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SECTION 1. INTRODUCTION

The Coded weather Radar Transponder (CP.T ) is a device which provides

calibrated RF pulses to be used in the calibration of coherent and noncohererit

E-band (old S-band) weather radars. It can be used at the site of the radar
or at a remote location (where 115 VAC power is available ) in the far field

of the radar antenna pattern. When at a remote location, the transponder

picks up radar transmission using a standard gain horn , detects the

amplitude of each RF pulse and compares the amplitude to a standard level

determined at the time of installation. The transponder then retransmits

a noncoherent pulse-coded signal indicating the amplitude of the received

radar pulse. The amplitude of the CRT response is known and alternates

between two levels, one 20 dB below the other , every 1024 (or 2048) radar

pulses.

• When used at the site of the radar , the CRT can provide a calibration
for a coherent processor . In this mode the transponder uses a CW sample

• of the radar STAMO instead of it. own internal oscillator to produce a

coherent coded signal response. A one-bit phase shifter alternates between

00 and 1800 phase shift every trigger prod ucing a fixed doppler shift . As in

the off-site application, the amplitude of the coherent response alternates

between two levels 20 dB apart every 1024 (or 2048) radar trigger pulses.

5
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SECTION 2. GENERAL DESCRIPT ION

A block diagram of the CRT is given in Figure 2- 1.  In the far  field

application, a waveguide horn receives the radar signal which is then

directed to the CRT via coaxial cable . A circulator directs the RF pulse

thr ough some attenuation to the detector . The detected signal is amplified

and fed to a sample-and-hold circuit and then to a set of 16 voltage

comparators. Each voltage comparator has an adjustable reference which

enables the set to be calibrated to indicate 1 dB increment s in received

power level. The 16 com parator output s are encoded into a 4-bit word as

indicated in Table 2-1 .

The 4-bit word therefore covers a power level rang e of -12 dB to

+3 dB with respect to the initial reference level. This 4-bit word is

combined with a single reference bit to produce a 5-bit word which controls

an RF switch and produces a coded group of up to S pulses. The reference

bit indicates the start of the cod e and is present whenever the receive d

power level is greater than -12 dB reference.

An additional comparator has a reference leve l midway between the

number 13 and number 14 reference levels . Upon initial installation, in

the test mode , the variable attenuator preceding the RF detector is adjusted

to just activate this comparator and Light a front  pane l indicator.

This establishes the 0 dB power level reference.

Figure 2-2  shows the respons e timing of the CRT. The coded group of

pulses are repeated up to three times for each received radar pulse , with

the s tart  of each group variable and determined by decade switches on a

panel. Ti  is adjustable in 10 us steps w ith a potentiometer fine tune of

10 ~j s .  T2 and T3 each are increments  of 10 ~js .  The pulse width is either

2. 0 u s every 4. 0 us for all three groups or is 2. 0 u s  for  the f i rs t  group,

4 .0  u s  for the second and 8.0 us for  the third as determined by a switch

on the card .

6
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If the radar PRF is such that a pulse occurs before com pletion of all

three groups of pulses , the CRT respons e immediately stops , resets and

begins at T0 again.

TABLE 2-1. CRT RESPONSE CODE

Received Signal Amplitude with Comparator Pulse Pulse Pulse Pulse
Respect to Installation Reference Num ber 2 3 4 5

+ 3 d B 16 1 1 1 1
+2 15 1 1 1 0
+ 1 14 1 1 0 1

0 13 1 1 0 0
-1 12 1 0 1 1
-2 11 1 0 1 0
-3 10 1 0 0 1
..4 9 1 0 0 0
-5 8 0 1 1 1
-6 7 0 1 1 0
-7 6 0 1 0 1
-8 5 0 1 0 0
-9 4 0 0 1 1
- 10 3 0 0 1 0
-11 2 0 0 0 1
-12 1 0 0 0 0

Radar _j 1_0.5, 1 . 0 or 2 . 0u s e c  P. W.
Pulse I

I
I 1 2 3 4 5

CRT __________fIJl_ILILfl [1JIJISLfL.._.....JlJuhiLfl
Return  T0 Ti • T2 T3 I

1~4— 10_ 990 ~1.1( 20-990 Z0*-990
~ sec usec usec

*Shortest interval is 40 usec , if the pulse width of the T2 . I
group is 4 usec.

Figur e 2-2 .  CRT Response Tim ing

8
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The CRT response  is derive d f rom a c rys ta l -con t ro l l ed  osci l la tor  at

exactly the same frequency as the radar. RF switch A lO (Figure 2-1) is

controlled by the S-bit word ( t ransla ted to serial  fo rm)  to pr oduce the

pulse-coded response;  a di g ital 1 means a pulse is t ransmit ted , dig ital 10 ? 
—

means no pulse t ransmit ted .

RF switches A l l  and A 12 provide the two levels of CRT response.

Both switches are in one state (no los s line ) for  1024 or 2048 radar  pulses

(determined by a swit ch on board ), then switch to the other state ( -20  dB line)

for an equal numbe r of pulses.

RF switch AS is not used in the remote app lication and remains in one

state all the t ime.

In the on-site app lication the CRT internal oscil lator is switched off ,

a coherent signal f rom the radar  is app lied to the external input , and the

output of the CRT is c onnected to the radar front  end test point input .

Except for RF switch A8 , the CRT functions the same as in the remote

application. Switch A8 and the 180° hybrid (A7) provide a doppler shift

calibration for coherent  radars , al ternately switching between the 0° line

and the 180 ° line every radar  pulse.

The CRT is expected to operate no rmally ove r an ambient t empera tu re

range of -30° C to -t- 50° C. A therm ostaticall y-controlled fan is switched on

at the hig h temp er ; t u r e  range , and provision for a heater  has been included

for  operat ion at the low temp4~ra tu re  range . The enclosur e can be sealed

(if additional air duct ~ng is included) and exposed to outside weather  with

only the input/output coaxial connector and the AC power cord accessible.

Normal  operat ion is w ith the top half of the enclosur e removed allowing

access to the control panel and test  points.

•——~~ —~~~~~~~~~ V. •~~~~•~~~~~~~~ ! • ~~~~~~~~~~~~±•V-~~~~~~~~ -VV V.~ _ •~~~~~~~~~~ • ~~__ -~~ V
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F SECTION 3. INSTALLATION AND OPE RATION

3. 1 Input/Output Characteristics

It is absolutely necessa ry that the peak power level of the radar pulse

to be applied to 31 be known~ The reference level of the detector (A 19) is

approximatel y 0 dBm; burn-out level is approximatel y +20 dBrn. The

appropriat e attenuator (A 17) must be inserted before the radar pulse is

applied to Ji .

Table 3-1 lists the input/output characterist ics of the CRT .

TABLE 3-1. INPUT/OUTPUT CHA RACTERISTICS

Connector Characteris t ics

AC Power • 115 VAC , 60 Hz , approximately
120 watt s w/o heater.

31 • 50k , type ‘N’ Jack.

Input Signa l maximum of 400 watts  peak with all
at tenuators  (A 17) inserted.

• 2700 - 2900 MHz

Output Signal • 0 dEm , internal source

• 18 dB below external source input

J2 Enable Input • Hig h impedance , BNC Jack

• Open , or TTL “high” , enable s CRT V

O TTL “low ” disables CRT

33 External Source S 50 .n., type ‘N ’ 3ack +20 dBm
maximum input

3 .2  InstaLlation Proc edure

The following procedure should be followed at the time of

ins tallat ion:

10
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CAUTION

Peak power at detector  input g rea te r  than +20 dBm will des t roy

the detector  diode .

1. Inser t  appropriate at tenuator  value s (A17 ) between the c oupler (A 16)

and variable attenuator (A 18) to reduc e the radar signal level at the input of

the variable attenuator to between 0 dBrn and + 10 dBm.

2. Adjust the variable attenuator (A 18) for  maxim um attenuation (full y

CCW).

3. App ly power to the CRT and place MODE switch to TEST .

4. A pply the r ada r  signal to Ji .

5. Reduce attenuation ( Al 8  - adj.  CW) until the REFERENCE LEVE L lig ht

just  comes on ( the  LED will ,  f l icker , depe nding upon the PRF of the radar) .

This establ ishes the reference level midway be tween comparators  13 and 14,

and produces a 1 1 1 0 0 code. A decrease of 1/2 dB in the radar input

powe r leve l will change the cod e to 1 1 0 1 1; an increase of 1/2 dB will

change the code to 1 1 1 0 1.

3. 3 Operation

The res~~~n se  t im es  of the coded signal are determined by the set t ings

of the three  sets of thumb switche s on the control panel (see response t iming,

Figure  2 - 2 ) .  These swi t ches  provide delay s in mult iples of 10 usec.  A

t e n - t u r n  poten t iometer  (U 6 7)  on the Timing and Control  card (A2)  provides

an additional continuousl y variable 2 to 10 jj sec delay in the Ti s tar t  time .

A summary  of all the controls  for  the CRT is g iven in Table 3-2 .

V. 
_ _
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TAbLE 3-2 .  CRT CONTROLS

Control Pane l

POWER 
- 

ON/OFF 
_ _ _  _ _ _  - —

MODE OPERATE Normal operation.

TEST For ins ta l la t ion and tes t .

‘ Reference  Level indicator is
- enabled .

I a RF switch A l O  directs  RF si gnal
to termination A T - 2 .

SOURCE INTERNAL • RF oscil lator AS is activated.

• RF switch AS is held in one state
(no phase shift).

EXTERNA L S RF oscil lator  A5 is deact ivated

• RF ~witch AS is activated

RESPONS]~ Ti , T~~, T3 Selects delay in multiples of 10 u sec
TIME 0-99

Internal

Attenuator  A 18 Provides up to approximatel y 15 dB
varia ble a t tenuat ion .

A2 , Potentiomet~:r Ut~7 Provides continuously variable dc i ay
of 2 to 10 usec for Ti .

A2 , Switch U56

S W -i  ON Respon se  pulse width is 2 ~ s for
Ti , T2 , T3.

OFF P~~spon se  pulse width  is 2 us for T i ,
4 ~s for T2, and 8 u s  for T3.

SW-a ON Response amp litude alternates 20 dB
every l0~4 radar pulses.

OFF Response amplitude alternates 20 dB
every 2048 radar pulses.

V SW-3 ON Normal_qp~ ration - RF switch AlO con-
troiled by coding and by OPERATE/TEST
control .

OFF RF switch A l O  in one state suc h that  a 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
SW-4  ON RF switch A8 held in one s ta te , r e su l t i ng

in no phase sh i f t.
OFF i Normal operat ion - RF switch A8

alternates when~~RT is in External
-~ Sc u r c e  mode.

12
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SECTION 4. DETAILED DESCRIPTION

4. 1 Timing and Control Card (A2)

4. 1. 1 Reset and Start

A block diag ram of the rese t and sta r t cir cuitry is g ive n in Figure 4- 1

and the correspond ing timing sequenc e is given in Figure  4 -2 .  The s t a r t

pul se is applied to two one-shot  (o. s. ) mult ivibrators , one w h ich prod uces

a 1 us wide pulse and another  which produces  a variable ( 0 . 2  to 0 . 4 u s )  wid th

pulse. The 1 us pulse provides a delay before start ing the clock while the

variable pulse r e se t s  all the dig ital func t ions .  This reset  pulse is variable

because it also st a r t s  the HOLD time for the sam ple-and-ho ld  on the A/D

V converter card and therefore allow s for  opt imizat ion of this function.

The rese t  pulse also st~ r t s  a 2 u~ one-shot pulse , at the end of which 
V

a 0 . 2 us LOA D pulse is generated . The combined time of these two pulses

determines the dura t ion  of the HOLD pulse . The LOAD pulse is used else-

where  on the card  to ioad data into a shift  r e g i s t e r .

Up to this point every thing depend s upon jus t  the s t a r t  pulse (with

EN~ -BLE hi gh) .  Now a check ~ b m ade t o see if th e radar pulse amp litude V

is la rge  enoug~ (~~r e a t e r  than -12 dB r e f e r e n c e)  to w a r r a n t  a response . The

load pulse cic~.ks a reg is te r  and if the f i r s t  compara tor  of the A/D card  has

been activated , the remaining operat ions continue . The 1024/2048 counter V

is advanced by one and when the count of either 1024 or 2048 (determined by

S W -Z )  is reached , a f l ip - f lop  is activated which change s the state of RF

switche s A l l  and A 1Z (for  the 20 dB response  step) . A fli p-flop which

changes the state of RF switch A8 (phase sh i f t )  is also activated if not 
V

inh ibited by SW-4 or by i n t e r n a l  mod e operation. If the f i r s t  comparator  has

not been act ivated (COMP-1 is low) , the c lock enable is r e set , s topping
V - 

the clock and the RF switch logic is not ac t ivated.
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Figure 4-2 .  Reset and Start  Timing
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The clock will be stopped by t~~V V
.V O other conditions , in addition to the

V 

one just mentioned.  If the Ti , T2 and T3 settings are such that their

combined time is less tha n the radar period , the t ransponder  will produce

all three  r e sponses .  At the time of T3 , a pulse is produced which rese ts

the clock enable and stops the clock. If the radar  period is less than the

combined Ti , T2 and T3 t imes , the RESET pulse will stop the clock for

1 ~.ts before start ing up again.

