f ference by ver i fy ing rat io  of  unat tenuated level  to  
at tenuated level  is  2 (±0.4) .  

18.  DSP In i t ia l izat ion 

Processor  on Front  Panel  Pulse PC Board Assembly resets Dig i ta l  IF PC 
Board Assembly through LED Contro l  Register  on Front  Panel  PC Board 
Assembly.   Af ter  reset ,  Dig i ta l  S ignal  Processor  (DSP) on Dig i ta l  IF PC 
Board Assembly contro ls  RDY output  to  Status Buf fer  on Front  Panel  PC 
Board Assembly.   Processor  ver i f ies  DSP ready status through Status 
Buf fer .  

19.  IF Loop (Background level )  

Pulse Generator  on Front  Panel  PC Board Assembly act ivates PULSE  and 

SLS0  l ines through Dr iver  PC Board Assembly to modulate 30 MHz CW 
signal  on Analog IF PC Board Assembly .   CW signal  a t  background level  is  
sent  f rom Analog IF PC Board Assembly to Dig i ta l  IF PC Board Assembly.   
DSP on Dig i ta l  IF PC Board Assembly measures power level .   Processor  on 
Front  Panel  Pulse PC Board Assembly ver i f ies correct  level  a f ter  d ig i ta l  
convers ion.  
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TEST THEORY 

20.  IF Loop (Foreground/SLS rat io)  

Pulse Generator  on Front  Panel  PC Board Assembly act ivates PULSE ,  

SLS0  and SLS1 l ines through Dr iver  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  f rom Analog IF PC Board Assembly to 
Dig i ta l  IF PC Board Assembly.   DSP on Dig i ta l  IF PC Board Assembly 
measures power level .   Process repeats wi th SLS0  and SLS1 l ines 
deact ivated 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 
d i f ference by ver i fy ing rat io  of  foreground level  to  SLS level  is  3 (±1).  

21.  IF Loop (val id  DSP measur ing)  

LO is  turned Of f ,  d isabl ing CW signal  on Analog IF PC Board Assembly.   
Processor  on Front  Panel  Pulse PC Board Assembly ver i f ies DSP does not  
measure noise f loor  as a va l id  s ignal .  
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D.  Module Theory of  Operat ion 

(1)  Power Supply 

The Power Supply consis ts  of  the L ine Supply Assembly and the Power Supply 
Assembly.  

(a)  L ine Supply Assembly 

The L ine Supply Assembly is  an ac to  dc conver ter  conta in ing a power 
t ransformer,  br idge rect i f ier  and f i l ter .  

The AC PWR Connector  (J10050) (7)  on the Front  Panel  Assembly is  connected 
to the L ine Supply Assembly through P/J11062.   Transformer T33001 has two 
pr imary windings connected in  para l le l  when 115 VAC is  se lected by double pole,  
double throw Swi tch S15001.   The two pr imary windings are connected in  ser ies i f  
230 VAC is  se lected.   The secondary winding of  T33001 is  connected to a fu l l  
wave rect i f ier  BR33001 mounted on the s ide panel  heat  s ink.   Unregulated 
vol tage f rom BR33001 is  appl ied to the crowbar c i rcu i t  (over-vol tage protect ion) ,  
f i l tered by C33003 and sent  through P33049 to the Power Supply Assembly.  

The crowbar c i rcu i t  inc ludes CR15001,  CR15002,  R15001,  R15002 and Q15001.   
I f  vo l tage becomes excessive,  Q15001 turns on,  ef fect ive ly  shor t ing the br idge 
output  and d isabl ing Fuse F12001.   F12001 opens when the l ine reaches 
approximately  160 VAC (115 VAC operat ion)  or  320 VAC (230 VAC operat ion) .  

(b)  Power Supply Assembly (2-2-1,  F igure 2)  

1 Bat tery Charger  

The Bat tery Charger  operates on 15 to 22 V source f rom the L ine Supply 
Assembly through P23047.   The CHARGE Indicator  (1)  i l luminates red when 
charging and green when bat tery is  more than 80% charged.   The CHARGE 
Indicator  (1)  is  Of f  when no ac power is  appl ied or  the  
ATC-601-2 is  operat ing.  

The Bat tery Charger  requi res Test  Set  power Of f  and a par t ia l ly  charged 
bat tery to  in i t ia l ize.   Wi th no bat tery ,  the Bat tery Charger  is  inoperable.   I f  
ATC-601-2 power is  On (DISPLAY [14]  is  i l luminated and screen is  shown),  
the Bat tery Charger  is  d isabled.  

When ac power is  f i rs t  appl ied wi th Test  Set  power Of f ,  the Bat tery Charger  
prov ides constant  current  to  the bat tery.   When the bat tery achieves a 75% 
charge,  vo l tage across the bat tery r ises rapid ly  and the Bat tery Charger  
swi tches to vo l tage regulat ion mode (at  ≈14.6 V) .  

The 15 V source vol tage is  appl ied to the Power Supply Assembly at  P23047-8 
and P23047-15.   Input  to  the swi tch ing sect ion goes through a low-pass f i l ter  
(C14032,  L14006,  C14023 and C14038) to Converter /Transformer T14001.   
Output  of  T14001 is  rect i f ied by CR14003 and f i l tered by C14001,  prov id ing 
the bat tery vo l tage at  J11048-1.   CR14015 and CR14014 prov ide back-up 
vol tage separat ion between the bat tery,  Bat tery Charger  and Output  Supply.   
The bat tery is  grounded through Current  Sense Resis tor  R14001.   Regulator  
U14001 operates on three inputs.   The peak current  on FET Q23002 is  fed 
back to the Current  Sense input  (U14001-7) .   The bat tery charge vol tage is  
fed back and sensed across a vo l tage d iv ider  (R14003,  R14080 and R14007).   
R14007 (ADJ BATT CHARGER VOLTAGE) adjusts the operat ing f loat  vo l tage 
(14.6 Vdc wi th charged bat tery) .   The charg ing current  sensed at  R14001 sets 
up the reference vol tage formed across d iodes CR14001 and CR14002.   
Thermistor  RT14001 contro ls  b ias current  on CR14001 and CR14002.   The 
reference input  to  U14001-1 is  a funct ion of  temperature and establ ishes 
t r ick le charge contro l  between 0°  C and 70°  C.   R14073 (GAIN ADJ) contro ls  
excess vol tage.   The pulse output  (U14001-13)  contro ls  Gate Dr ivers Q14001 
and Q14002.   Q14001 and Q14002 dr ive the Transformer T14001 through 
Q23002.  
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The ac vol tage at  T14001 (E14004) is  rect i f ied by CR14011 and C14026.   
Rect i f ied vol tage feeds constant  current  source Q14015.   Q14015 prov ides 
≈20 mA to the CHARGE Indicator  (1)  through P12001-3.   When the l ine f rom 
Q14015 is  sourc ing current ,  the CHARGE Indicator  (1)  is  red.   When Q14013 
and Q14014 are turned on,  Q14015 shuts of f  and s ink current  through 
CR14010 causes the CHARGE Indicator  (1)  to  i l luminate green.   Three 
condi t ions must  be met  to  obta in a green ind icat ion on the CHARGE Indicator  
(1) :  

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

 Regulator  U14001 is  in  vo l tage regulat ion mode when the compensat ion 
output  (TP14001) is  <≈4 V.   The compensat ion output  is  sensed by 
U14006D. 

 Regulator  U14001 produces enough power to  t r ick le charge the bat tery 
when the compensat ion output  (TP14003) is  >≈2 V.   This  ind icates a 
bat tery is  connected and the bat tery has no open cel ls .   The compensat ion 
output  is  sensed by U14006B. 

2 Output  Supply 

The Output  Supply is  dependent  upon the bat tery l ine for  the input  power.   
Input  vo l tage to the Output  Supply var ies wi th the charge level  o f  the bat tery.   
The Output  Supply prov ides operat ing vol tages for  the Test  Set  and is  
contro l led by the POWER Key (11) .   The Bat tery Charger  is  swi tched Of f  when 
the Output  Supply is  operat ing.  

The POWER Key (11)  is  connected to P/J23047-1.   A swi tch c losure to ground 
at  R14017 turns Q14017 On momentar i ly ,  c lock ing J-K Fl ip-F lop U14002B 
connected as a one-shot .   At  swi tch c losure,  U14002B-2 produces a s ingle 
100 ms pulse,  set  by R14019 and d ischarge t ime of  C24010.   The t ra i l ing edge 
of  the pulse (going posi t ive)  c locks J-K Fl ip-F lop U14002A.  When toggled On,  
U14002A-15 goes h igh turn ing On the Output  Supply and U14002A-14 goes 

low act ivat ing SHUTDOWN  l ine to turn Of f  the Bat tery Charger .   The h igh at  
U14002A-15 act ivates Q14004,  Q14005 and Q14006.   Q14006 dr ives the 
Regulator  U14003.   Q14005 dr ives the low vol tage sensing c i rcu i t .  

U14003 regulates us ing three inputs.   Current  l imi t  contro l  through FET 
Q23001 is  sensed at  U14003-6.   The +5 V feedback vol tage is  set  by R14074 
and sensed at  U14003-1.   Feedback current  through R14025 sets the negat ive 
error  sensing input  at  U14003-2.   The pulse output  (U14003-13)  contro ls  Gate 
Dr ivers Q14007 and Q14008 which dr ive the Transformer T14002 through 
Q23001.   Two outputs f rom T14002 are rect i f ied,  f i l tered and regulated to 
prov ide +12 and -12 Vdc.   The other  output  is  rect i f ied and f i l tered to prov ide 
+5 Vdc,  regulated by U14003.  

The bat tery vo l tage is  sensed through Q14005 across Vol tage Div ider  R14062,  
R14060 and R14061.   When the bat tery vo l tage drops below a threshold 
determined by temperature (≈+11.3 V at  25°  C) ,  U14008C dr ives a low level  
through R14068 to the Front  Panel  Pulse PC Board Assembly causing two 
b locks to appear on the DISPLAY (14)  in  the lower le f t  corner  ( low power 
ind icat ion)  and the Bat tery Test  por t ion of  the Sel f  Test  to  fa i l .   As the bat tery 
vo l tage drops fur ther  ( to  ≈+10.4 V at  25°  C) ,  Comparator  U14008B senses the 
low vol tage and a h igh level  output  act ivates Q14012.   U14002A resets and 
shuts of f  the Output  Supply.   I f  the Keypad is  inact ive for  ≈15 minutes dur ing 
operat ion,  Power Disable (PWRDIS) l ine f rom the Front  Panel  Pulse PC Board 
goes h igh to Comparator  U14008A-6.   The h igh level  output  causes U14002A 
to reset  and shut  of f  the Output  Supply.  
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(2)  Dig i ta l  IF PC Board Assembly (2-2-1,  F igure 3)  

The Dig i ta l  IF PC Board Assembly consis ts  of :  

Receive IF 
Dig i t izer  
Dig i ta l  S ignal  Processor  (DSP) 
System Inter face 
Vol tage Inver ter  

The Dig i ta l  IF PC Board Assembly changes the incoming reply  s ignals  f rom analog to 
d ig i ta l  and accurate ly  ca lcu lates power,  f requency,  pulse spacing,  pulse width,  pu lse 
ampl i tude and reply  delay.   The Receive IF sp l i ts  the s ignal  in  two and prov ides a 
complex representat ion of  the or ig inal  rep ly  s ignal .   The analog s ignals  are conver ted 
to d ig i ta l  by the Dig i t izer  and stored in to memory.   The DSP conducts  ca lcu lat ions wi th  
the d ig i ta l  in format ion and prov ides the resul ts  to  the Front  Panel  Pulse PC Board 
Assembly through the System Inter face.   The Vol tage Inver ter  prov ides the necessary 
vol tage to operate the Dig i ta l  IF PC Board Assembly.  

(a)  Receive IF 

The 30 MHz s ignal  f rom the Analog IF Assembly,  ver i f ied at  TP26017,  goes 
through a 6 dB res is t ive spl i t ter  (R26032,  R26033 and R26034) prov id ing two 
s ignals  whi le  mainta in ing 12.8 MHz of  bandwidth.   Delay equal izers cause a 90°  
phase d i f ference between the two s ignals  to  prov ide a s ine and cosine 
representat ion of  the received IF s ignal .   Delay equal izers are f i rs t  order  
constant- res is tance t ime-domain c i rcu i ts .   One delay equal izer  (L26001-L26004,  
C26057-C27060 and R26011) prov ides the in  phase ( I )  s ignal .   The other  delay 
equal izer  (L26005-L26008,  C26061-C27066 and R26012) prov ides the quadrature 
phase (Q) s ignal .   C26061 and C26063 (ϕ  ADJ) mainta in the 90°  phase d i f ference 
between the two s ignals .   R26011 ( I  LEVEL ADJ) and R26012 (Q LEVEL ADJ) 
keep ampl i tude of  both s ignals  equal .  

