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2 FCC Schematics, Layouts, PAL Schematic Representations

FCC Block Diagram /corrdwgs/fcc/sch/kO46d01.sch

FCC Schematics /corrdwgs/fcc/sch/1013d01.sch through 05

FCC Layout z006d01.lay

FCC PAL Schematic Representations. FCC PALS Sheet 1 through 15

FCC FSTC XILINX DESIGN K027D02.BLK, 03
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SIN/COS-A4UI
SIN COSrA4U2
SIN COS-AU3
SIN COS-A4U4
SIN/COS-A4U5
SIN COS-A4U6INCOS-A4U7
SN COS-A U8
ECL CLK32

SINCOS-20
SIN/COS-A21
SIN/COS-A22
SIN/COS-A23

VEE
SIN/COS-A26
VCC
SIN/COS-A29
GND

GND
SIN/COS-A10
VCC
SIN COS-B10

SIN /COS-B1 i--
SIN/COS-B12
SIN COS-All
SIN/COS-A12

PULSAR0C
SIN COS-B13
SIN/COS-B14
SIN/COS-A13
SIN/COS -A14
PULSARC
PULSAR2 C
SIN COS-B15
SIN COS-B16
SIN/COS-A15
SIN CSA16t
PULSAR3 C
SIN/COS-B1Y
SIN/COS-B18
SIN COS-B19
SIN CSA17
SIN COS-A18
RESV
SIN COS-A19
VCC
FSSI-E
GND

PIC

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

DIN

:I0B0R~9099O9

DIN

HCBO

HCB1

HCB2

HCB3

HCB4

HCBS

HCB6

HCB

SELECT

STROBE

MODEO

MODE1

ACK

TXD

GND

P3 C
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

VEE

11 OJ

MC1O124 

1 CO

5 I0 4 DELAY DATA 0 Rl

00 2 DELAY DATA 0 3 R2

7 I1 O1 , 3 DELAY DATA 1 4 g3

1 DELAY DATA 1 5

10 12 p2 12 DELAY DATA.2 6 'RS

02 DELAY DATA Rb..

11 13 03 13 DELAY DATA \3 9 R7

G03 14 DELAY DATA .3 9 R8

PU13 6 ICE 11 
RSC9X471J

VEE

2J OH

MC1O124 

V
5 

IO 

00 

4 

DELAY 

DATA \4 

2 

DELAY 

DATA 

4 

00 
7 

11 

OT 

3 

DELAY 

DATA 

O1 

1 

DELAY 

DATA 

5 10 

12 
02 

12 

DELAY 

DATA 

6 

R5

15 DELAY DATA02 11. 
I3 03 

13 
DELAY DATA \7 

8 R7003 1 DELAY DATA R8

PV13 6 IC ND 

RSC9X471J

6

J1

1 2

3 4

5 6

7 8

9 1O

11 12

13 14

15 16

17 18

19 20

21 22

23 24

25 26

27 28

29 30

31 32

33 34

35 36

37 38

39 40

41 42

43 44

45 46

47 48

49 50

3M50



S 0 SH 4

CLK ( SH 3

CLK32GI SH 3

COUNT CAPNF T7 T6 T5 T4 T3 T2 T1 TO F CTION
X x x x x x / STAGE4-ENA T

X X 0 0 0 X 0o 0 0 x I IDLE
X X X X X X 0 0 1 X I INITI\ = 0

X X X X X X 0 1 0 x iINIT2\ = 0
X X X X X X 0 1 1 X INIT3\ = 0
X X X X X X 1 0 0 X I INIT4\ = 0
X X X X X X 1 0 1 X i INITS\ = 0
X X X X X X -1 1 0 I INITPG\ = 0O

x 1 o o 1 - x 2x x x FRLOAD\ = 0
X 1 0 1 0 X X X X X I NEW FR - 1

x o o 1 1 x x x x x FRRW\ =0
X 1 0 1 0 X X X X X i uNEW FRINGE

X X 1 0 0 X X X X X PGFRINGE = 1
6 X 1 0 1 X X X X X i FSTFRINGE = 1
x x 1 1 0 x x x x x I FSLOAD = 0
NOTE: IS NO USEDTHE ALE ABOE IS ID FORPR G

WHEN PROG = 1 ALL OUTPUTS OF THE 18D PAL ARE = TO uINIT.
WHEN FRMODE IS HIGH FRLOAD AND FRRW ARE INACTIVE AND S8
IS = TO NEW FR. COUNT, SHOWN ABOVE, IS TAKEN FROM A 3-BIT
COUNTER MADE UP OF PINS 12, 17, AND 19 OF 13D. THIS COUNTER
IS USED TO DELAY THE FSTFRINGE SIGNAL 5-FFT CYCLES TO MAKE
UP FOR PIPELINNING IN THE FFT CARD.

PU3
19ED I 17EA PU3

P3A-26 MC10125
1 CLK32AECL FFTIN T 12010220

ECL FFTINIT 10 5K

P3A-20 0CLK32A 3 6

150 1 R
- 1=" p "-' 74F74

PU3

150

OHMS

PU3

18D

0(63 8002 01 D 9 INITiSH 3 POG11
SH 3 

_ INIrz QOH uoNIT TO 4 02Q2 17 INIT3

T1 50 Q3 16IN SH 3
T Is Q4 3 SH 3

T4 06 Q5 STAGE - 0 SH 3T4 q 13. 1
T 9 7 Q6 STAGES SH 3

S 9 180 (4

CLK32B 
1 L

11 c

19D

2 18 CLK32A

19EA 3 A Y117 CLK32

MC10125 4 A Y3 1

A6 Y6

8A7 
Y7 

1

9 As Y8 1

1G

_ G2

19EB 747541

MC10125

5 ECLK32A

1

19EC

MC10125

12 
CK2S3

1H

P2C-23

ECC 32

R1

150

OHMS

P2C-22

R18

150

OMS

PU3 EU
1 ~_ 16R8-,

17 B
FROM MCC D9JIC25

HI 1 FFT CYCLE EVERY 4MS I S i 12D
- 12 9 CAPNF 2 .. ..O 19

SH 3 I2 Q1 i 
8

CLK32A 11 CCLK l1QLK/
D T4 F 1 T Tu1BUNOT USE

R IS Q41N3D uNEW

16 Q FR
74F74 T7 9 7 6 132 RR A

PU3 18 L
CLK32i A CLB

11OE

16R8_

14D 13D NEW FFT TO uP, BUT NOT USE

MADDRO 8 AO0 O 2 1 19 !CO

LK32B018.18
MD 6D Al O1 11 2 I2 Q117! i uW N

MADDR3 NT2 02 13 T PAL 13 2 16 1 7 1
A3 03 14 -QAG 5 E RU

MADDR4 4 14 T4 1

A4 04 15 Q4 FSFRNG

15DS 5 TS 7 1

AS 05 16 Q5FCLAMADDR6 2 16 T6 8
STG EN =T ADR A6 06 17 7Q6 2 I S

MADDR " 23 A7 07 I8 Q

ADDR9 22 1
-< CLKMADDR- " 21 11

CLK32B 1 18AD -D
PU3 2MDN

19 EN NOTE: PAL 13D OUTPUT PINS 12, 17, AND 19

FORM A 3-BIT COUNTER. THIS COUNTER DELAY

C24 A THE PGSTROBE BY 5 FFT CYCLES AS REQUIRED

2K X 8 ROM BY THE PIPELINEDFFT ENGINE.

15D

MADDRO 8 AO 00 9

MADDRI 7 10
MADR A2 02MADDR3 5 13
MADDRS A 0 15 

FT

AS 05
MADDR6 2 A 61 

F

14B MADDR A70

3 A A14 MADDRO MADDR8 2 A F

4 Q 13 MADDRI MADDR9 22A9FT

C C12 MADDR2 ADRI 2 A10

6D QD 11 MADDR 
F

RCO 1 L3 1CLKFT

7ENP U3 2 INIT F

1ENT 19ENA FT1

LOAD = 7024 A

CLR - 2K X 8 ROM

4F163 16D 8

MADDRO 8 A 00 9 2D 19

MADI 7Al O1 103D2 Q2 8

15E ~MADDR3 2 02 1341D Q3 16 CC

QA14 MADDR4 MADDR4 4 A4 1A3 A 0 4 4 D5 Q5 1416

15 15 1

13 DDR AADR 3 1 D6, Q6 ,=D
Q12 ADR6 MADDR6 2 SO 6818 3 SG N

C QC A6 06 D7 Q7 ST E1

MAD7D QD 15 MDR MADDR8 2 A7 07 D8,D Q8

7 RCO MADDR9 22 A CLK32A 11

2 EENP NT MADDRO 21A1OC

CLK ~~~CLK32B 18 ~v7F7

LOAD 
P3 2°CLK

CLR. INIT

4F163ENA

FFT CYCLE SEOUENCER--
2K X 8 ROM

16E 17D 16A
3 A Q 14 MADORS 0000000 8 00 00 9 2 01 Q1 19 F 82-2

0 QB MOOD 0 Al 01 TABINC Q 16 P2B-2
SH .3 11 C MAD MAD A2 02 TAIN 3 Q3 17 IT\3A

QD 0 3 03 04 4 1 C222
00 0 04 04 10 Q 1 4

4. R2 

X8 O

0P 00 A5 05 06 Q6 P2B-23

STAGE1 TRI TABL

NT 1 T I . . I . P2C-4
0008 c

L
3 L I A7 P2A-23

OAD 1 T G A TETA8CLR I% A9 L
7 4I63 1 -- o

CL3B 18 CE
I INIT

_L---- NA
S, PUS 7C4A

4.7 K 2K X 8 ROM

STAGE 1 TRIG TABLE SAE1TI AL

TBMODE Z

1
I 1

9C 8B 9A
A0 3 14 S1A0 S1AO 8 9 S1COS0 S1COS 2 1 Q 230

S- 5 O D 4 OS- OS-A 1 P3C-2
O 0 QO 2 00200 Al 01 10 000 000 02 Q 20000 P30-S
0A2 02 11 01002 01002 4 03 Q 21 03-9

03 0 Q 1 003 0103 03 03 13 010003 01003 01TABLE 1-0 4 14 S CS4 S1COS4 6 9

000TALE 900000 8301

PU4 80 TABLE 12 2"0 001 00 00 Q- P30-20

EN A 0 6 6 7I 22I 3C2

ENT 06 o6 0100 S 7 06/CS- 1 QO3CCLK32D . 2A TABLE 13 2 17 SS 2 1S0N
8000LOA TABLE 1- 3 00 01003 10 08 QS 10 000 000 ~C17 8 3-26

INIT TABLE 1 2 9 S1SIN4 11 09D Q 140 0-0 Q P3C-27
010 TL 01 Qo SIN - P3C-29

63 0100 OC
1 032E

LOTABLE 1 20 08K
RASWE0 W E 20 21 5 RAM 74P821

C128A

8A~~ I BI:10A

TABINC 2 22 TABLE 1-0 9 1 1 2 230881 02 TABLE l-0 SIA0 8~ D 000000 0 230 0- 3-

Di 31 Al B1 1 1 Cte-

_D2 . 4 I6 T I I
INITI\ 4 032 T 1 12 S12 6 SCOS 2 02 1 0 02 P3C-7

T i IE ICS B. A3 B3 14 N/CO P3C-1
MO L0 10 TABLE -3 013 0 3 13 SSP SS03 0

TB 00 00 18 TABLE1-4 T0 04 0 04 4 1013 P3C-12

AR007N07ETAT8 TABLE 07B Q7 00 000 P30-iS
17. SlSP •4 0 s 5C P3C-3

E10 TABLE1 TL TABLE 1-3 106 06A000706SP 0000 0 P30-10003: ABLE 05A00P-T0 07 17 08 0 0 STSI 00-E P3 2

B/3TBLQ1 1 TBE AL 19 LDRAM C3E0 SH 3 07 0 0..6B1 PC2

SS 5

TABLE 1-4 23 S1SIN3 10 5
19 A 09 09 fN/%S-B8 IP3C-25TABLE4 IS~ TABLE 1 2 10004 11 0 O1

010 TABL 1 1 9 1 QO SI 00-0lf 830-20A14 01- 0
S 11218 003 010

13 0 LDTABLE

E 2 (8 18 RAM 7882

8C
DO 2 A0 B0 18 S1

D1 3. i- SICSI "

Al B1 1 010 1
0 A2 B2

A3 B3 •SH 3 1 1-
IABINC 00808 FUNCTION 03 0 3 0 0 000 ... ..0

21 2 CLOCK IN uPROC TABLE NUMBER TABLE(0.7) 04 4 4 14 01
.. .. 1A S4 B4AE•

AS BS4F sB , . ..N

SX HOLD TABLE 1-(0..7) D 013 180E
0 INCREMENT TABLE 1-(0..7) D6 01 1 0 3 0

1 RESET TABLE 10..7) 07 07 008 0(63000000
NOTE: PAL 8A INPUT SIGNAL INIT IS NOT USED.

1 LDTABLEB/A H3RME[.6 w -\r

ADDR = 900X 0 1

10B 3LDTABLE

0( 3V SH 3 E

Al o
1  

SON3
0 A2 02 1 1020( 008

0 3 03 0 10003 080D3 B --- EYT --
D4S1 4, ,\ A-ENA\

04 044 1 004 810 8010 0
D0 0 13 03 B-ENAS0 00Pc-2
D7 9 1 1P
--" - " A7 B7 .. .....

B/0 1 LDTABLE
00 19 RAMCS 1

4ALS245_
ADDR = 910X

419CA

2 9 035

D3 Q
11 6 3A

R

74F74_

6 19CB

12 DQ 9 S3AO

11C

R

1 74F74_

PU6 3

II
CLK32 -I
4-BIT PAUSE I I

INITX\ I I

TABLE

I TRIG TABLE

I

STAGE 2 TRIG TABLE
PUS

4 13CA

2 D 5Q5

6 S2A0

1
74-74_

LDTABLE

13CB

12 D 9 S2A0\

ECLK32A it C

R

74F74_

PU5

12C

AO 31 Q 14
Ai 1l 13 S2A1

A2 5 B QB 12 S2A2A3 . - D Q 111 S2A3A3 cp
SQD 15

RCOPUS EN o

CLK32DENPROG\ _ tCLK
INIT2 

OA-LR
74163

14C

A4 '
A 

' AI 14 S2A4
A5 II 41B I 13 $2A
A 12Q
A7 It l D Q 1

RCO 
--

ENP

10ENT

9CLK

LOAD

74163

17B 18B

S3A1 10 AO DO 1 030CD00 O3DA1 10 00_DO 11 S3UCOS00- 302 Al Dl12 00C0S0DA2 Al DOl 12 030C001

S3A3 8" A2 D213 S3C0 3DA3 0 A2 D213 0300A3AA3 D3 1 S3UCOS3 SSDA4 A3 D3 1 5

1516AD5yrAS 

D3 A123DA

0306 2 A4 D4 1 0300000RA3D0 AS DO 1 1N0
$3A67 5 AS D 10 030011SSDA6 A6 D5 10 03US01
TABLE 3-0 3 A7 D7 19 03U TABLE 3-0 3 A7 D7 19 S30012

TABLE 3- 2 TABLE 3-1 25
TABLE 342 A TABLE 3-2 24
TABLE- AllTABLE -3 1
TABLE 3-0 2 A12
TABLE -6'A13TABLE 3-62 3

TAL 3 1A14 TABLE 3-7 1 A14

EVEN ODDA 200

AM 2 CS 32 X8RA RAMWE 5 27.CS I32K X 8 RAMS3A 2 E 53A0 2 OE

7C199 7C199

19B 22B

3A1 10 AO DO 11 S3SIN43S3DA1 10 AO DO 11 0300103

A2 D2 13 3LCO 3DA3 A2 D20- 3A0SA 6" A3 D3 10 S3LCOS2 " SSDA5 3 D 3C0
O3S oA 4 17 03$3 0 3DA6 As DO217"0310003I

TABL15E 
3 -0 3 

A 06TABLE 
332 03 

34 
-3 -6A73- 

07 
E 

K19RM 

E03802 

O

DO1 0 2 O 18 031C00 DA1 2 18 10 NAO DO D1130310000

3A6 5" Al Dl 12 031001DAl Dl12 510101
2A3 0 2AS $1 0310102 .. DA. . A2 Dl 13 53L5102

D4 6 1A D 4 1 3SSCOS4 SS DA7 A D45 1 S-
3AO A6 6AS D 41 5381 50A6 8A DO 12 5381

TBE 0 A7 07 10 S38 TABLE 3 3 A7 07 1 383

ABL 3 0" A 0T1A03000033 A31 . 1

07 9 AST0612 3 0000106 AS 6 2

0AA1LLOTAB1EA 0/

A3A1 2 TABQE19 33-A1 00 2 AO 00 10 0319000
3A2 0 2 Q2 17T3LA201 3 3 17 0319001
3A3 -- 03 Q3 1-3-A302 4 Al i01 16 0310102

5304 5 0 4 16 530A4 03 5A2 02 1 9310003
SO S S SDA D A4 034 4 01000I

53A6QO X14 53A6M 0WE5 A404 13 0381
53A7 80D 13 S 3A7 D 6 0 AS 05 12A0382

S33 8 DQ 2 D13A S3LSIN2P

$3A 56 A5 D5E"195 AS D5

A1-C7 D57 4. KSSP32

A8 TALE=3- 24 A

1
MIN MAX

74874 3.8 ns c 7.8 nsec
74F541 2. 5 nsec 6.5 nsec
74F163 3.5 nsec 11.0 nsec
74F574 4.0 nsec 10.0 nsec
RAM OE 10.0 nsec 20.0 nsec

CLK32 _ I l I I ,

ADDR

OE\ xxl

DATA

h
12B

S2A1 10 lA0 DOlii S2COS0
$2A2 9 Al 12 S2COSIS S2A3 A2 D2 13 S2SINs0 $2A4 7 3 D3 15 S2COS3

16
A 3  

D3A$2sPN

TABLE 2-01 5| .. .. 6|17 S2SP3

TABLE 2-2 3| 1 A D S 19
TABLE 2-3 25|
TABLE 2-4 4 4 A

TABLE 2- 5 21I A10

TABLE 2-6 23|AllTABLE .. Il

EVENRAM\ 20 CS"PUS _

RAMWE 2 27 IK X 8 RAM

C185

AllC

14B

D1 3A10 B1 17 S2SI

D2 6 4 16 S2CSIN

D3LE20 5 S 157 $2CS3

D4E-1 4 6 6 14 2CS4
D6BL 21 19 S2SPI

TABLE 2-6 3 A6 B6

TAB E -7 2 A1

B RAMCS\20

S24L 2 5 2

C15A

$2A1 3IAD1 B1I|

1 9 SD1
17 2 2 1 S2DA32

$2A 5' A3 B 3 /
$2A5 6 4 S2DA

A5 05 1 2DA5
S7 - - 11 S2SP

BA1LTABLE 232

OE 19 AMC 2

°=LS24I
157

S21 2D1Q 9 2A

S24D49 6 2A

52A 5Q 1 2A

1LC

-74F574 OS

STAGE 3 UPPER TRIG TABLE

18A
S3UCOS0 2 23
S3UCOS1 3 A3 P2A-12

2 4 Q32 IN COS-A U P2A-12
S3UCOS3 5 04Q4 0 0A03P2A-14D Q5 -COCOS-A P2A-15

S3USIN0 06 0 SINCOS-A30 P2A- 16
D7 Q7 SIN COS-A3Ul P2A-17

S3USIN 0 00 COS-A U P2A-16
o S S 05-A COS- P2A-197

SSUSIN2 9074
3SUSIN3 0- 01-10S3S 0 9P2A-19

02 10 Q 000 030P2A-20
A-ENA0
CLK32F 13L

22A
S3UCOSO 2 Dl Q SINCOS-23A,-- 820 7
3UCOS1 3 D2 Q2 2 NCOS-B3U PIB-

S3UCOS 4 3Q00N050 P1B-4
S3UCOS3 10D 09 00S-B3U1 PIB-10

01 Q5 SIN0COS-01 PIB-17
S3USIN0 7 D6Q O-BUPN1

S3USIN1 800 C SN0SB3U 1PIB-19
Q6 SINCOS-B3U P1B-20

... S3LCSI 20 D! Q1 2 ...... ..