4. 1.2  TI , Ta , T3Genera t ion
V 

The Ti , T2 and T3 time period s are determined by com paring a

counter output with panel switch settings as shown in the block diagram in

Figure 4-3.  The 10 MHz clock is divided dow n by 100 to produce a 100 kHz

V clock which drive s the counter. Upon the receipt of a start pulse and sub-

sequent reset  pulse , the Ti out put is enabled and the T2 and T3 output s are

inhibited. When the counter output is equal to the T i  switch s ettings , the

comparator produces a “hig h ’  which is clocked to s tar t  an adjustable  one-shot .

This one-shot provides a continuousl y variable delay at the end of which a 
V

Ti s tar t  pulse is generated. The tim e of T i  is the re fo re  equal to the switch V

setting times 10 us plus 2 to 10 u~, depending upon the variable one-shot V

setting. The Ti s tar t  pulse reset s the counter  to zero , inhibits the T i

output and enables the TZ output . The next output is the re fo re  determined

by the TZ switch setting. Likewise, the T2 s tar t  pulse resets  the counte r ,

inhibits the T2 output and enables the T3 output. The T3 star t  pulse inhibits

the T3 output and stops the clock. TZ and T3 have no variable adjustment

and are therefore integral multiples of 10 us. V

4. 1. 3 Serial Code Generat ion

The 16 lines from the comparators are encoded into a four-bit word

which along with the reference  bit (COMP-l ) is loaded int o the parallel-to-

se r ia i  sh i f t  reg is ter .  The shif t  reg ister  is ten bits long and the 5 data bits

V are loaded into the eve n numbered cells.  T he odd numbered cells are

loaded with h a r d - w i re d  ‘ zeros ” (F iguce  4 - 4 ) .

16



~~~~~~~~ V V V  _ V V - V V _ V _V V -VV V V. V~~~~~~~~ V V _ V ~~~ V
__

~~~~~~ V V ~~~~~~~~~~~~~~~~ 

V

:1 

_  _  _

_ _  _ _  _ _  _ _ _  

i

~*d~ °1 +_ik r~i +:_~F-~ r~i ~€~F

_ _ _ _ _  

_ _ 

I

~1
l

0 
~~~~~~

— V

4 1 1

_ _ _ _ _  
- ~~~~~~ ~~‘

- !  
~4j )~~ 1J 1~

_ _  _ _  

r~i ~~
_ _  _ _  

L x 1 ~~~~~ ~~~~~~~t~~ 4— I
I ~~ I a

V 
-. 1__ _ _ _ __ I ’.V_J

~~~~~~ 17

V 
~~~~~~~~~ V__~~ _V~~~~ V V V.~~ 

t . t _ , V . S s~._ ._ ~~~ ~~~~~~~~~~ _~~ V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ VV - VV VV SV V~~~V V



V ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ _V. ~~~~~~~~~~ -V.-—

_ _  

I
V 

~>— _
~~~r~ _ _ _  

~~~

h L p.—_~~
_ tu p.— ’ .2

V I~~~~~F -L> 
_ _ _  ~~~

~~~~~~~~~~~~ 0 p—

_  

j

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ V~ VV ~~~~~~~~~~ - V V  V.



- 
~~~~~~~~ V ~~~~

V_V V~~~V V V V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

,

I

The Ti start pulse s tar ts  a 500 kHz clock which is applied to the shift

registe r through a multiplexer. A counter allows exactly ten clock pulses

to t r igger  the shift register which therefore cycles its data once. Th e 500 kHz

clock is divided by two and by four and each of the resultant clocks is

applied to a multi plexe r input . Switch SW- i  controls another counter which

addresses  the multi plexe r and selects one of the three clock inputs to be

applied to the shift register.  In one switch position the same 500 kHz clock —

is used for each of the Ti , T2 and T3 responses. The resultant  RF code

is the same for each group of responses; 2. 0 us pulse width . Wit h the switch

in the other position, a dif ferent  clock is selected for each pulse group;

Ti has a 2 . 0 u~ pulse width , T2 a 4 .0  u s  pulse width and T3 an 8.0 us pulse

width.

The buffered shift  reg ister  out put drives the switch drivers for RF

switch A 10 which gates the microwave signal to produce the coded response.

Switch SW-3 disconnects the cod e generator from the switch drivers  and

causes them to produce a CW response at the CRT out put ( J l) .  
V

4. 2 A/D Converter Card (A3)

The A/D Converter  card contains a video amplifier , a sample-and-hold

circuit and a bank of voltage comparator s as shown in Figure 4-5 .  
V

The detected RF pulse is inverted , amp lified by a factor  of about 10 ,

V 
and applied to the FET switch of the S/H circuit and to a fast comparator.

V - This comparator has a low threshold level and generates  the start pulse

which t r iggers  the Timing and Control card . The Timing and C ontrol card

generates  the S/H w aveform (see Figure 4-2)  as described in section 4 . 1 . 1.
V The S/H pulse causes the FET switch to open and the R-C network “ stores ”

the detected pulse amplitude while each of the remaining com parators

“ com pares ” this value with i~s respective preset refe~renc e level. These

re fe rence  levels are adjustable and are  set to match the RF detector

character is t ics  to provide the 1 dB steps in amplitude measurement.

In addition to the s tar t  comparator and the sixteen leve l comparators,

a separate  comparator  is used to indicate the RF input reference amplitude

during installation or test. This com parator has a reference level set

I _~~~
.__
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midway between those of com parator s 13 and 14. During test  mode operation V

when the video pulse exceeds this level , the comparator t r i gge r s  a one-shot V

pulse generator ( 1 ms pulse width) which lights a control panel LED .

V 4. 3 Switch Driver Card (A4)

The Switch Drive r card c ontains the dr ivers  for  all the RF switches

plus the tempera ture  sensing c i r cu i t ry  for  the fan and heater  (if implemented).  V

There are two t ypes of drive r circuits  used as show n in Figur e 4-6.

RF switch A l O  produces the coded response pulses and must change states

moderately fa st (“s 0. 1 u sec) .  Thi s requires  a drive r which produces

current sp ike s at the t ransi t ion times. The remaining RF switche s (A8 ,

A l O  and A l l )  have moderate  switching speed requirement s (few u sec)  and

do not need the cu r ren t  sp ike s.

The tempera ture  sensing c i rcu it ry  consists  of two voltage compara tors

and a balanced bridge with a negat ive-coeff icient  the rmistor  (located else-

where)  ir~ one arm. When the ambient t e m p e r a t u r e  is above a preset  level ,

one comparator will activate a re lay which turns  on the fan. When the

temperature is below anothe r lower prese t  level , the othe r comparator

activates another r e lay which app lies power to the hea ters  (if instal led).

Hys te res i s  is used in the comparator  designs  to prevent  on-off oscillations .

4 .4  Microwave_Circt ~ ç~ y

The signal received by the CRT horn antenna (16 dB gain) can range in

power level f rom 10 to 400 wat ts  peak , depending upon the installation site

(see A ppendix A) .  The input circulator (A 15-Figure  2 - i )  is capable of

handling this peak power , but othe r components in the CRT will be damaged

or des t royed by power levels greater  than one watt , and the RF detector  (A 19)

will be des troyed  by an incident power level greater  than 100 mil liwat ts .

A total attenuation value of up to 56 dB is needed to reduc e the radar

f ignal power at J1 to the operat ing level of the detector .  This is accomplished V

V 

by the 20 dB coup ler (A 16), 10 dB and 20 dB fixed pads (A 17), and the

V 
vari able attenuator (A i 8). Separate 10 dB and 20 dB pads , in ser te d as

V necessa ry,  are used ra ther  tha n a 0 to 40 dB variable attenuator because

1 21 
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the latter has a large temperature coefficient . Minimum amplitud e variation

over temperature  is the re fore  achieved by using as little attenuation in the

variable at tenuator  as possible and removing or ins e rting the fixed pads as

required .

The RF detector (A 19) uses a tunnel diode which has excellent

temperature stability com pared to the Schottky diode and crys ta l  de tec tors .

The normal operating point (0 dB re fe rence  level) of the detector is minus

2 dBm , at which level it produces approximately 150 mV int o a 180 ohm

load (video amplifier of A 3) .

The input circulator  provides approximately 20 dB of isolation between

the input port ( # 1)  the third port (#3). This means that with peak input

powers  g rea te r  than 100 wat t s , leakage power at port #3 can be greater  tha n

1 watt , the peak power l imitat ion of the solid-state RF switches.  A limiter

(A14) is therefore included to protect the switche s from this excessive

power.  It passes almost unattenuated a signal of peak power less than 5 mW ,
but reflects signals grea te r  than that. Its maxim um leakage power is no 

V

grea te r  than 150 m W , well below the maximum power limitation of the

switch.

The in te rna l  RF source (A5) is a tunable phase-locked cavity oscillator

(PLO) with a rep laceable reference crystal. Frequenc y stabil i ty re-

quirements over temperature and time (one month)  dictates the use of a

crys ta l  source , wh~1e system versa t i l i ty  requires  a tunable source for

d i f f e ren t  in~ ta 11- :itions . This  phase-locked oscillator meets  both these

requ i r emen t s  by using field rep laceable crystals . Com plete c ry s t a l  re-

placement and tune up procedures  a re  g iven in A ppendix B. With no

crystal installed , the PLO can be used as a standard cavity-tuned source

by disa bling an in ternal  sweep c i rcui t .

A c i rculator  (A6)  is placed on the out put of the oscillator to prevent

pulling of the frequency by RF load changes. Slow, gradual load changes

a re  compensated for  by the phase-locking fea tu re , but fast  abrupt load
V changes (such as f rom switching t r ans i en t s )  can cause  the oscillator to lose

23 V
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lock momentarily. Even though an internal sweep mechanism will cause it to
reacquire , this interruption of response is unacceptable if frequently
occurring . The circulator greatly reduces the chance of this happening .

V The 180° h ybrid (A7) and the SPDT switch (A8) c ombination produce a
one-bit phase shift when used with an external source. A signal fed into
the t~ arm of the h y brid is sp lit into two equa l amplitude signals differing
in phase by 180 ° . The RF switch al ternately selects the 0° phase and 180 °

phase signals every radar pulse . Switch A8 is a non-reflective switch which
means that both out put s of the hybr id “see” a good match no matter  which
state the switch is in , thus insur ing  proper balance of the hybrid . A signal
fed into the ~ arm of the hy brid is also split int o two equal amplitude
signals , but in this case they are also of equa l phase.

The remaining RF swi tches  ( A l O , A l l , A l 2 )  are standard reflect ive
type switches .  Switch A l O  produces  the pulse-coded response  signal by
switching the source signal f rom the termination to the output c i rcu i t ry .
Switche s A l l  and A 12 operate simultaneously and essentially inser t  ei ther
a no los s line or a 20 dB attenuator (A 13)  int o the response signal path.

24 
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The pertinent character i s t ics  of the three  known installation sites

are given in Table A - l . It can be seen from this data that the CRT has

ample t ransmiss ion power capability, and in fact may have too much for

the Spandar installation. Additional attenuation can easil y be ins erted V

between Ji and the horn antenna if necessa ry .

The Spandar site present ly has a tower  and horn  installation which

has been used successfully. For the remaining two sites careful con- V

siderat ion should be g iven to the exact location of the CRT horn ant enna to

avoid the typical low-angle radar  problems such as ground reflections . It

should also be noted that the CRT horn has a fa i r l y wide beamwidth (‘~‘Z 8 ° )

and no frequency  f i l ter ing (other than typical waveguide or octave bandwidth

components) and is the re fore  susceptible to being t r iggered  by other V

V 
radars in the area.

TABLE A - i . INSTALLATION SITES

Radar  Site Spandar Cimmaron Sudbur y

Frequency 2840. 0 MHz 2735. 0 MHz ‘-‘2800 MHz

Power 4 m W  0 . 5 m W  1 . 0 m W

Antenna Gain 50 . 6 dB 46 dB ~46 dB

Pulse Width 1, 2 us 1 ~s “1 us
IF BW ? 0.65 MHz ?

Receiver  Dyn. Range -40 dBm max . -30 -‘- 110 dBrn ?

CRT Ins tallat io i i  Range 3 . 1  km “~Z . 5  km 6 . 6 km

Power Received at 400 W 50 W 10 W
CRT Horn (+ 56 dBm ) (+47 dBm ) (+40 dBrn )

CRT Power Recc~ ved - -10 dBmn -40 dBm -51 dBm
by r ada r  an t enna  (-45 dBm with

(0 d Bm t r ansmi t t ed )  one-way cable
- ioss of 5 dB)

R e t urn  Power from
V Weather at 100 km

for: 40 dBz -51 dBm -64 dBm -61 dBm

20 dBz -71 dBm -84 dBm -81 dBm

0 dBz -91 dBm -104 dBm -101 dBmn

V 26
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APPE NDIX B
V 

PHASE-LOCKED OSCILLATOR CRYSTAL

REPLACEMENT AND TUNE-UP PROCEDURE V

The following three (3) pages contain the manufacturer ’ s crystal

replacement and tune-up procedures  for the phase-locked oscillator.