Transformers (T26001 and T26002) conver t  I  and Q s ignals  f rom bipolar  to  polar .   
High-speed in tegrat ing operat ional  ampl i f iers  (U26031 and U26032) prov ide 
approximate ly  seven t imes ampl i f icat ion for  an output  of  2  Vp-p at  30 MHz.   The 
midpoints  or  zero references (≈-1 V)  used in  the in tegrat ion process are tapped 
f rom res is tor  networks (R26018,  R26017 and R26023,  R26024) across the ADC 
reference vol tage (≈-2 V) .   R26017 and R26023 (ADC ZERO) a lso compensate for  
temperature dr i f t .   Diodes CR26006 and CR26007 protect  the ADCs by ef fect ive ly  
shor t ing posi t ive vo l tages (0.4 V)  to  ground.   The I  s ignal  is  ver i f ied at  TP26019 
and the Q s ignal  is  ver i f ied at  TP26020.  

(b)  Dig i t izer  

The Dig i t izer  consis ts  of  f ive main c i rcu i ts :  

1  ADC Reference 

The ADC reference prov ides the -2 V reference vol tage for  the f lash ADCs.   
CR26002 drops 2.5 V.   Low Offset  Ampl i f ier  U26027 and current  gain 
t ransis tor  Q26002 conver t  the 2.5 V to  -2 V.   The non-adjustable ADC 
reference vol tage (1.96 to 2.08 V)  is  present  at  test  point  TP26023.   The -2 V 
reference is  used by f lash ADCs (U26001 and U26002) and Receive IF 
operat ional  ampl i f iers  (U26031 and U26032).   Each f lash ADC draws 23 mA 
nominal ,  40 mA maximum, and the operat ional  ampl i f ier  c i rcu i ts  use 0.7 mA.  
The ADC reference c i rcu i t  suppl ies a maximum of  300 mA. 



          
MAINTENANCE MANUAL 
ATC-601-2   

2-2-1 
Page 16 
Jan 1/07 

2 F lash ADCs 

Flash ADCs U26001 and U26002 conver t  the input  analog s ignals  f rom the 
Receive IF to  d ig i ta l  8-b i t  s igned values ( twos complement) .   Input  s ignals  are 
set  f rom -2 to 0 V.   Vol tages >0 V over f low the ADCs.   Dig i ta l  output  va lues 
range f rom 80h ( -128 decimal) ,  corresponding to -2 V,  to  7fh (+127 decimal) ,  
corresponding to 0 V.   The 30 MHz d ig i ta l  c lock f rom U26015 contro ls  ADC 
operat ion.  

3 RAM 

Dig i t ized data is  wr i t ten in to four  h igh-speed RAM chips (U26010- U26013) at  
a  30 MHz rate.   Each RAM chip has a 4k by 4 byte capaci ty .   The RAM chips 
have separate inputs f rom outputs.   F lash ADCs only  wr i te  in to the RAM chips 
and the DSP (U26003) only  reads f rom the RAM chips.   Address l ines are 
shared by the d ig i t izer  contro l  c i rcu i t  and DSP. 

4 Clock Format  

The c lock format  conver ts  the 60 MHz s ine wave f rom the Analog IF Assembly 
in to a 30 MHz TTL c lock wi th a 33% duty cyc le.   Refer  to  2-2-1,  F igure 4 for  
the c lock format  t iming d iagram.  Transis tor  Q26001,  inver t ing Schmit t  
t r iggers (U26023A and U26023B) and associated c i rcu i t ry  conver t  the 60 MHz 
input  to  TTL.   D Fl ip-F lop U26024A div ides the s ignal  by two and the 30 MHz 
output  prov ides both inputs to  NAND Gate U26025A.  Because DL26001 
delays one input  by 5 ns,  U26025A has a 67% duty c lock output .   Af ter  being 
inver ted by NAND Gate U26025B, the 30 MHz TTL c lock has a h igh t ime of  
10.67 to 12.67 ns.   The c lock format  output  is  ver i f ied at  TP26022.  

 

60 MHz CLK
(ANALOG IF)

30 MHz
(D FLIP-FLOP)

DELAYED SIGNAL

NANDED SIGNAL

CLK SIGNAL
8114008 

Clock Format  T iming Diagram 
Figure 4 
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5 Dig i t izer  Contro l  

The d ig i t izer  contro l  c i rcu i t  consis ts  of  a Programmable Array Logic (PAL) 
c i rcu i t  (U26015),  three b inary counters (U26017,  U26018 and U26019),  two 
f l ip- f lops (U26020 and U26028) and two address regis ter  buf fers (U26021 and 
U26022).   U26015 d i rects  d ig i t iz ing of  data in to RAM and reading of  data out  
of  RAM.  Refer  to  2-2-1,  Table 2 for  descr ip t ion of  U26015 inputs and outputs.   
Refer  to  Appendix D for  PAL equat ions and Appendix E for  t iming d iagrams.  

FLOW U26015 
PINS 

NAME DESCRIPTION 

Input  1 and 2 CLK 30 MHz TTL c lock wi th 33% duty cyc le 
f rom c lock format  

Input  3 DS Data Select  s ignal  f rom DSP is  h igh unless 
made low (act ive)  for  communicat ing to 
external  data memory (DPR).  

Input  4 STRB Strobe s ignal  f rom DSP is  h igh unless 
made low (act ive)  to  ind icate external  bus 
cyc le.  

Input  5,  6  and 
7 

A0,  A14 
and A15 

Address l ines f rom DSP 

Input  8 TRIG Inver ted t r igger  f rom Front  Panel  Pulse PC 
Board ind icates s tar t  o f  process.  

Input  9 RCO Ripple Count  Out  f rom binary counters 
ind icates end of  d ig i t iz ing the data.  

Output  12 DIG CLK Dig i t izer  Clock 

Output  13 LOWB Low Byte selects  L ine Dr iver  U26026 to 
keep data l ines (D0-D7) low dur ing RAM 
read.  

Output  15 ENA Enable Address act ivates two address 
regis ter  buf fers (U26021 and U26022) 
connect ing DSP to d ig i t iz ing RAM. 

Output  16 DRDY Low Data Ready s ignal  ind icates d ig i t iz ing 
RAM is  ready for  DSP to read.  

Output  17 RAM WR RAM Wri te contro ls  RAM access ( low for  
ADCs wr i t ing to RAM and h igh for  DSP 
reading f rom RAM).  

Output  18 RAMQ Enables Q d ig i t izer  RAM. 

Output  19 RAMI Enables I  d ig i t izer  RAM. 

Dig i t izer  PAL Inputs and Outputs 
Table 2 
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Dig i t iz ing sequence is :  

STEP ACTION 

1.  U26023C inver ts  h igh TRIG output  f rom Front  Panel  Pulse PC Board 
Assembly to  low,  reset t ing Binary Counters U26017,  U26018 and 
U26019.  

2.  On the f i rs t  r is ing edge of  the c lock pulse af ter  TRIG goes low:  

 RAM WR goes low to enable the ADCs to wr i te  to  RAM. 

 ENA goes h igh to d isable DSP addressing.  

 DRDY goes h igh indicat ing data is  not  ready for  DSP to read.  

3.  RAM WR going low enables F l ip-F lops U26020 and U26028 to address 
RAM by la tch ing address l ines to the output  of  B inary Counters U26017,  
U26018 and U26019.  

4.  DIG CLK, RAMI and RAMQ become synchronous wi th CLK on the f i rs t  
fa l l ing edge of  the c lock pulse af ter  RAM WR goes low.  

5.  TRIG returns to h igh and the b inary counters s tar t  count ing on the f i rs t  
r is ing edge of  DIG CLK.  B inary Counters U26017,  U26018 and U26019 
are cascaded together  to  prov ide a count  f rom 0 to 4095 ( the capaci ty  
of  the d ig i t izer  RAM chips) .  

6 .  Wi th each DIG CLK count ,  the ADCs conver t  incoming analog data in to 
another  byte.  

7.  Wi th each DIG CLK count ,  the byte of  conver ted data f rom the pr ior  
c lock cyc le is  s tored in  the next  address in  RAM, as s tepped by the 
b inary counters (U26017,  U26018 and U26019) and la tched by the f l ip-
f lops (U26020 and U26028).  

8 .  Process cont inues unt i l  the b inary counters are fu l l  and RCO output  
U26019-15 goes h igh.  

9.  DIG CLK, RAMI and RAMQ stop synchronous operat ion wi th CLK and 
stay h igh.  

10.  Af ter  U26015 in ternal  swi tch ing a l lows ADCs to wr i te  last  byte of  data 
in to RAM, RAM WR goes h igh set t ing RAM for  DSP to read.  

11.  ENA goes low to enable DSP to address d ig i t iz ing RAM. 

12.  DRDY goes low to t r igger DSP for  reading d ig i t izer  RAM.  DRDY stays 
low unt i l  a  read is  done at  any d ig i t izer  RAM address.  

13.  DSP reads RAMQ (quadrature phase data)  us ing an odd address.   A15 
and A0 are h igh whi le  A14,  DS and STRB are low.  

DSP reads RAMI (quadrature phase data)  us ing an even address.   A15 
is  h igh whi le  A0,  A14,  DS and STRB are low.  



          
MAINTENANCE MANUAL 
ATC-601-2   

2-2-1 
Page 19 
Jan 1/07 

(c)  Dig i ta l  S ignal  Processor  (DSP) 

U26003 is  a TMS320C25 DSP.  Two external  EPROM chips,  U26004 and U26005,  
prov ide 8k by 16 b i ts  of  ROM conta in ing the program code for  U26003.   U26003 
selects the EPROM chips at  addresses f rom 0 to 3FFFh whi le  the PS (U26003-47)  
and STRB (U26003-49)  l ines are both low through OR Gate U26034A.  Two 
external  2k by 8 RAM chips (U26008 and U26009) and in ternal  DSP RAM provide 
≈2.6k by 16 b i ts  of  RAM.  In ter face to  external  RAM is  accompl ished wi th the 
16V8A PAL U26016.   Addresses f rom 400 to BFFh wi th STRB low cause SRCS 
(U26016-19)  to go low,  se lect ing the RAM chips.   SROE (read)  or  SRWE (wr i te)  

goes low depending on R/ W  l ine (U26003-48) .   Data l ines D0-D7 access U26008 
and data l ines D8-D15 access U26009.   External  RAM is  cont iguous to the 
in ternal  RAM located through 3FFh.   RAM is  accessed wi th no wai t  s tates.  

The DSP operates us ing a 40 MHz c lock prov ided by U26035.   Inver t ing Schmit t  
Tr igger  U26036A conver ts  c lock output  to  TTL.  

In  operat ion,  the DSP per forms calculat ions,  contro l led by ROM, on the data in  
d ig i t izer  RAM.  Resul ts  are s tored in  RAM avai lab le to  the DSP.  Af ter  reading the 
d ig i t izer  RAM chips,  the DSP per forms mathemat ica l  operat ions to determine:  

 Posi t ion of  any pulse 

 Width of  any pulse 

 Rise t ime of  any pulse 

 Power of  any pulse 

 Di f ference in  power between pulses 

 Frequency of  the IF 

 Phase changes in  the IF 

(d)  System Inter face 

The System Inter face consis ts  of  PAL U26016 and Dual  Por t  RAM (DPR) U26007.   
The RDY l ine (P26006-A7),  when h igh,  ind icates the Dig i ta l  IF PC Board 
Assembly is  ready to communicate.   The RDY l ine 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 c locks D Fl ip-F lop 
U26024B and a h igh on data l ine D0 sets the RDY l ine h igh.   The DSP accesses 
the DPR at  addresses C000 to C3FFh through the PAL.   When DS is  low wi th A14 
and A15 h igh (va l id  DPR address) ,  a  h igh (U26016-15)  is  sent  to  J-K Fl ip-Flop 
U26029A to add a wai t  s tate.   On the fa l l ing edge of  CLK2,  U26029A output  goes 
h igh to U26016-5,  set t ing READY high.   When a val id  address other  than a DPR 
address is  accessed,  READY l ine is  set  h igh wi thout  a wai t  s tate.   Refer  to  wai t  
s tate t iming d iagrams in  Appendix E.   When the DPR is  accessed by the Front  
Panel  Pulse PC Board Assembly,  the BUSY l ine f rom the DPR (U26007-3)  goes 
low causing the READY l ine to remain low.  
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(e)  Vol tage Inver ter  

The Vol tage Inver ter  conver ts  the +5 V input  to  a -5 V output .   The Vol tage 
Inver ter  is  a pulse width modulated c i rcu i t  consis t ing of  a  re laxat ion osc i l la tor ,  
Transis tor  Q26004,   Swi tcher  Pass Device Q26005,  Clamp Diode CR26005 and 
associated f i l ter ing components.  