S31SIN3 10 09 00 SINCOS-B3U PB-10
0SS0SIN2 9 " 10Q1 SIN 0 COS-B PA-181

B-ENA2
CLK32F CLK

4F82

STAGE 3 LOWER TRIG TABLE

19A

SSLCOS0 2 1 1 23 .7ln ".

01 1 INCO-A L~ P2B-7

S3LCOS1 3 D2Q A 2-

SLCOS2 o 4 D3 Q3 O-A3L2 P2B-9

S3LCOS2 
2 

21 
i _ .o PIA-20

SSLCOSS. 51D Q4 -A3L. P2B-10S3LCO 6 DP2B-
D6 Q6 -A LO P2B-12

S3LSIN1 8 D7 Q7 SN-A3LB P2B-13

S3LSIN3 
10 D8 Q8 15 A3L~ P2B-14

S3LSIN4 11D9Q 14 ALPB1

D10 Q10 -A LSA~3L9 P2B-16

A-ENA\A
LK2 13CLK

74F821

21A
S3COO D 1 R22 :INCOS-B3L - PIA-19

S3LS

LCOS1 3 D2 Q2 P1A-20

S3LCOS2 4 D3Q NCSBLPA2

5 D4 Q4 IN COS-B L~ P1B-27

.S3LCON 6DSQ5 
NCO-BL IA2

D6 Q6 9 IN COS-B L3 P1B-29

S3SI1 D Q I COS-B3L P1C-29

S3SI3 0DSQ81 
SIN COS-B3L4 P1A-29

S3LSIN4 11 D9 Q9 1 SIN COS-B L~ P1-31

D10 Q10 SIN COS-B L~ P1C-31

B-ENA 
O

CL3F 1CLK

74821

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE rVA

FFT CONTROL CARD

SizeDocument Number
D I 56000L013 (L013D02.SCH) i

D

STORAGE REQUIRED FOR 128 TRIG TABLES

STAGE iPINS NO. OF ANGLES I RAM SIE D
SIN/COO 1 10 16 204
SIN/COS 2 1 I0 64 1 8192 *
SIN/COS 3U I i0 256 32768 *
SIN/COS 3L I i0 256 32768 *
SIN/COS 4U i 10 512 65536
SIN/COS 4L i0 512 65536
SIN/COS 5-128/51 9 512 65536
SIN/COS 5-2048 8 512 65536

• TWICE THE REQUIRED RAM PROVIDED

_ _ __. __~-~ ~ -~~~-

I

122A1 10 AS0-1 0
S2DA2 A 2 02000

A2 02A1 _ 13 S2CO -

2A4 A3 0310 203
520A5 A4 0 16 02004
TABLE 2- 0 00 17 025
TABLE 2-1 4 S18 520
TABLE A- 3 0 7 D6A7 0
TABLE 2 -3 25 AS
TABLE 2- 4 24
TABLE 2- 5 2 A9
TABLE 2-6 23AlI All
TABLE2 A1I A12

PU5 2

7C=185

15B

800 2 0010 S2SIN
. 2 D2

SAOS 2 2 W

SA 15 S2SIN3~3 D3S2- 6. - ...
7~A D7 "

TABLE 2- 6 2 02S

SA0 - 2
AC85

2 '; 2 ;I1 sSN

TABL I- 1 DAL

74L245
ADD =R 9X8R

®

_ IY---- rrr- r----e: v-- crrpe- -r

Iate-
-

ntoe- 17 199 S.het 2 of

-LO-K- - - - - -I

Ii

4

I

ECLK32A

LDTABL

ECLK32A

VCC

Q 
R4

S, PU4

4.7 K

J 12A

TABLE 1-0 21 . I
1 1 9  

TABLE 2-0TAL I 1 Q 1 AL 2 - i
TABLE 1-2 4 2 Q2 17 TABLE 2-2

TABLE 1-3 5 3 Q3 16 TABLE 2-3
TABLE 1-4 604 Q4 15 TABLE 2-4
TABLE 1-5 70 14 TABLE 2-5
TABLE 1-6 8D 13 TABLE 2-6
TABLE 07 Q8 2 TABLE -

VC 0T2 11 0
s0H 3,4 0VCCC

PU5 64RS 8000 4SH 4
SH 4 4.7 K
SH 4SH3
SH SR

SSTAGE 3 TRIG TABLE r

STAGE 2 TRIG TABLE

14AS2COS0 2
S2COS0 2 01 Q1 23 SINOS- P2C-24
02COS2 02 Q2 22 50 P2C-25
02COS 03 QP2C-26

04 42COS SINOS-A2 P2C-27S2COS4 6 19A24P2A-29S06 Q6 SIN/COS-A2 P2B-29
S2SIN2 7 Q7 SIN P2C-29

S2SIN OS Q Q10 5000-A P2A-31S2SIN4 1 Q14 0 SIN/COS-A25 P2B-31
094 P2C-31
010 Q10 SINCOS-A29 P2C-31

A-ENA- 0
CLK3E 3CLK

74F821

13A

N COS-B20 P3B-5020000 2 1 l 23 0 0 2 3S2COS1 3 02 Q2 SINCOS-B21 P3B-6
22 4 03 Q3 0COS-B22 P3B-7

S2COSO 

2 lQ1lO~04 Q4 - NCOS-B 3 P3B-8S2 D5 Q5 PB-9
20IN D6 Q6 SIN/COS- P3A-5

S2SIN D 07 QS7 SICOO- P3A-6
202 D8 Q8 1 COS-B27 P3A-7
2 D9 Q9 10 SINCOS-B28 P3A-8

020004 11 09 Q 4 000000 3A010 Q10 1 0000029 P3A-9
B-ENA 00E 1CL32E FL

74F821

CLOCK JL- LLL-ILLLL n

INIT L " '
' CNTQO I I I I :

SXA1

SXA2

ADDR TO EVEN RAM

SXAO\ (OE TO EVEN RAM)

ADDR TO ODD RAM

- _. 1 SX O (O TO DD AM) ........ .

g

AO A Q 14

Al B QB 13 S3A1

A2 12 S3A2

A3 6D QC 1 SA

RCO 
1

PU6 
7 N

CLK32DEN

CLK

INIT3LOAD

INIT3CL

4PI63

20C

A4 3 A A14 S3A4

AS 
4 Q 13 MA

A6 S C Q 1-2 S3A

A QD 1 S3A7

7 RCO

10ENP

iENT
9CLK

LOAD

CLR

SH 3

17A

TABLE 2-0 2 1Q 9 TBE3-0

TAL -1 3D Q2 AL 3-1

TABLE 22 3Q 7 AL -
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SH 2 o4A1 10 11 S4USIN3 S4DA1 1 11 s4USIN3 S4UC0 20 S

• A0 DO ii ii S4UOS 44CS PlC-12
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$U 1 4A6 5 17 S4SPI S417 S4SPI
ENT A 0A A 05CLK32C _ 2 C S4A8 3 07 9 10"43 4D8 3 AS 06 1 040Ps
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A7 I C Q 1 S5A8D QO

RCOt -- N .
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C Y3 2SL E C Y3 2RMa l312 001
Y4 l H 4 11 RAMCSi\ 2\ POG L0

SEL15 6 1 YS All 6 G Y4 EAM CS \ o
Ali Y5G1 Y5 

i q  3

G2A Y6
9  

SEL G2A Y6 1
G2B Y7 ' 2B Y7RAMCS SH 4
4LS138 = 74LS138 1

26EA8 1 15 WRO
A9 

2
/ 
LO 

14 WRI\
I0 13 15 1 WR k

A \ 61 i .1ocusSELO K WR6\
WE\ 0GB Y W7

74LS138

26D

An YO SH 4

32F 25E - 33FO 10 11 P DO 2 D 19 3-1 0 2 15-iA0 DO. P3B-18
A2 A1 D1~ l P3B-I 0 4 02P3B-19

A3 A 3 ~ 3 YDR EM2 P3B-12 0 03 034 A4 D A4 41 0 P3B-13 04 4
AA D0 DS 05 P3B-14 sH

A D15 00 6 o 6 P3B-15 0 6 QS SH 2
A7 19 DA 6 1 0 07 D7 Q7 12 10 P3i 7 Q 12 oM O4A7 D7 DO 10 P3B-17 05 0 E SH 2

A7

A8 A8.. . A9 WR4 W5

All 23 A10A12 2 All A1 4
A13 A26 A ADDR = 8400 '8 ADOR 0500

A14 1A14

Ai5 20wR\ 2 c2 
W

E
OE MICRO ADDR SEIECT FUNCTION

C1 -5I SY0 I SL I B TE TO MISCL POETS
32K X R 8RAM Y 9YXX I SELl I R/W TRIG TABLE

ADDR = 1000 TO 7FFF (PROGRAM MESMORY) I A0OX I SEL2 I R/W MODEL PARAMETER RAM
ADDR = 0000 TO 7FFF (DATA MEMORY) I BOOO I SEL3 I READ RARDWARE CONTROL BUS

SELECT f FUNCTION
8000WRO\ WRITE TRIG TABLE
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S DAB 3 A7 D7D19 S5LT2KSIN2
TABLES-O 25 AS
TABLE5-1 24 ASA9
TABLE -2 21 A10A100 TAB All
TABLES 4 2 A12AI2
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S5DA7 4 AS D51
17  

S5E 2KCOS3INO
SDAB A7 D7 19 S5SP0
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TABLES-3 23 AllAll
TABLES-4 2 A2oo TABLE5 -5 26 A13

A12TABLE -6 1A14

ODDRAM 20
RAE2 2 WE 32K X 8 RAM
SA OE

C199

34B
SSDA1 10 AO DO 11 S5E 2KSINIS5DA2
A 9 12 S5E 2KSIN2 •

DA3 8 13 S5E2KSIN3
S5DA4 7 A2 D2 IN

A3 D3
S5DA5 6 16 S5E 2KCOS4S5DA6 t5A4 D4
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TAKSINS CNO.SFScKGLC-

SLT KSN1 D7 17Sc lA

SLTK/SN2 D 16 SC

QO SC -Sc PiA-7

SLTKCOS31 S 14 C 2K l

D2 02PIB-7

S5LT2KCSIN4 2 iSQi

CLK32B 13 cPLC-7

SIN/COS 3L iS 256

D2 Q21 SC- AK3 1 PlA-8

SIN/COS 4U 10 1

SIN/C -128/51 512 PIB-8

SI CS5-08 1

S5E 2K1 SC - K I C-8
SSEQ 1 S - PIA-9

5 C 4 T 1 SC - PIB-9

SIN/CS 10 i01
SIN/CS 2 i 6

SINCO 4U i0 51

32

SIN2cos2 4U 10 5 -

i
z

z

z
3

3

I -I

I "' r

V

v

-. .o

-- 0



MICRO INSTRUCTION MEMORY
29J 28J 30J 31J

MAS 1 0 6 2 i i 19 SO A 1 A 6 S16 MA 1 A 6 IS MA
MA1 2 AO 01 7 3 D1 18 S1 MA1 2 A7 MA1 2IMA Al 02 8 4 ~ 21 1Al 02 18 H0, 2 Al 02 2 MA2MA2 A2 51 S8 HA221

A 2  

03 D3 Q3 $3 03A90
HA3 A2 03 35 316 S3 HA3 4 A2 03 19 MA3 4 A2 03 5 13 HA3A3 04 D4 QH A3 04, A3 044 S5 HA 1 A4 05 1H 6 oS' A4 05 1MI AM5 16 2 7 Q61% 142 15A5 06 D6 Q6 AS 06 AS 06
MA 1 7 13 8 13 S6 MAS 17A 13 MA6 17 13 16 MA6
MA 18 A7 OR 14 9DR 12 MA7 18 AS 07 14 S23 HA7 A6 07 14 17 HA7A A OR D8 N8 A1 08 A7 08
MD8 19 ASMD8 19 ASol MD8 19 AMD8A AR AR

CLK1A 11 CLK
CS OC CS 15 CS

N82S1475 4ALS574 NR2S 4 B N82S14 B
512 X 8 ROM 512 X 8 ROM = 512 X 8 ROM

SH MD8 SIGNETICS FUSED LINK ROMS

29H 28H sH 30H " I H1
MAO 1 A 6 2 D 19 MAO 1 6 S24 MAO 1 6 ASAA SO IS a 0A

H l 2 . I7 Q2 SR
2  
H- l 2 7 S25 H l 2 Al 02 7 IS Hl

M 1 HA2 3 Al 02 ~ 6 H2 3 5 i A
3 16 SH 3 H 1A2 03 s27 H A2 03

IO 211 00 9 DO 2 I IO 19 AP D4 2 1110019 APA

A4 8 053 11Il Q4 1 I A3 1-s2 AsI A3 04 l SR HAOD A3 04n
H I7A1 5 16 1305 Q S1 53 AS 6A 0 12 HS2 16 A 12 113 HAS
HAS 17 A 07 1 07I1 3 s14 H-AS 17 A 05 13 H. 5 17A 13 /DR i MAS
HA 18 A IS 4 DR 12 SS MA7 18 A 0 1A 1 4 MA7

S1 16Q5 CS CS 8 1 QS1 CPA S 816 S 3 CAP M

A7 ORN 1ORI0 ' 19 A7 ORN

9IIO ASI A1

,CL E CLKI E 1CLK CLKl E CLK CLKlEE l c C~l E
1 R 1 4 1 1

89 S 1IS NDA14NREGISTER CR5RISF G414RHA3 CR0O7 I 4 1 HAS HASAT T IPOUT EN; I0-

510 ISX 1 CR1 C 1 C AOS QO T O C HA17106 12 17 106 12F17106K 1

S 0 X 1 1 FR G E LAT COCTRE S1-S20 PARAMETER RAH COR EMl S
51 AM C S1 FLA PT CHIP.OUT.EN.. .IS

1N 1N 03 2 03 1 NRMN ODI 3S OPEE LG83 H DRS ATR S

1 1 OT ER 1 0 LA FROM I R C8 I OE L 3

SPECTRAL POINT
8 BIT COUNTER

VCC 3B 2A
R0 ASO 3 A S14 PA PA0 1 AO 00 14 PDO

SPU10 A4B QB 13 P 2Al /01 16 PD12
A2 B OR 12 PA2 PA2 3I PD24.7 K C QC A .,-A3C 11 PA3 PA3 A2 1/02 17 PD3O GD PA A4 /0PUI0 71 Rc A 5I -

PUlRDENP C PAS 6 AS
10 .. PA6 7. CLK 6D -T 2 l .. a7

POCS N PA7 8 APROG 9 LOAD PAS 9AR
SH 2 0 CLR PA9 AR

PA10 18 A10
74L163 PA11 19 All

PAl2 20 A12
A13PAi3 21A

4B PAl4 A14
A4 3A GA 14 PA4 PAlS 23l
A5 B 3 B 1 AS3 PA5
A6 I C 4$12 PA6 RAMWE\1413 WE
A7 6tt I l i O" 11_PA 1 CS

32H

1 AO. .1 6 TSELO ENP 71942SH 3 IAM .. .. 1 64 X 4 RAM
Al 02 g SE S 3 .7ENT

3 I8 TSEL2

I3 04 LOADA4 I S 1Il RFSELCLR4A6 t I12 RFSEL1PROG PAO 1 1
AS 06 SH 3 PO -"AO 

I/0017 13 RFSEL2 PRO 74LS163 PA0 2 14A6 1 l SH 3 PROR Al I/01O8 2S - PRAMWE 14 PA 3 16
A7 08 SH 3 RAWz1A I/0219 l P A7 A
A8 SH 3 RAMCS SBP4 5A3 I/03

15C 
DO 2 D 23 PAS PAS A

D1 3 22 PA9,A PA6 7A

N82SI47B D2 4 Q 23 3l PA7 8
512 x 8 ROM D 3 5 D4 Q 20 PA PAS 9 A

D4 D5 Q 1 PA N0 PA9 A9

D5 D6 Q6 18 PA13 PA10 18 A1

D6 8 1 PA14 PA 1
D7 9 D7 Q7 6 PA15 PA AllA inID8 Q8 A ~221 l

15 PA16 PAl3 21 A12
S1 1 7 29 2 A13

PA15 
23 1

PROG\
34J 1413k 3 CLK S WE3 2 CAPA0 CS

D2 Q2 C Al 
8S

SDR = 8BOX 7C194
8D 4 9 CAPA3
13 Q 12 CAP A4IB 2B14 15 FSTC-AO 32 2 23 PA8

18 19 CAPA7
D6 96 11PA I 01 -D1 Q1 PA

18 7 Q7 19 CAP 7 4 2 0 1 4D Q221 PA10

08 Q3 13 03 23 Q3 2 Pii 04 5 9D Q 19
79CLK IAA

I 6 06 187 6 Q6 18 PA1 8 Q A

74LS377 9 IT 0 716 9D$ Q 16 A1 A

10 
15 

1 15 I 
2 

PS11 I11 
P A 75 

S
:EA Q FUNPU IONELEC3

2210 74F821Qo Y
PR IIDE ECIIO TAG ITT O SH 2L CG

EL P INPUT SELECT ---- I0 BIT PULSAR PHASE
EL Q INPUT SELECT
EL T INPUT SELECT SERIAL SHIFT IN EVERY FFT CYCLE•
SEL RF INPUT SELECT
DF PRECISION TAG