Inapplicable sections have been c ross -ha tched  off .

This oscillator uses a multi plication factor of 27 for  the r e fe rence .

Therefore, the required crystal frequency is determined by dividing the

desired output frequency by 27 . For example, the delivered unit has an

V output f requency  of 2840. 0 MHz and the c rys ta l  f r equency  is 105. 1852 MHz .

Crys ta l s  used should meet Frequency Wes t Specification 37-051991
(suggested vendor is Croven-Canada) .
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FREQUENCY- WES~ INc.

TUNEUP PROCEDURE -
PHASE-i OCKED SOURCES AND OSCILLA TORS

INTRODUCTION

•. These instructions cover the crystal installation and alignment procedures for Frequency West crysta l
controlled phase locked sources and oscillators. The procedures cover the various equipment models and are
organized by sections listed below. The user should perform only those procedural steps that apply to his

V 

own equipment.

Section Equipment

Crystal Installation

Sources without Ovens Equipment model numbers ending in: X , XA , XB j
~~u\c~~w\h\O~~n\ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

V Alignment Procedures

V Alignment — All Phase Locked Sources All equipment
and Oscillators

*NOTE: Supplied PLO has sl ightl y
* different mechanical configuration.

I.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V .

Crystal oscillator ~

‘
V 

~~~~~~~~~~~~~~~ 

tune

OC adjust -V (when applicable)
V ‘ Crystal oscillator frequency monitor

-V -
. (Mod.ts X, XA. XB. XC. X0) ~,“ *3~~

External oscillator inpu t
(ModsI XE)

Cavity oscillator
tun ing

Figure 1

FREQUENCY- WEEJ INC. 3140 ALFRED ST., SANTA CLARA, CA. 95050 (401).249-2 50 TWK (910)-331.01U
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CRYSTAL INSTALLATION

S Sources without Ovens • Alignment — All Phase Locked Sources and
1. Remove the side plate bearing the Frequency Oscillators
West logo from the unit (held by four screws). i. Apply the specified input (supply) vo ltage

2. Clip the replacement crystal leads to be- between the DC input termina l and ground. The

tween 0.150 and 0.190 inch in length. Insert the required input voltage is Indicated above the

crystal in its socket. See Figure 2. For best results terminal.

use crystals meeting Frequency West Specifica-
tions 37-051990 and 37-05 1991. NOTE

Sources with odd model numbers require positive power
3. Replace the side plate. supply input voltages,’ those with even model numbers

— 4. Proceed to Alignment — All Phase Locked requ re negative input voltages. The procedure be/ow

V Sources and Oscillators, applies to both types of units; however, the polarity of
the voltages listed in the various steps must be reversed

V for those sources with positive voltage power supplies~
V 

• So~wces wi9yC~~ ns 
,,
,
,~/
‘ 

7
‘1- Recrl�ve the si~e’~late bearin~it1~e Frequen9 y’ 2. Connect a VOM to the crystal oscillator test
We~j/Iogo fron)/the unit, t)~~ oven insuJa’f~r, point (XTAL). Set the VOM on the +1.5 VDC
crjistal heat ,,~if~k, and th~,,cf~jstal. See ~~ ure 3, scale. The typical voltage level at this point wil l

,-‘ . Z z , be 0.2 volts.
2. C)i~ the replac9i’flent cryst a~A~ads to b~0.150 and 9~190 inch in ~p~gth. lnsej t (he NOTE
çp9

V
sta( into it~’socket. Fp{ best re~i4’ts use

/
. crystais~~~~pt’ing Fre~~~9eS~ West Sp~~if • •

~~~~~~~~~~ 
Step 3 does not apply to units using ex ternal reference

3. v~ epiace the,cf~sta l heat-’~ink ins~r1~g that -

heat sink slg(clears th,ieV~ven therncistor w ire” 3. Tune the crystal oscillator coil, or capaci-
V / Replace th~4c,en insu~a(or and siç~e

’pIate. ‘ tor (through aV hole in the side plate or the front
/ 

V/
__ 

~~~V~’ V 7 plate, depending on the configuration) until a
4. ~r6ceed to~~1ignmen~,/  All Pha~~ Locked reading is obtained (approximately 0.2V). Maxi-
Soyf’ces and ,9r6illators. V/ ’ / 

V V V 
- mize this reading.

7 ,
V 

7 V

/ - A maximized VOM reading at this point can
be expected to yield a crystal oscillator accuracy

ALIGNMENT PROCEDURES within approximately 5 ppm of the marked

• Pre~iIninar~ ”Setup / Sourcp’ Using -Extern~V crystal frequency.

~~3eren9e’Oscilla3o~
’ 

/
/ / / If a frequency counter is available , connect

/ / / / / V ,/ the counter to the crystal oscillator monitor
/ 1. Aurn t~ é funday~entaI qs’c illatoy”tuning . connector and tune t he crystal oscillator to the

SC!,éW coun$rclockwi~e until~t~ie sour~é is tun9d’ exact frequency. Make sure that the crystal
the l9~ est fre5$~

’ency of/the opIrating ~and oscillator is not near dropout by rock ing the
V~~ whiIe,Y~onitor~p~ the ~ drce fr~c~uency filth a tuning screw back and forth. The unit should

freq,~~ncy m9tEr or coyf~ter. V / tune a minimum of 5 ppm, or 500 Hz at 100 MHz.
~ Divjd~

”the doted ot%,ut frecuI~
’ncy by ‘the Reset the crystal frequency to the correct

V 
net mi4~ipIier ~s~o (se e/Fable 1 ,ó~ 2) to Oht~in frequency,

the~$
’qu red ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ frgt~uencyV t’rom the/

~xter naI cr,1~tal o~~(Ilator oV4requel~~y Sy f l t~~~~~
V 4. Connect an oscilloscope or VOM to one of

sizer / V V/  / V~~~ 
the phase voltage terminals (0 V ) . The two term-

/ / / 
inals should be jumpered together on units with

3. /Connec~~he ext~pf~ l osci~)átor to the source/ two termirta) s. For sources that have a lock lim,t
r~t~rence,6scil(ator 4hput jack. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ alarm, connect the scope or VOM to the single

~iuiremp~t is 0 t/+1o dR’rn; 50 phms no,it~
’inal phase voltage terminal. The scope should show a

impe,~~nce.) / / - 
/ / / waveform of between 50 and 500 Hz , with an

/ V / - amplitude greater than 12V p-p. The VOM
4/ Proce,d to A/ i  V’Yme,~~t -‘- A/ I  P,háse Lo ked should read approximate’y 9 volts on the AC

V 

S, V J r ces ~v~d Oscj $tors.
7’ / V (rms) scale.

- ~~~~~~~~~~~~ - --~
-—-—-——-- 

—.
~ V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~
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V 5. If no AC waveform appears, adjust the DC 9. Tune the fundamental oscillator to the edge
balance potentiometer (under the crystal side of the phase lock range. This should be between 

V

plate) until the waveform appears. (Most units —3V ±2V and —16V ±2V. The unit should reV
manufactured after August. 1973 do not require main locked betwee~ these voltages and go into

V this adjustment.) sweep as the fundamental oscillator is tuned
Find the middle of this adjustment or further. This verifies that the unit remains phase

adjust the potentiometer for either the highest locked over the appropriate tuning voltage range.

frequency waveform (triangular or square wave, 10. Set the fundamental oscillator so that the
depending on the source model) or for the high- voltage at the phase lock terminals is —7.5 volts.
est reading on the AC VOM. Tuneup is complete.

6. Slowly tune the fundamental oscillator tun NOTE
ing screw clockwise until the waveform drops V

out or the AC voltage drops to zero on the VOM.
If the unit has a crystal that places the ohm scale) between the lock limit terminal and ground.

output frequency at the high end of the band, it As the unit is tuned from one end of the lock range to
may be necessary to continue to tune until a the other (—3V ±2V to —76V ±2V), the VOM will read
second lock occurs. Check for the proper lock either zero or infinity. It will be infinity between approxV

point with a frequency meter or counter to in imately 4.5 and I3VOC (as read at the phase lock term/V

sure locking on the correct harmonic of the 
najs), and zero elsewhere,

reference oscillator. 
__________________________________________________

7. Switch the scope to DC (2 V/cm scale) or 7
the VOM to 30 VDC full scale. (The leads should ~V V V

V still be connected between the phase lock termi- oven insuIaj~~
nal and ground.)

8. Check for lock by rocking the fundamen- ,~~ V

tal oscillator tuning screw slightly. The absolute V
V magnitude should decrease as the tuning screw is V ~- 

- 
~rotated clockwise. 7 V

If the voltage does not change, the unit has ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V 

-
.

not locked and has stopped sweeping. Repeat Hscrs~vImust ciscr ,7
steps 4 and 5, then continue tuning the funda- ‘ 

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ .~ Thsrmiitor v~it.menta l oscillator until lock occurs. -

~~~~ii 

,,

T7

mbIY