The re laxat ion osc i l la tor  consis ts  of  Comparator  U26037,  Vol tage Div ider  R26036 
and R26037,  Resis tor  R26039 and Capaci tor  C26079.   R26039 and C26079 
prov ide the t ime constant ,  set t ing the osc i l la t ion f requency.   The vol tage d iv ider  
sets the vol tage l imi tat ions of  the osc i l la tor  (centered around +5 V).   Comparator  
U26037 sends a pulse output  to  contro l  Q26005.   The pulse (≈10 V)  is  based on 
the input  f rom Transis tor  Q26004 and the vol tage d iv ider .  

Transis tor  Q26004 works as d i f ferent ia l  ampl i f ier  and prov ides feedback current  
to  modulate duty cyc le of fset  by R26038.   R26040 and R26041 prov ide feedback 
vol tage (≈-0.7 V)  on emit ter  of  Q26004.   R26041 ( -5V ADJ) sets level  of  feedback 
necessary to mainta in the -5 V output .   Diodes CR26003 and CR26004 
compensate for  vo l tage drop across the base to emi t ter  of  Q26004.   C26080 
prov ides lead compensat ion to dampen feedback loop r ing ing caused by the delay 
f rom input  to  output .  

The pulse output  f rom Comparator  U26037 causes current  to  f low through Q26005 
≈50% of  the t ime.   The other  par t  o f  the t ime current  f lows through CR26005.   The 
vol tage drop across CR26005 goes f rom +0.5 to -10 V dur ing the duty cyc le 
averaging out  to  -5 V.   C26081 prov ides a dc b lock between the modulat ing 
c i rcu i t  and the output .   L26009 and L26010 prov ide f i l ter ing and modulat ion 
a l lowance.  
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(3)  Front  Panel  Pulse PC Board Assembly (2-2-1,  F igure 7)  

The Front  Panel  Pulse PC Board Assembly consis ts  of :  

Processor  
Pulse Generator  
Reply  Decoder  
Disp lay Contro l  
Keypad Inter face 
RS-232 Inter face 
At tenuator  Contro l  
Osci l la tor  Compensat ion 
Analog- to-Dig i ta l  Conver ter  
Status Buf fer  
LED Contro l  Register  
Dig i ta l  IF PC Board Assembly Access 

The Front  Panel  Pulse PC Board Assembly  contro ls  the general  operat ion of  the  
ATC-601-2 Test  Set  by prov id ing an in ter face to the user ,  generat ing in terrogat ions,  
decoding repl ies and contro l l ing both the Dig i ta l  IF PC Board and RF Assembl ies.  

(a)  Processor 

The Processor  has four  major  components:   Microprocessor  U27001,  two 64k 
ROMs (U27012,  U27013) and 32k non-volat i le  SRAM U27017.   U27001,  a 
mul t i - funct ional  80188 microprocessor ,  receives inst ruct ion data f rom the two 
64k ROMs and carr ies out  ass ignments as inst ructed.   U27001 uses 11 chip 
se lects .   Refer  to  2-2-1,  Table 3 for  ch ip se lect  def in i t ion.   Chip se lect  l ines 
are act ive low.   SRAM U27017 has in ternal  bat tery back-up to prevent  loss of  
memory.  

 

CHIP 
SELECT 

LINE SELECTION ADDRESSES 

Upper UCS  64k ROM (U27012) F0000-FFFFFh 

Lower LCS  32k SRAM (U27017) 00000-08000h 

Mid-Range MCS0  Dig i ta l  IF PC Board Assembly 
(U26007) 

C0000-CFFFFh 

 MCS1 Pulse Generator  (U27022) D0000-DFFFFh 

 MCS2  64k ROM (U27013) E0000-EFFFFh 

Per ipheral  PCS0  Contro l  Decoder (U27008) 400-47Xh 

 PCS1 RS-232 Inter face (U27030) 480-487h 

 PCS2  Keypad Inter face (U27027) 500h 

 PCS3  Contro l  Decoder (U27037) 580-5FXh 

 PCS4  Contro l  Decoder (U27036) 600-67Xh 

 PCS5  LCD Contro l ler  (U27048) 680-681h 

Microprocessor  U27001 Chip Selects  
Table 3 
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Inst ruct ion sequence is :  

STEP ACTION 

1.  Address la tch enable (BALE) l ine (U27001-61)  to  Transparent  Latch 
U27010 goes h igh,  a l lowing U27001 to set  address where data is  to  be 
received through data l ines to U27010.  

2.  When address is  va l id ,  BALE goes low,  causing lower 8 b i ts  of  address to 
be la tched onto U27010 address l ines.   Lower Address Latch U27010 
a l lows U27001 to receive data on data l ines wi thout  changing address 
se lected.  

3.  UCS  l ine (U27001-34)  is  low to enable U27012.   Read ( RD ) l ine (U27001-
62)  goes low to enable data byte at  address selected ( in i t ia l  address is  
FFFF0) to be sent  to  U27001.  

4.  Data is  processed and inst ruct ion is  carr ied out  in  same fashion.  BALE 
goes h igh,  ch ip is  se lected,  va l id  address is  la tched and data is  read f rom 

or  wr i t ten to address.   Wr i te  ( WR ) l ine (U27001-63) ,  goes low and RD  l ine 
s tays h igh when sending data to  an address.  

U27001 a lso prov ides Di rect  Memory Access (DMA) capabi l i t ies for  Reply  
Decoder U27044.   DRQ0 (U27001-18)  and DRQ1 (U27001-19)  l ines set  up DMA, 
a l lowing a d i rect  read or  wr i te  to  memory.  

DMA sequence is :  

STEP ACTION 

1.  DRQ0 ( f rom Reply Decoder [U27044-A9] ,  ATCRBS Decoder)  or  DRQ1 ( f rom 
Reply Decoder [U27044-B9] ,  Mode S Decoder)  goes h igh (DMA request) .  

2 .  U27001 f in ishes current  inst ruct ion or  bus cyc le.  

3 .  DMA takes contro l  and programmed act ion is  in i t ia ted.  

There are four  in terrupt  l ines used on U27001.   INT0 (U27001-45)  goes h igh f rom 
U27030,  in forming U27001,  a t ransmi t  or  receive act ion is  requi red at  the RS-232 
Inter face.   INT1 (U27001-44)  is  h igh when act ivated by Keypad operat ion.   
Press ing any key generates an in terrupt .   INT2 (U27001-42)  is  act ivated by Pulse 
Generator  U27022 and INT3 is  contro l led by Reply Decoder U27044.  

U27001 operates us ing an external  20 MHz c lock source.   D Fl ip-F lop U27007B 
div ides 40 MHz Osci l la tor  G27001 output  by two.   The 20 MHz c lock is  fed in to 
U27001-59.   U27001 d iv ides the 20 MHz by two,  prov id ing the 10 MHz Clock used 
in ternal ly  and sent  out  on CLKO l ine U27001-56.  

Two in ternal  t imer c i rcu i ts  are ut i l ized by  the Processor .   T imer 1 is  used to 
measure d is tance between PULSE and DPSK pulses dur ing the Pulse Wrap 
por t ion of  the Sel f  Test .   These pulses are generated by the Pulse Generator .   A 
s ingle output  pulse is  programmed in Video RAM for  each s ignal .   The two pulses 
are then combined in to a set- reset  type c i rcu i t  located in  the Pulse Generator ,  
Logic  Cel l  Array (LCA) U27022,  and fed to T imer 1 for  measurement .   T imer 2 
prov ides an in ternal  4.255 ms in terrupt  used for  in terrogat ion in tervals .  



          
MAINTENANCE MANUAL 
ATC-601-2   

2-2-1 
Page 23 
Jan 1/07 

A reset  c i rcu i t  consis t ing of  Superv isor  U27018,  Q27001 and associated 
components prov ide a delay af ter  power-up or  brown-out .   The delay 
(≈15 ms) a l lows the +5 V f rom the Power Supply Assembly and 40 MHz Osci l la tor  
G27001 to s tabi l ize.   Reset  is  act ivated manual ly  through S27001 ( low ground to 
U27018-2)  or  automat ica l ly  i f  the +5 V sensed at  U27018-7 drops below 
approximate ly  4.55 V.   U27018 output  in i t ia tes Logic  Cel l  Array (LCA) 
programming.   The low at  U27018-5 is  sent  to  the Reply Decoder and Pulse 
Generator .   The h igh at  U27018-6 act ivates Q27001 a l lowing the low ground at  
the emi t ter  to  be fe l t  on the D/PN l ine ( reset  to  U27001).   The LCA components,  
Pulse Generator  U27022 and Reply Decoder U27044,  hold the D/PN l ine low unt i l  
programming is  complete.   U27001 resets and sends out  another  reset  (U27001-
57)  to  other  log ic  components on the Front  Panel  Pulse PC Board Assembly and 
Dig i ta l  IF PC Board Assembly.   Reset  output  is  mainta ined unt i l  the +5 V l ine 
reaches ≈4.7 V.   Refer  to  Appendix E for  reset  t iming d iagram. 

The Power Disable c i rcu i t  saves on bat tery  power when the Keypad is  inact ive.   
U27001 moni tors Keypad act iv i ty  and i f  no key is  pressed for  approx imate ly   
15 minutes,  D Fl ip-F lop U27007A is  accessed wi th PCS0 +1Xh through U27008 
and a low is  sent  on D0 causing PWRDIS to go h igh to the Power Supply 
Assembly.   The comparator  on the Power Supply Assembly resets the f l ip- f lop and 
d isables the Output  Supply,  swi tch ing of f  the power.   PWRDIS returns to low upon 
power-up or  af ter  reset .  

(b)  Pulse Generator  

The Pulse Generator  sect ion of  the Front  Panel  Pulse PC Board Assembly 
consis ts  of  programmable LCA U27022,  Video RAM chips U27023 and U27024,  
Ser ia l  Access Memory (SAM) Counter  Reset  U27006,  Buf fer /Dr iver  U27004,  
Mul t ip lexers (MUX) U27015 and U27016,  Delay DL27001,  Schmit t  Tr igger  Inver ter  
U27025A, Contro l  Decoder U27008 and PROM U27003.  

The Video RAM chips are dual  por t  wi th  random access avai lab le to  U27001 and 
ser ia l  access to U27022.   U27001 reads and wr i tes to  the Video RAM chips wi th 
access contro l led through U27022.   V ideo RAM chips U27023 and U27024 are 

accessed when MCS1, BALE and e i ther  WR  or  RD  are act ivated.   Addresses are 

se lected us ing Mul t ip lexers U27015 and U27016.   When RAS  goes low,  the select  
l ine to U27015 and U27016 stays h igh because the output  at  U27022-43,  
changing to h igh ( inver ted low by U11025A) when RAS  goes low,  is  delayed 10 ns 
through DL27001.   This  a l lows A8 through A15 to be la tched to the Video RAM 
chips,  se lect ing the row address.   Af ter  the delay,  the mul t ip lexers wi th the select  
l ine low are set  to  la tch A0 through A8 to the Video RAM chips,  se lect ing the 

column address when CAS  goes low.   DT /OE goes low for  a read operat ion or  

RWR  goes low for  a wr i te  operat ion.  

Ser ia l  access by U27022 is  a read only  funct ion.   The Video RAM chips t ransfer  
rows (256 bytes/ row) of  data in to in ternal  ser ia l  access regis ters.  Data is  sent  
f rom the regis ters to  U27022,  one byte each c lock count .   Ser ia l ized data is  sent  
out  f rom U27022 wi th each b i t  l ine connected to a speci f ic  output  accord ing to  
2-2-1,  Table 4.  
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VIDEO RAM PIN NO U27022 PIN NO 

VS0 24 BPULSE  28 

VS1 29 BSLS0  30 

VS2 31 BDPSK 32 

VS3 33 BTRIG 34 

VS4 36 BSYNC 37 

VS6 38 BSLS1 39 

Pulse Generator  Ser ia l ized Data Output  
Table 4 

 

CLK

HOLD

DT/OE

RAS

CAS

215 247 255

6814007 

Pulse Generator  Data Transfer  T iming Diagram 
Figure 5 

 

Refer  to  2-2-1,  F igure 5.   Pulse Generator  ser ia l  sequence is :  

STEP ACTION 

1.  U27001 programs pulses in to the Video RAM chips,  as d i rected by ROM 
and in i t ia ted by the Keypad.  

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

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

4 .  U27001 programs the star t ing address us ing the STADD  l ine ( PCS0 +2Xh) 
through U27008 for  access.  

5.  U27001,  through U27008 ( PCS0 +4Xh),  sends a low on the START  l ine to 
U27022 in i t ia t ing the star t  o f  data t ransfers and set t ing the in ternal  counter  
to  191h.  
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STEP ACTION 

6.  Af ter  the 215th byte of  c leared memory,  U27022 HOLD output  (p in 53)  goes 
h igh to request  access to the address l ines f rom U27001.  