MODEL GENERATOR
L013D05.SCH 13J 1D 2D 3D 4D 5D C

3 2 
D 1 21D 1

1N 1DER . 0E SER1 SER 1 SER ,

PF30 3 FD22 3 AP014 3 AP06 3 AP030 3 A P022 3
2 .P.9 4 P021 4 BP3 45 FD1 4IP028 2 P012 P04 5P28 5 0P28 5 CiP00(0 .3] F2710 PDlO 10 0FD11 10 P03 10 P02 10 P027 10 0P19 1

S26 

E 
E 

F

AM92327 7FD2 12 P0 2 FOR 12 F PH QH 13 P016 1 H13 FOR 14 0 13 P011 13 P025 12 P2 1 P017 12FLOATIN POINT P02 14 0 P0 H QH P02 14 H QH. .PROCESSOR H Q3 QH 1

1 D25 855 INHQ 1 05 15 SH/LDF85 15 OH/D185 iS lE SS 1 INH SS 15OF S/D SH/LD PUll 9: SH/LD m . SH/L /

PS [0.3 31 D2 2 FTCU D2 D Q. 0 STCFD3 2 2 11 FSTCU1

S00 1 S SIIR R 1 SO 1 0 R 4 SO 15 O ORCL 1

S/DF 74LS166 456 74LS166 4S6 t5 6 1 L16
824 ENR\ SH 2

825 ;ENS\

ENF\
S27 ENRF\

S1OEF\ .... . .4 1 .FIFO

FD28 4 13 STl6 FD24 4 O 13 FSTC12 20 4 13 FSTC8 FD16 4 13 FSTC4 FD12
DO QS 12 FSTC13 P02 12 FSTC915ELCO..2]D1 P02 Dl Ql D 12 PTCl P02 S01 Ql o 1 Dl Qi 017 S Dl Q1 2 OTOS1P013PEL. .3] 02 Q2 Q 2 D2 Q2 19 Q2 F.-- ..... 10 F C 9 FS 1 . .-3----STC FS13 S

QSEL[0. 3] S6 3 $6 3 6 3
SS 1R SI IR 2I R ~SI IR 2 86500 1O 50 OR 14 500

.... . TE[0..33 SO0 SO0 OR SOO SOD
DHL]8 3]O 500 1E 50 OR1450 OS2FEEL OHS OH OHS DEOO

RST RST RST RST G ERST SuS

RIT .13 0403 C403 C403

PUll P012 90 lO1G R E•STlS 4 3 FOTClS FOTil 4 o 3 00 QS 13 "T PST4 0 13 FSTCPT
81 CLCKPTI7 02 Q2 12 FSTi PTCI 02 FO 7 ;i Dl 01 11 P81010 POS S0 2]FTSPT

J
4
TSU OR 0 HOH = EC

DATA INE

TPROP 37 NSED

DATA OUT

MODEL PARAMETER MEMORY

15 A Q A 1 4 D A D A 1 0 A S 0 1 1 P 0 D A A S 0 1 1 F R D A O i S A S 0 00Di P 0 165 D A S AS40 0 1 1 P 0 2 4

FIO PEATO 
7C4037 3)

Di 4 3 

8 C l l Dl 12 P i Al97lDl 12 FR1 l 9 Al1232 1 Al 9 Al1 l 12 P 2B QSC C A 0SP C PCCSA2 0 PCA 2 0

1 3 033 3 03 P23 7

SII 
I1 3 2S1 3 I

0T 00 A4S04D16 P020 A4 A

LO3o. C so 1 1 O 1 0

221J O 7 192W2J W

D153A1 D A40 144 DA0iF 16 PRO13600P02A0 5i60 S P

OE OE OEOE

5HA505 17 P029 HOM0 = FSTO NODE 0 (STATION K]

OD AA A 2 ARA 2 AR
AA112 D"L[7r OAR5C. .. ...24. .. .AR.

DAK0AiSA X 2 ANUNCTI O

7LAD iD3Al AH A ~ l 23 AR BO 7 FDDli 3 Al BO D1 CDl 23 Al BOAN
CA f 1. 3 A20 H l CA Al1A A11A A l 1 24 P IN

2048 POINT

PDR 8800D 20F00111 220516202001

CALR2 A20AB22 02 32 082 BNOTE,2 HO THRUB3M3A3NOT USED3 INF THE

222 EL PRMEE 2700 A M 2MEM2 7MEi

DO L 16 - D4 A4 B41 14 FD4 D4 A4 B 14 FD12 D4 A4 B 14 FD20 D4 6 4 B 14-D2

04 A QA 14 04A2O FO 830 O Si AO AS 3O A Q

DS 7 3 FD12 DS1 13 FD13 D A5 BS7 A112 FD

ACB QB C 185 A 701 QD lI 123

WI 0 QO 11A0A7R8K 8 RAM RE K 8 RAM E X 8 A2 . ! C GOi11

FD1
PUI QC Az ' A2 Dz D2 4z Az . B 6 FD0 D NR

0 1 A 31 FD D 90QO 15 FD 7 9D P 1

"6 I5 [QD517 I .. . I 5 2 D5_ 4 24 5 5-
0D6 1 R S51 M T OD2

WR T 106 D A6 I06 1 D R N .6 1 1.1194.

10 2 I222 2H21 EN

L A 200 2S 18 P0 00 2 AR7 E7 18 FOR 00 2 AS E 6 AS 5 1

C6 A31 A,3I03 A2 B
O743 L3.... 0B 40P0 4 1 4 P04.04 14 P01 04 14 P0.3 1 0

SA5 AS BD

I E R S 6A 5 BS 12 PP00

2 L A A7 B7 A

MR\ I O 1 119 MI i WE - U20 i5.C IRC

S208TAL 80 12 3\ 1 0 0 ALLOW MICROPROCESSOR TO READ PARAMETER

ADDR | FUNTION I--r [ 0 1 0 1 ALLOW MICROPROECSSOR TO WRITE INTO PARAMETER RAMA000 7O3READ/WRITEOTOLEI0 X X 1 X ENABLE PARAMETER RAM ADDRESS COUNTER TO INCREMENT

18z 107 12 OSEH CLf~lSA Ii2 01 19 4.7~ K~ PROC F

DDR~~ PPT0 22
C5 05 POTS05

A001|READ/WRITE TO RAMO 0 |1 19X E 0 x 1 x HOLD PARAMETER RAM ADDRESS COUNTERA002 READ/WRITE TO . 1L8CLK6A X 0 MICRO INSTRUCTION READS PARAMETER RAM
A003 |READWRITE TO 88 3 O-H.- 1 0 x 1 MICRO INSTRUCTION WRITES INTO PARAMETER RAM

PDj

PD

1

1-- - - - - - - - I0 I E8A2\, 3\ - S (SHIFT 1,2,3,4,5D)
I 1 1 1 1 ENA1\ = (SHIFT 1,2,34C FOR DELAI)

IC 3C 4D I SC I 0

1 1 1 CLK16C FRINGE NCO SHIFT
SER SER SER FD SER CK C 1 19

13 F 1 H IQ P 01 H13 ENA

VCC OP 10 STATID .DRIVE INPUTS ARE SELECTED AT TE PP
R1 P0100 00 2I Cl Qi 19AMOO D MOOD 2 A 10 15PRO C A 20

12 P0101 lOHA Di 02R2D18 MHUl MELAY2WB11D14MURORFAE PUA 2

C P C C 12 3

I9H22QQFRS CL P3B-21

S5 18 5 -C .,.., 1- 1L

S 2 D 4 S/ FRINGE NO SHIFT

l SOOR 4W3CTDH8U7 QTO MDE B G2A Y6ASERC NTRSP3B-2TIN1 TE E

RSTSH R0 1 CL 74138FRIGE CO HIF

VC40 O i7 T DI I T REGISTER CLOCKAT

PullI5 4 MOO 1 A 10 15 RRCO L A D3V-23
0 1 12 l ADOR SASS MOl 2B 14

Pl OALTCL BAMYS4LGYDB1A7A

M14OS 1OA101DELAYOLE

G G G 4.7 K0

MOl 2 B 11 14 1DELAY CLE

0 0 0 H 14 DELAYOL

KB 0 1 1 3 L DELAYCL OLE
G2A Y6 DEA L

OLE PO AS 1SOAlG2BT 7O DELAYOL
84F AF P 51- 66SPE10 A33B

ADDERS 0 F1 - S1 P10 A

4H SHEET 1 OF/L

PUIO 15 SCHEMATIC

FF13 70 PL1 ASK

FF15LS16- P07LS6 I7L 10-A 9 P51 6 O~ (ASH O E 1AG90, TISNOT STIL PP LIES1 STO
RACER 2P & T3. BUTS CNOTT RAE S & 1O.]TEE

2O RO P98 O05Y P114PEOAY 0 21 MS SE 0,2,4,6,8

KILINK CHIP VOCD 31U-FD MiON P01 B4YC 27VE P510 BSP1 l 14 0 0 M

SOTC-BS G P910 B1A19 DELAY LK PA 29 PIE

"4 I EOMTR y DS
Y47

L C -PO2 AOY1 14 1DELAYCLK

: Y2 RRLOIIPA2

PSFT-BOD2 Il401 231M2 .....1,3,5,7,9

XGP30 31 PIPESS A

3Y

2. D2A Y625 7DEFSTC-A6 WHED AND SHIF.

F-T4 4O - A FSTC- AIF6l

P 0 12 S D 06A 17 F CLK P3L2 OCK
10 0A 7,13 NO, A N D PRO-F

1F H X ii C C oFSCB 1961DR ONRN TE M E 15 (SIGNS

4A 1HE A 15 15 POROL- A P201 01

140D1O0 Pl 2B i 14PS
0

L 2 72 3 CLKiSB LK

OH 0 12 S 4

Y3 WAPRR5INRCK-O P20 FO

R6SB 1 1 0113 RNllS14T11 MODRFLKDHFF20ClOSS9ALLOWEDNATIONALRRADIOEASTRON9NT OBSERVATORY

R NGE IS L0 8O 2A 16O FRCTO A IOS1 1 1 G1=

I4 04 16 D8 Qg FSSRCLK- P2C-7 2 3 CLK168 1 CLKP3B-2

SHFFEISEFF CONTROL CRD

C S 30 I A 4AL5138 FS CLOACKS0. OD0 NR1E E

35 PULL PIN 4.4 GROUN TO PIN S.

N.1 RE C T O L L3 4

FT RSSA 7 FSTC-AI 892V

I10SAPL NO FTCOTRL AR

FT FSC- ST-A

SHIFTFTEGISTE C S SizEREocumen620uMERMIA N EIT R E
FFT LL STCA4 sTC_5R 17UND C-A5 .IAT5EACD END600L01 SIGNLO1RUN SCH

FFT FSCA6 0 FSCA TE AKPAE

NOEFF12PSE HI LOSTHECOC T EDC- Y69 FOM -7 VS1O.18 G9, TIS OTESTIL APLIS T

LOAD T!_ F RACKS 2 Date: UT NOT TO RAKSh0et 1.f)

N~~~~~S i2 < ShX33 SCBIk7 A7.D3 Q3DQ P0-11013GFFT ~ ~ ~ ~ ~ S S PDT FSCB 7FT-B 68SRPACE WIH22I"....... 6 ...... 2(S G 0
FT LOA FSCB 58B FSCB3 •(SG1