~~~~~~~~~~~~~~~~~~~~~~~~~

/

/

r F(~~~GLiENCY-WES’7 INC. V V ,V ‘ V - -

~~~~~~~~~~~~~~ 

V

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r
- 

V

V 

-

Figure 2 Figure 3
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APPE ND IX C

PR ODUC T INFORMATION

1. Phase-Locked Oscillator (A 5)
~~

- ‘ Manufacturer Frequency-West , Inc. , Santa Clara , CA
Model Number MO -I  VI8 -XB

M m .  Power Output 20 mW

Mech. Tunable Frequency 2 . 7 0  - 3.22 GHz
Rnage

- 0 0
Operating Temperature -30 C to +60 C

Frequency Stability Crys ta l , + 0. 002%

Spurious , Harmonics 60 dB below car r ie r  ( in-band)
20 dB below car r ie r  (out-of-band )

Input Power -20 VDC ÷ 1.5%

2. Circ ulators (A6 , A 15 )

Manufac ture r  P & H Laboratories, Chat swor th , CA
Model Num be r Bl-S353 10

Frequenc y 2. 7 - 2. 9 GHz (optimized)

Insertion Loss 0. 3 dB typ.

VSWR l . 2 : l m a x .

Isolation 20 dB mm

V Power Handl ing Capability 50 Watts avg., 1 kW peak

3. 180° Hy br id (A7 )

M a n u f a c tu r e r  Anaren  Microwave , Syracuse , N. Y.
Model Number 30056

Frequency 2-4 GHz
V Insertion Loss 0 .5  dB max .
V 

- VSWR 1.3 :1 max . 
V

Isolation 15/18 dB rn in ./ t yp .
V Amplitud e Balance -t- 0. 50 dB

Phase Balance + 6  deg. 

‘V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V,. ~~~~~~~~~~~~ VVVVV ~~~ V V  V V
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V 4. Sing le-Pole Double-Throw Switch (AS) - (Non-reflect ive )

Manufacturer  Al pha Industries, Woburn , MA

Model Number MT-3685-A-P3-Q 1

Frequency 0. 5 - 4 GHz

Insertion Loss 1. 1 dB max. 
V

VSWR 1. 5 :lm a x .

Isolation 50 dB m m .

Power Handling Capabilit y 1 Watt CW

5. Fixed Attenuator s (A9, A 13, A 17 , A2 2 )

Manufac tu re r  Narda Microwave , Plainview, NY

Model Number 4772- (Value )

Frequenc y DC-6 GHz

VS WR 1.25:1 (to 4 GHz) max. 
V

Attenuation Accuracy  + 0. 3 dB

Power Handling Capabili ty 2 Watts  avg., 0. 2 kW peak

6. Sing le-Pole Double-Throw Switch (A 10)

M a n u f a c t u r e r  Al pha Ind us t r ies , Woburn , MA

M o d t I  Number MT-3 121A4

Frequency 2-4 GHz

Ins e rtion Loss 0. 9 dB max .

VSWR 1 .5 : lm a x .

V Isolation 60 dB m m .

Switching Speed 20 ns typ.

Power Handl ing Capability 1 Wat t  CW

- - - V, V - V,V_ ~~~ - — —- ~~~~~~~~~~~~~~~~~ V V 
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7. Sing le-Pole Double-Throw Switches ( A l l ,  A 12)

Manufac ture r  Al pha Industries , Woburn , MA

Model Number MT-3 127A4

Freque nc y 2-4 GHz

V Insertion Loss 0. 8 dB max .

VSWR 1 .5 : l m a x .

Isolation 60 dB m m .

Power Hand l ing Capability 1 W att CW

8. Limiter (A 14 )

V Manufac tu re r  Al pha-Industr ies, Woburn , MA
V Model Number MT-3260A4

Frequency 2-4 GHz

Insertion Loss (- 10 dBm 0.6 dB max .
input )

VSWR (-10 dBm .input) 1.4:1 max.

Limiting Threshold ( input)  5 mW

Leakage Power

1 Wat t  CW input 65 mW

200 Watt peak input (1 ~ s) 150 mW

9. C oupler,  20 dB (A 16)

M a n u f a c t u r e r  Narda Microwave , Plainview , NY

Model Number 40 13C-Z0

Frequency 2-4 GHz

insertion Lose 0. 2 dB max .

VSWR 1.15:1 max. V

Directivity 22 dB m m .

Power Handling Capability 50 Watts avg., 3 kW peak

— -V ‘V -~~-—— —i- — - ~~~ — ‘V —
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V 10, Variable Attenuator (A 18)

Manufacturer Merrimac Industries , West  C aidwell , NJ

Model Number AUM- I SA

Frequenc y - 2-8 GHz
V VSWR 1 .5 : lm a x .

At tenuat ion  Range (2 GHz) 0 .5  to 15 dB

Power Handling Capability 2 Wat ts  avg .

11. RF Detector  (A 19)

Manufac tu r e r  Microwave Associa tes , Burl ington, MA

Model Number MA 7700K-M07

Frequenc y 2-4 GHz

VSWR 2:1

Detection Sensitivity 700 mV/mW (-20 dBm , open circuit)

Power Handling Capability “ Z O  dBm (100 mW) max.

12. Power Supply, ZO V (A20)

Manufac turer  Sorensen , Manches te r , NH

Model Number QSA 18-1 .9
Output Voltage 14-22 VDC

Out put C u r r e n t  (50 ° C) 0 - 1 . 9  ADC

Constant Voltage Regulat ion + 0. 005%

Constant Voltage Ri pp le 300 j .iV rms

13. Power Supp ly,  5V (AZ 1)

Manufac tu re r  Sorensen , Manches ter , NH

Model Number QSA 10 - 3. 7

Output Voltage 0 - 10 VDC

Output Current  0 - 3. 7 ADC

Constant  Voltage Regulation ÷ 0. 005%

Constant Voltage Ripple 300 jjV rms
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14 . Additional Main Assem bly ( A l )  Parts List

Designation Description Manufacturer  & Model Numbe r

AT 1, 2 , 3 Terminations Narda 4370 DM
V CP 1, 2 , 3 SMA Male-Male OSM 2 18-07

Adapter

Ql -5V Regulator LM 320K-05

Q2 -1ZV Regulator LM 32 0K-lZ

K l , K2 Hybrid Relay Magnecr aft  W5O1QPCX- 11

Zi Thermistor Fenwal GB4IJI

Fl Fan Rotron MUZAl

S4-59 BCD Switch Digitran 8011

15. Timing and Control Card (AZ) Major Parts List

Designation Description

Ui , 12 SN740 6 (2)
U2,3 SN74148 (2)

U4 , 40 SN7404 (2)

U5,6,7, 17 ,18,19 SN7485 (6)

tJ8, 20 , 32 , 44, 51 SN74160 (5)

UlO , 25 , 35, 38, 42 , 43 SN74123 (6)

U 14 , 15 SN7496 (2)

U16 , 34 SN7400 (2)

U2 Z , 53 SN7408 (2 )

U2 3 , 24 , 27 , 28 , 29 , 30 , 31 , 39, 58 , 59 SN7474 (10)

U Z6 5N74 153 (1)

U33 SN74 14 (1)

) U36 , 48 , 60 SN7416 1 (3) 
V

U41 SN7410 (1)

U46 SN7437 (1)

U Z i , 52 (Resis tor  Netw ork) Sprague 9 16C 1OZX SPD (2 )

U45 (Oscillator) Greenray ZY-7409 (1)

U56 (Switch) AMP 435166-2 ( 1)

~I 
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16. A/D Converter  Card (A3 )  Major Part s List

Designation Description

ui LHOO32CG ‘

UZ CD4OI6AE

U3 DHOO34CD

U4 (Res is tor  Network)  9 16C472X5PE

U5 LM555CN

U6 LM3 11N

U7-U 10 LM339AD

U l l  LM36OH

U 12 , U 13 LM 1I3H

17. Switch Driver Card (A4) Major Parts List

Designation Dcs~~ri ption

U1 , U2 DHOO35CG

U3 DM8830N

U 4-U 9  DHOO34CD

u10,U11 LM311N

D 1, D2 1N752A —
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APPE ND IX D

DRAWINGS FOR THE CRT

Size Title (Electrical)  Drawing Number

D Interconnection Diagram ( A l )  SD 975605 V

D Timing and Control Card (AZ) SD 975604

C A/D Converter  Schematic Diagram (A3) SD 975603

C Switch Driver Schematic Diagram (A4) SD 975602

Title (Mechanical)

A Spacer 975593
B RF Bracket 975596

8 Conn Bracket 975597

B PCB Support Bracket 975595

C Corner Brackets  975600

C Control  Panel 975601

B Mounting Brackets 975594

C P .S. Plate 975598

C Uppe r Level Bracket 975599
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SECTION 1. INTRODUCTION

The Pulse Pair Processor (PPP) is a digital real-time signal processor

designed by Ray theon for AFG L under  contract No. F 19 6 2 8 - 7 2 - C - 02 9 3  and V

described in the associated Equipment Information Report .  The PPP computes

f i r s t  and second spectral  moments of re turns  f rom any coherent n-ieteo ro-

logical radar  for  each of more than 1000 range cells of 0 . 5 , 1, or 2 micro-

seconds duration.

The Ground Clutter Canceller , described in this E quipment Information

Report , w as de sig ned , constructed and installed in the PPP under contrac t  
V

F 1962 8-76-C-0297 .  The canceller is a dig ital f i l ter  designed to reject cu-

wanted ground clutte r and coherent oscillator feed -through , thereby improving

the sensitivity and accuracy of spectrum mean and width est imates.

40
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SECTION 2. GENERAL DESC RIPT ION

The synthesis  of a digital  filter for  incorporation into the Pulse Pair

Processor  (PPP) for the purpose of re ject ing unwanted ground-clut ter  inter-

ference has been descr ibed in Refe rence  1 . This section descr ibes  the V

hardware des ign of the f i l t e r  in general  t e rms  and indicates how the individual

modules are interconnected and interfaced w ith the modified PPP . The

circuit des ign of each module is discussed in detail in SECTION 4.

The approach which has been adopted for thi s implementation to meet
the requi rements  listed in Table 2-1 begins with a desi gn of the simplest

possible digital f i l ter  module which meets the d ynamic range and accuracy  V

requirements  b y taking advantage of the economies possible with low-power
Schottk y serial two ’ s -complement ar i thmetic  element s (Refe renc e 2) and
NMOS random-access memories. The inadequate throughput rate of the

resulting module is then overcom e by multiplexing as many of the modules
as required , with each of them assigned to rang e cells adequately spaced
in time to match its  throug h put. The resulting f i l ter  is one where both
memory  and ari thmetic processing elements are distributed ra ther  than
centralized as in the t radi t ional  general purpose computer a rch i t ec tu re .
While the basic form of the filter is “hard wired”  within each module,
B orne flexibili ty is achieved by dis t r ibut ing gain constant s and timing signals

from a single programmable read-only memory via busses to all of the
modules. The eig ht-module vers ion  attains an impre s s ive  process ing
rate of 16 multiplications (16 x 16), 24 additions , and 24 memory  references
per microsecond.

References :  1. H. L. Groginsky memo HLG-365 , “Weather  Radar Canceller
Design ” , dated 17 May 1976.

2. “Di g ital Si gnal Process ing  Handbook” , Joh n R.  Mick ,
Advanced  Micro  Devices , Inc. 1976.
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TABLE 2-1 . DIGITAL CANCELLER. REQUIREMENTS

Numbe r of Channe ls : 2 (I & Q)
Numbe r of Range Gates: 1024

M m .  Time/Gate: 0. 5 ~.zsec

Inputs: 7 bits + sign 
V

Memory (both channels):  98, 304 bits

Arithmetic Unit (both channels):

8 mult iplies (16 x 16) per range gate

12 adds per range gate

6 memory read s per range gate

6 memory wr i tes  per range gate

16 bit f ixed-point  ar i thmetic

2. 1 Magnification and Overflow Considerations

In infinite impulse response or recursive sampled-data filters

(those having feedback), it is possible for variable s within the f i l t e r  to

grow in magnitude to valu e s many times that of the input , even though

the overall t ransfer  gain is  less than unity. In a digital implementation

of such a filter , an adequate number of bits must be allocated for  each

variable so as to prevent interna l overflow which can cause catastrophic

instabi lit y.

The three-pole elliptic filter described in Reference 1 is redrawn
(F igure  2- 1) using two- input  adder/ sub t rac tor  units and with the sam e

topology as the network of ha rdware  ar i thmet ic  and memory  elements  to
be descr ibed la ter .  The four coeff ic ients  have been evaluated for  a trans-
mit ter  f requency  of 3200 MHz and a notch width of 0 . 32 rn/ sec for PRF’s

V 42

~~~~~~~~~~ V~~~~~~~~~~~ V- V’ V V  V,V~~ V~~ V VS ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~piur ~~~~~~ V ?___ ... ~~ V _ _V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~ :rV~~~~~
- V~~Vx-:_ V_ V V V : _ V  - - 

~~~ ~~~~~ VL VV~~ ~~~~~~ V _ V ~ V V ~~~~ - V — -

V

I~ EOJ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 ) ’

1- ~~~~~~~~~

(‘J

+ ‘V

V —
~1

--

0
— ~

_j 0)

4-,:, “4

O 0 I ( \  O U I

$ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~
V%V1 —

+
+ —- 

— 

~~~ V~i V

I ~~ IA —. -
~~ N. -~~

z - 0- —.. — ,-~ — . ..~ 
N ‘.5

V z;’ N

—

V ~. ~ 
‘ ‘I )

~~~~~~ 
~~~~~~~~~~~~~~~~~~~ ) Q ) VQ) 