7.  HLDA input  (p in 20)  goes h igh in forming U27022 that  U27001 re l inquishes 
address l ine contro l .  

8 .  Af ter  247 bytes,  DT /OE goes low to set  up the Video RAM chips for  a data 
t ransfer  to  the ser ia l  access regis ters.  

9.  RAS  goes low on the next  c lock count .   Row address,  determined by the 
programmed star t ing address,  is  se lected.  

10.  CAS  goes low on the fo l lowing c lock count  and a zero address f rom 
U27006 (enabled by U27022) causes the data t ransfer  to  s tar t  a t  address 
zero in  the ser ia l  access regis ters.  

11.  Af ter  255 bytes of  c leared memory is  sh i f ted out  of  the ser ia l  access 

regis ters,  DT /OE goes h igh,  t r iggered by in ternal  counter  in  U27022.  
U27022 in ternal  counter  t racks 256 c lock counts.  

12.  Data t ransfer  occurs.   256 new bytes f rom the selected row are loaded in to 
the ser ia l  access regis ters.  

13.  Each data t ransfer  is  fo l lowed by a CAS  before RAS  ref resh.  

NOTE:  When no data t ransfers are occurr ing,  ref resh st i l l  takes p lace 
every 12.8 μs.  

14.  Wi th each 50 ns (20 MHz) c lock count ,  one byte (one b i t  for  each output)  is  
sh i f ted out  of  the ser ia l  access regis ters to  U27022.  

15.  Data t ransfer  is  repeated every 12.8 μs wi th  each successive row as 
stepped by in ternal  counter  in  U27022.   New rows are t ransferred and sent  
out  unt i l  the programmed stop byte is  encountered.   Af ter  the stop byte,  the 
last  row is  t ransferred and cont inual ly  sh i f ted out  of  the ser ia l  access 
regis ters unt i l  the next  t ransfer .  

NOTE:  The last  row t ransferred is  usual ly  the 256 bytes of  c leared 
memory.   For  CW transmiss ions,  the last  row conta ins a l l  ones.  

16.  The stop byte a lso in i t ia tes an in terrupt  ( INT2) to  U27001.  

NOTE :  I f  another  in terrupt  is  received dur ing operat ion,  Microprocessor  
U27001 manual ly  s tops Pulse Generator  operat ion by act ivat ing 

the STOP  l ine ( PCS0 +3Xh).  

Buf fer /Dr iver  U27004 is  used to iso late and boost  s ignals  of f  the Front  Panel  
Pulse PC Board Assembly.   Buf fer  U27014D dr ives the External  DPSK Out s ignal  
out  of  the Test  Set  through the Motherboard PC Board Assembly and COMM 
Connector  (3) .   Conf igurat ion PROM U27003 stores in format ion for  
reprogramming U27022 on power-up.   External  PULSE, External  DPSK and 
External  SYNC from the COMM Connector  (3) ,  when connected,  are iso lated and 
conver ted to TTL before enter ing the Pulse Generator .  

 



          
MAINTENANCE MANUAL 
ATC-601-2   

2-2-1 
Page 26 
Jan 1/07 

(c)  Reply Decoder 

Reply Decoder U27044 is  a programmable LCA component  wi th more funct ional  
capaci ty  than the Pulse Generator .   Two independent ly  operat ing decoders,  one 
each for  Mode S and ATCRBS, are incorporated in to U27044.   The programmed 
internal  operat ion a l lows for  two operat ing modes,  so l ic i ted and moni tor  ( receive 
a l l ) .   In  so l ic i ted mode,  the Reply Decoder looks for  a reply  af ter  receiv ing a 
t r igger  input  (U27044-P10) f rom Pulse Generator  U27022.   U27022 sends the 
t r igger  ind icat ing an in terrogat ion is  being t ransmi t ted and a reply  is  expected.   
Repl ies are received wi th in 
12.8 μs for  Mode S and 6.4 μs for  ATCRBS, as ver i f ied by the Reply Decoder,  to  
be counted as val id .   In  moni tor  mode,  the Reply Decoder looks for  a l l  incoming 
repl ies and the t r igger  input  is  ignored.   When val id  repl ies are received (U27044-
P9),  the Reply Decoder t ransfers data to RAM using DMA.  Mode S data is  
t ransferred by DMA channel  #1 (DRQ1) and ATCRBS data is  t ransferred by DMA 
channel  #0 (DRQ0).  

Reply Decoder is  contro l led through an in ternal  contro l  regis ter  setup by U27001.   
Refer  to  2-2-1,  Table 5 for  contro l  regis ter  b i t  def in i t ion.   Contro l  regis ter  
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  wr i t ten to U27044 (A13,  B13,  C13,  D13,  A12,  B12,  C12 and D12) 
set t ing the contro l  regis ter .  

Mode S sequence is :  

STEP ACTION 

1.  I f  in  so l ic i ted mode,  BTRIG is  sent  f rom U27022-34 to U27044-P10.  

2.  U27044 looks for  a reply  on VIDEO (U27044-P9),  inver ted by U27051A.  I f  
so l ic i ted,  the star t  o f  rep ly  must  be received wi th in 
12.8 μs of  BTRIG s ignal  to  be val id .  

3 .  Mode S reply  decoder ver i f ies detected reply  conta ins Mode S preamble.   
BEGIN (U27044-G1) goes h igh when detected preamble is  va l id  and contro l  
regis ter  D2 is  h igh.  

4.  Mode S reply  message is  received and DMA1 is  act ivated through DRQ1 
(U27044-B9) going h igh.  
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BIT # DEFINITION SETTING RESULT 

D0 Mode S Funct ion Reset  0 Normal  operat ion 

  1  Mode S decoder is  reset .  A l l  
incoming repl ies and t r iggers 
are ignored.   DMA l ine 
(DRQ1) is  c leared.  

D1 Mode S Receive Al l  0  Sol ic i ted Mode (12.8 μs 
reply  delay window) 

  1  Moni tor  Mode (Receive Al l )  

D2 Mode S External  Tr igger  
Enable 

0 BEGIN l ine d isabled 

  1  Val id  preamble sets BEGIN 
l ine to h igh (1) .  

D3 Not  Used   

D4 ATCRBS Funct ion Reset  0 Normal  operat ion 

  1  ATCRBS decoder is  reset .  
A l l  incoming repl ies and 
t r iggers are ignored.   DMA 
l ine (DRQ0) is  c leared.  

D5 ATCRBS Receive Al l  0  Sol ic i ted Mode (6.4 μs rep ly  
delay window) 

  1  Moni tor  Mode (Receive Al l )  

D6 Not  Used   

D7 Video Inver t  0  Incoming VIDEO not  inver ted 
(Sel f  Test)  

  1  Incoming VIDEO inver ted 
(normal  operat ion)  

Reply Decoder Contro l  Register  Bi t  Def in i t ion 
Table 5 

 

STEP ACTION 

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

6 .  RD  (U27044-P13) goes low.  

7.  Mode S message is  t ransferred as i t  is  received,  one byte at  a t ime,  f rom 
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 format ion.  
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STEP ACTION 

8.  U27044 ver i f ies message length and presence of  message b i ts ,  set t ing 
Mode S status regis ter  byte accord ingly .   The Mode S status regis ter  byte 
uses two b i ts .   The f i rs t  b i t  (D0)  ind icates va l id  reply  s tatus.   A low (0)  
ind icates inval id  reply  data or  a h igh (1)  ind icates va l id  reply  data is  
received.   B i t  D1 shows the sol ic i ted reply  s tatus.   A low (0)  ind icates 
unsol ic i ted reply  and a h igh (1)  ind icates reply ,  be ing wi th in the reply  delay 
window, is  a va l id  reply  responding to the in terrogat ion.   B i ts  D2 through 
D7 are not  used.  

9.  When a l l  data is  t ransferred and last  DMA request  goes h igh for  t ransfer  of  
Mode S status regis ter  byte,  INT3 (U27044-C9) goes h igh to U27022.  

10.  Mode S status regis ter  is  t ransferred,  contro l  regis ter  is  wr i t ten to for  Mode 

S reset  ( PCS4 +60h-D0) and in terrupt  is  c leared at  PCS4 +63h.  

ATCRBS sequence is :  

STEP ACTION 

1.  I f  in  so l ic i ted mode,  BTRIG is  sent  f rom U27022-34 to U27044-P10.  

2.  U27044 looks for  a reply  on VIDEO (U27044-P9),  inver ted by U27051A.  I f  
so l ic i ted,  reply  must  be received wi th in 6.4 μs of  BTRIG s ignal ,  to  be val id .   
ATCRBS status regis ter  so l ic i ted reply  s tatus b i t  D0 is  set .   A low (0)  
ind icates unsol ic i ted reply  or  a h igh (1)  ind icates reply ,  be ing wi th in the 
reply  delay window, is  a va l id  reply  responding to the in terrogat ion.  

NOTE:  B i ts  D1 through D7 are not  used by ATCRBS status regis ter  byte.  

3.  ATCRBS reply  decoder ver i f ies detected reply  conta ins correct ly  posi t ioned 
F1 and F2 pulses.  

4.  DMA0 is  act ivated through DRQ0 (U27044-A9) going h igh.  

5.  PCS4 +62h causes ENDEC  (U27044-P11) to go low,  A0 (U27044-N7) and 
A1 (U27044-N6) to go h igh,  se lect ing ATCRBS reply  decoder.  

6 .  RD  (U27044-P13) goes low.  

7.  When complete ATCRBS reply  is  received,  reply  data is  t ransferred,  one 
byte at  a t ime,  f rom U27044 (A6,  B6,  C6,  D6,  A5,  B5,  C5 and D5) to RAM 
U27017.   Refer  to  2-2-1,  Table 6 for  reply  data byte format ion.  

8.  When a l l  data is  t ransferred and last  DMA request  goes h igh for  t ransfer  of  
ATCRBS status regis ter  byte,  INT3 (U27044-C9) goes h igh to U27022 only  
i f  in  moni tor  (JTB27001 jumper insta l led) .  

9 .  ATCRBS status regis ter  is  t ransferred,  contro l  regis ter  is  wr i t ten to for  

ATCRBS reset  ( PCS4 +60h-D4) and in terrupt  is  c leared at  PCS4 +63h.  
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MODE TRANSFER 
ORDER 

BIT NUMBER 

 BYTE #   D7 D6 D5 D4 D3 D2 D1 D0  

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 .  .  .  .  .  .  .   

(Shor t   7     .  .  .  .  .  .  .   51 52 53 54 55 56 

Message) 8 .  .  .  .  .  .  .  .  .  Mode S status regis ter  .  .  .  .  .  .  .  .  .  

 or  (Long  14   .  .  .  .  .  .  .  107 108 109 110 111 112 

Message) 15 .  .  .  .  .  .  .  .  .  Mode S status regis ter  .  .  .  .  .  .  .  .  .  

ATCRBS 1 (HIGH) SPI Nul l2 Nul l1  X A4 A2 A1 B4 

 2 (LOW)  B2 B1 C4 C2 C1 D4 D2 D1 

 3 .  .  .  .  .  .  .  .  .  ATCRBS status regis ter  .  .  .  .  .  .  .  .   

Reply Data Byte Informat ion 
Table 6 

 

(d)  Display Contro l  

Three separate c i rcu i ts  make up the Display Contro l .   The L iquid Crysta l  Disp lay 
(LCD) Data Contro l  c i rcu i t  contro ls  the in format ion entered onto the DISPLAY 
(14) .   The Contrast  Contro l  and Backl ight  Contro l  c i rcu i ts  use Dig i ta l - to-Analog 
Conver ters (DACs) to  adjust  physica l  character is t ics of  the LCD.  

1 LCD Data Contro l  

LCD Data Contro l  is  accompl ished wi th a 500 kHz Clock,  LCD Contro l ler  
U27048,  LCD Contro l  PAL U27029 and Display RAM U27049.  

Refer  to  2-2-1,  F igure 6 for  500 kHz Clock t iming.   Counter  U27039 d iv ides 
the 10 MHz c lock input  by 10 (NAND Gate U27011C resets U27039 on each 
n ine count) .   The 1 MHz output  c locks D Fl ip-F lop U27007B, conf igured to 
change state wi th  each c lock,  prov id ing a 500 kHz c lock wi th a 50% duty 
cyc le.   The 500 kHz c lock is  ver i f ied at  test  po int  TP27004.  

CLK0
(10 MHz)

Qa

Qb

Qc

Qd

LOAD

8114009

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

CLOCK
 

500 kHz Clock T iming Diagram 
Figure 6 
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LCD Contro l ler  U27048,  an HD61830 Graphic Display Contro l ler  operat ing in  
the character  mode,  acts  as a memory mapped device to the Processor .   
U27001 reads f rom and wr i tes to U27048 on a byte wide basis .   U27001 

selects  U27048 by act ivat ing PCS5 , accessing the data regis ter  at  address 
X0h (RS input  U27048-18 low) and the inst ruct ion regis ter  at  address X1h (RS 
input  U27048-18 h igh) .  