MOD 0 ST -B
7A0 Ol 17 | 3 -1 EFA1 0 15 .. 11 02 3 1 OE

... .. ~~ ~ ~ Y1. L D4 ------- ~A .. .OE3...... I0 2---

5~~~ FS AT

SO 6 1|P3B-26 IPE2RA

~~~~2 _. Hl pc
1T~ SO T1 2-

DE1 Y3d~~j~l P2-9 NAIOA RAI ASTRONOM OSEVATORYI

-- FFTER COTOLCR'8~ ~ ~ ~ ~~4 CLHcEs ....... S ...... R
--.-- ~ ~ ~ ~ ~ MD PUL PIN 4.GON OPN5 60L1 L1DSCH)TC

--,.. ~ ~ ~ ~ ~ ~ ~ MD 2 14OE FI ,, ASS TI LOSTECOC OCM IETYFO l2O OIIDAM

t~~__~_ __ _~ ___li___ III~___________II___.___ ~_.__...__ ..._~~..._~_L_~_^~ _. ^__.. ...~~ .__~_. ..._

3251 6 PSELOAO 01Al 02A2 034 9A3 04A4 05 2 OSEL1A5 0617 13A6 0718 14A7 08A8
05

N512 X 8 ROM

i TH~~U 1G FR TIING r-e Aprl .4 ty ianec 4 r D

i.

AI

SH

SH

SH

I i

3A

P 2AO 
I/0011

P2 3Al I/01 1

A2 1/02
PA3 A3 1/03
PAS 6 A

PA6 
A

PA7 
8A

PAS 
A7

01PA A
0,PA1018A
PA11 

19A0

O PA12 20Al

PA13 
21A1

00 A4 A13

11PA15 23 A14 S

RM 1413 
CL

CS

C19

64K X 4 RAM

5A

PAO 1 AO1001 PI

o PAl 2 15 PI

O P2 3A2 l /02 1 P

o PA3 /0 17 PI

PA-bA3 1/03

o PAS 6 A

oA" A 7A

00 A7 8A

o PAS 9 A

0,PA9 A

A0 -18A1

PAll: 
19 A 

2Al

All

0,PA13 21A1

PA1 
y A1

PA15 23A1

A15

AM 1413W

PS3 
1 C

7C194

64K X 4 RAM

P0 PULSAR GATE GENERATOR
PD1
PD2
PD3

6A

P03 8 D1 Q14 2 PULSARA P2C-2

P2A-2

D5 Q5 PUL;SAROSI P2A 24
PD1 ~z . P2B-2PD 4 P2C-2

PDI 17 0 16 
PA B P2A 25PD3 1 7 16 PULSAR2B P2A-26

TO FFT CARD

7A

DR QS P ULSAR SI P2A-27

Do LSSo oID PULSAR GATE.. OUTPUT.

'DO PDS DO QO 2 PULSAR C P3C-11D1 PD1 4 Dl Q1 6 PULSARIC P3C-16
D2 PD2 D2 Q2 PULSAR2C P3C-17

D3 PD3 D3 Q3 12 PULSAR3C P3C-2213D4. Q4

CK CLK

74ALS374

NOTE: RAM ADDRESS SIGNALS PA0 THRU PA7 COUNT
THROUGH THE 256 SPECTRAL POINTS THAT

THAT ARE OUTPUT FROM AN ASIC. RAMOUTPUT

iS 06 QS TO RAT OT CARD

OrF

OrA

ADDRESS SIGNALS PA THRU PA7 REPRESENT
PD0 THE 10-BIT ESTIMATE OF THE PULSAR PHASE.
PDI I 5 1

I1 5l 5 1RC 1 EA2 S (LAD50

PD2 , D
PD3 ,
D3
D2
D1
DO

1 0 0 0 IDLEUTPU

0 ° 0 1 ENAO\ .... (LoOAD....
S 1 0 ENAI\ = 0 (LOAD 1,2,3,4C)

0 0 1 
1  

EA2\ = 0 (LOAD..D)
0 0 EA3\ = 0 (LOAD 1,2,3,4D)1 1 0 1 ENAO\, 1\ = 0 F ,

6B

D2 6 14

19. 2

74LS244

ADR 9X WRT

ADD = FX2REA



SIX PARAMETER MODEL EQUATION:

CLOCK INPUT OP CODE OPERATION FUNCTION STORAGE

0 A5 LS
1 A5 MS
0 A4 LS 02
1 A4 MS 02 P A5 INTO REGISTER RF1
O A3 LS 08
1 A3 MS 08 (P ) + T (RF1 X T) + A4 RF1
0 A2 LS 08
1 A2 MS 08 P 0) + T RF1 X T) + A3 RF1
0 Al LS 08
1 Al MS 08 (P ) + T RF1 X T) + A2 RF10 A02LS - 08
0 AO LS 08
1 AO MS 08 (P *) + T (RFl X T) + Al RFl
0 08
1 08 (P ) + T (RFI X T) + AO F REG

T (TIME IS STORED IN THE RFO REGISTER.
REGISTER RFi IS USED AS THE ACCUMULATOR.
THE INPUT PARAMETERS PING PONG BETWEER REGISTER R AND S.

15 14 13 12 Il 10 HEX OPERATION (FLOATING POINT)
0 0 0 0 0 0 00 P
0 0 0 0 0 1 01 P+T
0 0 0 0 1 0 02 P Q
0 0 0 0 1 1 03 COMPARE P AND T
0 0 0 1 0 0 04 MAX P, T
0 0 0 1 0 1 05 MIN P, T
0 0 0 1 1 0 06 CONVERT T TO INTEGER
0 0 0 1 1 1 07 SCALE T TO INTEGER BY Q
o 0 1 0 0 0 08 (P * Q) + T
0 0 1 0 0 1 09 ROUND T TO INTEGRAL VALUE
0 0 1 0 1 0 OA RECIPROCAL SEED OF P
0 0 1 0 1 1 OB CONVERT T TO ALTERNATE F, P FORMAT
0 0 1 1 0 0 OC CONVERT T FROM ALTERNATE F, P FORMAT
0 0 1 1 0 1 OD
O 0 1 1 1 0 OE
0 0 1 1 1 1 OF

15 14 13 12 Il I0 _ OPERATION (INTEGER
1 0 0 0 0 0 20 P
1 0 0 0 0 1 21 P + T

S0 0 0 1 0 22 P*Q
1 0 0 0 1 1 23 COMPARE P AND T
1 0 0 1 0 0 24 MAX P, T
1 0 0 1 0 1 25 MIN P, T
1 0 0 1 1 0 26 CONVERT T TO INTEGER
1 0 0 1 1 1 27 SCALE T TO INTEGER BY Q
1 0 0 0 0 28

1 0 1 0 0 1 29
1 1 0 1 o 2A
1 0 1 0 1 1 2B
1 1 0 0 0 0 30 P OR T
1 1 0 0 0 1 31 P AND T
1 1 0 0 1 0 32 P EXORT
1 1 0 0 1 1 33 LOGICAL SHIFT P Q PLACES
1 1 0 1 0 0 34 ARITHMETIC SHIFT P Q PLACES
1 1 0 1 0 1 35 FUNNEL SHIFT P-T Q PLACES
1 1 0 1 1 0 36
1 1 0 1 1 1 37
X 1 1 0 0 0 18 MOVEP
X 1 1 1 1 1 IF LOAD MODE REGISTER

PSEL(0..3) SEL0..3), TSEL(0..3 SELECTION CHART
SEL3 SEL2 SELl SELO HEX P, T INPUT SELECTED
0 0 0 0 00 R REGISTER
0 0 0 1 01 S REGISTER
0 0 1 0 02 ZERO (0000 0000 0000 0000)
0 0 1 1 03 0.5 * (3FEO 0000 0000 0000)
o 1 0 o 04 1 (3FFO 0000 0000 0000)
o 1 o 1 05 2 (4000 0000 0000 0000)
0 1 1 0o 06 3 (4080 0000 0000 0000)
o 1 1 1 07 PI ** (4009 21FB 5444 2D18)
1 0 0 0 08 REGISTER FILE 0
1 0 0 1 09 REGISTER FILE 1
1 0 1 0 OA REGISTER FILE 2
1 0 1 1 OB REGISTER FILE 3
1 1 0 0 OC REGISTER FILE 4
1 1 o 1 0D REGISTER FILE 5
1 1 1 0 OE REGISTER FILE 6
1 1 1 1 OF REGISTER FILE 7

• 0.5 (FLOATING POINT) OR -1 (INTEGER)
* PI (FLOATING POINT) OR MAX NEG (INTEG)

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE VA
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32 MHZ CLK RUNS 16 MHZ CLK RUNS MISC RUNS

Z006D02.LAY Z006D03.LAY Z006DO4.RAT

WIREWRAP
PIN 140094

10
124

3J
C3
1 i

74F
138

3H

7 P?
10
124

4J
C4

74F
138

4H

124

5J
CS

10
124

SM OL

S 84

XC3030

-50

3G

J 1 1 _" 'i~ i _"~

7C 7C 7C
403 4031403
-25 -251-25
8H 9H 1OH

I 24 7C 7C 7C
11 403 403 403

-25 -25 -25
22
V10 8G 9G 100
-15LZL1=" 1 16'1 16

7C 7C 7C
403 403 403
-2 -25 -25

1,.418F SF lOF

PAL
22
V10

-15  74  7C 74
ALS 403 74
138 -25

8E 9E7E
1 16 1 =" 16' F'I " I l]

ALS ALS ALS ALSjALS
166 166 166 1661166

1D 2D 3D 4D 5D R4

1 1 6'" 1 " 16'1 416'ALS
PAL 2456L 74F

ALS ALS ALS ALS ALS -1 163
166 166 166 166 166

2C 3C 4C SC 6C

PA7 7C 7C
1281 128 245

22 74F R1 74F ALS -2 -20
V10 821 1 11 821 244 2K 2K
-15 K 8 X 8

ALS ALSRA
1  

O 10B
163 163L

6B 8B 9B

15 2B 3B 4B 5B

1 e 16' l 4 1 . 1-4 I12..4 -11 . 1-~Oi -119-4 I IG
PAL

ALS 7C 7C 7C 7C 74F ALS 22 74F 74F
139 194 194 194 194 377 374 V10 821 821

-45 -45 -45 -45 -15 STG STG
X64 64 64 64 1A 1B

X 4+ 2 3 4 +X 4 + S 9 A
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1 1-4 l64 14 1 . 1 2O 1 2E25E

24E
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SEE NRAO DRAWING # 56000M002 FOR
MECHANICAL DETAILS OF CARD.

THIS SKETCH DETAILS THE APPROXIMATE
LOCATIONS OF ALL COMPONENTS.

ALL COMPONENTS WILL BE ON GRID UNLESS OTHERWISE NOTED.

REV A 7/ /89 1 CHANGE IC 24E TO 16-PIN
S CHANGE POSITION O 4 IC 24D

REV B 8/19/89 CHANGE 8A, 6C, AND 34HICTYPES .
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DRAWINGS ARE B SIZE UNLESS OTHERWISE INDICATED

PULSAR GATE MODEL
SHIFT REGISTER

SHEET 2

PALIB.SCH

TRIG TABLE
SELECTION PAL

SHEET 6

PAL8A.SCH

HCB CONTROLLER PAL

SHEET 10

PAL21E.SCH

MOD GEN MICRO-SEQ
ADR GEN 33J & 33H

SHEET 14

PAL33J.SCH

FSTC
2 PARAM MODEL GEN
CONTROL PAL

SHEET 3

PALIG.SCH

FFT SEQUENCER
DECODE PAL

SHEET 7

PAL12D.SCH

WRITE DEGLITCHER

SHEET 11

PAL21H.SCH

MOD GEN MICRO-SEQ
CONTROL PAL

SHEET 15

PAL34H.SCH

FRINGE NCO
SERIAL INPUT
CONTROL PAL

SHEET 4

PAL6C.SCH

FFT SEQUENCER
DECODE PAL

SHEET 8

PAL13D.SCH

MODEL PARAMETER
RAM SELECT PAL

SHEET 12

PAL22H.SCH

FSTC SERIAL
WORD MUX 7F & 7E

SHEET 5

C SIZE
PAL7F.SCH

FFT SEQUENCER
DECODE PAL

SHEET 9

PAL18D.SCH

MISC uP LOGIC PAL

SHEET 13

PAL26F . SCH

Title

FCC PALS

SizelDocument Number REV

B FCCTOP .PAL

1 -F 1 1
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LOCATED L013D04.SCH, CENTER

FSTC IN 2
3
4
5
6
7
8
9

10
11

PGCLK 1
13

1B

11 01

12 02
13 03
14 04
T5 N

16
17
18
19
I10

CLK
OE

06
07
08
09
010

22V10

23 S9
~22 S8
21 S7
20 S6
19 S5
18 S4
17 S3
16 S2

rI5 S1
14 SO

r-I

FSTC IN PIN 2

PGCLK PIN 1

PAL 1B
PULSAR GATE MODEL SHIFT REGISTER

THIS PAL IS A 10-BIT SHIFT REGISTER AND RECEIVES A PULSAR MODEL FROM
THE MODEL GENERATOR EVERY 4 mSEC.

U?
1 3 PIN 23 S9
2 BA QA 4 PIN 22 S8

QB 5 PIN 21 $7
QC 6 PIN 20 S6
QD 10 PIN 19 S5

8CLQE 11 PIN 18 S4
CLK QF 12 PIN 17 S3

9 QG13 PIN 16 S2CLR QH 1

74ALS164

U?

A 3 PIN 15 S1
2 B QB 4 PIN 14 SO

QC 5
QD

10

QECLK QF
QG 12

CLR QH 13

74ALSI64

module PAL_1B

title 'PULSAR GATE SHIFT REGISTER

Ray Escoffier 14 Feb 1991'

U1B device

"inputs ..... ...................................................................

FSTC_IN PIN 2

"outputs ....... ............... ........................... .............

"definitions ..... ........ ....................... ..................

"equations ..........................................................

equations

SO
Sl
S2
S3
S4
S5
S6
S7
S8
S9

end PAL_ 1B

Title

PULSAR GATE MODEL SHIFT REGISTER

Size Document Number REV

B PAL1B.SCH
7) nrF 11:

'P22V10' ;

S9
S8
S7
S6
S5
S4
S3
S2
Sl
SO

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

23
22
21
20
19
18
17
16
15
14

FSTC_IN
SO
Sl
S2
S3
S4
S5
S6
S7
S8

I L) iL ; oiler ZU, V y i n e Z v .V Z)
rl a i o - r- i - - -- 7n 1 Q Q '7 1 CH A A i_ r



LOCATED L013D04.SCH, LOWER RIGHT
1G

CLKI6B 1 19 !CNTRST
FPRO 2 IPEL G 18 !SOO

T C RST 3 30317 SI
IN 4 1 0I6 !SO1I4 04

SI 5 I5 05 14 ![OEoFFT9 A 74516 THIS
FFTI0 I6 06 I

RST 7 CN T RSTIFFTI A7 07 OP I
UT FSC 8 I812 FSCLKI 9

FSTFRINGE 1i 19
I10

16L8

PAL 1P
FSTC 2 PARAMETER MODEL GENERATOR CONTROL PAL

THIS PAL DECODES VARIOUS FFT CYCLE AND
FRINGE CYCLE TIMING SIGNALS TO PROVIDE
VARIOUS CONTROL SIGNAL REQUIRED BY
THE FSTC TWO PARAMETER MODEL GENERATOR.

!CNTRST
PIN 19. THIS PAL OUTPUT PIN SUPPLIES
A RESET SIGNAL FOR THE 74LS163. THIS
COUNTER RESETS AT THE START OF AN FFT
CYCLE AND COUNTS THRU STATION PAIRS
DURING AN FFT CYCLE. THIS OUTPUT IS
JUST FFT8 EXCEPT WHEN INHIBITED BY THE
SIGNAL PROG.

!SO0
PIN 18. THIS PAL OUTPUT CLOCKS FSTC
PARAMETERS OUT OF THE UPPER FIFO INTO
THE XILINX CHIP.

SIE
PIN 17. THIS PAL OUTPUT CLOCKS FSTC
PARAMETERS OUT OF THE XILINX CHIP AND
INTO THE LOWER FIFO,

!SOl
PIN 16. THIS PAL OUTPUT CLOCKS FSTC
PARAMETERS OUT OF THE LOWER FIFO INTO
THE XILINX CHIP.

!OE0
PIN 15. THIS PAL OUTPUT ENABLES THE
OUTPUT OF THE UPPER FIFO SO IT CAN
DRIVE THE XILINX CHIP.

!OEL
PIN 14. THIS PAL OUTPUT ENABLES THE
OUTPUT OF THE LOWER FIFO SO IT CAN
DRIVE THE XILINX CHIP.

[RSTI
PIN 13. THIS PAL OUTPUT RESETS THE
LOWER FSTC PARAMETER FIFO.

FSCLK
PIN 12. THIS PAL OUTPUT IS THE ENABLE FOR
FOR THE FSSRCLK CLOCK. BECAUSE CLKI6 HAS
THE SAME TIMING AS THIS SIGNAL IT MUST
BE DELAYED BY PASSING THRU THIS PAL TO
AVOID A RACE AT THE 8E 74LE138.

FFT8
PIN 19 !CNTRST

PROG\

FFTlO
CLKl6\ PIN 18 !SOO
FSTFRINGE

FFTl
PIN 17 SII

CLKI6\

FFT10
CLKl6\ PIN 16 !SO1
FSTFRINGE \

module PAL_1G

title 'FSTC MODEL GENERATOR PAL

Ray Escoffier 19 August, 1989'

U1G device

"inputs......... .... ..... ................... ........ ........... ... .......

CLKI6
PROG
FFT8
FFT9
FFT10
FFT11
FFT12
FSTFRINGE

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

"COUNTER 1F RESET"
"FIFO SHIFT IN CLOCK"
"FIFO SHIFT OUT CLOCK"
"FIFO RESET"
"FSCLK"

" outputs . . . . . . ................................................................

FFT11
PIN 13 !RSTl

FSTFRINGE

FFTI2 PIN 12 FSCLK

[CNTRST
!SOO
SIl
!SOl
!OEO
!OEl
!RSTI
FSCLK

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

19
18
17
16
15
14
13
12

"definitions ......... .... .............................. .......... ....

"equations......

equations

CNTRST

SOO

SIl

SOl

OEO

OE 1

RSTl

FSCLK

end PAL_1G

S FFT8 & !PROG

= FFT10 & FSTFRINGE

= FFT9

S FFT10 & !FSTFRINGE

S FSTFRINGE

S !FSTFRINGE

S FFT11 & FSTFRINGE

= FFT12

Title

FSTC: 2 PARAM MODEL GENERATOR: CONTROL PAL

SizelDocument Number REV

B PAL1G.SCH

' P16L8' ;

118xL r JJ Ld2 , lJ 0 D G1 .1 -
Tuf t - FcYhiar 1 9 9 F1 Chet 3 of 1 -



LOCATED ON THE RIGHT SIDE OF L013D04.SCH

19 FRS IA

L7 ENAO 

15ENA2 \

X14 ENA3 \

13 DELAY DATA
D
1 2

FRSIB

PAL 6C
FRINGE NCO SERIAL INPUT CONTROL PAL

THIS PAL CONTROLS THE CLOCK ENABLES FOR THE
74LS166 SHIFT REGISTERS THAT SHIFT SERIAL MODEL
PARAMETERS INTO THE SYSTEM AND THE NCO AND DELAY
DATA OUTPUT SIGNALS.

FRSIA
PIN 19. THIS PAL OUTPUT SUPPLIES THE FRINGE
PARAMETER DATA OUTPUT. THERE ARE TWO IDENTICAL
VERSIONS OF THIS SIGNAL FOR FANOUT REASONS.

PIN 18. THIS PAL OUTPUT IS NOT USED.
ENAO\ I
PIN 17. THIS PAL OUTPUT SUPPLIES THE CLOCK
ENABLE SIGNAL FOR THE 8-BIT SHIFT REGISTER 5C.

ENA1\
PIN 16. THIS PAL OUTPUT SUPPLIES THE CLOCK
ENABLE SIGNAL FOR THE 32-BIT SHIFT REGISTER FORMED
BY IC, 2C, 3C, AND 4C.

ENA2 \
PINS 15. THIS PAL OUTPUT SUPPLIES THE CLOCK
ENABLE SIGNAL FOR THE 8-BIT SHIFT REGISTER 5D.

ENA3 \
PIN 14. THIS PAL OUTPUT SUPPLIES THE CLOCK
ENABLE SIGNAL FOR THE 32-BIT SHIFT REGISTER FORMED
BY ID, 2D, 3D, AND 4D.

DELAYDATA
PIN 13. THIS PAL OUTPUT SUPPLIES
THE DELAY VALUE OUTPUT.

FRSIB
PIN 12. THIS PAL OUTPUT SUPPLIES THE
SECOND FRINGE PARAMETER DATA OUTPUT.

CLK16C CLK16C 6C

1 1 01
NCO PHASE 2120

DELAY 3130

NCO RATE 4140

S2 5 15 05

S3 6 16 06

S4 7 17 07

S5 8 18 08

919

1121

16L8

M1
PIN 17 ENAO \

M5

M2
M5 PIN 16 ENA1\
M7 module PAL_6C

title 'FRINGE NCO SERIAL INPUT CONTROL PAL
M3

PIN 15 ENA2\ Ray Escoffier
M6

M4
PIN 14 ENA3\

M6

9 August, 1989'

U6C