~ J t~~~~~’~~~~~~~%#

I t  ._J_ __

- - - V V -V  V V V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~V ~~~~~~~~~~~~~~~~~~~~ ~~V • V V V V  
~~~~ -V~~~~~~~~~~ V~~~~V~~~~~~~~V



V V V _~ ______________________ ~~~~~~~~~~~~~~~~~~~ 
VV_ V V V V V ~V V V VV ~ _~~_~~~~~~~~~~ - ~~~~~~~~~~~~~~~ - V VVVVV V V VVV~~ VV V ~~~V _ _  V_ VVV V VVV V _V_ _ VV — - V

of 525 917, 1630 and 3300 se c~~
1 
(Table 1 of Reference 1). Whil e these

sets of constant s will not necessarily be the one s stored in the cancelle r ’s

constant ROM , they are representative enough to use in a magnification

analysis .  V

In order  to determine the magnif icat ion at a given point in the filter ,

the magnitude squared of the transfer function of that point f rom the input

is di f ferent iated and set equal to zero. The resul t ing equation is solved

for the f requenc ies  at which there  are ext r emes in the magnitude squared

function. The significant results are summarized in Figure 2-1. At e 1,

the maximum magnitude is 9. 18 at DC for the 3300 sec 1 FRF case: thus ,

if the input is S bits , 12 bits are needed at e 1 to avoid overflow . Obviousl y,

as K -‘ 1 the magnification at e becomes in.finite Twelve bits at e allow

K 4 to be as large as 0.9375 without overflow ; since the la rges t  K 4 in Table 1
- — l . V

of Reference I is 0. 891 for 3300 sec PRF, there is an adequate margin .
V At e2, onl y 9 bits are needed for an 8-bit input since the magnificat ion only

approaches two at half the PRF (wT = ii), even for K 4 0. The real problem

is at e4, a memory input where  17 bits are  needed for  the PRF z 3300

sec~~ case.  Since we are reluctant to increase the width of the memory

word beyond 16 bits , there is a possibilit y of overflow here but it would

take a full amplitude signal at w T =  . 05955. This situation is extremely

unlikely since the clut ter  spect rum at thi s f requency  is 45 dB down from

its maximum at DC. Besides , the magnitud e at the peak is onl y 10% too

large to be handled with 16 bits so that a small compr omise in the value s

of K 2 or K 3 could bring it within range if necessary .

V 
Should an over f low occu r at e4, either for the reason just discussed or

because of random numbers in the memories at turn-on, the filte r could
V 

exhibit non- l inear  oscil lation because of the “wrap-a round”  overflow

charac ter i st ic  of the two ’ s -complement ar i thmetic . In order  to guard

agains t such a d i sas te r , an overflow detector  at e4 zeroe s bot h following

memories for  any range cell in which an overflow occurs .
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2. 2 Modul e Interconnection

V 
The Digital Filter Module (DFM) card performs all of the operations

- 

V 

indicated in Figure 2- 1  for a range-cel l  inte r val of two microseconds .  Thus ,

four t ime-mult ip lexe d DFMs each are  needed for  the I and Q channels in

order to process 0 . 5 microsecond range cells. The initial cancelle r has only

fou r DFMs , hence , it can only handle 1 or 2 microsecond cells; howeve r it
V can be expanded by the addition of four DFMs .

Figur e 2 -2  reveals how the DFM are interconnected;  each block re-

presents an Augat w i r e -w r a p  panel. The TIC (Timing and Interface Controller) V

card , to be descr ibed in SECTION 4 , generates clocks , control signals ,

memory  addresses  and coeff icients  d is t r ibuted on busses to all of the DFM .

The TIC , together with four or ei ght DFM , is located in a pane l rack

V 

designated “T” (top) which is mounted  on hinges above rack “ R ’  ( r e a r )  in the

PPP.
V All connections between the canceller in rack “T”  and the PPP itself

V pass throug h a connector at the top of the PPP 20 Canceller Interface card ,

added to the PPP in slot F7. This card contains two identical a r r a y s  of shif t

registers, one for the I channel and one for  Q , which p e r f o r m  the needed

paral lel/ ser ial  convers ion of the PPP s A/D conver ter  output s , the tim e

m ultip lexing of range cells among the DFMs , and serial/parallel  conversion

of the DFM outputs.

The wi r ing  of the backp lane of rack ‘T” and the connector to PPP 20

are des cr ibed by the wire  l i s t  included as A ppendix A .  Extensive use of

twis ted-pa i r  t r ansmis s ion  lines was required because of the high clock rates

involved in the serial  ar i thmet ic  c i rcu i t s .
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- SECTION 3. OPERATION

Two controls , pic tured in Figure 2 -2 , have been added to the PPP

front  p~~Vr1el. Whe n the CANCELLER GAIN switch is in its OFF position , the

cance lle r is b’1passed on the PPP 20 card;  howeve r , the PPP still benefit s

V 
f rom the c rys ta l -cont ro l led  clock on the TIC card.  If the connector to the

top of the PPP 20 card in F7 is removed , the PPP still operates but uses its V

own internal  delay line clock. The PPP will not operate w ith PPP 20 removed.

-: To use the  cancel ler , select the desired GAIN and SHAPE switch V

pos itions *. The gain sett ings are relative and depend on the part icular set

V 
of constants as d es c r ibed in R ef erence  1, but in general a GAIN switch

setting of 1 means that dopp ler components in the passband have about 0.6

- to 0 .9  amplitud e compared with the canceller-off  case. The important

- paramete rs  of each of the eig ht sets of const3nt s , as ini t ia ll y p rogrammed ,

V are summar ized  in Table 1 of A ppendix B , whil e a f requency  response plot

for each set is included in Appendix C. Notch width increases  (henc e s ettling

time dec reases )  monotonicall y ~~Vj th  rotation of the SHAPE switch clockwise V

toward H . The constant s are stored in two programmable  Read-Onl y Mem ories

located on the TIC card ; the bit pat terns  and decimal constant  values for  these

PROMS as init iall y supp lied with  the canceller  are listed in A ppendix D.

V 

*11 the “T” rac k onl y contains 4 DFMs, be sure that  0. 5 ~ s cell width is not
selected .
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H



I

SECTIO N 4. DETAILED CIRCUIT DESCRIPTION

Each of the following subsections descr ibes  a major  element of the

canceller in term s of block diagrams and timing charts  included in this

repor t .  A ddi t ional , more  detailed information is containe d in Appendices D

and E (PROM Pat te rns) ,  A ppendix F (Summary  of Card Ind ex ing),  and in

the schematic diagram s referenced  in A ppendix G.

CAUTION

The 2606 mem ory devices used on the DFM cards a r e  MOS and

therefore  require  normal  MOS handling precautions (s torage in conduct ive

f oam , etc. ) to prevent damage due to static d i scharge .

4. 1 Thç Digital Filter Mod ule

Serial , two ’s-com plement , LSB-f i rs t  ar i thmetic has many

advantages in imp l e m e n tin g  a digi tal  f i l t e r  module for  a p rocessor  such V

as a canc eller where  identical operat ions are pe r fo rmed  on successive V

range cells and there  is no ce l l - to-ce l l  information t r a n s f e r .  In thi s

type of processor , it is very  straig h t forward  to m ultip lex the modules ,

sim ple but slow because they  use se r ia l  a r i thmet ic, to obtain the required

processing ra te .  This sect ion descr ibe s a module which implement s the

filter presented in Figure 2 - 1  with  a t h roug h put rat e of one ran ge cel l per

two microseconds.  The next section show s how eight such modules can

be multiplexed to y ield the required rate of two range cells per micro-

second for both I and Q channels (the eig h t - ca rd  vers ion)  or how four 
V

modules can y ield a compromise rate of one cell per microsecond (the

four-card vers ion) .
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A block diagram of the DFM appear s in Figur e 4-1.  Four adder ~’ V

subtractor units are available in each AmZ5LSI5, thus only two of these

packages are needed for the six operations in the DFM . Serial adders are

extremely simple to implement in hardware  using LSB f i r s t  two ’s complement
V arithmetic;  greater  precision can be achieved with no additiona l hardware

by sim ply allowing more time which includes more cycles of the bit clock

hence more bits in the ari thmetic representat ion.  But adders  alone do not

ju stify using serial a r i thmet ic ;  the key reason is the availability of the

Arn25LSl4 eight-bit serial/parallel two ’s complement multiplier.  Only

eight of these low-power Schottky devices are required to per form the four
V 16 x 16 multiplications requ i red  in the DFM . B y using the parallel (multi-

plicand) input s for the four coefficient s , available on a time -multiplexed

V basis f rom a 16-bit K bus common to all of the DFM , the ser ia l  inputs

(multiplier)  and outputs (product ) are com patible with the economical

seri a l adders.

The remaining consideration is memory;  16-bit words for eac h of V

512 range cells required in the f ou r - card  ve r s ion  would require  an 8192

bit shif t re gister which isn ’t p ar t i cu l a r ly a problem except that we need a

bit clock f requency  of about 20 MHz in order  to ach.eve a one-cel l  per two V

microsecond th roug h put rate with the requ i red  16-bit precision. Since

long MOS shif t  r eg i s t e r s  do not have adequate  speed , we would be forced

to use bipolar shif t  reg i s t e r s  which are not avaih-ble in lengths grea ter

than about 16 b i ts/package.  Fortunately, there  are al ternative s to using

one IC packag e of memory for each range cell. Along with the serial adder

and mult iplier , Advanced Mic ro  Devices has provided us with the AmZ 5LSZZ

eight-bit  seria l/para l le l r eg i s t e r  with sign extend. This device , having

eight terminals which can serve either as parallel input s or out puts, is

extremel y versat i le  and can pe r fo rm se r i a l - to -pa ral l e l , or paralle l - to-ser ia l  V

conversio ns with the si gn-extend featur e required by t he multip lier input. V -
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The implement ation used for each of the three memories  is illus-

trated in Figure 4-Za , with a timing diagram in Figure 4-2b .  For the

V purposes of understa nding the operation of the m emories , the two micro-

second processing interva l can be divided int o a f i r s t  half , during which the V

random access memory is always wri t ten  into, and a second half during

which the memory is alway s read from . The RAM thus needs a read or

write cycle tim e of no greater than one microsecond and can be a low-power

economical device such as the NMOS 2606 . The operation is as follows:

At the beginning of cell n, the MIR (Memory Input Regi s t e r )  contains data

calculated and shifted into it seriall y during n - i .  These data are wr i t t en

into the RAM at address n-I during the first half. During the second half,

dat a for cell n+l are read from the RAM and are paral le l - loaded int o the V

MOR near the end of the cycle . These data are available for serial out put V

during cell n+l . Also during the second half, dc- ta calculated in the arith-

metic element s are  shif ted serially int o the MIR . This scheme emulates an V

8192 bit shift reg iste r (or one with som e lesser  mul t iple of 16 bits)  using

a tota l of only 12 IC packages and capable of operation at clock rates  of

the order of 50 MHz. It combine s the best  a t t r i bu t e s  of two technologies:

Low-power Schottky TTL for the high-speed MIR and MOR elements and

NMOS for the high-density RAM.

A detail ed timing diagram for  the DFM appears as Figure 4-3 where

it can be see n t hat 40 periods of the Serial Arithmetic Clock (SACK)

comprise one range cell interval which could be two , four or eig ht micro-

second s in the eigh t -ca rd  vers ion depending on whether  the PPP cell width

has been set to one-half , one or two microseconds, respect ively. The

maximum f r equency  of SAC K is thus 20 MHz , which leaves a comfor tab le

margin since the minimum F for the 25LS14 mult iplier is 25 MHz ,
max

while it is 30 and 50 MHz for the 25LS15 adder and the 25LS22 r eg i s t e r ,

re s pectivel y.
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Half Half
Write Read V

4 o r S-2606 
_ _ _ _  

RAM 
V

V (2 56x4 NMOS ) 4-card:51.2x16 Show n in Figure 4-1 as:
8-card:256x16

MA BUS 1J~~~~~~~
Jj

~~~m.

(a) Bloc k Diagram of one of the three memories.

DFM cycle First  Second lflS. M m .  Memory
(40 SAC K periods)~~ ..~~~,~1 

Half Half ~~~ ......_— cycle tim e

Ceil No. 0 1 2 ~~ n~~~ ]
Mem . Address :  0 1 0 2 1 3 [~ _ 1 n+ 1 n

Mem . Operation: R R W R W R W w
Cell being processed: [ 0 1 2 n
Par. load MOR :

Ser. load Mm.

( b )  Simplified Memory Timing. V

Figure 4-2 .  Memory  Organizat ion and Timing
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-ii
The coefficient s are ente red from the K bus into the multiplicand

reg ister of each mult iplier by P .CLR pulses applied to each multiplier
in succession. The multipliers are set up so that the multiplicands are
always positive , thus we don ’t waste  a sign bit on numbers which are
never negative and the full 16 bits is available to represent  the coeff icients .
The multiplicands are scaled so that the MSB has a weight of 0 .5 , thus the
range of the coefficients is 0 � K � (2 16 l )/2 16 or 0 ~ K ~ 0.9999847412.
Coefficients K 1 and K 2 are close to two , so that half their value is carried;
a compensating multi ply by two is then pe r formed at the corresponding
serial multiplier inputs.

The number x listed in Figure 4-3 at each bit time for each signal

(refer  to Figure 4 - i. to identify the signals) represent the bit weight 2
X

relative to the input which has a most significant bit weight of 2~~~, hence
a rang e of -l  ~ e1 ~ 255/256 for an eight --bit A/D . Two extra bits can be
inc luded if the A/D converters  are ever upgraded to ten-bits.  S represents
the sign bit.

N -Bit delay element s (D where N is the number of bits of delay) are
included at various locations in Figure 4-1 , usually to line-up adder inputs
so that similarly-weighted bits appear simultaneously. In one case,
howeve r , a one-bit delay at the out put of MEM2 is used to mul t iply that
output by two. Note in Figure 4-3 that many of the serial  words  have
many more than 16 bits ; truncation to 16 bits occurs only at the memory
inputs . It is interest ing that the output (which is alway s less than one) is
available by clock period 31 (SBN = 31) but that the computations must
continue beyond that period in order  to determine the numbers to be wr i t t en
back into the memories .  The choice of 40 SACK periods allow s a margin
of a few spare bite at the end of each cycle. All adders and delay element s
are asynchronously cleared dur ing SBN = 0.
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A n ove rf low dete cto r co nn ect ed to e4 dete rmines that  an ove rf low

condition exists by responding to the condition of e4 having d if fe r ent  s t a t e s

during SBN = 38 and SBN 39 (Figure 4 -3 ) .  When suc h an abnormal

condition is detected , memory  input reg i s te rs  MIR 2 and M J.R3 are forced

to hero for the particular cell in Si~Vhj ch  the violation occur red .  This pre-

caut ion eliminates the problem of non-l inear  oscillation which could arise

f rom eithe r rand om numbers in the memories  at power tu rn-on  or an actua l

overf low r e s u l t i n g  f rom an abnormal l y hi gh am plitude response  at e4 .

4. 2 Canceller- -PPP Interface

It is appart~nt from Figure 4-3 
that the throug hput delay of the DFM ,

allowing for eight-bit parallel/serial and serial/parallel c onversions at the

input and out put , is IL SACK cycles  or 600 nsec at the fastest cloc k rate.

Unfortun atel y, such a delay will upset the timing of the PPP. It is possible

to ar r ange the timing of the DFM ’ s so that each of the four sets of I & Q

modules is offset in time by 500 nsec so that the f i r s t  range cell goes to

modules 10 and QO , the second to Ii and Qi, and so on. With this arrange-

mnent, the 600 nsec delay is equivalent to two 0. 5 ~~sec range  gate s with

400 nsec margin. However , not only does the PPP t iming have to be altered

to accommodate two more cells worth of delay in the AGC loop ( R e f e r e n c e  3) ,

but there are four different sets of serial arithmetic and memory t iming

(Figur e V 4 _ 3 )  to contend with .

The ap -~c~ used in the ground clutter canceller is described in

Figure 4~4. Thi-’ sen -il/parallel /serial arrangement accumulates four

inp ut sam ples in the Input Reg is te r  (IR ) then paral lel  load s the four Parallel

fri/Serial Out Registers (PISOR) which are subsequently simultaneous ly

shifted out to supp ly seria l inputs to the four DFM5. The inverse  operation

Refe rence  3. V i P u l s e  Pair Processor  Equipment  Information Repor t ’
F 19 628-72-C-02 93 , May 1974.
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is performed by t he SIPOR’ s and OR’ s at the out put . Th e net de lay is

equivalent to seven range cells. In the four-card version, the simple

changes indicated by dashed line s a r e  made to re ta in  the seven-cell  delay.