U27048 has s ix  outputs to  the LCD.  D1 is  the ser ia l  data output  for  the upper  
hal f  o f  the screen and D2 is  the ser ia l  data output  for  the lower hal f  o f  the 
screen.   FLM is  the f rame s ignal  for  d isp lay synchronizat ion.   CL1 is  the 
d isp lay data la tch s ignal  for  LCD dr ivers and CL2 is  the d isp lay data sh i f t  
c lock for  LCD dr ivers.   M conver ts  the LCD dr iv ing s ignal  to  an ac waveform. 

PAL U27029 inser ts  wai t  s tates in  the processor  bus cyc le.   Refer  to  Appendix 
D for  PAL equat ions.   U27029 a lso generates the Enable (U27048-16)  and 
Read/Wri te  (U27048-17)  s ignals  for  U27048.   Wai t  s tates,  inser ted before the 
ARDY l ine to U27001 goes low,  are requi red because LCD Contro l ler  U27048 
operates s lower than the microprocessor .   Refer  to  Appendix E for  t iming 
d iagrams.  

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

2 Contrast  Contro l  

Contrast  Contro l  is  based on the input  vo l tage obta ined f rom CR22001 on the 
Analog IF PC Board Assembly.   Ambient  temperature condi t ions are sensed by 
CR22001 and the resul t ing vol tage (2.73 V at  0°  C,  changes 33.94 mV/°C) is  
sent  through a d i f ferent ia l  ampl i f ier  U27034C to the ADC (U27045-1) .   Refer  
to  para 2-2-1D(3)( i )  for  ADC operat ion.   The in format ion sent  f rom U27045 

causes U27001 to send adjustment  data to  DAC U27032,  se lected by ENCON  

( PCS4 +1Xh through U27036) going low.   U27032 prov ides a b ipolar  output  of  
-5 to  +5 V,  used to contro l  the contrast  on the LCD.  The -5.1 V,  used in  
power ing the LCD, is  prov ided by the vol tage drop across Zener Diode 
CR27011.  

3 Backl ight  Contro l  

Backl ight  Contro l  is  based on the input  vo l tage obta ined f rom R13001 on the 
Front  Panel  LED PC Board Assembly.   Ambient  l ight  condi t ions are sensed by 
R13001 and the resul t ing vol tage drop is  appl ied to the ADC (U27045-26) .   
Refer  to  para 2-2-1D(3)( i )  for  ADC operat ion.   In format ion sent  f rom U27045 

causes U27001 to send adjustment  data to  DAC U27033,  se lected by ENBLT  

( PCS4 +0Xh through U27036) going low.   U27033 prov ides a corresponding 
vol tage output  through Dr iver  U27034A wi th Q27005 to dr ive Inver ter  Supply 
U27035.   U27035 prov ides the increased vol tage levels  necessary to  run the 
backl ight .   Capaci tors C27082 and C27083 prov ide noise suppression in  the 
operat ional  ampl i f ier  feedback c i rcu i t .   Zener  Diodes CR27016 and CR27017 
are c lamped to ground to protect  c i rcu i t  i f  back l ight  is  not  connected.  
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(e)  Keypad Inter face 

Keypad Inter face consis ts  of  Buf fer /Latch U27027,  NAND Gate U27011B, 

res is tors,  t ransis tors and d iodes.   U27027 is  se lected by U27001 wi th PCS2 .  
Keypad data,  act ivated when low,  is  def ined in  2-2-1,  Table 7.  

When the Keypad is  inact ive,  Resis t ive Network RN27001 holds the row and 
column l ines to a h igh impedance.   When a key is  pressed,  a row and column l ine 
are connected together .  

 

 COLUMN BIT 

ROW BIT D1 ( COL1) D2 ( COL2 ) D3 ( COL3 ) 

D4 ( ROW1) AUTO TEST 
Key (13)  

PWR TEST 
Key (12)  

RUN/STOP 
Key (9)  

D5 ( ROW2 ) SETUP Key (4)  SELF TEST 
Key (6)  

SLEW Key (↓ )  (8)  

D6 ( ROW3 ) SELECT Key 
(↑ )  (10)  

SELECT Key 
(↓ )  (10)  

SLEW Key (↑ )  (8)  

D7 ( ROW4 ) Not used 

NOTE:  D0 is  ANT SW  from the ANTENNA PUSH BUTTON Swi tch (21).  

Keypad Data Def in i t ion 
Table 7 

 

Keypad Sequence Example is :  

STEP ACTION 

1.  Pressing the AUTO TEST Key (13)  connects row 1 wi th co lumn 1.   Ci rcu i t  is  
c losed and current  f lows.  

2.  Current  f lowing at  the base turns Q27002 on,  a l lowing the low ground on 
the emi t ter  through the col lector  and Diode CR27001 to NAND Gate 
U27011B.  The h igh output  sends an in terrupt  ( INT1) to the Microprocessor  
(U27001-44) .  

3 .  The low through Q27002 is  a lso sent  through U27027 when selected by 

U27001 wi th PCS2 .  The low on col lector  of  Q27002 is  fe l t  a t  U27027-4,  
causing D0 to be read low by U27001 ind icat ing the pressed key is  in  
co lumn 1.   The low on the base of  Q27002 is  fe l t  a t  U27027-11,  causing D4 
to be read low indicat ing the pressed key is  in  row 1.  

( f )  RS-232 Inter face 

RS-232 communicat ions are prov ided by an INTEL 82510 Universal  Asynchronous 
Receiver-Transmi t ter  (UART U27030).   U27030 is  se lected by U27001 wi th 

PCS1+(addresses f rom X0h to X7h).   Dr iver /Receiver  U27028 dr ives the ser ia l ly  
t ransmi t ted s ignal  of f  the Front  Panel  Pulse PC Board Assembly through 
P/J25014 to J10053 COMM Connector  (3)  and buf fers incoming handshake and 
data s ignals .   U27030 generates an in terrupt  ( INT0) when serv ic ing is  requi red.  
U27001 pol ls  the in ternal  s tatus regis ters to  determine the cause of  the in terrupt  
(TXD or  RXD).  
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(g)  At tenuator  Contro l  

Two DACs having 0 to 10 Vdc outputs contro l  a t tenuat ion.   U27041,  an 8-b i t  DAC, 
prov ides a +5 V reference and ATTEN1 vol tage used to set  current  on the Dr iver  
PC Board Assembly for  at tenuator  end l ine p in d iodes on the At tenuator  PC Board 
Assembly.   R27041 (+5V REF ADJ) adjusts  the +5 V reference,  ver i f ied at  

TP27002.     U27041 is  accessed by U27001 when ENATT1 ( PCS4 +5Xh through 
U27036) goes low.   U27042,  a 12-b i t  DAC, prov ides the ATTEN2 vol tage used to 
set  current  on the Dr iver  PC Board Assembly for  at tenuator  mid l ine p in d iodes on 
the At tenuator  PC Board Assembly.   U27041 is  accessed by U27001 when 

ENATT2  ( PCS4 +4Xh through U27036) goes low.   Address l ines A0-A3 are used to 
se lect  the data t ransfer  process.   Refer  to  2-2-1,  Table 8.   Both output  levels  are 
read f rom ADC U27045.  

 

ADDRESS OPERATION BITS 

4Eh Load low n ibble D0-D3 

4Dh Load middle n ibble D4-D7 

4Ch Load low byte (opt imum method)  D0-D7 

4Bh Load h igh n ibble D0-D3,  D3 = MSB 

47h Transfer  data XX 

43h Load h igh n ibble and t ransfer  data 
(opt imum method)  

D0-D3,  D3 = MSB 

At tenuator  #2 Operat ion Select ion 
Table 8 

(h)  Osci l la tor  Compensat ion 

Osci l la tor  Compensat ion is  based on the input  vo l tage obta ined f rom CR22001 on 
the Analog IF PC Board Assembly.   R27037 (TEMP COMP ADJ) is  adjusted at  the 
factory and used in  board level  ca l ibrat ions.   Ambient  temperature condi t ions are 
sensed by CR22001.   The resul t ing vol tage (2.73 V at  0°  C,  changes 33.94 
mV/°C) is  appl ied through Di f ferent ia l  Ampl i f ier  U27034C to ADC U27045-1.   
Refer  to  para 2-2-1D(3)( i )  for  ADC operat ion.   In format ion sent  f rom U27045 

causes U27001 to send adjustment  data to  DAC U27043,  se lected by ENOSC  

( PCS4 +2Xh through U27036) going low.   U27043 prov ides a 0 to 10 V output .   
Operat ional  Ampl i f ier  U27050 and associated components of fset ,  scale and low-
pass f i l ter  to  achieve the desi red +2 to +8 Vdc output .   Output  level  is  read f rom 
ADC U27045.  

( i )  Analog- to-Dig i ta l  Converter  

ADC U27045 is  used for  both normal  operat ion and Sel f  Test  operat ion.   Refer  to  
2-2-1,  Table 9 for  analog input  descr ip t ion.  

ADC sequence is :  

STEP ACTION 

1.  U27001 selects  channel  address wi th PCS3 +1X through Contro l  Decoder 

U27037 and,  wi th WR  act ive,  through NOR Gate U27038B (ADLTCH).   The 
h igh output  is  sent  to  U27045-22 a long wi th speci f ic  lower address (A0-A2),  
la tch ing the desi red channel  to  the ADC. 
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STEP ACTION 

2.  The star t  A/D convers ion command is  sent  us ing address PCS3 +0Xh 

through U27037,  and wi th WR  act ive,  through NOR Gate U27038C (SOC).   
The h igh output  is  sent  to  U27045-6.   Convers ion begins and End of  
Convers ion (EOC) l ine to Status Buf fer  U27026 goes low (wi th in 18 μs f rom 
when star t  command was issued) .  

3 .  U27001 pol ls  the EOC s ignal  f rom the Status Buf fer  and when the 
convers ion is  f in ished (≈48μs) ,  EOC goes h igh.  

4.  Data is  read f rom output  Buf fer  U27046 us ing address PCS3 +2Xh through 

U27037,  and wi th RD  act ive,  through NOR Gate U27038D (DEN).   The h igh 
output  is  sent  to  U27045-9 and through Inver ter  U27038A to act ivate 
U27046.   Two data reads are requi red to receive a l l  10 b i ts .   Data is  sent  
out  in  the fo l lowing fashion:  

 

Data Bi t  Locat ions:  D7 D6 D5 D4 D3 D2 D1 D0 

Fi rs t  Read:  Bi t  #  10 9 8 7 6 5 4 3 

Second Read:  Bi t  # 2 1 X X X X X X 

Bi t  10 = MSB, Bi t  1 = LSB 

 

INPUT ADDRESS DESCRIPTION 

PHOTO RES 
Channel  0 

PCS3 +10h Vol tage across Photo Resis tor  R13001 (Front  
Panel  LED PC Board Assembly) ,  set  by 
ambient  l ight  condi t ions,  is  used in  making 
Backl ight  Contro l  ad justments.  

RF DETECT 
Channel  1 

PCS3 +11h Provides ind icat ion i f  RF carr ier  is  present  
(Sel f  Test) .   2 .5 V (±0.125 V)  ind icates 
passing status (only  act ive in  CW mode).  

Channel  2 PCS3 +12h Not  used 

OSC T RD 
Channel  3 

PCS3 +13h Vol tage across Diode CR19001 (Analog PC 
Board Assembly) ,  contro l led by ambient  
temperature condi t ions,  is  used in  making 
Contrast  Contro l  and Osci l la tor  Compensat ion 
adjustments.  

LO DETECT RD 
Channel  4 

PCS3 +14h Local  Osci l la tor  Detect  (Sel f  Test) ,  Pass-
constant  level  between 0.35 and 3.1 Vdc,  Fai l -
osc i l la t ion (at  ≈7.5 Hz)  or  level  outs ide Pass 
vol tage window (0 to 0.35,  3.1 to 4.14 V) .  

ATTEN1 BIT 
Channel  5 

PCS3 +15h Provides level  o f  At tenuator  #1 DAC output  
(DAC output  ÷  2 .5 [±  10%])  

ATTEN2 BIT 
Channel  6 

PCS3 +16h Provides level  o f  At tenuator  #2 DAC output  
(DAC output  ÷  2 .5 [±  10%])  

OSC COMP BIT 
Channel  7 

PCS3 +17h Prov ides osc i l la tor  compensat ion level  (DAC 
output  ÷  2 .5 [±  10%])  

Analog Input  to  ADC Descr ipt ion 
Table 9 
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( j )  Status Buf fer  

Status Buf fer  U27026 enables the current  condi t ion of  severa l  s ignals  to  be read 

and is  accessed wi th address PCS0 +0Xh through U27008.   Refer  to  2-2-1,   
Table 10.  