inputs......................

FRPHASE
DELAYIN
F RRATE
S2

S3
S4
S5

.YDATAt S5 S4 S3 S2 FUNCTION
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

" 1 0 0
0 0 0"o o o

,, 0 0 1
,, 0 1

S o 1 o0
S1 1 0

, 1 1 1
1 1 1

"outputs.....

"definitions..

"equations....
equations

FRSIA

device 'P16L8'
..............................................

PIN 2 ;
PIN 3 ;
PIN 4 ;
PIN 5 ;
PIN 6 ;
PIN 7 ;
PIN 8 ; "NOT USED"

0 IDLE
1 ENAO\ = 0 OTHER ENABLES INACTIVE (LOAD 5C)
0 ENA1\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4C)
1 ENA2\ = 0 OTHER ENABLES INACTIVE (LOAD 5D)
0 ENA3\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4D)
1 ENAO\ AND ENAl\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5C)
0 ENA2\ AND ENA3\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5D)
1 ENA1\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4C FOR DELAY)

FRSIA PIN 19
!ENAO PIN 17
!ENA1 PIN 16
!ENA2 PIN 15
!ENA3 PIN 14
DELAY PIN 13
FRSIB PIN 12

MODE = [S4,S3,S2]
ENA = [ENA3,ENA2,ENAI,ENAO]

= FRPHASE & (MODE == [1,1,0])
# FR RATE & (MODE == [1,0,1])

= [0o,o,o,1]
# [0o,o,1,0]
# [o,i,o,o0]
# [1i,o,o,o0]
# [o,o,i,1]
# [1i,i,o,0]
# [0,0,1,0]

S5 S4 S3 S2 FUNCTION MODEL
0 X X X ENABLE ALL SHIFT REGISTERS TO LOAD
1 X X X ENABLE ALL SHIFT REGISTERS TO SHIFT
1 0 0 0 IDLE
0 0 0 1 ENAO\ = 0 OTHER ENABLES INACTIVE (LOAD 5C) FRINGE RATE
0 0 1 0 ENA1\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4C) FRINGE RATE OR DELAY
0 0 1 1 ENA2\ = 0 OTHER ENABLES INACTIVE (LOAD 5D) FRINGE PHASE
0 1 0 0 ENA3\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4D) FRINGE PHASE
1 1 0 1 ENAO\ AND ENA1\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5C) FRINGE RATE
1 1 1 0 ENA2\ AND ENA3\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5D) FRINGE PHASE
1 1 1 1 ENAl\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4C) DELAY

NOTE THAT CLK16C IS NOT USED.

DELAY

FRSIB

end PAL_6C

= DELAY_IN & (MODE == [1,1,1])

= FRPHASE & (MODE == [,,0]
# FR_RATE & (MODE == [1,0,1])

FRINGE NCO SERIAL INPUT CONTROL PAL

Size Document Number REV

B PAL6C.SCH

Date: October 15, 19971Sheet 4 of 15

ENA (MODE
(MODE
(MODE
(MODE
(MODE
(MODE
(MODE

[o,o,i])
[0,1,0])
[o,i,1])

[i,o,o0])
[1,0,1])
[1,1,0])
[1,1,1])

S2 1 15M0~21A YO lM
$3 2 B Y1 14M1

4 3 B Y2 13M2C Y2 !1M
Y3 12M3

Y4 11M4
6 G1 Y5 lOM6

5G2A Y6 9M6
G2B Y7

74LS138
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EZZI

FEEDBACK TO LATCH
SAMPLE MUX

FSTC-AO

FSTC-A2 I FSTC-A
FSTC-A2 N0 FSTC-A1 I
FSTC-A3 P CI N R SIGNO FSTC-A2 NFS
FSTC-A4 FU FSTC-A3 P 0FOR RFSSIA
FSTC-A5 T G FSTC-A4 U E

FSTC-A6 S FSTC-A5 T i
FSTC-A7 FSTC-A6 S A

FSTC-A7
SNX SNMODE 1 MODE 0 FUNCTIO

S T T F 0 O 64 TO 512 PT
MO E S E 0 1 1024 POINT FI
M1 L MO E 1 0 2048 POINT FF

E R Ml. L
FFTO C E

T FFTO C FFTO IS SIGN EXTENSION POSITION.
FFTI4 I T

FFT14 FFTI4 = 1 FOR PHASE, 0 FOR RATE
PHASE AND RATE ARE ALTERNATELY SHIFTED

SIGN EXTENSION DETERMINATION

THESE PALS MUX THE FSTC XILINX OUTPUTS TOGETHER TO GET THE
LOCATED L013D04.SCH, LOWER RIGHT PROPER FSTC PHASE AND RATE PARAMETERS FOR THE MODE PROGRAMMED.

STNS 0,2,4,6,8

P3A-29 PIPED
P3B-29 PIPE1
P3A-31 PIPE2
P3B-31 PIPE3

FRACTIONAL SAMPLE
CO SHIFT REGISTER
DATA

STNS 1,3,5,7,9

P3C-31 PIPEO
P3A-27 PIPE1
P3B-26 PIPE2
P3B-27 PIPE3

module PAL 7E

title 'FSTC DATA MUX PAL

Ray Escoffier 19 August, 1989'

U7E device 'P22V10' ;

" THIS PAL REPLACES THE 16V8 ORIGINAL DESIGN"
This pal is very similar to pal7f.abl. See pal7f.abl for detailed"

" comments.

"inputs . ............................................................

FSTCO PIN 2
FSTC1 PIN 3
FSTC2 PIN 4
FSTC3 PIN 5
FSTC4 PIN 6
FSTC5 PIN 7
FSTC6 PIN 8
FSTC7 PIN 9
M2 PIN 23
M3 PIN 22 ;
FFTO PIN 17
FFT14 PIN 16 ;

"internal storage, not used externally..............................

SIGNO PIN 15 ;
SIGN1 PIN 14

M3 M2 MODE

0 0 64, 128, 256, OR 512 POINT FFT
0 1 1024 POINT FFT
1 0 2048 POINT FFT

FFTO = 1 PRODUCES SIGN EXTENSION
FFT14 = 0 DURING 10-BIT SHIFTOUT OF THE FSTC NCO PHASE
FFT14 = 1 DURING 10-BIT SHIFTOUT OF THE FSTC NCO RATE

"outputs. ............................... "

!FSSIE PIN 21 ;
!FSSIF PIN 20
!FSSIG PIN 19 ;
!FSSIH PIN 18

"definitions ..........................................................

MODE = [M3,M2]

"equations ..........................................................

N

FFT
FT
FT

OUT.

"PIPE 2"
"for FSSIG, we want the rate sign bit used for sign extension for rates in"
"all three FFT cases; we want zeros for the upper five bits for 512 and 1K"
"and we want to pass fstc6 thru during the upper 5 bits for 2K"
"for 512 and 1K, signl is the storage element to use"
"for 2K, signO is same as signl and we still use signl for the rate"

FSSIG 0 & (MODE == [0,0]) & !FFTI4 & !FFTO "PHASE"
# FSTC3 & (MODE == [0,0]) & FFT14 & !FFTO "RATE"

# 0 & (MODE == [0,1]) & !FFTl4 & !FFTO "PHASE"
# FSTC5 & (MODE == [0,1]) & FFT14 & !FFTO "RATE"

# FSTC6 & (MODE [1== ,0]) & !FFT14 "PHASE"
# FSTC4 & (MODE [1== ,0]) & FFT14 & !FFTO "RATE

# 0 & (M3== 0 ) & !FFT14 & FFTO "P 512&1K'
# SIGN1 & FFT14 & FFTO; "ALL RATES"

"PIPE 3"
"for FSSIH we want sign extension, using the sign of the rate, for all rates"
"we need the same sign extension for phase in 1K"
"we want zeros for <=512 phase"
"The Xilinx FSTC7 term is faulty. FSTC7 adds ncoxl plus ncox512 for"
"2K pipe 3 initial phase. FSTC7 needs sign extension on the ncoxl"
"term. In the 2K phase equation, we are changing FSTC7 to FSTC6 so"
"pipe 3 will have the same initial phase as pipe 2. This is done as an"
"alternative to fixing the Xilinx. The error of the initial phase"
"being slightly off is not considered significant. For consistancy the"
"initial phases are made identical for pipes 0 and 1 also."

FSSIH , 0 & (MODE == [0,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC3 & (MODE == [0,0]) & FFT14 & !FFTO "RATE"

# FSTC1 & (MODE == [0,1]) & !FFTI4 & !FFTO "PHASE"
# FSTC5 & (MODE == [0,1]) & FFT14 & !FFTO "RATE"

# FSTC6 & (MODE == [1,0]) & !FFT14 "PHASE"
# FSTC4 & (MODE == [1,0]) & FFT14 & !FFTO "RATE

# 0 & (MODE == [0,0]) & !FFT14 & FFTO "PHASE 512
# SIGN1 & FFT14 & FFTO "ALL RATES
# SIGN1 & (MODE == [0,1]) & !FFTI4 & FFTO; "PHASE 1K'

"See pal7f.abl for additional notes"

end PAL_7E

SEE EXTENSIVE COMMENTS IN pal7f.abl
SEE k027d02.blk
SEE fccasm/fcc.doc

IN m:/fcc/sch under SCCS

Title

FSTC SERIAL WORD MUX 7F & 7E

sizeluocument Number
C I PAL7F.SCH

Date: October 20, 1997Sheet 5 of 15

equations

SIGNO 0 & (MODE == [0,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC2 & (MODE == [O,0]) & FFTI4 & !FFTO "RATE"

# FSTCD & (MODE == [0,1]) & !FFTl4 & !FFTO "PHASE"
# FSTC4 & (MODE == [0,]) & FFTl4 & !FFTD "RATE"

# 0 & (MODE == [1,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC4 & (MODE == [1,0]) & FFTl4 & !FFTO "RATE"

# SIGNO & FFTO

SIGN1 = 0 & (MODE == [0,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC3 & (MODE == [0,0]) & FFTl4 & !FFTO "RATE"

# FSTCl & (MODE == [0,1]) & !FFTl4 & !FFTO "PHASE"
# FSTC5 & (MODE == [0,1]) & FFTl4 & !FFTO "RATE"

# 0 & (MODE == [1,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC4 & (MODE [1== ,0]) & FFT14 & !FFTO "RATE"

# SIGN1 & FFTO ;
"PIPE 0"
"for FSSIE, sign extension, using the sign of the rate, is only applied to"
"the rates for all fft sizes"
"since the phase is all zeros, we do not want the sign of the rate applied"
"to the phase for any of the three FFT sizes for FSSIE (pipe 0)

FSSIE := 0 & (MODE == [0,0]) & !FFTl4 & !FFTO "PHASE"
# FSTC2 & (MODE == [0,0]) & FFTI4 & !FFTO "RATE"

# 0 & (MODE == [0,1]) & !FFTl4 & !FFTO "PHASE"
# FSTC4 & (MODE == [0,1]) & FFTI4 & !FFTO "RATE"

# 0 & (MODE [1== ,0]) & !FFTI4 & !FFTO "PHASE"
# FSTC4 & (MODE [1== ,0]) & FFTI4 & !FFTO "RATE"

# 0 & !FFTI4 & FFTO "PHASE"
# SIGNO & FFTI4 & FFTO; "RATE

"PIPE 1"
"sign extension, using the sign of the rate, is applied to both phase and
"rate except for the phase for fft sizes <= 512 and 2K, which are zero

"The Xilinx FSTC7 term is faulty. FSTC7 adds ncoxl plus ncox512 for"
"2K pipe 3 initial phase. FSTC7 needs sign extension on the ncoxl"
"term. In the 2K phase equation, we are changing FSTC7 to FSTC6 so"
"pipe 3 will have the same initial phase as pipe 2. This is done as an"
"alternative to fixing the Xilinx. The error of the initial phase"
"being slightly off is not considered significant. For consistancy the"
"initial phases are made identical for pipes 0 and 1 also."
"This entailed changing the 2K Phase from FSTCO to 0. "

FSSIF0 & (MODE == [0,0]) & !FFT14 & !FFTO "PHASE"
# FSTC2 & (MODE == [0,0]) & FFT14 & !FFTO "RATE"

# FSTCO & (MODE == [0,1]) & !FFTI4 & !FFTO "PHASE"
# FSTC4 & (MODE == [0,1]) & FFT14 & !FFTO "RATE"

# 0 & (MODE [1== ,0]) & !FFTI4 & !FFTO "PHASE"
# FSTC4 & (MODE [1== ,0]) & FFT14 & !FFTO "RATE

"

# 0 & (MODE == [0,0]) & !FFT14 & FFTO "PHASE 512"
# SIGNO & (MODE == [0,0]) & FFT14 & FFTO "RATE 512"

# SIGNO & (MODE == [0,1]) & FFTO "P & R 1K "
# 0 & (MODE [1== ,0]) & !FFTI4 & FFTO "PHASE 2K
# SIGNO & (MODE == [1,0]) & FFT14 & FFTO; "RATE 2K

;

2 "so"



LOCATED LOWER LEFT OF L013D02.SCH

TABINC 2
CAPNF 3
INIT1\ 4

TBMODE 5
TABLE0 6
TABLEl 7
TABLE2 8
TABLE3
TABLE4 10

TABLES11TABLE5 1414

TABLE6 23
TABLE7 CLK32E 1

13

8A

Il 01
T2 02
13 03
14 - 04
I5 05
16 06
17 07
18 08
19
110
ill
112
CLK
OE

22V10

22 TABLE 1-0
21 TABLE 1-1
20 TABLE 1-2
19 TABLE 1-3
18 TABLE 1-4
17 TABLE 1-5
46 TABLE 1-6
15 TABLE 1-7

PAL 8A
TRIG TABLE SELECTION PAL

PAL PINS 22 THRU 15 FORM A BINARY COUNTER
WHICH IS USED BY THE TRIG TABLE RAMS TO SELECT
A TRIG TABLE FROM THE 128 OR 256 TABLES STORED.
THE COUNTER RESETS TO A COUNT OF ZERO AT THE
START OF A FRINGE CYCLE AND INCREMENTS EACH
FFT CYCLE. WHEN TBMODE IS LOW, THE TRIG TABLE
SELECTED IS DETERMINED BY THE MICROPROCESSOR
VIA THE TABLEO-7 INPUT LINES.

TABINC PIN 2 O
CAPNF PIN 3

TABLE 0

TABLE 1

TABLE2

TABLE3

TABLE4

TABLE5

TABLE6

TABLE7

PIN 6

PIN 7

PIN 8

PIN 9

PIN 10

PIN 11

PIN 12

PIN 13

PI
TBMODE

CLK3PICLK3 2

cI ENA

I0

Il

12

13

14

15

16

17

QO

Q1

Q2

Q3

Q4

Q5

Q6

Q7

PIN 22

PIN 21

PIN 20

PIN 19

PIN 18

PIN 17

PIN 16

PIN 15

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

N 5 CN5 LOAD

RESET

N 1 CLK

BINARY
COUNTER

LOAD OVERRIDES RESET AND CLEAR.

module PAL_8A

title 'TRIG TABLE CONTROL PAL

Ray Escoffier 28 July 1989'

U8A device 'P22V10'

"inputs ............ ... .. . .. ................................... ................ "

TABINC PIN 2
CAPNF PIN 3
!INIT1 PIN 4
TBMODE PIN 5
TABO0 PIN 6
TAB1 PIN 7
TAB2 PIN 8
TAB3 PIN 9
TAB4 PIN 10
TABS5 PIN 11
TAB6 PIN 14
TAB7 PIN 23

i-01-0 "outputs.............................................................

1-1 TABLEO PIN 22
1-2TABLE1 PIN 21

TABLE2 PIN 20
1-3TABLE3 PIN 19

TABLE4 PIN 18

1-4TABLES PIN 17
TABLE6 PIN 16

1-5 TABLE7 PIN 15

1-6 "definitions.......................... ...... ..............................1-6

1-7 TABLEIN = [TAB6,TAB5,TAB4,TAB3,TAB2,TAB1,TABO]
TABLE = [TABLE6,TABLES5, TABLE4 , TABLE3,TABLE2 , TABLEl,TABLE0]

"equations ........ ........ .........................................'

equations

TABLE

TABLE7

(TABLE-IN
# (TABLE
# (TABLE + 1)

# 0

: = (TAB7
# 0

!TBMODE
TBMODE & !TABINC
TBMODE & TABINC & !CAPNF
TBMODE & TABINC & CAPNF

& !TBMODE
& TBMODE

TBMODE TABINC CAPNF FUNCTION
0 X X CLOCK IN uPROC TABLE NUMBER TABLE(0..7)
1 0 X HOLD TABLE 1-(0..7)
1 1 0 INCREMENT TABLE 1-(0..7)
1 1 1 RESET TABLE 1-(0..7)

NOTE: INITI\ INTO 8A IS A SPARE INPUT.

end PAL_8A

Title

TRIG TABLE SELECTION PAL

SizelDocument Number REV

B PAL8A.SCH
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LOCATED MID UPPER LEFT OF L013D02.SCH
12D

2 19

-- I8 Q7
11 QO

S 1R 18
12 Q1 1

T3 5 13 Q2 16

T4 6 14 Q3 15

T5 7 15 Q4 14

T6 8 16 Q5 13

T7 9 17 Q6 12

18 Q7

CLK3 2B 1 L

11 
O

16R8

CAPNF

FRMODE
S8

PAL 12D
FFT SEQUENCER DECODE PAL

THIS PAL WILL DECODE TIMING SIGNALS GENERATED BY
THE FFT CYCLE SEQUENCER TO PROVIDE CONTROL
SIGNALS TO THE FFT CARD.

PIN 19. THIS PAL OUTPUT IS NOT USED.

PINS 18 AND 17. THESE PAL OUTPUTS DECODE THE FFT
CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE FRINGE LOAD SIGNAL FOR THE FFT CARD. THIS
SIGNAL COMES NEAR THE BEGINNING OF THE FIRST FFT
CYCLE OF A NEW FRINGE CYCLE. TWO IDENTICAL
OUTPUTS ARE PROVIDED FOR FANOUT.

PINS 16 AND 15. THESE PAL OUTPUTS DECODE THE FFT
CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE NEW FRINGE SIGNAL FOR THE FFT CARD. THIS
SIGNAL IS CAPTURED BY THE FFT INIT SIGANL ON THE
FFT CARD. IT THUS CAN BE A WIDE PULSE NEAR THE
FIRST FFT CYCLE OF A NEW FRINGE CYCLE. TWO