Wit h the canceller turn ed off or rem oved , the data samples flow through

the “CANCELLER OUT” data path and the array functions simply as a

seven-cell shif t  r eg i s te r  so that  the PPP, with timing modified to

accommodate this  delay, can operate normally.

A new ca r d , PPPZO (Canceller In te rface)  containing two of the

Reg ister  a r rays  described in Figure 4-4 (one for the I channel and one for

the Q) plugs int o former ly vacant slot F7 of the PPP front  panel rack. A

variable delay unit , controlled by the CANCELLE R GAIN switch added to

the PPP front  panel , allows selection of various canceller gains in powers

of two by sampling e 0~~ 
(Figure  4 -3 , bottom ) at d i f f e ren t  t imes. PPPLO

also perf orm s code conver sions be tween off set bina ry and tw o ’ s comp lement

ari thmetic.

The top of PPP2 O is f i t t ed  with a c onnector which mates with a cable

wired to the T backp lane. All signals between the PPP and the canceller ,

including the serial DFM inputs and outputs , pass through this cable. When

it is disconnected to remove the canceller , the PPP can function normall y

with A/D outputs passing through the “CANCELLER OUT” data paths

(Figure 4 -4) .

4 .3  The TIC Card

The Tim ing and Interface control ler  card block and timing diagram s

appear as Figure 4-5.  The three-bi t  code CS , f rom an eig ht -position

CANCELLER SHAPE control added to the PPP pane l (Fi gure 2 -2 ) ,  se lec t s

one of eight sets of coeff icients  s tored in the K ROM , a 32 x 16 pro-

grammable  read-onl y memory .  Programm ing for  the two PROMs which

c o m p r i se t h i s  mem or y is desc r ibed i n A ppendix D which lists not only the

binary codes but also the decimal values of the constants as calculated

from the binary codes. Other sets  of constants can be obt ained by similarly
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— programming pairs of Signetics N8Z SI2 3B devices.  The remaining two
address input s are  driven by the two least significant bits of the Modulo 40
EBN counter such that , after passing through a regis ter  clocked by a 20
MHz clock , the constants appear on the K BUS as indicated in Figure 4-3.

V 

The constant s repeat this cycle ten times during each 40 bit cycle, but only
the value s during SBNO , 1, 2 , and 3 are im portant since the P .CLR occur
during these times.

All timing for the canceller and for the PPP when the canceller is
connected is de r ived by f requency  division of the output of an 80 MHz
crys ta l -con t ro l l ed  oscillator as show n in Figure 4-5. Modifications to the
PPP5 “Timing and Dump Generator ” allow the PPP to use its existing
delay line oscillator when the canceller is disconnected (D LOE = High),  or

the two-MHz ACX signal f rom the TIC when it is connected, in the lat ter
case, when the CG signal from PPP5 goes hi gh fol lowing a radar  t r ig g e r ,
a narrow pulse RDIV resets the MOD 2 counter t h e r e b y setting the phase
of its 40 MHz output , while the MOD l 0/MOD2 counter is allowed to generate
the ACX waveform for the PPP (see timing d iagram in Figure 4-5). These
operations take place whethe r or not the canceller has been switched on.
Becaus e of the hig h clock f r equency,  the t iming j i t t e r  is only + . 5/80 MHz

or + 6. 25 nsec , while the t iming accuracy  ove r many range cells is fa r
superior to that obtainable with the PPP s delay li ne oscillator.

Since the PPP clock ra tes  vary  with cell width as selected f rom the
f ron t  panel , the same method is used in the canceller but the mult ip lexer
used to accom plish this  switching must  be wired d i f f e r e n tl y (see “SACK
FREQ. ” table :n Figur e 4 -5) ,  depending on whether  a four or eig ht card

V version is in operation. in an y case , the f requency  of the ser ia l  ar i thmet ic  V

clock SACK ranges f rom 5 MHz to 20 MHz , as developed by the MOD8
counter and selected by the MUX .

In the PPP5 card , the var ious clock phases are developed using
monostable analog delay e lements .  The onl y clock phase of concern  to the
canceller  is the leading ed ge of 

~ 3L which clocks the JR and OR on PPPZO
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and which indicates that the A/D outputs are valid . In order to niinirnize

the effects  of timing variat ions in 0 3L with respect to ACX caused by

variations in the monostable s on PPP5, the synchronizat ion scheme shown

in Figure 4-5 has been used . Every fourth 
~3L 

edge generates an SBNL

pulse beginning at the next SACK positive transition. SBNL , in tur n, se t s

the MOD4O counter to state EBN 2 1 at the next SACK trans ition so that

SBN becomes 2 1 after one more SACK transi t ion (see examples in Figur e 4-5) .

Note that at any given time the state of the MOD4O counter , EBN , is one

ahead of SBN , the Serial Bit Number to which all arithmetic timing is

referenced . Once synchronized , the various load or sh ift eve nt s and V

V memory-address  changes occur at the proper times as indicated at the

bottom of Figure 4-5 , where exam ples for  bot h 4 and 8-card versions are

show n with a one -microsecond cell width selected.

F 
The address generator develops the n + 1 , n - I sequence of

addresses as described in Figur e 4 -2 .  The selection of various numbers

of cells processe d in the PPP will not need to be take n into account s ince
CG will go low when that number has been reached; everything is then

reset and read y for the next radar  t r igge r .  The only problem is when

V 
“1024 cells processed” has been selected . Because of t iming changes to

the PPP descr ibed in the next section , the last eight cells would exceed

the memory capacity of the canceller. The solution is to disable the

canceller by turning off the load command s to the OR’ s on PPPZO , the reby

permitting data to flow th rough  the “CANCELLER OUT” path (Figure 4 -4 ) ,  V

in this case. The cancelle r thus does not operate on the last eight range

cells when “ 1024 cells processed”  has been selected . The same mechanism

is used to disable the canceller when the CANCELLE R GAIN switch is in

its OFF position (CG ON = low).

The functions just described are combined in the SYNCHronizer

(Figure  4 -5)  which generates the ENABLE signal. When ENABLE is low ,

onl y those counters necessa ry  for non-canceller  PPP operation are  
V

allowed to run and ORL is forced high so that data flow through the
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“CANCELLER OUT” path on PPPZO. W ithin the synchronizer but not

shown in Figure 4-5 are two signals, NORE and OVFE which are anded to

form ENABLE . if other than “1024 cells processed” has been selected on

the PPP pane l , OVFE stays hig h and NORE (henc e ENABLE in this case)  is

asynchr onousl y set when CG goe s hig h. After  CG goes low , NORE stays

high until the next SEN = 20 so that the last memory wri te  operation can be

completed . If “1024 cells processed” has been selected , NORE stays high V

and OVFG (hence ENABLE in this case)  goe s low when the wri te  address

counter has reached its limit. OVFG is synchronously set when CG g oes V

high. if CG ON is low (canceller switched OFF), then NORE is held low

to disable the cancel ler .

V The Ad d r e s s  g en erator  is composed of a W r ite count er and a R ead V

V co unter , initialized to two d if fe ren t  s tar t ing value s and multi plexed ont o

the MA BUS so as to generate the sequence of addresses required (see

Figures 4-2 and 4-5) .  Star t ing values are loaded by LDAC which goe s

high after ENABLE at the beginning of each radar period. The first Wri te

operation is inhibited by a signal called BWR so that bad data do not over V

wri te  the last range cell if “1024 cells processed”  has been selected .

In add ition to the P 1CLR - P4CLR signals alread y ment ioned (see

Figure 4-3), a number of timing signals both for the DFMs and PPP2O are
V 

gene r ated by the TIC. The waveforms, illustrated in Figure 4-6, are

deve loped u sing PROMS addressed by EBN with output s reg is tered and

buffered . The PROM patterns are included as A ppendix E.

The TIC card also includes a test  waveform gene r ator which provides

signals convenient for  t roubleshooting the canceller (see s chematic).

Eig ht di f f e r e n t  ser ia l  words  represent ing points on a sinusoid are stored in

PROM U35 (L26).  One of these waveforms , as sele cted by an eight- input

mul t i plexe r , can be made to appear on pin 119 (
~ TEST OUT) with t iming

compatible with the DFM inputs .  Another  PROM , U54 (N44), d r ives the

select and enable line s of the mul t iplexe r and is itse lf add r es sed by a

four -b i t  binary counter . A jumpe r selects sinusoidal or square-wave
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functions by selecting the lower or uppe r addresses  of U54. The binary
counter can be jumpered to either count once every 2 ~~se c or to se r ve as

a register for a second four-bit binary counter which dr ives  its inputs.  
V

This second counter  can be incremented by appl y ing a clock pulse to pin
117 (PA CLK TEST INPUT). The tester can be used to simulate signals

which vary eithe r f rom cel l - to-cel l  or fr om period-to-per iod or both.

4. 4 PPP Modifications

Modifications which have been performed on the PPP, many of which

have been mentioned in preceding sections , are summarized in this section.

The drawing list in A ppendix G contains all PPP drawings which have been

revised as a resu l t  of these modificat ions, includ ing the block diag r am
which show s the addition of the cancelle r interface after the A/D conver te r
out puts.

In order to compensate for the seven range cells of delay being added

after the A/D converters , seve n cells of delay had to be added in the 16-bit

AGC accum ulator loop. This was  accom plished by rep lacing four f o u r - b i t
registers with eight dual eight-bit 9328 shift reg is ters  with a net increase
of four IC packages on the PPP6 (AGC Accumulator) card.  Seven cells of V
delay, in the form of seven SN 74273 octal D r e g i s t e r s , were  also added to
the PPP3 card in the power channel. The resul t ing card , PPP3A , has
di f fe ren t  inde:V ing from the other PPP3 cards (see A ppend ix F) since it has

added circuitry. The schematic additions and a layout of the revised card

are des cri bed in a new drawing listed in A ppendix G.

The timing and dump genera tor  card needed the most  extensive 
V

modifications . The gates which control the short and long clocks had to

be chang ed so th at af t e r  each radar trigger , the short clocks do not turn on
until 9 period s of the long clocks have elapsed.  Both shor t  and long clocks
now end simultaneously. The disp lay t r igger  had to be corresponding ly
delayed to line up with the f i r s t  range cell in the output s . The e f fec t s  of V

these changes have been determined by simulations (F igure  4 -7 )  following V
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the mettiods used in Reference 3, Section 5, to be consistent with proper

AGC loop timing . PPP5 also has ex t ra  inputs and outputs to permit
V 

operation from the clocks developed on the TIC card as descr ibed in the

last section.

The clock driving the input regis ter  on the two PPP 1 (s ign-magni tude

and delay) cards has been changed from 03S to ~3L~ 
The eight-bit inputs

to these cards were  rerouted to com e fr om the outputs of PPP2 O in slot F7 ,

V 
while the two A/D out puts now connect to the inputs of PPPZO.

The wir ing of the PPP power supply chassis and its interconnection

to the PPP were  revised extensively. A new +5 volt Sorensen STM S-36

supply, driving a separat e + 5 volt bus labeled “+SVC ” , was added t o supply

the canceller and to relieve the load on the existing Lambda supp ly. This

new supply pr ovides cur ren t  for  the canceller cards in the T rack (TIC and

four  DFMs- -measured  cur ren t  of 13 .7A)  and for the PPP simulator .  The V

Lambda supply feeds  the PPP itself , the PPP interface , and the PPP2O

Card (measured curren t  of l . 55A) .  These two f ive-vol t  busses , “ -i-SV”

and “+5VC ” are  separately rem otel y-sensed  and should not be connected

together .  All of the DC supp ly cu r ren t  and sense lines pass throug h a new

power cable which is wi red  to the PPP but mates with a connector  on the

power supply chassis .

Mechanically, the T pane l rack was mounted on hinges to permit V

access to the P pane l rack  below. All signal connections to this rack are

th roug h the s h ; r t  cable wired to the “T” back plane and mating with a-

connector on the top of PPP2O. The two canceller  controls  are rot a ry

switches so that  the modif ica t ions  to the f ront  panel involved sim pl y dr i l l ing

two 3/8” holes and labeling according to Figure 2-2. Connections to these

switches pass through F? and PPP2O along with all other canceller signals.

Power connections , including remote sense for the STM5-36 , have been

routed separatel y to a ba r r i e r  s t r ip  on the rear apron.  
V
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____________________4. 5 Expansion to the Eight-Card Version

As delivered , the canceller has four DFM cards, hence can operate

only at cell widths of 1 or 2 microseconds. Provision has been included for

expansion to the full  eight-card configuration which will allow operation at

0. 5, 1 or 2 microsecond cell widths .  All necessary registers on PPP2O

r (see Figure 4-4) have been provided and tested.  The four present

DFM cards have 512 cells of memory each as opposed to 256 cells in the

eight-card version; they therefore contain enough memory for all eight

modules. When the four additional DFM card s are constructed , expanding

the canceller will simply amount to unplugg ing half of the memory IC’ s

from the existing cards , inserting them in the new cards*, inserting the

new cards in the T panel rack, wiring the four new slots in that rack, and

changing a few jumpers on the TIC and PPPZO cards.  The additional 5-volt

current , estimated at 7 Amps for  the four additiona l DFMs without memories,

is well within the capabilities of the STM5-36 supply.