 

BIT # DEFINITION SETTING RESULT 

0 LED is  Of f  D0 Current  s tate of  INTERR 
LED output  f rom LED 
Contro l  Register  1 LED is  On 

0 LED is  Of f  D1 Current  s tate of  REPLY 
LED output  f rom LED 
Contro l  Register  1 LED is  On 

0 Convers ion in  progress D2 Convers ion status of  ADC 
(EOC) 

1 Convers ion complete 

0 DSP not  ready D3 Ready status of  DSP on 
Dig i ta l  IF PC Board 
Assembly 1 DSP ready and work ing 

0 Enter  Moni tor   
( jumper insta l led)  

D4 Moni tor  Enable s tatus 
(JTB27001) 

1 Normal  operat ion  
( jumper not  insta l led)  

0 ac Power connected 
(Q27008 act ivated)  

D5 ac Power s tatus (CHARGE 
LED) 

1 ac Power not  connected 
(Q27008 turned Of f )  

0  Bat tery ≈70% discharged 
(≈36 minutes le f t )  

D6 Bat tery Charge Level  
s tatus (BATTEST) 

1 Bat tery is  charged 

0 Local  Osci l la tor  is  enabled D7 Current  s tate of  LO 
CONTROL output  f rom 
LED Contro l  Register  1 Local  Osci l la tor  is  shut  

down 

Status Buf fer  Bi t  Def in i t ion 
Table 10 
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(k)  LED Contro l  Register  

LED Contro l  Register  U27040 contro ls  INTERR Indicator  (18) ,  REPLY Indicator  
(20) ,  Local  Osci l la tor  and Dig i ta l  IF PC Board Assembly reset  operat ion.   Refer  to  

2-2-1,  Table 11.   U27040 is  accessed wi th address PCS4 +3Xh through U27036.  

 

BIT # DEFINITION SETTING RESULT 

0 Sets LED ready for  turn On D0 Interrogat ion LED ( INTERR 
Indicator  [18])  

1  In i t ia l ly  Of f  or  turns LED 
On for  t imed per iod 

0 Sets LED ready for  turn On D1 Reply LED  (REPLY 
Indicator  [20])  

1  In i t ia l ly  Of f  or  turns LED 
On for  t imed per iod 

0 Enables Osci l la tor  D2 LO Contro l  

1  Shuts down Osci l la tor  

0 Enables Dig i ta l  IF PC 
Board 

D3 DSP Reset  

1 Resets Dig i ta l  IF PC Board 

D4 to 
D7 

Not  used   

LED Contro l  Register  Bi t  Def in i t ion 
Table 11 

 

LED bi t  locat ions D0 and D1 are set  h igh on power-up.   An LED is  turned on by 
wr i t ing zero and then one to the respect ive b i t  locat ion in  the contro l  regis ter .   
The zero to one t ransi t ion t r iggers One-Shot  T imer U27047.   The h igh level  output  
f rom U27047,  t imed for  ≈62 ms,  act ivates t ransis tor  Q27006 or  Q27007 turn ing on 
the respect ive ind icator .  

( l )  Dig i ta l  IF PC Board Assembly Access 

DPR U26007 on the Dig i ta l  IF PC Board Assembly is  accessed us ing MCS0 .  
Access is  contro l led by PAL U27029.   DIR goes h igh to act ivate data l ines 

through Transceiver  U27009.   MEMR  goes low to read DPR or  MEMW  goes low 
to wr i te  to  DPR. 
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(4)  RF Assembly (2-2-1,  F igure 8)  

The RF Assembly consis ts  of :  

 SSB Assembly 
Dr iver  PC Board Assembly 
Detector  Assembly 
Analog IF Assembly 

(a)  SSB Assembly 

The Single-Sideband (SSB) Assembly provides a two-way convers ion between an 
IF of  30 MHz and an RF of  1030 MHz ( t ransmi t )  or  1090 MHz (receive) .   The SSB 
Assembly consis ts  of  the At tenuator  PC Board Assembly,  LO Source PC Board 
Assembly and Mixer  PC Board Assembly.  

1 At tenuator  PC Board Assembly (2-2-1,  F igure 9)  
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At tenuator  PC Board Assembly Block Diagram 
Figure 9 

 

The At tenuator  PC Board Assembly prov ides 0 to 50 dB of  var iable at tenuat ion 
for  measurement  and test ing purposes.   The At tenuator  PC Board Assembly 
consis ts  of  a  dual  coupler ,  bandpass f i l ter  and p in d iode at tenuator .  

Dual  Coupler  HY31001 prov ides two RF s ignals ,  15 dB down f rom the 
cal ibrated level  at  the ANTENNA Connector  (J10057) (16) .   On t ransmi t ,  one 
s ignal  dr ives b iased Diode Detector  CR31001.   CR31001 prov ides a dc level  
propor t ional  to  RF level  and is  used for  the RF Detect  test  (Sel f  Test) .   On 
receive or  t ransmi t ,  the s ignal  is  coupled,  15 dB down,  to  the RF I /O 
Connector  (J10058) (15)  through the Video Detector  PC Board Assembly and 
Power Terminat ion Assembly.  

Microst r ip  Bandpass Fi l ter  HY31002 re jects  s ignals  outs ide the  300 MHz 
bandwidth (passes 910 to 1210 MHz s ignals) .  

The p in d iode at tenuator  consis ts  of  four  p in d iodes (CR31003-CR31006) and 
associated components.   The p in d iodes are spaced 
1/4 wavelengths apar t  and act  as current  contro l led res is tors.   The Dr iver  PC 
Board Assembly suppl ies the contro l l ing current .   Mid l ine d iodes (CR31004 
and CR31005) prov ide most  of  the at tenuat ion and end l ine d iodes (CR31003 
and CR31006) match the c i rcu i t .   C31013 and C31015 (ATTEN 1060 MHz ADJ) 
tune out  ser ies inductance.  



          
MAINTENANCE MANUAL 
ATC-601-2   

2-2-1 
Page 40 
Jan 1/07 

2 LO Source PC Board Assembly (2-2-1,  F igure 10)  
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LO Source PC Board Assembly Block Diagram 
Figure 10 

 

The LO Source PC Board Assembly prov ides a 1060 MHz s ignal  us ing a 
Vol tage Contro l led Osci l la tor  (VCO).   The f requency is  kept  tuned by a 
Mul t ip l ier ,  Phase Detector ,  Error  Ampl i f ier  ( In tegrator)  and Temperature 
Compensator .  

The Dig i ta l ly  Contro l led Crysta l  Osci l la tor  (DCXO) f rom the Analog IF 
Assembly prov ides the 10 MHz f requency reference to the Mul t ip l ier .   The 
reference s ignal  dr ives the base of  h igh current  ampl i f ier  Q24002.   Current  
contro l ler  Q24001 uses the regulated +11 V f rom the Dr iver  PC Board 
Assembly to  b ias Q24002.   The h igh level  current  output  f rom Q24002 dr ives 
the mul t ip ly ing veractor ,  Snap Diode CR24002.   R24049 sets the vol tage 
reference for  CR24002.   L24002 and C24004 prov ide impedance matching to 
increase the mul t ip ly ing ef f ic iency of  CR24002.   CR24002 generates 10 MHz 
spectra l  l ines.   C24005 and Z24001 form a Tank Ci rcu i t  tuned to 1060 MHz,  
enhancing the 106th harmonic.   The s ignal ,  moni tored at  TP16002,  is  fed in to 
a three-stage l inear  Buf fer  ampl i f ier  consis t ing of  saturable t ransis tors,  
Q24003;  Q24004 and Q24005.   The Buf fer  ampl i f ier ,  tuned to 1060 MHz,  
increases the power of  the desi red harmonic and dr ives an input  to  Phase 
Detector  HY24001.  

The other  HY24001 input  is  f rom the Vol tage Contro l led Osci l la tor  (VCO).   
Osci l la t ing t ransis tor  Q24006,  dr iven wi th a regulated +11 V f rom the Dr iver  
PC Board Assembly,  is  matched to the f requency determin ing e lement ,  
Resonator  Z24013 wi th Z24024,  Z24025,  Z24026,  C24027,  C24028 and 
C24029.   Temperature compensator  C24047 and Varactor  CR24004 keep the 
osc i l la tor  tuned to 1060 MHz.   Power is  coupled of f  the osc i l la tor  through 
Z24014 and is  fed through a Buf fer  ampl i f ier ,  composed of  saturable 
t ransis tors Q24007,  Q24008 and Q24009.   The Buf fer ,  a lso tuned to  
1060 MHz,  dr ives the local  osc i l la tor  input  to  HY24001.  

HY24001 and CR24003 form a Phase Detector  prov id ing a dc error  vo l tage 
propor t ional  to  the phase d i f ference detected between the VCO and Mul t ip l ier  
inputs.   This  vo l tage is  f i l tered by Bandpass Fi l ter  C24021,  L24006 and 
C24022 and sent  to  In tegrator  U24001.  
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When the output  f requency of  the VCO is  the same as the output  f requency of  
the Mul t ip l ier  (Reference) ,  the Phase Detector  vo l tage (checked at  TP16003) 
output  to  U24001 is  min imal ,  causing negat ive feedback.   U24001 and 
associated c i rcu i t ry  act  as a phase- locked loop f i l ter .   When the f requencies 
of  the VCO and Mul t ip l ier  become di f ferent ,  U24001-3 becomes more posi t ive.   
As the f requencies cont inue to be d i f ferent ,  U24001 becomes a Wien Br idge 
Osci l la tor .   The ac output  is  fed to the VCO tuning Varactor  CR24004.   
CR24004 adjusts  the resonat ing f requency,  fed to HY24001,  unt i l  er ror  vo l tage 
is  reduced down and U24001 becomes a phase- locked loop f i l ter  again.   
R24022 (OFFSET) sets a vo l tage level  compensat ing for  imbalances in  the 
Phase Detector  and/or  Buf fers and R24025 (DEVIATION) sets the ac deviat ion 
vol tage l imi t  to  prevent  the VCO f rom set t ing on the 105th or  107th harmonics.  

Q24010 and Q24011 prov ide temperature compensat ion.   Whi le  Q24010 
exponent ia l ly  increases current  wi th temperature,  Q24011 is  the h igh 
impedance load prov id ing temperature compensated vol tage to VCO Varactor  
CR24004.   VCO Tune Vol tage,  nominal ly  4 Vdc,  is  checked at  TP16001 and is  
set  by R24026 (TUNING).  

3 Mixer  PC Board Assembly (2-2-1,  F igure 11)  
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Mixer  PC Board Assembly Block Diagram 
Figure 11 

 

The Mixer  PC Board Assembly uses the 1060 MHz source s ignal  to  conver t   
the 30 MHz t ransmi t  s ignal  to  1030 MHz and the 1090 MHz receive s ignal  to  
30 MHz.   The Mixer  PC Board Assembly  consis ts  of  a  low-pass f i l ter ,  LO 
ampl i f ier ,  mixer  nul l  and s ingle-s ideband mixer .  

The low-pass f i l ter  (C18022,  L18016,  C18023,  L18017 and C18024) removes 
odd harmonics passed by the At tenuator  PC Board Assembly.  The low-pass 
f i l ter  consis t  o f  a  lumped e lement  f ive pole f i l ter  wi th  an e l l ip t ica l  response 
and prov ides 1.5 GHz of  bandwidth.  

The LO ampl i f ier  (Q18001,  Q18002,  Q18003,  Q18004 and associated 
components)  prov ides the necessary gain (≈20 dBm output)  to  dr ive the 
s ingle-s ideband mixer  af ter  dr iv ing the mixer  nul l .   Input  f rom the LO Source 
PC Board Assembly (≈0 dBm) is  fed to base of  t ransis tor  Q18002.   Q18002 is  
constant-current  b iased through Q18004 col lector  for  a gain of  ≈10 dB at  base 
of  Q18003.   Q18003 is  constant-current  b iased through Q18001 col lector  for  
another  gain of  ≈10 dB.  
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The mixer  nul l  adds four  vectors,  set  90°  apar t  wi th  phase shi f ts  a long 
Transmiss ion L ine HY18001.   The ampl i f ied LO source s ignal  is  fed in to 
d iscrete spl i t ter  (L18020,  C18031,  R18022,  L18021 and C18032).   One s ignal  
is  sent  to  the s ingle-s ideband mixer .   The other  is  used as a reference by the 
mixer  nul l .   HY18001 and the summing network f i l ter  out  1060 MHz at  any 
phase f rom the t ransmi t  and receive s ignals  going through the s ingle-s ideband 
mixer  at  Power Spl i t ter  HY18002.   R18007 and R18008 (1060 MHz NULL ADJ) 
contro l  the level .   L18018 and L18019 tune out  s t ray capaci tance on adjust ing 
res is tors .  