IDENTICAL OUTPUTS ARE PROVIDED FOR FANOUT.

PINS 14 AND 13. THESE PAL OUTPUTS DECODE THE FFT
CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE FRINGE REWIND SIGNAL FOR THE FFT CARD. THIS
SIGNAL COMES NEAR THE BIGINNING OF EACH FFT
CYCLE. TWO IDENTICAL OUTPUTS ARE PROVIDED FOR
FANOUT.

PIN 12. THIS PAL OUTPUT IS NOT USED.

PAL 18D, 12D AND 13D FUNCTION TABLE
COUNT CAPNF T7 T6 T5 T4 T3 T2 T1 TO FUNCTION

X X X X X X X X X 1/0 STAGE4-ENA = TO, STAGE5-ENA = TO\
X X 0 0 0 X 0 0 0 X IDLE
X X X X X X 0 0 1 X INIT1\ = O
X X X X X X 0 1 0 X INIT2\ = 0
X X X X X X 0 1 1 X INIT3\ = O
X X X X X X 1 0 0 X INIT4\ = 0
X X X X X X 1 0 1 X INIT5\ = O
X X X X X X 1 1 0 X INITPG\ = 0
X 1 0 0 1 X X X X X FRLOAD\ = O
X 1 0 1 0 X X X X X NEW FR = 1
X 0 0 1 1 X X X X X FRRW\ = 0
X 1 0 1 0 X X X X X uNEW FRINGE = 1
X X 1 0 0 X X X X X PGFRINGE = 1
6 X 1 0 1 X X X X X FSTFRINGE = 1
X X 1 1 0 X X X X X FSLOAD\ = O

T4 IS NOT USED.
WHEN FRMODE IS HIGH FRLOAD AND FRRW ARE INACTIVE AND S8
IS = TO NEW FR.

module PAL_12D

title 'FFT SEQ FR DECODER

Ray Escoffier 16 Aug 1989'

U12D device 'P16R8' ;
"inputs ........... .. . . . .............................................

CAPNF
FRMODE
S8
T3
T4
T5
T6
T7

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

"outputs.............. .................................................. .

!FRLOADA
!FRLOADB
NEWFRA
NEWFRB
!FRRWA
[FRRWB

PIN 18 ;
PIN 17 ;
PIN 16 ;
PIN 15 ;
PIN 14 ;
PIN 13 ;

"definitions ........................................................

SEQ = [T7,T6,T5]

"equations . .............................................................

equations

FRLOADA

FRLOADB

NEWFRA
NEWFRB
FRRWA
FRRWB

end PAL_12D

" FRMODE S8 T7 T6 T5 CAPNF CARD FUNCTION
-- - - - - - - - - - - - - - - - - - - - - - - - - - - - ---------------_ _,_ _ ___,_ _ _ _

0 X 0 0 0 X - IDLE
0 X 0 0 1 1 FFT FR LOAD ACTIVE
0 X 0 1 0 1 FFT NEW FRINGE ACTIVE
0 X 0 1 1 X FFT FRINGE REWIND ACTIVE
1 0 X X X X FFT IDLE

" 1 1 X X X X FFT FR LOAD ACTIVE

(SEQ == [0,0,1]
# S8 & FRMODE

(SEQ == [0,0,1]
# S8 & FRMODE

(SEQ == [0,1,0]
(SEQ == [0,1,0]
(SEQ == [0,1,1]
(SEQ == [0,1,1]

) & CAPNF & !FRMODE

) & CAPNF & !FRMODE

&
&
&
&

CAPNF
CAPNF
CAPNF
CAPNF

!FRMODE
!FRMODE
!FRMODE
!FRMODE

FFT SEQUENCER DECODE PAL

Size Document Number REV

B PAL12D.SCH
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FRLOAD\A

FRLOAD\B
NEW FR A
NEW FR B
FRRW\A
FRRW\B
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uNEW FFT GOES TO THE uP, BUT IS NOT USED FOR ANYTHING.

uNEW FRINGE PAL 13D
-uNEW FFTI FFT SEQUENCER DECODE PAL

THIS PAL WILL DECODE TIMING SIGNALS GENERATED BY
THE FFT CYCLE SEQUENCER TO PROVIDE CONTROL
SIGNALS TO THE FFT CONTROL CARD AND THE FFT
CARD.

PIN 19. ONE BIT OF A 3-BIT COUNTER.

PIN 18. THIS PAL OUTPUT DECODES THE FFT CYCLE
SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE A NEW
FRINGE INTERRUPT SIGNAL FOR THE FFT CONTROL CARD
MICROPROCESSOR. THIS SIGNAL COMES NEAR THE
]BEGINNING OF THE FRIST FFT CYCLE OF A NEW FRINGE
CYCLE.

PIN 17. ONE BIT OF A 3-BIT COUNTER.

PINS 16 AND 15. THESE PAL OUTPUTS DECODE THE FFT
CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE NEW FRINGE SIGNAL FOR THE FFT CARD. THIS
SIGNAL IS CAPTURED BY THE FFT INIT SIGNAL ON THE
FFT CARD. IT THUS CAN BE A WIDE PULSE NEAR THE
FIRST FFT CYCLE OF A NEW FRINGE CYCLE. TWO
IDENTICAL OUTPUTS ARE PRIVIDED FOR FANOUT.

PINS 14 AND 13. THESE PAL OUTPUTS DECODE THE FFT
CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE FRINGE REWIND SIGNAL FOR THE FFT CARD. THIS
SIGNAL COMES NEAR THE BIGINNING OF EACH FFT
CYCLE. TWO IDENTICAL OUTPUTS ARE PRIVIDED FOR
FANOUT.

PIN 12. ONE BIT OF A 3-BIT COUNTER.

PAL 18D, 12D AND 13D FUNCTION TABLE
COUNT CAPNF T7 T6 T5 T4 T3 T2 T1 TO FUNCTION

X X X X X X X X X 1/0 STAGE4-ENA = TO, STAGE5-ENA = TO\
X X 0 0 0 X 0 0 0 X IDLE
X X X X X X 0 0 1 X INIT1\ =O0
X X X X X X 0 1 0 X INIT2\ = O
X X X X X X 0 1 1 X INIT3\ = O
X X X X X X 1 0 0 X INIT4\ = O
X X X X X X 1 0 1 X INIT5\ = O
X X X X X X 1 1 0 X INITPG\ = O
X 1 0 0 1 X X X X X FRLOAD\ = O
X 1 0 1 0 X X X X X NEW FR = 1
X 0 0 1 1 X X X X X FRRW\ = O
X 1 0 1 0 X X X X X uNEW FRINGE = 1
X X 1 0 0 X X X X X PGFRINGE = 1
6 X 1 0 1 X X X X X FSTFRINGE =1
X X 1 1 0 X X X X X FSLOAD\ = O

NOTE: T4 IS NOT USED. COUNT, SHOWN ABOVE, IS TAKEN FROM A 3-BIT
COUNTER MADE UP OF PINS 12, 17, AND 19 OF 13D. THIS COUNTER
IS USED TO DELAY THE FSTFRINGE SIGNAL 5 FFT CYCLES TO MAKE
UP FOR PIPELINNING IN THE FFT CARD.

module PAL_13D

title 'FFT SEQ DECODER

Ray Escoffier 16 Aug 1989'

U13D device SP16R8' ;

"inputs...... .. ............................... "...

CAPNF
T1
T2
T3
T4
T5
T6
T7

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

2 ;
3 ;
4;
5;
6 ;
7 ;
8 ;
9 ;

T7 T6 T5 CAPNF CARD FUNCTION

O 0 0 X - IDLE
O 0 1 0 1 CONT NEW FRINGE INTRR TO uPROC ( = NEW FR)
O 1 0 X CONT NEW FFT SIGNAL TO uPROC (NOT USED)"

" 1 0 0 1 CONT NEW FRINGE SIGNAL TO PULSAR GATE LOGICS 1 0 1 1 CONT NEW FRINGE SIGNAL TO FRACT SAMPLE LOGICS 1 1 0 X FFT LOAD FRACTIONAL SAMPLE TIME PARAMETERS

"outputs ............................................................... "

!uNEWFRINGE
PGFRINGE
FSTFRINGE
!FSCLOADA
!FSCLOADB
!CO
!Cl
!C2

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

18
16
15
14
13
19
17
12

"definitions............................ ............................

SEQ = [T7,T6,T5]
CNT = [C2,C1,CO]

"equations ... .................. ................................................

equations

uNEWFRINGE
PGFRINGE
FSTFRINGE

FSCLOADA
FSCLOADB

CNT

end PAL 13D

(SEQ ==

(SEQ
(SEQ

# (SEQ
(SEQ
(SEQ ==

[0,1,0]
[1,0,0]
[1,0,1]
[1,0,1]

[1i,1,0]
[1,1,0]

CNT
# [0,0,1]
# (CNT + 1)

) & CAPNF

) & (CNT == [,,0]
) & FSTFRINGE

(SEQ != [0,1,1])
(SEQ == [0,1,1])
(SEQ == [0,,])

& CAPNF
& (CNT != [0,0, 0])

FFT SEQUENCER DECODE PAL

Size Document Number REV

B PAL13D.SCH
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LOCATED MID UPPER LEFT OF L013D02.SCH

INITu 5

7
6

14
15
17
16

PROG _ 1

PAL 18D
FFT SEQUENCER DECODE PAL

PAL OUTPUT PINS 19, 18, 17, 16,
15, AND 12 DECODE STATES OF THE
FFT CYCLE SEQUENCER AND PROVIDE
FFT CYCLE INITIATE PULSES FOR THE
5 STAGES OF TRIG TABLES AND FOR
THE PULSAR GATE GENERATOR. OUTPUT
PINS 14 AND 13 PROVIDE ALTERNATE 1/0
WHICH BECOME THE LS ADDRESS OF STAGE
4 AND STAGE 5 TRIG TABLE. WHEN PROG
IS HIGH THE MICROPROCESSOR SIGNAL
uINIT REPLACES THE FFT CYCLE SEQUENCER
TIMING SIGNAL SO THE MICROPROCESSOR
CAN ADDRESS THE TRIG TABLES.

T1 1 15
T2 2 A YO 14
T3 3 B Y1 13C Y212:

Y312
11Y4

4 G1 Y5
G2A Y6
G2 B Y7
74LS138

TO

CLK3 2

11

4
5
7
6

14
15
17
16

1
11

PAL 18D, 12D AND 13D FUNCTION TABLE
COUNT CAPNF T7 T6 T5 T4 T3 T2 T1 TO FUNCTION

X X X X X X X X X 1/0 STAGE4-ENA = TO, STAGE5-ENA = TO\
X X 0 0 0 X 0 0 0 X IDLE
X X X X X X 0 0 1 X INIT1\ = 0
X X X X X X 0 1 0 X INIT2\ = 0
X X X X X X 0 1 1 X INIT3\ = O
X X X X X X 1 0 0 X INIT4\ = O
X X X X X X 1 0 1 X INIT5\ = O
X X X X X X 1 1 0 X INITPG\ = O
X 1 0 0 1 X X X X X FRLOAD\ = O
X 1 0 1 0 X X X X X NEW FR = 1
X 0 0 1 1 X X X X X FRRW\ = O
X 1 0 1 0 X X X X X uNEW FRINGE = 1
X X 1 0 0 X X X X X PGFRINGE = 1
6 X 1 0 1 X X X X X FSTFRINGE = 1
X X 1 1 0 X X X X X FSLOAD\ = O

NOTE: T4 IS NOT USED. THE TABLE ABOVE IS VALID FOR PROG = 0.
WHEN PROG = 1 ALL OUTPUTS OF THE 18D PAL ARE = TO uINIT.

Al Q 2 PIN 19 !INIT1
A2 QA 3
A2 QA 9 PIN 18 !INIT2
B1 QB 8

B2 QB 12 PIN 17 !INIT3
Cl QC 13

C2 QC 19 PIN 16 !INIT4
D1 QD 18
D2 QD
WS
CLK

74LS398

2 PIN 15 tINIT5Al QA 3A2 QA 9

B1 

EB 

8 PIN 14

B2 QB S TAGE 4- ENA I
B2 QB 12 PN1 STAGE5_ENA
Cl QC 1

C QC19 PIN 12
D1 QD 18 <INITPG\
D2 QD
ws
>CLK

74LS398
module PALI8D

title FFT SEQ INIT DECODER

Ray Escoffier 28 July 1989'

U18D device 'P16R8' ;
inputs . . . . . .............................................................. . .

PROG
uINIT
TO
T1
T2
T3
T4
T5

PIN 2 ;
PIN 3 ;
PIN 4 ;
PIN 5 ;
PIN 6 ;
PIN 7 ;
PIN 8 ;
PIN 9 ;

T5 T4 T3 T2 T1 TO FUNCTION

" X X X X X i/0 STAGE4 = TO AND STAGE 5 = TO\
" X X 0 0 0 X IDLE

X X 0 0 1 X FFT STAGE 1 INIT ACTIVE
X X 0 1 0 X FFT STAGE 2 INIT ACTIVE
X X 0 1 1 X FFT STAGE 3 INIT ACTIVE
X X 1 0 0 X FFT STAGE 4 INIT ACTIVE
X X 1 0 1 X FFT STAGE 5 INIT ACTIVE
X X 1 1 0 X PULSAR GATE INIT ACTIVE

"outputs ..................................... ................. ...............

!INIT1 PIN 19
!INIT2 PIN 18
!INIT3 PIN 17
!INIT4 PIN 16
!INIT5 PIN 15
!STAGE4 PIN 14;
!STAGE5 PIN 13
!INITPG PIN 12

"definitions ................ ...................................................................
SEQ = [T3,T2,T1]

"equations.. ...................... .................................

equations

INITI
INIT2
INIT3
INIT4
INIT5
STAGE4
STAGES
INITPG

end PAL_18D

(SEQ ==

(SEQ ==

(SEQ ==

(SEQ ==

(SEQ ==

TO
TO
(SEQ ==

[0,0,i])
[0,1,0])
[0,1,1])

[1,0,0])
[1,0,1])

& !PROG
& !PROG
& !PROG
& !PROG
& !PROG

# !uINIT & PROG
# !uINIT & PROG
# !uINIT & PROG
# !uINIT & PROG
# !uINIT & PROG

[1,1,0]) & !PROG # !uINIT & PROG

FFT SEQUENCER DECODE PAL

Size Document Number REV

B PAL18D.SCH
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DATA FROM MASTER IS READY

CL]

SD1
BU:
SE]
ST]
MOI
MOI

!IRQIN
RDHCB

!uP RES]

EAR TO SEEND DATA TO MASTER
LOCATED L013D03.SCH, LOWER RIGHT

21E
ATARDY 1 19 ACK

Di?SY 2 18 RCVENA\
LECT 3 3 17 BUSENA
ROBE 4 14 0416 OEA\
DEO 5 50 5 ACKA\DE1 6 I5 05 14 WRB\

716 06 1 RESET

8 17 07 1 IRQ\I8 08

i I10

16L8

PAL 21E
HCB CONTROLLER PAL

ACK: FOR WRITES FROM MASTER TO 2950,
ACK GOES LOW WHEN 2950 IS BUSY, GOES
HIGH WHEN 2950 IS READY FOR MORE DATA.

FOR READS OF 2950 BY MASTER, ACK GOES
LOW WHEN 2950 HAS NEW DATA, HIGH
WHEN MASTER HAS READ THE DATA.

FOR ATTENTION REQUEST FROM SLAVE TO
MASTER, ACK GOES LOW; CLEARS WHEN
MASTER INTEROGATES SLAVE.

RCVENA\: ENABLE DATA FROM HCB BUS TO LOCAL BUS

BUSENA: ENABLE DATA FROM LOCAL BUS TO HCB BUS

OEA\: ENABLE DATA FROM 2950 PORT A TO LOCAL BUS

ACKA\: ACK PULSE TO 2950 FOR BOTH READ AND WRITE
(PULSES LOW, TRAILING EDGE IS ACTIVE)

WRB\: WRITE PULSE TO 2950 FOR WRITES BY MASTER
(PULSES LOW, TRAILING EDGE IS ACTIVE)

RESET: HIGH TRUE RESET PULSE

IRQ\: LOW TRUE INTR RQST PULSE TO SLAVE
INDICATES NEXT BYTE IS FIRST BYTE OF
A TRANSFER FROM MASTER TO SLAVE.

PIN 12 IRQ\

IRQIN

SRDHCB

"constants .... ... .............

H,L,X,Z,C = 1,0,

MODE = [SEL,MD1,MD0 ;

ATN = (MODE ==
FIRSTBYTE = (MODE == [
MOREBYTES = (MODE == [
READ = (MODE ==
RESET = (MODE ==
ACKHIGH =

(MODE
# (MODE
# (MODE

OEAHIGH =
(MODE

# (MODE
# (MODE
# (MODE

'P16L8';

.X., .Z., .C.;

0,0,0]);
1,0,0]);
1,0,1]) ;
1, i,0]);1,1,1]);

== [,0,1])
== [0,1,1])
== [1,0,0])

[0,0,0])
== [0,i,o0])
== [1i,,o])

== [1,1,1])

# (MODE == [0,1,0])
# (MODE == [1,1,1])

# (MODE == [0,0,11)
# (MODE == [0,1,1])
# (MODE == [1,0,1])

SELECT STROBE MODEl MODEO FUNCTION ACK RCVENA\ BUSENA OEA\ ACKA\ WRB\ RESET IRQ
0 X 0 0 ALLOW SLAVE TO ASSERT ATTN SDATARDY\ 1 0 1 1 1 0 1
0 X 0 1 IDLE 1 1 0 1 1 1 0 1
0 X 1 0 IDLE 1 1 0 1 1 1 0 1
0 X 1 1 IDLE 1 1 0 1 1 1 0 1
1 J- 0 0 MASTER SENDS IRQ TO SLAVE 1 1 1 1 STROBE\ 1 0 STRO
1 __-t 0 1 MASTER WRITES TO SLAVE BUSY\ 0 0 1 STROBE\ STROBE\ 0 1
1 --l 1 0 MASTER READS FROM SLAVE SDATARDY\ 1 STROBE STROBE\ STROBE\ 1 0 1
1 _I__ 1 1 MASTER RESETS SLAVE 1 1 0 1 STROBE\ 1 STROB 1

E\BE \

"equations ............. . ........ "

equations

ACK = ATN & !SRDY
# MOREBYTES & !BUSY
# READ & !SRDY
# ACKHIGH;

RENA = FIRSTBYTE
# MOREBYTES;

BENA = READ & STB;

OEA = READ & STB;

ACKA = (FIRSTBYTE # MOREBYTES # READ # RESET) & STB;

WRB = (FIRSTBYTE # MOREBYTES) & STB;

RST = (RESET & STB) # UPRESET;

IRQ = (FIRSTBYTE & STB) # (IRQIN & !RDHCB) ;

end PAL_21E

HCB CONTROLLER PAL

Size Document Number REV

B PAL21E.SCH
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module PAL_21E flag '-r3'

title 'HCB CONTROLLER

Ray Escoffier 19 August, 1989'

U21E device
" Adapted from firpalll.abl"

" i n p u t s ..... . . . ... .... .. . . .. . . . . . ....SR YP N

SRDY PIN 1;
!BUSY PIN 2;
SEL PIN 3;
STB PIN 4;
MDO PIN 5;
MD1 PIN 6;

!IRQIN PIN 7;
!RDHCB PIN 8;

!UPRESET PIN 9;
"outputs.........................

ACK PIN 19;
!RENA PIN 18;
BENA PIN 17;
!OEA PIN 16;
!ACKA PIN 15;
!WRB PIN 14;
RST PIN 13;
!IRQ PIN 12;



LOCATED L013D04.SCH, LOWER LEFT
21H

SH 3R--- WR\ 2 019 WR8\SH 3 3R Ii IO018W9
4H I R82 IOl

Q12 10 17 !SHFTO
SH 3 WR9\5 Q 16 !SHFTl

6I4 Q3 15 !SHFT2
715 Q414 !SHFT3

16 10612
9 I7 IO6 12 WRENA18 107

CLK16A 
1 L

11 
O

16R4

PAL 21H
WRITE DEGLITCHER PAL

THIS PAL WILL PRODUCE GLITCHLESS WRITE SIGNALS
FROM THE 87C51 MICROPROCESSOR WR\ SIGNAL. THESE WR\