*Observing M06 handling precautions of course.
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CANCELLE R BACKPLA NE T WIRING LIST

Twistea Pairs* Signal Name

09-002 to 08-002 leve l one KU (LSB)
09-042 to 08-042

07-002 to 06-002 leve l one
07-042 to 06-042

08-002 to 07-002 level two
08-042 to 07-042

06-002 to 05-002 level two to level one on five V
06-042 to 05-042

09-003 to 08-003 level one Ki
09-043 to 08-043 V

07-003 to 06-003 leve l one
07-043 to 06-043

V 08-003 to 07-003 leve l two
08-043 to 07-043

06-003 to 05-003 level two to level one on five
06-043 to 05-043

09-004 to 08-004 leve l one K2
09-044 to 08-044

07-004 to 06-004 level one
07-044 to 06-044

08-004 to 07-004 leve l two
08-044 to 07-044

06-004 to 05-004 level two to level one on five
06-044 to 05-044

* S~~~ T PIN

09-002 Signal V

09-042 Gnd
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Twisted Pairs Signal Name

09-005 to 08-005 leve l one K3
09-045 to 08-04 5

07-005 to 06-005 level one
07-045 to 06-045

08-005 to 07-005 leve l two
08-045 to 07-045

06-005 to 05-005 level two to level one on five V

06-04 5 to 05-045

09-006 to 08-006 level one K4
09-046 to 08-046

07-006 to 06-006 level one
07-046 to 06-046

08-006 to 07-006 leve l two
08-046 to 07-046

06-006 to 05-006 level two to level one on five
06 -046 to 05-046

09-007 to 08-007 level one K5 
V

09-047 to 08-047 V

07-007 to 06-007 level one
07-047 to 06-047

08-007 to 07-007 level two
08-047 to 07-047 V

06-007 to 0 5-007 level two to level one on five
06-047 to 05-046

09-008 to 08-008 leve l one K6
09-048 to 08-048

07-008 to 06-008 level one 
V

07-048 to 06-048

08-008 to 07-008 leve l two
08-048 to 07-048

06-008 to 05-008 level two to level one on five
06-048 to 05-048
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Twisted Pairs ~~gna l Name

09-009 to 08-009 level one K7 V

09-049 to 08-049

07-009 to 06-009 level one 
V

07-049 to 06-049

08-009 to 07-009 leve l two
08-049 to 07-049

06-009 to 05-009 level two to level one on five
06-049 to 05-049

I
09-0 10 to 08-010 leve l one K8
09-050 to 08-050

07-010 to 06-010 level one
07-050 to 06-050

08-010 to 07-010 level two
08-050 to 07-050

06-010 to 05-010 level two to level one on five
06-050 to 05-050

09-011 to 08-011 leve l one K9
09-051 to 08-051

07-0 11 to 0 6 - Oi l  leve l one
07-051 to 06-051

08-01 1 to 07-0 11 level two
08-051 to 07-051

06-011 to 05-011 leve l two to level one on five
06-051 to 05-051

09-012 to 08-012 leve l one K10
09-052 to 08-052 

-

V

07-012 to 06-012 level one V

07-052 to 06-052

08-012 to 07-012 level two
08-052 to 07-052

06-0 12 to 05-012 level two to level one on five
06-052 to 05-052

70

V V~V_ ~~~V. ~t~VV_V V_V; ~~~~~~ ~
__ 

~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~ . V~V — - _ ~~--,~~ 
V



_ _ __ __ __  _______ V 

- V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - V V ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I,.. -
-i

Twisted Pairs Signa l Na me

09-013 to 08-013 level one K u
09-053 to 08-053

07-013 to 06-013 level one
07-053 to 06-053

08-013 to 07-013 level two
08-053 to 07-053

06-013 to 05-0 13 leve l two to level one on five
06-053 to 05-053

09-014 to 08-014 level one K 1Z
09-054 to 08-054

07-014 to 06-014 level one
07-054 to 06-054

08-0 14 to 07-014 leve l two
08-054 to 07-054

06-014 to 05-014 level two to level one on five
06-054 to 05-054

09-015 to 08-015 leve l one K 13
09-055 to 08-055

07-0 15 to 06-015 level one
07-055 to 06-055

08-015 to 07-0 15 leve l two
08-055 to 07-055

06-015 to 05-015 level two to level one on five
06-055 to 05-055

09-016 to 08-016 level one K l4
09-056 to 08-056

07-016 to 06-016 level one
07-056 to 06-056

08-0 16 to 07-016 leve l two
08-056 to 07-056

06-016 to 05-016 level two to level one on five 
V

06-056 to 05-056
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Twisted Pairs Signal Name

V 09-017 to 08-017 level one KlS
09-057 to 08-057

V 
- 07-017 to 06-017 level one

07 057 to 06-057

08-017 to 07-017 level two
08-057 to 07-057

06-017 to 05-017 level two  to level one on five
06-057 to 05-057 -‘

08-023 to 07-023 level one MOSP
08-06 3 to 07-06 3

06-023 to 05-02 3 leve l one
06-063 to 05-063

09-099 to 08-023 leve l two
09-059 to 08-06 3
07-023 to 06-023 level two
07-06 3 to 06-063

08-104 to 07-104 level one SEXCK1
08-06 5 to 07-06 5

06-104 to 05-104 level one
06-06 5 to 05-06 5

09- 104 to 08-104 level two
09-064 to 08-06 5

07-104 to 06-104 level two
07-06 5 to 06-06 5

08-025 to 07-025 level one SEXCK23
08-026 to 07-02 6

06-025 to 05-025 level one
06-026 to 05-026

09-102 to 08-025 level two
09-062 to 08-026

07-025 to 06-02 5 leve l two
07-026 to 06-026
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Twisted Pairs Signal Nam e

08-108 to 07-108 level one R/W
V 08-069 to 07-06 9

06-108 to 05-108 leve l one
06-069 to 05-069

09-108 to 08-108 level two
09-068 to 08-06 9

07-108 to 06-108 level two
07-06 9 to 06 -06 9

08-022 to 07-022 leve l one MORE 23
08-062 to 07-062

06-022 to 05-022 leve l one
06 -06 2 to 05-06 2

09-10 1 to 08-022 leve l two
09-06 1 to 08-06 2

07-022 to 06-022 level two
07-062 to 06-062

08-105 to 07-105 level one MOSE 1
08-066 to 07-066

06-105 to 05-105 level one
06-066 to 05-066

09-105 to 08-105 level two H
09- 065 to 08-066

07-105 to 06-105 level two 
V

07-066 to 06-066

08-024 to 07-024 level one MOSE 23 H
08-064 to 07-064 H
06-024 to 05-024 level one
06-064 to 05-064

09-103 to 08-024 level two
09-063 to 08-06 4

07-024 to 06-024 level two
07-064 to 06-064
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Twisted Pairs ‘ Signa l Name

08- 106 to 07-106 level one OVFG
08-067 to 07-06 7

06-106 to 05-106 leve l one
06-067 to 05-067

09-106 to 08-106 level two
~~4 09-066 to 08-067

07-106 to 06-106 level two
F 07-067 to 06-06 7

08-089 to 07-089 leve l one P2C LR
08-090 to 07-090

06-089 to 05-089 leve l one
06-090 to 05-090

09-083 to 08-089 leve l two
09-043 to 08-090
07-089 to 06-089 level two
07-090 to 06-090

08-084 to 07-084 level one P3CL~(08-085 to 07-085

06-084 to 05-084 leve l one
06-085 to 05-085

V 09-084 to 08-084 level two
09-044 to 08-085

07-084 to 06-084 leve l two
07-085 to 06-085

08-088 to 07-088 leve l one SACK DH~~~
08-087 to 07-087

06-088 to 05-088 level one
06-087 to 05-087

09-088 to 08-088 level two
09-087 to 08-087

07-088 to 06-088 level two
07-087 to 06-087
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Twisted Pairs Signal Name

08- 103 to 07- 103 leve l one P4C LR
08-102 to 07- 102

06-103 to 05-103 leve l one
06-102 to 05-102

09-085 to 08-103 level two
09-045 to 08- 102

07-103 to 06-103 level two
07-102 to 06-102

08-082 to 07-082 level one PICLR
V 

08-083 to 07-083

06-082 to 05-082 level one
06-083 to 05-083

09-082 to 08-082 leve l two
V 09-042 to 08-083

07-082 to 06-082 level two
07-083 to 06-083

V 

08-109 to 07- 109 level one MIRE 1
08-110 to 07-110

06-109 to 05-109 level one
06- 110 to 05-110

09-109 to 08-109 leve l two
0 9 - O~~9 to 0 8-110

07- 109 t o  06-109 leve l two
V 07-110 to 06- 1 10

08-02 1 to 0 7 - 02 1  level one MIRE 23
08-020 to 07-020

06-021 to 05-021 level one
06-020 t~~ 05-020

09- 100 to 08-02 1 level tw o
09-060 to 08-020

07-02 1 to 06-021 level two
07-020 to 06-020
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Twisted Pairs Signa l Name

08-107 to 07- ’07 level one MORE 1
08-06 8 to 07-06 8

06-107 to 05- 107 leve l one
06-068 to 05-06 8

09-107 to 08-107 level two
09-067 to 08-06 8

07-107 to 06- 107 leve i tw o
07-06 8 to 06-06 8

V 08-09 1 to 07-09 1 leve l one DFM CLIt
08-092 to 07-092
06-09 1 to 05-09 1 leve l one
06-092 to 05-092
09-093 to 08-091 leve l two
09-09 2 to 08-092

07-09 1 to 06-09 1 leve l two
07-092 to 06-092

#26 Wires
Slot 9, 8, 7 , 6 , 5:

10 40 , 80, 120
V Gnd: 1 wire from each

V 10 1, 41 , 81

+ 5V; 1 wire from each

Single #30 Wires

08-03 1 to 07-031 leve l one ADDR 0
V 06-03 1 to 05-03 1 leve l one

09-07 1 to 08-031 levei two
V 07-03 1 to 06-031 leve l two

08-032 to 07-032 level one ADDR 1
06-032 to 05-032 leve l one
09-072 to 08-032 level two
07-031 to 06-031 level two

~ 
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Single #30 Wires Signal Name

V 08-033 to 07-033 level one ADDR 2
06-033 to 05-033 level one
09-073 to 08-033 leve l two
07-033 to 06-033 leve l two

V V 

08-034 to 07-034 level one ADDR 3
06-034 to 05-034 level one

V 09- 114 to 08-034 leve l two
07-034 to 06-034 leve l two

V 08-035 to 07-035 level one ADDR 4
06-035 to 05-035 leve l one

V 09-075 to 08-035 leve l tw o
07-035 to 06-035 level two

V 08-036 to 07-036 leve l one ADDR 5
06-036 to 05-036 leve l one
09-076 to 08-036 level two
07-036 to 06-03o level two

08-037 to 07-037 level one ADDR 6

V 
06-037 to 05-037 level one

V 09-077 to 08-037 leve l two
07-037 to 06-037 level two

08-038 to 07-038 level one ADDR 7
06-038 to 0— -038 level one
09-078 to 08-038 level two
07-038 to 06-038 level two

08-039 to 07-039 leve l one ADDR 8
06-039 to 05-039 level one
09-079 tc~ 08-039 level two
07-039 to 06-039 level two
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T e r min a t i o n  of each Twisted Pair f rom TIC

______ -F 5V 
—_

220 i~-V Resis tors  mounted on black
Augat connector blocks as

I 
required at LAST CARD ONLY

330 .i-i.