The s ingle-s ideband mixer  sp l i ts  the t ransmi t  (30 MHz IF) ,  receive 
(1090 MHz) and LO source (1060 MHz) s ignals  in to two each.   The resul t ing 
s ignals  are phase shi f ted and summed together ,  cancel ing the image s ideband 
(upper  s ideband on t ransmi t ,  lower s ideband on receive) .   The LO source 
s ignal  is  sp l i t  by quadrature microst r ip  HY18003.   One s ignal  at  0 °  is  fed in to 
High-Level  Mixer  MXR18002 and the other  s ignal  at  90°  is  fed in to High-Level  
Mixer  MXR18001.   C18034 (1090 MHz NULL PHASE ADJ) sets  phase of  LO 
source s ignal  input  to  MXR18001 for  complete s ideband cancel la t ion.  

On t ransmi t ,  the 30 MHz s ignal  f rom the Analog IF PC Board Assembly is  sp l i t  
by T18001,  C18017 and R18014.   The two s ignals ,  90°  apar t ,  pass through 
a l l -pass f i l ters  tuned to mainta in equal  levels  (R18013 and R21015,  1090 MHz 
NULL AMPLITUDE ADJ) and 90°  separat ion (C18013 and C18015,  1090 MHz 
NULL PHASE ADJ)  One s ignal  ( in  phase) is  fed in to MXR18002.   MXR18002 
mixes the 30 MHz wi th the 1060 MHz for  a mixed output  of  1090 MHz and 
1030 MHz.   The other  s ignal  (90°  out  of  phase)  is  fed in to MXR18001.   
MXR18001 mixes the 30 MHz at  90°  wi th  the 1060 MHz  at  90°  for  an output  of  
1090 MHz at  180°  and 1030 MHz at  0° .   The s ignals  are added together  
through Power Spl i t ter  HY18002 wi th the 1090 MHz s ignals  cancel ing each 
other  leav ing the 1030 MHz t ransmi t  s ignal .  

On receive,  the 1090 MHz s ignal  f rom the At tenuator  PC Board Assembly is  
sp l i t  through Power Spl i t ter  HY18002.   One s ignal  is  fed in to MXR18002.   
MXR18002 mixes the 1090 MHz wi th the 1060 MHz (both in  phase)  for  a mixed 
output  of  30 MHz.   (2150 MHz is  out  of  bandwidth. )   The other  s ignal  is  fed 
in to MXR18001.   MXR18001 mixes the 1090 MHz at  0°  wi th  the 1060 MHz at  
90°  for  an output  of  30 MHz at  -90° .   S ignals  are sent  through the respect ive 
a l l -pass f i l ters  and are added together through T18001.   Adding the 90°  
separat ion factor  sets  the 30 MHz s ignal  f rom MXR18001 back to 0° .  
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(b)  Dr iver  PC Board Assembly (2-2-1,  F igure 12)  
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Dr iver  PC Board Assembly Block Diagram 
Figure 12 

 

The Dr iver  PC Board Assembly dr ives  the modulat ing and level  contro l  s ignals  
f rom the Front  Panel  Pulse PC Board Assembly to the Analog IF PC Board and 
At tenuator  PC Board Assembl ies.   The Dr iver  PC Board Assembly a lso prov ides 
the +11 V for  the LO Source PC Board Assembly,  the vol tage to b ias p in 
at tenuator  d iodes on the Video Detector  PC Board Assembly and vol tage sources 
f rom the Power Supply Assembly to the rest  of  the RF Assembly.   The Dr iver  PC 
Board Assembly consis ts  of  the at tenuator  dr ivers,  +11 V regulator ,  SLS level  
dr ivers,  modulat ion dr ivers,  RF BIT level  dr iver  and Di rect  Connect  Power Adjust .  

ATTEN2 l ine vol tage f rom Front  Panel  Pulse PC Board Assembly (0 to 10 Vdc)  
across R20005 sets a vo l tage contro l led current  source supply ing col lector  
current  for  hal f  o f  Q20001.   The other  hal f  o f  Q20001 remains  constant  as 
determined by R20052 and R20009.   Q20001 and associated components form a 
logar i thmic conver ter .   Q20002 and associated components form an exponent ia l  
ampl i f ier .   Both ampl i f ier  c i rcu i ts  cascaded together  form a power funct ion 
conver ter  wi th independent  adjustments for  gain (R20010,  50 dB ADJ OFFSET) 
and exponent  (R20016,  10 dB ADJ SLOPE).   R20009 (ZERO VOLT ADJ) a l lows 
independent  adjustment  of  R20010 and R20016.   Operat ional  ampl i f ier  U20002B, 
set  by power funct ion conver ter  (Q20002-1)  and Q20003 feedback,  b iases 
Q20003,  contro l l ing current  f low through mid l ine at tenuator  d iodes on the 
At tenuator  PC Board Assembly.   The output  vo l tage of   RT20002 and associated 
components prov ide temperature compensat ion for  p in d iode s lope changes over  
temperature.   ATTEN1 l ine vol tage (0 to 10 Vdc f rom Front  Panel  Pulse PC Board 
Assembly)  across l inear  conver ter  ampl i f ier  contro ls  the current  through end l ine 
p in at tenuator  d iodes on the At tenuator  PC Board Assembly.   Operat ional  
ampl i f ier  U20001A, set  by ATTEN1 l ine vol tage and Q20005 feedback inputs,  
b iases Q20005,  contro l l ing current  f low.   R20019 (VSWR 50 dB ADJ) sets the 
reference current  through Q20005.  

Vol tage regulator  U20008 prov ides the +11 V to operate the Mul t ip l ier  on the LO 
Source PC Board Assembly.   U20008 is  swi tched On or  Of f  by the LED Contro l  
Register  on the Front  Panel  PC Board Assembly.  
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SLS level  dr ivers U20005B and U20005C inver t  the act ive low SLS0  and SLS1 
s ignals f rom the Front  Panel  Pulse PC Board Assembly.   The output  s ignals ,  
SLS0 and SLS1,  b ias the SLS gain ampl i f ier  output  level  d iodes.   Refer  to  2-2-1,  
Table 13 for  t ransmi t  gain set t ings.  

Modulat ion dr ivers conver t  the modulat ing s ignals  f rom the Front  Panel  Pulse PC 
Board Assembly to  levels  necessary to  modulate the 30 MHz IF on the Analog IF 

PC Board Assembly.   Act ive low PULSE  is  inver ted by U20006C and sent  to  

Analog IF PC Board Assembly as act ive h igh PULSE.  PULSE  is  a lso inver ted by 
U20006A to enable DPSK modulat ion.   DPSK modulat ion is  set  accord ing to 2-2-

1,  Table 12.   Phase is  only  sh i f ted when PULSE  is  act ive (dur ing P6 of  Mode S 
in terrogat ion) .  

 

PSK PULSE  U20006A 
OUT 

U20005D 
OUT 

U20006B 
OUT/PSK1 

U20005A 
OUT/PSK0 

PHASE 

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 Modulat ion 
Table 12 

 

The RF BIT level  dr iver  b iases the d iode detector  CR31001 on the At tenuator  PC 
Board Assembly.   Transmi t  level  detected across CR31001 is  used in  set t ing the 
RF DETECT l ine dur ing the RF Detect  test  (Sel f  Test) .   U20007 output  is  0 Vdc 
when noth ing is  detected to 2.8 Vdc when t ransmi t  level  is  h ighest  (MTL+4 dB 
wi th no at tenuat ion) .   CR20001 matches U20007-3 input  and R20029 (ZERO ADJ) 
adjusts  b ias to set  U20007 output  to  0 Vdc when noth ing is  t ransmi t ted (U20007-3 
input  ≈-0.3 Vdc) .   R20032 (RF DET ADJ) sets output  vo l tage to correct  level  when 
Test  Set  is  t ransmi t t ing.  

R20020 (DIRECT CONNECT POWER ADJ) adjusts the vol tage f rom 0 to +12 Vdc 
to b ias the p in at tenuator  d iode on the Video Detector  PC Board Assembly.   
R20020 cal ibrates the RF I /O Connector  (J10058) (15)  level  to  -48.25 dB re lat ive 
to the ANTENNA Connector  (J10057) (16)  level .  
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(c)  Detector  Assembly (2-2-1,  F igure 13)  
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Detector  Assembly Block Diagram 
Figure 13 

The Detector  Assembly conver ts  the 30 MHz,  pulse modulated input  f rom the 
Analog IF PC Board Assembly to a TTL level  output ,  preserv ing or ig inal  pu lse 
width.   The TTL level  s ignal  is  sent  to  the Reply Decoder on the Front  Panel  
Pulse PC Board Assembly for  decoding.   The output  s ignal  is  moni tored through 
the MONITOR Connector  (J10056) (19)  on the Front  Panel  Assembly.   The 
Detector  Assembly has a detect ion range of  ≈30 dB (-27 dBm to +3 dBm).   
Detector  Assembly c i rcu i ts ,  located on the Detector  PC Board Assembly,  inc lude 
the Logar i thmic Ampl i f iers ,  Detector  and Comparator .  

1  Logar i thmic Ampl i f iers  

The Detector  PC Board Assembly has three stages of  cascade coupled 
Logar i thmic Ampl i f iers  (Q21001,  Q21002,  Q21003 and associated 
components)  prov id ing a tota l  ga in of  ≈30 dB.   Each ampl i f ier  has ≈10 dB 
gain,  ca lcu lated by the col lector  impedance (set  by res is tors R21004,  R21011 
and R21018) d iv ided by the emi t ter  impedance.   The rest ing current  through 
emit ter  logging d iodes (CR21001,  CR2002 and CR21003) shunts the emi t ter  
res is tance,  ef fect ive ly  causing the smal l  emi t ter  impedance to change wi th the 
input  level .   Wi th low input  levels ,  emi t ter  impedance is  low and gain is  h igh.   
As input  level  increases,  emi t ter  impedance increases logar i thmical ly  and gain 
decreases,  approaching uni ty  gain unt i l  compression is  reached.  

2 Detector  

The balanced Detector  preserves envelope detect ion ef f ic iency and consis ts  
of  an unbalanced to balanced Transformer T21001,  Diode CR21004,  dual  
t ransis tor  buf fer  (Q21005 and Q21008) and detector  f i l ter  (C21018,  L21006,  
C21019,  C21020,  L21007,  C21021,  C21022 and R21039).   CR21004 balances 
the output  of  T21001 and prov ides a 60 MHz posi t ive hal f -wave,  the width of  
the modulat ing pulse,  to  the dual  t ransis tor  buf fer .   The detector  f i l ter  has a 
6.5 MHz bandwidth and a f la t  t ime delay response to preserve pulse shape.   
The detector  f i l ter  removes the 60 MHz f rom the detected pulse.  
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3 Comparator  

Af ter  detect ion,  the s ignal  is  sp l i t  in to two paths:   pr imary and delayed.  
Buf fers Q21008 and Q21009,  prov ide the load for  the detector  f i l ter .   The 
delayed s ignal  at  Q21009 emit ter  is  set  through the delay f i l ter  (C21024,  
L21008,  C21025,  C21026,  L21009,  C21027,  L21010 and C21028).   The delay 
f i l ter  has a bandwidth of  ≈10 MHz and a f la t  t ime delay of  120 ns.   The 
delayed s ignal  is  referenced us ing a res is tor  network (R21060 and R21046) 
and appl ied to the posi t ive inputs to  Comparators U21001A, U21001B and 
U21004A.  The pr imary s ignal  is  sp l i t .   One pr imary s ignal  is  dc adjusted by 
R21061 to prov ide a h igher  level  than the delayed s ignal  and is  appl ied to the 
negat ive input  to  t ra i l ing edge Comparator  U21001A.  Refer  to  2-2-1,  F igure 
14 for  t ra i l ing edge comparator  input  s ignals .   The other  pr imary s ignal ,  
appl ied to the negat ive input  to  leading edge Comparator  U21001B, is  set  
lower than the delayed s ignal .   Refer  to  2-2-1,  F igure 15 for  leading edge 
comparator  input  s ignals .   When preserv ing correct  pu lse width,  s l ic ing occurs 
at  the 50% ampl i tude points  for  a l inear  pulse.   Of fset t ing input  s ignals  cause 
the comparators to  s l ice pulse 6 dB down (≈-0.15 V) ,  compensat ing for  the 
level  set  by the Logar i thmic Ampl i f iers .   Comparator  outputs prov ide the 
c locks for  D Fl ip-F lops U21002A and U21002B.  The pulses,  shown in 2-2-1,  
F igure 16;  have widths about  equal  to  the f i l ter  delay (A and B)  and are 
spaced ( r is ing edge to r is ing edge)  approx imate ly  equal  to  the input  pulse 
width minus the f i l ter  delay (C) .   U21002A, t r iggered by the leading edge 
c lock,  has a negat ive pulse output  to  NAND Gate U21003A.  U21002B, 
t r iggered by the t ra i l ing edge c lock,  resets U21002A through U21003B and 

U21003C.  U21002A Q  output  prov ides the other  input  to  NAND Gate 
U21003A.  R21058 (PULSE WIDTH) and C21035 prov ide a t imed delay in  
t r igger ing the One-shot  U21003D to reset  U21002B.  The t imed delay prov ides 
compensat ion for  the f i l ter  delay,  of fset  between f l ip- f lops and comparator  
delays.   The or ig inal  pulse shape is  restored at  the output  of  U21003A.  Reset  
Comparator  U21004A and associated c i rcu i t ry  reset  U21002A at  low s ignal  
levels  when there is  a h igh output  (U21003A-3)  wi th 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 Ω  impedance 
matching.  