SIGNALS WILL BE ACTIVE FOR ONT CLK16 CLOCK CYCLE.

PIN 19. THIS PIN PROVIDES A GLITCHLESS WR9
TERM. CLK16

PIN 18. THIS PAL PROVIDES A GLITCHLESS WR8
TERM.

PINS 17 THRU 14. THESE PAL OUTPUTS FORM A 4-BIT SHIFT
REGISTER.

PIN 13. THIS PAL OUTPUT IS NOT USED.

PIN 12. THIS PAL OUTPUT PROVIDES A ONE CLOCK
PULSE DURATION GLITCHLESS GATE THAT CAN
BE USED TO DE GLITCH MICROPROCESSOR SELECT
LINES IN ADDITION TO WR8 AND WR9..
NOTE THIS WRENA SIGNAL CURRENTLY HAS NO USE OUTSIDE THE PAL.

module PAL_21H

title 'MICROPROCESSOR WRITE PULSE DEGLITCHER

Ray Escoffier 27 JULY 1989'

U21H device 'P16R4'

"inpu ts .. .............................................................

!WR PIN 2
!WR8i PIN 3
!WR9i PIN 4 ;

"outputs .. . . . . . . . . . ..............................................................

!WR8 PIN 19
!WR9 PIN 18
!SHFTO PIN 17
SHFT1 PIN 16
!SHFT2 PIN 15
!SHFT3 PIN 14 ;
WRENA PIN 12

"definitions .. ........................................................

"equations ..........................................................

equations

WR8

WR9

SHFTO
SHFT1
SHFT2
SHFT3

WRENA

end PAL_21H

SHFT1 & !SHFT2 & WR8i

SHFT1 & !SHFT2 & WR9i

WR
SHFTO & WR
SHFT1 & WR
SHFT2 & WR

SHFT1 & !SHFT2

Title

WRITE DEGLITCHER PAL

Size Document Number REV

B PAL21H.SCH

WR8\

WR9\

!SHFTO
!SHFT1
!SHFT2
!SHFT3

WRENA

L L C . Vt. Vl.l 1. G l J 7 -- A- v y.

11 of 151"T-t'- October 2.n_ 1997 71h t-



LOCATED L013D04.SCH, LOWER LEFT
22H

CLKI6A 1 0 19 ! OEO
AO 2 IiOl 18 ! OEI
Al 3 I2 03 17 !OE2

4 16 !OE3SEL2 \ 14 05------ " WR \ 5 15 WE0O\

S13 6 4_ WE1\
16 0614W 

\

S19 7 I6 07 13 WE2\
S20 8I8 08 12 WE3\

19
11 I10

16L8

AO 2 4
Al 3 A Y 5B Y1 6

Y2 6
S19 1 G Y3S Y3

S20\ 74L5139
SEL2

PAL 22H
MODEL PARAMETER RAM SELECT PAL

THIS PAL PROVIDES FOUR 74LS245 OUTPUT ENABLES FOR
THE FOUR BUS TRANCEIVERS THAT ALLOW THE FFT
CONTROL CARD MICROPROCESSOR TO WRITE TO AND READ
THE MODEL GENERATOR MODEL PARAMETER RAMS. ALSO
GENERATED IN THE PAL ARE THE FOUR WRITE SIGNALS
FOR THESE FOUR RAMS.

PINS 19 THRU 16. THESE PINS PROVIDE THE OUTPUT
ENABLES FOR 74LS245S 25J, 26J, 25H, AND 26H. TWO
MICROPROCESSOR ADDRESS BITS ARE DECODED TO SELECT
BETWEEN THE FOUR.

PINS 15 THRU 12. THESE PAL OUTPUTS PROVIDE THE
FOUR RAM WRITE SIGNAL FOR THE PARAMETER RAM
MEMORY. IF THE MICRO IS IN CONTROL OF THE MEMORY
TWO ADDRESS BITS DECODE WHICH RAM IS BEING
WRITTEN TO. IF THE MODEL GENERATOR MICRO-
SEQUENCER IS IN CONTROL OF THE MEMORY ALL FOUR
RAMS ARE WRITTEN TO IN PARALLEL.

PIN 19!OEO
PIN 18!OEl
PIN 17!OE2
PIN 16!OE3

module PAL_22H

title 'PARAMETER RAM CONTROL PAL

Ray Escoffier 8 August, 1989'

U2 2 H device

"inputs .........................

CLK16
AO
Al
SEL2
WR
S13
S19
S20

"outputs ...... ...... ................

!OE0 PIN
!OEl PIN
!OE2 PIN
!OE3 PIN
!WRO PIN
!WR1 PIN
!WR2 PIN
!WR3 PIN

"definitions .............. . . .

ADDR = [AI,A0]
"equations ........................

equations

OEO
OEl
OE2
OE3

WRO

S20 S19 S18 S13 FUNCTION
0 1 1 0 ALLOW MICROPROCESSOR TO READ PARAMETER RAM
0 1 1 1 ALLOW MICROPROECSSOR TO WRITE INTO PARAMETER RAM
1 X 1 X ENABLE PARAMETER RAM ADDRESS COUNTER TO INCREMENT
1 X 0 X HOLD PARAMETER RAM ADDRESS COUNTER
1 1 X 0 MICRO INSTRUCTION READS PARAMETER RAM
1 0 X 1 MICRO INSTRUCTION WRITES INTO PARAMETER RAM

WRl

WR2

WR3

ADDR FUNCTION
A000 READ/WRITE TO RAM 0
A001 READ/WRITE TO RAM 1
A002 READ/WRITE TO RAM 2
A003 READ/WRITE TO RAM 3

!S20 & S19
!S20 & S19
!S20 & S19
!S20 & S19

!S20
# S20

!S20
# S20

!S20
# S20

S !S20
# S20

&
&

&
&

&
&

&
&

S19
!S19

S19
!S19

S19
!S19

S19
S19

(ADDR
(ADDR
(ADDR
(ADDR

S13 &
S13 &

S13 &
S13 &

S13 &
S13 &

S13 &
S13 &

== [0,0])
== [0,i])
== [i,0])

== [i,i])

(ADDR ==
!CLK16

(ADDR ==
[CLK16

(ADDR ==
!CLK16

(ADDR ==
!CLK16

'P16L8' ;

PIN 1
PIN 2
PIN 3
PIN 4
PIN 5
PIN 6
PIN 7
PIN 8

19
18
17
16
15
14
13
12

& SEL2
& SEL2
& SEL2
& SEL2

[0,0]) &

[0,1]) & SEL2 & WR

[1, 0]) & SEL2 & WR

[1,1]) & SEL2 & WR

end PAL_22H

MODEL PARAMETER RAM SELECT PAL

SizelDocument Number REV

B PAL22H.SCH

Date: October 20, 19971Sheet 12 of 15
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LOCATED L013D03.SCH, LOWER LEFT TO THE RIGHT OF THE uP.

All'

1

Al5 2
3

RD\ 4
WR\ 5
PESN\ 6

7
8
9

11

26F

Il 01
12 02
13 03
14 04
15 05
16 06
17 07
18 08
19
110

16L8

19 OE\
8 B/A

17 SEL15
6 RD OR PSEN

15

'4 All
3 All\

12 WR\

PAL 26F
MISCELLANEOUS MICROPROCESSOR LOGIC PAL

THIS PAL CONTAINS MISCELLANEOUS LOGIC IN THE
MICROPROCESSOR PORTION OF THE FFT CONTROL CARD:

OE\ PIN 19. THIS PIN IS THE LS245 OUTPUT ENABLE.
IT IS ACTIVE (LOW) ALL THE TIME EXCEPT FOR
RAM 32F READ OPERATIONS.

B/A PIN 18. THIS PAL OUTPUT SUPPLIES THE DIRECTION
SIGNAL FOR THE DATA BUS LS245.

SEL15 PIN 17. THIS PAL OUTPUT SUPPLIES A GLITCHLESS
Al5 SIGNAL FOR THE 74LS138 DECODERS.

RD OR PSEN PIN 16. THIS PAL OUTPUT PROVIDES THE RAM MEMORY
OUTPUT ENABLE SIGNAL FOR EITHER DATA MEMORY
ACCESS (RD) OR FOR PROGRAM MEMORY ACCESS (PSEN).

PIN 15. NOT USED.

All PIN 14. THIS PAL OUTPUT BUFFERS THE All MICRO
ADDRESS LINE FOR HIGH FANOUT.

All\ PIN 13. THIS PAL OUTPUT INVERTS THE All MICRO
ADDRESS LINE.

WR\ PIN 12. THIS PAL OUTPUT BUFFERS THE MICRO WR\
LINE FOR HIGH FANOUT.

module PAL_26F

title 'MISCL MICROPROCESSOR LOGIC

Ray Escoffier 28 July 1989'

U26F device 'P16L8'

"inputs ......

Al5 1

RD\ 2

3 PIN 19 OE\
2

A 5 2

PSEN\ 2

RD\ PIN 18 B/A

A1 5 1

3 PIN 17 SEL15
RD\ 1 2

WR\ 2

PSEN\ 1
RD\ 23

RD \ 2

Alli PIN 1 ;
Al5i PIN 2 ;
!RD PIN 4
!WRi PIN 5
!PSEN PIN 6

"outputs........ .................

!OE245
DIR245
SEL15
MEMOE
AlIA
!WRA1B
WRPIN 16 RD OR PSEN

PIN 15

PIN 19 ;
PIN 18 ;
PIN 17 ;
PIN 16 ;
PIN 14 ;
PIN 13 ;
PIN 12 ;

"definitions .... ...............

"equations ............. .....

equations

OE245
DIR245
SELl5
MEMOE
Al 1A
!A 1B
WR

end PAL_26F

(Al5i # !RD) & (Al5i # !PSEN)
! RD

Al5i & (WRi # RD)
RD # PSEN
All i
!Alli
WRi

WR\ 1 2 PIN 12 WR\

MISC uP LOGIC PAL

Size Document Number REV

B PAL26F.SCH

Date: October 20, 19971Sheet 13 of 15



LOCATED L013D04.SCH, UPPER LEFT
SAME JED FILE FOR 33J AND 33H

DO 2
D1 3
D2 4
D3 5
CAPA3 6
CSO 7
CSI 8

9

CLK16E 1
11

33J

II IO0
12 IO1
13 Q2
14 Q3
15 Q4
16 Q5
17 106
18 107

CLK
OE

16R4

19 CAPAO
18 CAPA1
17 MAO)--
16 MAl
I5 MA2
I4 MA3
13 CAPA2
.12 CARRY OUT

D4 2
D5 3
D6 4
D7 5
CAPA7 6
CSO 7
CS1 8

9

CLK16E 1
11

PALS 33J AND 33H
MODEL GENERATOR MICRO-SEQUENCER ADDRESS GENERATOR

THIS PAL IS THE MICRO INSTRUCTION ADDRESS COUNTER
FOR THE FLOATING POINT MODEL GENERATOR. IT CAN
HOLD A COUNT, INCREMENT, LOAD FROM THE
MICROPROCESSOR DATA BUS OR LOAD FROM THE CAPTURE
REGISTER. A LOAD FROM THE DATA BUS IS THE
MICROPROCESSOR' WAY OF GETTING AN INSTRUCTION
STARTED. LOADING FROM THE CAPTURE REGISTER ALLOWS
MICRO STEP LOOPS TO BE IMPLEMENTED. THE CSO AND
CS1 ARE THE FUNCTION CODE INPUTS.

OUTPUT PINS 17, 16, 15, AND 14 ARE THE BINARY
COUNT OUTPUT PINS.

OUTPUT PIN 12 IS THE COUNTER CARRY\ OUTPUT.

AO
Al
A2
A3

BO
B1
B2
B3

ENA
MODE 0
MODE 1

CLK

QO
Q1
Q2
Q3

MODE 1 MODE 0 COUNT ENA\ FUNCTION
0 0o X HOLD
0 1 1 HOLD
0 1 0 INCREMENT
1 0 X LOAD FROM B
1 1 X LOAD FROM A

WR9\ S17 S16 INDEX CS1 CSO ADDRESS COUNTER INDEX COUNTER
0 X X X 1 1 LOAD FROM DATA BUS HOLD

1 0 0 X 0 0 HOLD HOLD
1 0 1 X 0 1 INCREMENT HOLD

1 1 0 X 0 1 INCREMENT LOAD 10 - 13
1 1 1 NOT ZERO* 1 0 LOAD FROM CAP REG DECREMENT
1 1 1 ZERO* 0 1 INCREMENT HOLD

* POST DECREMENT

module PAL_33J

title 'MICRO-INSTRUCTION PROGRAM COUNTER PAL

Ray Escoffier 8 August, 1989'

U33J device 'P16R4'
FFT CONTROL CARD, IC POSITIONS 33J AND 33H

"inputs ................. . .............................. ............

DO
D1
D2
D3
CAPA3
CSO
CSI
!CARRYIN
CAPAO
CAPAl
CAPA2

PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN
PIN

2 ;
3 ;
4 ;
5 ;
6 ;
7 ;
8 ;
9 ;
19;
18;
13;

SCSl CSO FUNCTION

0 0 HOLD MA COUNT
O 1 INCREMENT MA COUNT
1 0 LOAD FROM CAP REG
1 1 LOAD FROM DATA BUS

- i t- n t- - - - - - -

MAO
MAI
MA2
MA3
!CARRY

"de f ini t ions ..................
ADDRESS =
MODE -

DATABUS
CAP_REG =

"equations ...................

PIN 17 ;
PIN 16 ;
PIN 15 ;
PIN 14 ;
PIN 12 ;

. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . ..

[MA3 ,MA2 ,MAl, MAO]
[CS1,CSO]
[D3 ,D2, D1, DO]
[CAPA3, CAPA2 ,CAPA1, CAPAO] ;

equations

ADDRESS : (ADDRESS ) & (MODE ==
# (ADDRESS ) & (MODE ==
# (ADDRESS + 1) & (MODE ==
# (CAP_REG ) & (MODE ==
# (DATABUS ) & (MODE ==

[0o,o0])
[o,1]) & (CARRY_IN == 0)
[0,1]) & (CARRY IN == 1)
[1,0])
[1,1])

CARRY = (ADDRESS == [,,,]

end PAL_33J

MOD GEN MICRO-SEQ ADR GEM 33J & 33H

SizelDocument Number REV

B PAL33J.SCH
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19 CAPA4
18 CAPA5
17 MA4
16 MA5
15 MA6
14 MA7
13 CAPA6
12

33H

ii TOo
12 IO1
13 Q2
14 Q3
I5 Q4
16 Q5
17 106
18 107

CLK
OE

16R4

QO
Q1
Q2
Q3

CRY

AO
Al
A2
A3

BO
B1
B2
B3

ENA
MODE 0
MODE 1

CLK

33H



LOCATED L013D04.SCH, UPPER LEFT

IO 2
Ii 3

INDEX 12 4
CNT IN 13 5

I3 5

6
ADDR = 8900 WR9\ 7

S16 8
S17 9

CLK16E CLKl6E 1
11

34H

Il IO0
12 IO1
13 Q2
14 Q3
15 Q4
16 Q5
17 106
18 107

CLK
OE

16R4

19 W]ID--
18 CS0
17 INDEXO16 ' INDEXl

'INDEX1 4-BIT INDEX
I'INDEX2 REGISTER
14 !INDEX3

Cl
'12

PAL 34H
MODEL GENERATOR MICRO-SEQUENCER CONTROL PAL

THIS PAL CONTROLS THE MODEL GENERATOR MICRO-
SEQUENCER ADDRESS COUNTER ON THE FFT CONTROL
CARD.

PIN 19. THIS PIN IS NOT USED.

CSO PIN 18. THIS PAL OUTPUT SUPPLIES ONE OF TWO
CONTROL SIGNALS FOR THE MICRO-SEQUENCER ADDRESS
COUNTER PALS 33J AND 33H.

!INDEX0 PINS 17 THRU 14. THESE PAL OUTPUTS FORM A 4-BIT
!INDEX1 BINARY COUNTER. A MICRO INSTRUCTION WILL LOAD
!INDEX2 THIS COUNTER WITH AN INDEX NUMBER AND THE MICRO
!INDEX3 SEQUENCER CAN THEN PERFORM A FIRMWARE LOOP OF

MICRO INSTRUCTIONS SET BY THE NUMBER LOADED IN
THE COUNTER.

CSl PIN 13. THIS PAL OUTPUT SUPPLIES THE SECOND OF
TWO CONTROL SIGNALS FOR THE MICRO-SEQUENCER
ADDRESS COUNTER PALS 33J AND 33H.

PIN 12. THIS PIN IS NOT USED.

WR9\ S17 S16 INDEX CS1 CSO ADDRESS COUNTER INDEX COUNTER
0 X X X 1 1 LOAD FROM DATA BUS HOLD

1 0 0 X 0 0 HOLD HOLD
1 0 1 X 0 1 INCREMENT HOLD

1 1 0 X 0 1 INCREMENT LOAD 10-13
1 1 1 NOT ZERO* 1 0 LOAD FROM CAP REG DECREMENT
1 1 1 ZERO* 0 1 INCREMENT HOLD

* POST DECREMENT

module PAL_34H

title 'MICRO-INSTRUCTION PROGRAM COUNTER CONTROL PAL

Ray Escoffier 8 August 1989'

U34H device "P16R4';

"inputs .......... ..........................................................

10
II
12
13
!WR9
S16
S17

PIN
PIN
PIN
PIN
PIN
PIN
PIN

S17 S16 FUNCTION

0 0 HOLD MA COUNT
0 1 INCREMENT MA COUNT
1 0 LOAD INDEX REGISTER (AND INC MA COUNT)
1 1 TEST INDEX REGISTER (IF = 0 INC. = 1 LOAD CAP

WR9 = 1, MA COUNT LOADS
" outputs . . . . . ........................................................... .

CSO PIN 18
!INDEXO PIN 17
! INDEX1 PIN 16
! INDEX2 PIN 15
! INDEX3 PIN 14
CS1 PIN 13

"definitions ..... ...... ......................... ...... ........ ...... .........
MODEIN = [S17, S16]
MODE = [CSl, CS0 ]
INDEXLD = [13, 12, 11, 10]
INDEX = [INDEX3, INDEX2,INDEX1, INDEXO] ;

"equations .......................... .... .... ..... ...... .........

equations

MODE = [0,0]
# [0,1]
# [0,1]
# [1,0]
# [0,1]
# [1,1]

&
&
&
&
&
&

(MODEIN ==

(MODE_IN ==

(MODE_IN ==

(MODE_IN ==

(MODE_IN ==

WR9

[0,0]) & !WR9
[0, 1]) & !WR9
[1, 0]) & !WR9
[1, 1]) & !WR9
[ 11 ) & !WR9

& (INDEX
& (INDEX

1)
1)

INDEX := INDEX
# INDEX
# INDEX_LD
# (INDEX -

end PAL_34H

& !WR9 &
& !WR9 &
& !WR9 &

1) & !WR9 &

(MODE_IN ==

(MODE_IN ==

(MODE_IN ==

(MODE_IN ==

MOD GEN MICRO-SEQ CONTROL PAL

Size Document Number REV

B PAL34H.SCH
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[0,0])
[0,1])
[1,0])
[1,1])

)



fstc0 through fstc7 refer to Xilinx outputs.

2048 POINT FFT

PERFORMED IN
FFT ENGINES

0 AND 1I

PERFORMED IN
FFT ENGINES

2 AND 3

LOAD INITIAL SLOPE

20-BIT SHIFT REGISTER
III

20-BIT SHIFT REGISTER
LOAD RATE

o> 20-BIT SHIFT REGISTER

-ITNOT USEDIT IT

20-BIT SHIFT REGISTER

1-BIT FSTC SLOPE FOR FFT ENGINES 0 AND 1 fstc4

fstc0 NOT USED so as to be consistant with fstc7 not being used.

L - FSTC INITIAL PHASE FOR FFT ENGINE 0 (EVEN POINTS 0 THRU 510)
FSTC INITIAL PHASE FOR FFT ENGINE 1 (ODD POINTS 1 THRU 511)

1-BIT I FSTC SLOPE FOR FFT ENGINES 2 AND 3 fstc4

NOT USED
_ fstc7 Note, the addition is done incorrectly for negative numbers.
Therefore, fstc6 is used in the pals for engine 3,
as more approximately correct.

9-BIT I- FSTC INITIAL PHASE FOR FFT ENGINE 2 (EVEN POINTS 512 THRU 1022)fstc6
FSTC INITIAL PHASE FOR FFT ENGINE 3 (ODD POINTS 513 THRU 1023)

1024 POINT FFT

H 20-BIT SHIFT REGISTER

11-BIT