4
V Twisted Pair V

f r o m  TIC

Signal — fl 
/ 

1~~Backplane Connector
Gnd — _

~~~

..s-Card Connector  ___..... _,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
,, ,, 

‘I v”
LAST CARD - - SLOT 05 in 4-card vers ion

“ 01 in 8-card version

V C ard G nd plane

Signal to Circuitry on card

-+ 5V for  t e r m i n a tio n s  LAS T CARD ONLY — -
~~

pins : 019, 027, 046, 114
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V Cable T Back plane to Canceller Interface (CI) C onnector
on top of PPP2O card in slot F7

Twis ted  Pairs -Cable Color Signal Name

CI-007 to Wh S pare
CI-008 to Brn

- CI - O l O  to Pur Spare
Cl - O i l  to Bik

CI-OlZ to Pur Spare
CI-013 to Bik

V CI-0 14  to 09-034 Pur ~ 3LB
V 

CI-0 15  to 09-074 BIk

CI-016 to 09-032 Pur ACX
V 

C1-0 17 to 09-033 Blk

CI-018 to 09-018 Wh ORL
CI -0 19  to 09-019 Brn

V CI-020 to 09-020 Wh PISOR RE
V CI-02l to 09-021 Brn

V 

CI-022 to 09-022 Wh SRE
CI-023 to 09-023 Brn

CI - 0 2 4  to 09-024 Wh SACK ~~
CI-025  to 09-025  Brn

V CI-026 to 09-026 Wh PISOR SF
CI-02 7  to 09-02 7 Brn

CI-02 8  tu  09 -02 8  Wh e. GATE
CI-029 to 09-029 Brn 

in

Cl-082 to 08-100 Brn e OQ
01-083 to 08-101 Bik out

V CI-084 to 08-098 Wh e. OQ
Cl-085 to 08-099 Bik in

CI-086 to 07-100 Gray e 01
CI-087 to 07-101 BIk out

V 01-088 to 07-098 Pur e. 01
01-089 to 07-099 Blk in

r CI-090 to 06-100 Blu e IQ
CI-091 to 06-101 BIk out

Cl-092 to 06-098 Gm e. lQ
CI-093 to 06-099 Bik in
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Twisted Pairs -Cable Color Signal Nam e

CI-094 to 05-100 Yel e 11

V 
CI-095 to 05-101 Blk out

CI-096 to 05-098 Or e. II
CI-097 to 05-099 Bik in

CI-098 to Red e 2Q
61-099 to Blk out

C1-100 to Brn e. 2Q
V 

C I -l Ol  to Bik in
V 

61-102 to Brn e 21
CI- 103 to Bik out

CI-104 to Wh e . 21
01-105 to Blk in

CI-106 to Gray e 3Q
01-107 to Blk out

61-108 to Pur e. 3Q
61-109 to Blk in

01-110 to Blu e 31V 
Cl-ill to Blk out

V C l - l i Z  to Gm e. 31
01-11 3 to Blk in

61-114 to Yel Spare
CI- 115 to Bik

CI- 116 to Or Spar e
61-117 to Bik

01-113 to Red Spare
61-119 to Blk

61-120 to Brn Spare
61-080 to Blk

Single Wires  - Cable

CI-00 1 TG plane Wh Gnd
61-002 Brn Spare
61-003 TG plane Wh Gnd

V 
61-004 Brn Spare
61-005 TG plane Wh Gnd
CI-006 Bmn Spare
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Sing le Wires - Cable Color Signal Name

01-009 TG plane Wh Gnd
V 

CI-030 to 09-030 Wh DLOE
CI-03l  to 09-031 Bmn CG

V 01-032 to 09-090 Wh CLK WIDTH
CI-033 to 09-091 Wh CLK WIDTH

- V 

C1-034 to Wh Spare
01-035 to 09-035 Wh GSA
CI-036 to 09-036 Wh CSB
CI-037 to 09-- 037 Wh CSC
CI-038 to 09-038 Wh CG--ON
CI-039 TG plane Wh Gnd
01-040 TG plane Wh Gnd
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“PPP CancLi ler  Constant s ” , memo AJJ-58
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Classification Unclassified
I 0 -0 551  19.65) I owa

DI’ I SI 0 N EQUIPMENT Contract No. F19628-76-C-0297
Ope r a t i o n  EDL
Department ADJVV.. - Way land Distribution cc

To H . L. Groginsky Fi le No. -

From A. J . Jagodnik, Jr. Memo N0. AJJ S8

Subject PPP Canceller Constants Date 31 January 1977

The radar system parameters necessary to specify the eight

sets of constants for the PPP Ground Clutter Canceller have been
established as listed in Table 1 (attached). The bold-fac e num bers

under each PRF/radar freque ncy combination represent AFGL
requirements per our 77 Jan. 31 meeting . By chance, one set of
constants, “Ga in the table, satisfied two AFGL requirements. I

therefore took the liberty of specifying the extra constant to give a
0. 16 meters/sec. cut-off at the highest Porcupine PRF. With this
arrang ement , notch width increases  monotonically as the
CANCELLER SHAPE switch i~. rotated clockwise and a useful range
of widths is available at each PRF.

• _ _ _

A. . a odiuk, Jr.
Advanced Electronic Techniques

V Wayland Box M9, x517l

AJJ/lld 
. 

V

cc: G. Ax~rnstrong AFGL
A. Bishop
K. M. Glovem
A. L. Glick
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APPENDIX D

82S 123 K PROM PATTERNS -- TIC CARD
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V 

5’HAF’E PROM CONST B7 R26 B? 126 CC
V SWITCH ALILIR 1111 i i  TO

‘F 
. 4 3 ~ 1098 7654 3210 -

A 00 K4 ...H .H.H HH.H H... K4
- 01 .... .H . H  N H . .  • . . H  ~3

02 K2/2 ,.,, . ,HH • •H. •HH, K2 1.
V 

- 03 K i / 2  • , , ,  , , ,•  • . . .  • , H H  Ki 1.

B 04 K4 • . • I—i HHH . . • • H + H • H K4
0 ~ K 3 , • • . H . • * • . . . • H • H K 3
06 K2/2  • . . +  . H . .  H . . .  N . H .  K2 1.
0/ lU/2  , . . +  . • • .  . ..,  •HHH K i  1.

L 08 K4 •.H, H,.f - l  HHH, H.,H K4
-V 09 1 3 • . • • H • H H • H • H H I-I H • K 3 .

10 . K 2/ 2  • . + +  .H H .  H H . .  • + H H  K2 1+
1.1 K i / 2  • + + *  . . .,  • . . H  • . + .  I-Si 1.

rI 12 K4 • .Htl H . .  • HH.H H.. • K4
13 K3 . .. .  I—I HHH H H . .  • . . .

V 14 K2/2  .... H..H HHHH H... K2 1.
i~, Ki/2 •...  .... ..H. .... Ki 1.

V E 16 K4 •H. ,  HH,H H... H.H. K4
1~ 7 K 3 • • • H • H H . . • H . . + • . K 3
18 K2/2 . ...  H HHH .~H . .  • . H H  K2 1.
19 K1/2  . ...  . ... , H .  . • •H H K i  1.

F 20 K4 .H H .  N H . ,  • . H H  •H H .  K4
21 K3 • . H .  .... . . H H  • . H .  K3

V 22 K2/2 • . .H  H . - . H  •H . .  , H H .  K2 1.
- 23 K 1 / 2  • • . • • . . . H .  •H H . - . .  Ki  1.

6 24 H... •HH. H H . H  H H HH N~4
V 25 K3 •.H. H ..H- H.,. •.H. K3

26 K2/2 . .H .  . H . .  H . . .  H H . .  K2 1.
<1/ 2 • ... . . , H  • . . H  •, ,.  NV 1 1.

H 26 K4 I--I H . H • l—I H • HHH • • • • H K4
29 K3 .H.. •HHH .H.. •. ..  K3

V 30 K2/2 •H,H H.H. ,HHH ..H. k:-.~ 1.
31 K1/2 . . • • . H ,  • .H.H • , H H  l-~ 1 I
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APPE NDIX E

82S123 TIMING PROM PATTERNS -- TIC CARD

F



Signetics 82S 123, U35 (L26) on TIC Card

Address B7 B6 B5 B4 B3 B2 Bi BO 
_____

0 H H H H
1 H H H H H 1
2 H H H H H 2
3 H H H H H H 3

i~~
__ ~EEE~Ef~ETf~ :~



Signetics 82S123 , U36 (J26) on TIC Card

MORE 1 MIRE 23 
- 

MIRE 1

ORL Early Early Late Early Late Early

Address B7 B6 B5 B4 B3 B2 Bi BO _____

0 1 1 1 0
1 1 1 1
2 1 1 1 2
3 1 3

4 1 1 4
5 1 5
6 1 1 6
7 1 7

8 1 8
9 1 9
10 1 10
11 1 11

12 1 12
13 1 13
14 1 14
15 1 15

16 1 16
17 1 1 17
18 1 18
19 1 19

20 1 20
21 1 21
22 1 22
23 1 1 23

24 1 1 24
25 1 1 25
26 1 1 26
27 1 1 27

28 1 1 28
29 1 1 29
30 1 1 30
31 1 1 31

1 High ~ Logic One Programmed

-; Blank ~ Low Logic Zero ~ Not Programmed
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Signetics 82S123 , U37 (G26) on TIC Card

MOSE 
_ _ _ _  

MORE
23 OVFG MOSE 1 MOSP 23

Early Late Early Late Early
Address B7 B6 B5 B4 B3 B2 Bi BO

0 1 0
1 1

1 

~~

1 High Logic One Programmed

Blank ~ Low ~ Logic Zero ~ Not Programmed
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Signetics 82S 123 (3S), U38 (E26) on TIC Card

H RWCD SRE PISOR RE P~~OR SP

Late Early Early Early Earl y

Address B7 B6 B5 B4 B3 B2 B! BO

H 0 0
1 1

:~ 2 2
3 3

4 4
5 5
6 1 6
7 7

8 8
9 9

10 10
11 11

12 12
13 13
14 14
15 15

16 1 1 16
17 17
18 1 18
19 1 19

20 1 1 20
21 1 1 2 1
22 1 1 22
23 1 1 23

26 1 1 26
27 27 H

28 28
29 29
30 30
31 31

~~~~ 1 High ~ Logic One E Programmed

Blank E Low ~ Logic Zero E Not Programmed
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Signetic s 82S123 (38), U54 (N44) on TIC Card

Address B7 B6 B5 B4 B3 B2 B1 BO

0 H 0

1 H H H H 1

2 H H 2

1 3 H H 31. 4 4

5 H H 5

6 H H 6

7 H H H H 7

8 H 8

9 H H 9

10 H 11 H H 10

11 H H H H 11

12 H H H H H H 12

13 H H H H 13

14 H H H H 14

15 H H 15

16 H 16

17 H H H H H 17

18 H 18

19 H H H H H 19

20 H 20

21 H H H H H 21

22 H 22

23 H H H H H 23

H 

H 

H H H H

26 H 26
27 H H H H H 27

28 H 28

29 H H H H H 29
30 H 30
31 H H H H H 31

H High ~ Logic One ‘ Programmed

Blank Low Logic Zero ~ Not Programmed
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APPE NDIX F

PPP CARD INDEXING SUMMARY

Card Type Index Card Type Index

Ri PPP-13 A3B7 Fl PPP-13 A3B7
R2 F2 PPP-6 A8B5
R3 F3 PPP-3 A6B4
R4 PPP-3A A6B5 F4 PPP-2 A8B8
R5 FPP-9 A5B4 F5 PPP-2 A8B8
R6 PPP-10 A4B4 F6 PPP-4A A8B6
R7 PPP-5 A7B4 F7 PPP-2O A7B3 Top-.A1B 3
R8 PPP-3 A6B4 F8 PPP-2 A8B8
R9 PPP-3 A5B4 F9 PPP-1 A8B7
RiO PPP-10 A4B4 FlO PPP-1 A8B7
Ru PPP-3 A6B4 Fil PPP-ZA A4B8
R12 PPP-9 A5B4 F12 PPP-8 A8B1
R13 PPP-10 A4B4 F13 PPP-7 .A8B2

• i’l
T2
T3
T4
T5 DFM A1B 1
T6 DFM A IB 1
T7 DFM MBI
TS DFM A 1B1
T9 TIC
T i 0
Ti 1
T 12
T 13

102
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77 March 8

TRACAN PPP Canceller Drawings

Size Form No. Sht. New Drawing~~ Dwg. No. Rev.

C V 1 Power Supply Interconnection Schematic, SD192634 A
Pulse Pair Processor with Canceller

D S 1 Layout and Schematic Additions -- Scale SD 192635 A
Card with Delay - - PPP3A

E V 1 Schematic - Canceller Interface - PPPZO SD 192636 A

D S 1 Layout - Canceller Interface - PPP2O SD192637 A

D V 1 Schematic and Layout Digital Filter SD 192638 A

I Module - DFM

S 4J

D V 11 Schematic and Layout Timing Interface SD192639 A
s 1 3 Cont r oller - TIC

Revised PPP Drawings

E S 1 Electrical Schematic-AGC Accumulator SD895169 B
Card - PPP 6

j  S 1 Interconnection Diagram Pulse Pair 895171 C
Processor

D 1 Power Supply Interconnection Diagram
-i PPP -- OBSOLETE 895157

E S 1 E lec t r i ca l  Schematic - Timing and Dump SD895 162 B
Generator Card - PPP5

D V 1 Block Diagram of Pulse Pair Processor 895155 B

104

_ _ _ _  - - - - -~~.—- ~~~~-
—— --

~~~~

, ~_ ;~~~~~~~~~~
_

~~~~~
_----~~~~~~~



I-

~1

V

- 

-



- S 

, 

! 

‘ 

-



H:

I

~~ 

r 
- 

~~

-
‘ 

-

~ 

I -

-~ - 
— :  - - 

) )~~~;~ ~-O

- ~~~~

- 
- 

-
~~~~

~ Ic

-
. 

~~~~~~~~ 

I~~~~

0~~ 

- 

-

~ 

-

~~~~~ ~

-

~~ ~

- 
- 

- -

H



- 

.—

~~

- 

-

- 
-.~-

- 
:~

-

- , 
- . 

- - - - -

H

~~ 

~~~

A 

-

I -

-1,- s ~~~ .~ J-:~
r; 
i~il