NOTE:  The leading edge comparator  is  set  to  be more sensi t ive than the 
t ra i l ing edge comparator  to  e l iminate f l ip- f lop reset  dur ing DPSK 
t ransi t ions.  
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Figure 17 
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(d)  Analog IF Assembly (2-2-1,  F igure 17)  

The Analog IF Assembly prov ides the 10 MHz reference used by the LO Source 
PC Board Assembly,  prov ides the 60 MHz c lock for  the Dig i ta l  IF PC Board 
Assembly,  adds pulse and DPSK modulat ion to t ransmi t  s ignal  and prov ides 
temperature compensat ion.   The Analog IF Assembly c i rcu i ts ,  conta ined on the 
Analog IF PC Board Assembly are:   10 MHz DCXO, Transmi t  and Receive.  

1 10 MHz DCXO 

The Dig i ta l ly  Contro l led Crysta l  Osci l la tor  (DCXO) prov ides a temperature 
compensated 10 MHz s ignal .   The temperature of  the osc i l la tor  is  t ransmi t ted 
as a vol tage to the ADC (Front  Panel  Pulse PC Board Assembly)  by 
temperature sensor  (CR22001).   R22001 cal ibrates CR22001 output  vo l tage.   
The Front  Panel  Pulse PC Board Assembly uses the temperature sensor  
vo l tage to set  contrast  on the DISPLAY (14)  and prov ide the correct  vo l tage to 
dr ive the DCXO for  an output  of  10 MHz (±30 Hz)  across the temperature 
range ( -20°  to   +50°  C) .   The corrected vol tage (+2 to +8 Vdc)  across 
CR22002 dr ives the osc i l la tor  (Y22001,  Q22001 and associated c i rcu i t ry) .   
C22004 adjusts  f requency.   At  27°  C, R22001 is  adjusted to prov ide +3 Vdc 
(FL19007) and C22004 is  adjusted for  10 MHz (±3 Hz) .   Af ter  ampl i f icat ion by 
Q22002,  the 10 MHz s ignal  is  sp l i t .   One s ignal  is  buf fered by Q22003 for   
1  Vp-p output  to  the LO Source PC Board Assembly.   The other  s ignal  is  
buf fered by Q22004 in  the Transmi t  sect ion.  

2 Transmi t  

The 10 MHz s ignal  f rom the DCXO passes through low-pass f i l ter  (C22018,  
L22002 and C22019) to  the X6 Mul t ip l ier  Transis tor  Q22005.   The 60 MHz 
bandpass f i l ter  (L22003,  L22005,  L22007,  and associated components tuned 
to the s ix th harmonic)  prov ides 60 MHz wi th a  3  MHz bandwidth.   Af ter  
ampl i f icat ion by Q22006,  the 60 MHz s ignal  is  sp l i t .   One s ignal  is  buf fered by 
Q22007 for  1 VP-P c lock output  to  the Dig i ta l  IF PC Board Assembly.   The 
other  s ignal  c locks D Fl ip-F lop U22001B.  U22001B, p ins 8 and 12 are 
connected together  to  d iv ide the s ignal  by two for  a 30 MHz output .   The 
act ive low pulse s ignal  f rom the Front  Panel  Pulse PC Board Assembly pulse 
modulates the s ignal  through U22001B-10.  

Resis tors R22040 and R220041 reduce ampl i tude by 10 (checked at  
TP22003).   The t ransmi t  bandpass f i l ter  is  a four  pole Bessel  wideband f i l ter  
consis t ing of  four  ser ies resonators (C22036-L22010,  C22038- L22011,  
C22040-L22012 and C22042-L22012).   The t ransmi t  f i l ter  is  centered at   
30 MHz wi th a 3 dB bandwidth across 12.6 MHz.   S ignal  delay,  f rom U22001B 
through the t ransmi t  f i l ter ,  shapes the t ransmi t  pu lse by prov id ing ≈70 ns of  
r ise t ime.  

Mixer  MXR22001 adds DPSK modulat ion.   Phase shi f t ing of  0°  or  180°  is  
contro l led by PSK0 and PSK1 inputs  f rom the Dr iver  PC Board Assembly and 
set  by the Front  Panel  Pulse PC Board Assembly.   When PSK0 is  Low and 
PSK1 is  High,  phase shi f t  is  0° .   When PSK0 is  High and PSK1 is  Low, phase 
shi f t  is  180° .  
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SLS gain ampl i f ier  Q22008 prov ides three output  levels  accord ing to the SLS0 
and SLS1 input  l ines f rom the Dr iver  PC Board Assembly.   SLS0 l ine level  
b iases d iodes CR22007 and CR22013).   SLS1 l ine level  b iases d iodes 
CR22006 and CR22012.   Refer  to  2-2-1,  Table 13.   R22049 (TX GAIN) adjusts 
output  level  o f  ampl i f ier  Q22009.   Q22009 prov ides 10 dB gain for  a maximum 
output  of  +10 dBm.  Induct ive coupler  L22020 decreases current  and 
increases vol tage.   Q22010 is  the f ina l  output  ampl i f ier ,  increasing the  
30 MHz IF s ignal  level  to  ≈+18 dBm.  Q22010 emit ter  c i rcu i t ry  (RT22001,  
R22055 and R22056) prov ides temperature compensat ion for  the tota l  t ransmi t  
c i rcu i ts .   L22027 prov ides 40 dB iso lat ion between t ransmi t  and receive.   
C22055 and R22062 ( ISOLATION) are adjusted for  maximum iso lat ion.  

 

SLS0 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  Appl icable 

Transmi t  Gain Set t ings 
Table 13 

 

3 Receive 

The receive s ignal ,  30 MHz IF f rom the Mixer  PC Board Assembly,  is  reduced 
3 dB by L22027 and appl ied to Ampl i f ier  Q22011.   Q22011 ampl i f ies s ignal   
12 dB and prov ides a 50 Ω  output  to  dr ive the receive f i l ter .   The receive 
bandpass f i l ter  is  a four  pole Bessel  wideband f i l ter  compr ises ser ies 
resonators L22029-C22060,  L22030-C22062,  L22031-C22064 and L22032-
C22066.   The receive f i l ter  has a f la t  t ime domain response between the 3 dB 
points  and is  centered at   30 MHz wi th a 12.6 MHz bandwidth.   Output  is  sp l i t  
in to two s ignals .   Q22013 buf fers and sends one s ignal  to  the Detector  PC 
Board Assembly through J19033.   Emit ter- fo l lower Q22012 ampl i f ies the other  
s ignal .   R22073 (RX GAIN) adjusts  received level .   Q22014,  wi th a 50 Ω  
output ,  dr ives the 30 MHz receive s ignal  to  the Dig i ta l  IF PC Board Assembly 
through J17034 (≈+3 dBm).   Q22014 emit ter  c i rcu i t ry  (RT22002,  R22082 and 
R22084) prov ides temperature compensat ion for  the tota l  receive c i rcu i ts .  
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(5)  Front  Panel  Assembly 

The Front  Panel  Assembly consis ts  of :  

V ideo Detector  PC Board Assembly 
Power Terminat ion Assembly 
Front  Panel  LED PC Board Assembly 
LCD 
Keypad 

(a)  Video Detector  PC Board Assembly 

The Video Detector  PC Board Assembly prov ides a l inear  d isp lay of  UUT repl ies 
on the osc i l loscope when Test  Set  is  d i rect ly  connected to UUT.  The Video 
Detector  PC Board Assembly a lso prov ides a cal ibrated at tenuat ion of  the d i rect  
connect ion s ignal .  

The d i rect  connect ion receive s ignal  f rom the Power Terminat ion Assembly or  
t ransmi t  s ignal  f rom the At tenuator  PC Board Assembly is  sp l i t  by a res is t ive 
power sp l i t ter  (R30010,  R30002 and R30003).   One s ignal  is  l inear ly  detected by 
Schot tky Barr ier  Diode CR30001.   Capaci tor  C30003 is  a pr in ted e lement  to  
prov ide for  fast  detect ion.   The detected s ignal  is  sent  to  the REPLY VIDEO 
Connector  (J10054) (17) .   On receive,  the other  s ignal  has at tenuat ion level  set  
across a res is t ive d iv ider  (R30011 and R30012).   Current  through Pin Diode 
CR30002,  contro l led by the b ias ing vol tage set  on the Dr iver  PC Board Assembly,  
prov ides ≈1 dB of  at tenuat ion adjustment .   At tenuat ion level  is  ca l ibrated for  
accurate power and MTL measurements.   On t ransmi t ,  the other  s ignal  is  
at tenuated before spl i t t ing and going to the Power Terminat ion Assembly.  

(b)  Power Terminat ion Assembly 

The Power Terminat ion Assembly prov ides a 50 Ω  terminat ion for  the UUT and 
protects the ATC-601-2 Test  Set  against  excessive incoming power through the 
RF I /O Connector  (J10058) (15) .   The Power Terminat ion Assembly is  in  the 
t ransmi t  and receive c i rcu i t  on ly  when a d i rect  connect ion wi th UUT is  used.    
The Power Terminat ion Assembly connects the RF I /O Connector  (J10058) (15)  
through P/J28028 wi th the Video Detector  PC Board Assembly through P/J28029.  

Transmi t  and Receive s ignals  are reduced 20 dB across Di rect ional  Coupler  
HY28001.   Excessive incoming power and st ray sp ikes are d iss ipated of f  through 
R28002.   C22001 and L22001 keep the c i rcu i t  f requency balanced for  50 Ω  
impedance.  

(c)  Front  Panel  LED PC Board Assembly 

The Front  Panel  LED PC Board Assembly consis ts  of  th ree ind icator  c i rcu i ts  and 
a l ight  sensor  used in  the LCD Backl ight  Contro l  c i rcu i t .  

The INTERR Indicator  (18)  i l luminates red when an in terrogat ion is  t ransmi t ted.   
When act ivated,  a ground on the emit ter  of  Q27006 (Front  Panel  Pulse PC Board 
Assembly)  completes the c i rcu i t  across LED CR13001.  

The REPLY Indicator  (20)  i l luminates red when a val id  reply  is  received.   When 
act ivated,  a ground on the emit ter  of  Q27007 (Front  Panel  Pulse PC Board 
Assembly)  completes the c i rcu i t  across LED CR13002.  

The CHARGE Indicator  (1)  i l luminates only  when the Bat tery Charger  on the 
Power Supply Assembly is  operat ing.   The CHARGE Indicator  (1)  i l luminates 
green (bat tery is  >80% charged)  when current  f lows f rom the +15 V source 
through LED CR13003 to the Power Supply Assembly (BATT CHARGER LED l ine) .   
The c i rcu i t  is  completed through CR27010 and the act ivated t ransis tors,  Q27013 
and Q14014.    
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The CHARGE Indicator  (1)  i l luminates red (bat tery requi res charg ing)  when 
current  f lows f rom the Bat tery Charger on the Power Supply Assembly through 
CR27011 and the act ivated Q27015 to LED CR13003.  

Vol tage across l ight  sensi t ive Photo Resis tor  R13001 is  sent  to  the ADC on the 
Front  Panel  Pulse PC Board  Assembly.   The Front  Panel  Backl ight ing vol tage to 
the LCD is  adjusted accord ingly .  

(d)  LCD (Modi f ied LCD Display PC Board Assembly)  

The LCD is  a 64 l ine by 240 column dot  d isp lay.   The LCD requi res 4.75 to 5.25 V 
(J12059-7)  to  run log ic .   +5 V is  nominal  for  ATC-601-2.   The LCD dr ive vol tage 
requi red is  -5.25 to -4.75 V (J12059-9) .   -5 .1 V is  nominal  for  ATC-601-2.  

(e)  Keypad 

The Keypad,  consis t ing of  ten keys,  is  conta ined in  the ATC-601-2 Over lay.   

When act ivated,  each key momentar i ly  c loses contacts  between a row ( ROW ) l ine 

and column ( COL ) l ine.   Row and column l ines go to the Front  Panel  Pulse PC 
Board Assembly.   Keys operate wi th <20 ms swi tch bounce.  
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