LOAD INITIAL SLOPE _L

FSTC

FSTC

FSTC

SLOPE FOR FFT

INITIAL PHASE

INITIAL PHASE

ENGINES

FOR FFT

FOR FFT

0 AND 1

ENGINE 1

ENGINE 0

fstc4

fstc0
(ODD POINTS 1 THRU 511)fstc0

(EVEN POINTS 0 THRU 510)

LOAD RATE

1-BIT

I 20-BIT SHIFT REGISTER

LOAD INITIAL SLOPE

FSTC

FSTC

FSTC

SLOPE FOR FFT

INITIAL PHASE

INITIAL PHASE

ENGINES

FOR FFT

FOR FFT

2 AND 3

ENGINE 3

ENGINE 2

fstc5

(ODD POINTS 1 THRU 511)

(EVEN POINTS 0 THRU 510)

20-BIT SHIFT

64 THRU 512 POINT FFT

LOAD INITIAL SLOPE

20-BIT SHIFT REGISTER

I

i FSTC SLOPE FOR FFT ENGINES 0 AND 1 fstc2

_- FSTC INITIAL PHASE

20-BIT SHIFT REGISTER

III S20-BIT SHIFT REGISTER
LOAD INITIAL SLOPE I

FSTC SLOPE FOR FFT
ENGINES 2 AND 3

_L FSTC INITIAL PHASE

fstc3

20-BIT SHIFT REGISTER

See pal7e.abl and pal7f.abl
See fccasm/fcc.doc
In m:/fcc/sch/SCCS
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LOAD RATE

REGISTER

LOAD RATE
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I
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0

I
___

20-BIT SHIFT REGISTER
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I

I
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I
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I
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FFT ENGINE 0: FFT ENGINE 1: FFT ENGINE 2:

INITIAL PHASE; INITIAL PHASE; INITIAL PHASE

64 THRU 512 POINT FFT ZERO 64 THRU 512 POINT FFT ZERO 64 THRU 5
1024 POINT FFT ZERO 1024 POINT FFT PHASE 1024 POIN
2048 POINT FFT ZERO 2048 POINT FFT PHASE 2048 POIN

RATE PARAMETER; RATE PARAMETER; RATE PARAMETE

64 THRU 512 POINT FFT PHASE 64 THRU 512 POINT FFT PHASE 64 THRU 5
1024 POINT FFT PHASE X 2 1024 POINT FFT PHASE X 2 1024 POIN
2048 POINT FFT PHASE X 2 2048 POINT FFT PHASE X 2 2048 POIN

FFT ENGINE 3:

• INITIAL PHASE;

12 POINT FFT ZERO 64 THRU 512 POINT FFT ZERO
r FFT ZERO 1024 POINT FFT PHASE
r FFT PHASE X 512 2048 POINT FFT PHASE X 513

R; RATE PARAMETER;

12 POINT FFT PHASE 64 THRU 512 POINT FFT PHASE
T FFT PHASE X 2 1024 POINT FFT PHASE X 2
T FFT PHASE X 2 2048 POINT FFT PHASE X 2

FFT ENGINE 0 FFT ENGINE 1 FFT ENGINE 2

FIRST TEN CLOCKS INITIAL PHASE = 0 NCO-OP BITS 0 THRU 9 * 000000000 AND NCO-OP-0 **

SECOND TEN CLOCKS 0 AND NCO-OP BITS 0 THRU 8 0 AND NCO-OP BITS 0 THRU 8 0 AND NCO-1P BITS 0 THRU 8 0 AN

THIRD TEN CLOCKS INITIAL PHASE = 0 NCO-OP BITS 10 THRU 19 * NCO-OP BITS 1 THRU 10 **

FOURTH TEN CLOCKS NCO-OP-9 THRU 18 NCO-OP-9 THRU 18 NCO-1P-9 THRU 18

FIRST TEN CLOCKS INITIAL PHASE = 0 NCO-OP BITS 0 THRU 9 INITIAL PHASE = 0

SECOND TEN CLOCKS 0 AND NCO-OP BITS 0 THRU 8 0 AND NCO-OP BITS 0 THRU 8 0 AND NCO-1P BITS 0 THRU 8 0 AN

THIRD TEN CLOCKS INITIAL PHASE = 0 NCO-OP BITS 10 THRU 19 INITIAL PHASE = 0 NC

FOURTH TEN CLOCKS NCO-OP-9 THRU 18 NCO-OP-9 THRU 18 NCO-1P-9 THRU 18

FIRST TEN CLOCKS INITIAL PHASE = 0 INITIAL PHASE = 0

SECOND TEN CLOCKS NCO-OP BITS 0 THRU 9 NCO-1P BITS 0 THRU 9
SAME AS ENGINE 0

THIRD TEN CLOCKS INITIAL PHASE = 0 INITIAL PHASE = 0

FOURTH TEN CLOCKS NCO-OP BITS 10 THRU 19 NCO-1P BITS 10 THRU 19

CLOCK 11
16-MHz CLOCK

FFTO

FFT1

FFT2

FFT3

FFT4

FFT5

SERIAL DATA TO NCO

CLOCK 101 CLOCK 201

SHIFT BUT DO NOT ADD

CLOCK 301

FFT ENGINE 3

* PLUS **

*D NCO-1P BITS 0 THRU 8

* PLUS **

NCO-1P-9 THRU 18

ICO-1P BITS 0 THRU 9

*D NCO-1P BITS 0 THRU 8

O-1P BITS 10 THRU 19

NCO-1P-9 THRU 18

SAME AS ENGINE 2

2048
POINT FFT

1024
POINT FFT

64 THRU 512
POINT FFT

CLOCK 401

LANK MS 5 BITS (WRAP AROUND)
I E- B]

SHIFT AND ADD I

< - WAS USED TO CLEAR LSB OF X2 TERM

I 1 - CLEAR X 513 SERIAL ADDER CARRY I I - CLEAR X 513 WRAP AROUND BITS

I 4 -- HOLD CARRY

SHIFT OUT PHASE SHIFT OUT RATE SHIFT OUT PHASE SHIFT OUT RATE

NOTE: THE TIMING DIAGRAM ABOVE REPRESENTS IDEALIZED
TIMING, PIPELINE STAGES IN THE XILINX CHIP MODIFY THE
ACTUAL TIME REQUIREMENTS.
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3 FFT Card Schematics, Layouts, PAL Schematic Representations

FFT Top Level Schematic 1002d39.sch

FFT Card Block Diagrams k031d01.sch, k032d01.sch, k033d01.sch, k034d01.sch,
k034d02. sch, 1002d35-37

The Famous Star Diagram /corrdwgs/rackwire/1025/1025d26.sch

FFT Schematic 1002d01.sch, 02 - 9, 10, 14, 21, 25, 32, 38

FFT Layout z001d01.lay

FFT Card Pal Descriptions L002D34.SCH



BLOCK DIAGRAMS
ASIC FFT FUNCTIONS

K03 iD1O. SCH

FFT CARD SIMPLIFIED BLOCK

K032D01. SCH

SIMPLIFIED NCO BLOCK DIAGF

K033D01. SCH

FFT CARD DETAILED BLOCK DI

K034D01. SCH

FRINGE ROTATOR BLOCK DIAGF

K034D02. SCH
BIG ROM ANGLE PATHS

L002D37. SCH
2048 POINT FFT

L002D36 .SCH
ASIC RAMS

L002D35. SCH

DIAGRAM

RAM

:AGRAM

ZAM

SCHEMATIC SCHEMATIC PAL DESCRIPTION
FFT PIN CONNECTIONS PALS

L002D01 . SCH L002D34 .SCH

FFT CARD INTERNALS

LAYOUT
L00i_ _ _ _ i FFT CARD LAYOUT

L002D02 . SCH

STAGES 0-3 STAGES 4-5 RAMS NCO STORE

Z001D01.LAY

L002D03.SCH L002D04.SCH L002D05.SCH L002D32.SCH

ANGLE MUX BLOCK DIAGRAM ANGLE MUX CAPACITORS

L002D07.SCH L002D06.SCH L002D33 .SCH

SHEETS 8 THROUGH 31 ARE THE INDIVIDUAL ASIC REPRESENTATIONS.
THEY ARE ACCESSIBLE THROUGH L002D03.SCH AND L002D04.SCH.

TIMING DIAGRAMS ALSO SEE FFTTFIX/L015D17.SCH

FSTC CE AND LD TIMING NCO TO SM ROM TO 399

illl SHEET 8
L002D38 . SCH NCOSROM.TIM

R2CNTO TO ANGLE MUX FR ROM TO ASIC

SHEET 1 I SHEET 9 IZI
ANGCE.TIM NEWFR.TIM

ASIC TO ASIC R2CNTO TO F399 WS

SHEET 2 1 7 SHEET 10 IIZ
ASIC.TIM R2COWS . TIM

ASIC TO F399 REG RAM TO ASIC EXT ADR

SHEET 3 II I SHEET 11I I
ATOR.TIM RAMEXTA.TIM

RAM TO ASIC TWID IN RAM TO FSCE

SHEET 4 IZ I SHEET 121 1
DRAMTWID.TIM RAMFSCE.TIM

ASIC TO EXPOF FF REGISTER TO ASIC

SHEET 5 I I SHEET 13 1 I
EXPOF.TIM REG.TIM

EXT5 REG STORE

SHEET 6 LI I SHEET 141 I
EXT5.TIM ST.TIM

NCO TO BIG ROM TO REG NCO CO TO CI

SHEET 7 I I SHEET 151 I
NCOBROM. TIM NCOCOCI . TIM

THE *.TIM SHEETS ARE NUMBERED 1 THROUGH 15 IN THE TITLE BLOCKS

CHANGES TO PROTOTYPE
CHANGES CHANGES

L002D40 .SCH L002D41 . SCH

NATIONAL RADIO ASTRONOMY OBSERVATORY

SOCORRO. NM
Title

FFT CARD TOP LEVEL MENU

Size Document Number REV

B 56000L002 (L002D39 .SCH)

Ma 6. 19 9 7 I She e t 3 9 rf 41 i.

I

- - - - - -- -- I ----
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Date:



SIGN MAGNITUDE
774 COMPLEX #

gun -IN '7RAM B

EXTERNAL ADDRESS M
U
X

INTERNAL S
ADDRESS GENERATOR

STAGE 0 504 #
STAGE 1-5 550 #

16 BIT 16 BIT

PULSAR GATE
OR DATA
INVALID I

RADIX 4 AND RADIX 2 BUTTERFLY OPERATIONS

RADIX 4

A+jW

B+jX

C+jY

D+jZ

1 0 0 1 [ (A+C) + (B+D) ] + j [ (W+Y) + (X+Z) ]

3 1 1 3 [ (A-C) + (X-Z) ] + j [ (W-Y) - (B-D) ]

2 2 2 2 [ (A+C) - (B+D) ] + j [ (W+Y) - (X+Z) ]

4 3 3 4 [ (A-C) - (X-Z) ] + j [ (W-Y) + (B-D) ]

SNORMAL "POINT NUMBERS" GOING INTO BUTTERFLY
ACTUAL ORDER IN WHICH POINTS ENTER AND LEAVE THE BUTTERFLY

NUMBER
CONTROLLED
OSCILLATOR

RADIX 2

A + jW 10

C + jY 2 1

PIPELINE REGISTERS NOT SHOWN

(A+C) + j(W+Y)

(A-C) + j (W-Y)

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

ASIC FFT FUNCTIONS

Size Document Number REV

B 56000K031 (K031D01.SCH)

lujdte: '. u 1, JL, 1 -e b' eeE 1

774 # OUT

17x-am 1 -- F 11
1
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DIFF ECL

CARD INPUTS

2 BIT

0

CONTROL REGISTERS SERIAL IN
CRSFTCLK

STAGE 0 STAGE 1 STAGE 2 STAGE 3 STAGE 4
MULTIPLEXERS

ASIC ASIC ASIC ASIC ]
BUSSES

FRINGE NDATA DATA DATA DATA NDATA
ROTATOR AUXDATA I II II IL IUDT

ROM 
FT NL

TWID TWID TWID TWID I F A
CHANNEL 0 EXTADD NCO ANGLE

NCO ANGLE FRNCO2 FRNCO3 FRNCOI | FRNCO0

ASIC ASIC ASIC I ASIC ASIC

FRINGE NDATA DATA I DATA IDATA NDATA
ROTATOR AUXDATA AUXDATA
ROMIFSTC ANGLE

TWID TWID TWID TWID TWID
CHANNEL 2 EXTADD NCO ANGLE

NCO ANGLE FRNCO2 " I FRNCO3 FRNCOI I FRNCO0 FSNCO -

AS IC ASIIC AS IC AS IC I

FRINGE NDATA DATA DATA DATA
ROTATOR AUXDATAATA
ROM IFSTC ANGLE

TWID TWID TWID TW I D
T W I D

CHANNEL 3 EXTADD NCO ANGLE
NCO ANGLE FRNCO2 FRNCO3 FRNCOI FRNCOO ] | FSNCOI

A AS IC 
AS IC 

AS IC 
AS IC 

I

FRINGE Y_ \NDATA DATA DATA I DATA YRI1DT

ROTATOR AUXDATA I II III IIrUDT

ROM 
FT NL

TWIID TWIID TWIID TWIDD W

CHANNEL 3 EXTADD 
C NL

NCO ANGLE F RNC O2 FRNCO3 F I IFRNC O1 F IFRNCOO0II IFSN

LESS
1WINDOW

TO TWID / TO TWID TO TWID

PROL INPUTS INPUTS INPUTS
DS RAM SIN/COS3U Y SIN/COS4U

SIN/COS1 I SIN/COS2
/L mnrT I

S IN / C O S 3 L
> /

S IN / C O S 4 L

EXTOL

STAGE 0
UPPER AND LOWER
EXTERNAL ADDRESSES.

STAGE 5
444 NUMBERS

AS IC DIFFERENTIAL ECL
TO XMULT CARDS

NDATA
AUXDATA 16 MHz DATA

A ROMS TWID
EXTADD 32 MHz DATA
FSNCOO M

U

X

ASIC

NDATA
AUXDATA

ROMS TWID
EXTADD
FSNCO A

ASIC

NDATA
AUXDATAC

C- ROMS 
TWID
EXTADD
FSNCO0

M

U

x

ASIC

NDATA

AUXDATA

ROMS TWID

EXTADD

F SNCOO

STAGE 5

EXTERNAL
RAM ADDRESS

FROM FFT CONTROL CARD

b IS THE FSTC ANGLE, FROM THE NCO.
A ROM OUTPUTS e**-jb.
a THE TWIDDLE ANGLE FROM THE FFT CONTROL CARD.
A ROM OUTPUTS e**-j (a+b)

FSTC USING RADIX 2 BUTTERFLY

A x
-jb

-j(a+b) -1
e

IF FSTC ONLY (IE. NO RADIX 2 STAGE),
AN INPUT FROM THE CONTROL WORDS
TELLS THE ROMS TO OUTPUT e**-jb
ALTERNATED WITH 0.

-ja -jb
(A+Be )e

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

FFT CARD SIMPLIFIED BLOCK DIAGRAM

Size Document Number REV

B 56000K032 (K032D01.SCH)
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FROM
AS IC
CON'
WORI
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NCO
NUMBER CONTROLLED OSCILLATOR

SNCO LOAD
NCO REWIND

SHARED WITH
EXTERNAL ADDRESS\
& TWIDDLE IN

CI FLIPFLOP ALSO REWOUND.
VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

SIMPLIFIED NCO BLOCK DIAGRAM

Size Document Number REV
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TO
STG 0 C2OTNTER

FCLKB CLKCLK
D FFTINIT\' D FFTINIT\''RST\

RCLK C CLK C FROM STG3 NCO.

RAMLD0..4 RAML

LDRAM LDR~
RAMCLK RAMC
UPRMEM UPR

NEWFRINGE FROM
OFF CARD. FROM
SYNCHRONIZES CTRL REG
COUNTER.
NEEDS TO BE SYNC RADIX 0 ..71
WITH FFTINIT\'S
TRAILING EDGE. OVSAMP\

U30OA FFTINIT\'

NEWFR 2

3

74F02
ADDR CAN BE SI
NO STORES TIL]

SHT. 32 L002D05.SCH
NCO STORE
MTX ADDRESS GENERATOR

SIL002D32. SCH
LOW, SINCE THERE ARE
L LATER IN THE FFT CYCLE.

SHT. 5
& RAMS STNGTL WTNDOW?

WIND[0O .7] 0 NS HOLD TIME
-\.Tsht2

[0\.2INIT\ [0..2 11 NS,[0.2] €

FSCE\ FSCE\

[0 .. 8] EXTOU\ [0..8]

[0. .]EXTOL\ [0. .8] VCC

[0R.I8EXT \ [0T . 8] sht2
[..8]M'LDRAM' ' FRI]

SRR SAME CHIP
ST\T0
ST1i1 M 1 REG ST\' NC

ST\'l

L2 u
3 x

R ASICCCLK
FRINGE ROTATOR E NCOCI

STORES G I (S

f
1 ADDRA CHOSES
7 ST\ 'O =N(
4 ST\ =1 Sr

B ADDRB CHOSES
PIPELINE TO DEGLITCH A ADDR NO STORES AR

ASIC CLK
G\

sht3
FRLOADO

R LOAD FRLOAD1

GEN FRLOAD2 REG MAKE FRLOAD3 SYNCHRONOUS
FRLOAD3

ASIC CLK

NGE ROTATOR
NCO

:OSTA\

LK

TA\' AND STB\' FOR FANOUT.)

SBETWEEN:
ORMAL STORE VALUE FOR SMALL OFFSET.
TORE VALUE FOR LARGE OFFSET AT END OF CYCLE.

SBETWEEN THE ABOVE OR NO STORES AT ALL.
.E USED FOR THE EVEN CYCLES, WHEN OVERSAMPLED.

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

FRINGE ROTATOR STORE LOGIC BLOCK DIAGRAM

SizelDocument Number REV

B 56000K034 (K034D02.SCH)

WIND
R

INIT\

L COUNTER RADIX
NOR WITH LSB = ADDRB'
COUNTER CLOCK

ICOUNTER LOAD ADDRB'
ADDRA" '

' i Y rJ V 1 < /... 1 i i.1 L i i 11 \ Z i V 1 1 1LI 1 1 r ti L LI

Late:Le reeJr Uary n, i I=1 011tet Z o z

I II

In"1" .o-I-Sr - Y' .. 1 . . . '0 I C 1- -
-

9 '( --



BEFORE BANK SWITCH

FOR DESCRAMBLING
RAM

EXT 0
W

dummy, sch

INT

dummy. sch dummy. sch dummy, sch dummy. sch dummy. sch dummy, sch dummy, sch dummy, sch dummy, sch dummy, sch .sch DUMMY.SCH

INT 0 THROUGH INT 4 REFER TO RAM ADDRESSES INTERNALLY GENERATED IN THE ASIC, FOR THE SPECIFIED STAGE.

EXT 0 AND EXT 5 REFER TO RAM ADDRESSES EXTERNALLY GENERATED FOR THE SPECIFIED STAGE.

AFTER BANK SWITCH

dummy.sch dummy.sch dummnny.sch dummy.sch dummy. .sch dummy. .sch

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title
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SizelDocument Number REV
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TIME ORDER INPUT
2047...4,3,2,1,0

2K FFT PERFORMED IN 512 CLOCK CYCLES USING ALL 4 PIPELINES

STAGE 2 STAGE 3

5,11,7,3 N AUX OUT NORM OUT NORM
G 15,13,7,5

NORM ADR

EXTADR LWR

EXTADR UPR

ALL POINT INDICES AFTER STAGE 0 REFER TO THE

"IN PLACE" INDEX.

INDICES SHOWN AT STAGE 0 ARE THE TIME ORDERED INDEX.

THE TIME ORDERED POINTS MUST BE PRESENTED EVENLY SPACED TO THE FRINGE
DE-ROTATORS.

THE POINTS MUST THEN BE SHUFFLED TO GET THE CORRECT SEQUENCES OF
POINTS INTO EACH PIPELINE.

THE REQUIRED SEQUENCES OF POINTS INTO EACH PIPELINE MAY BE OBSERVED
IN LISTINGS OF THE SCRAMBLE SEQUENCE FOR A 2K FFT.

1K SEQUENCES AT INPUT

RADIX 4 RADIX 2

Al 0
DELAY

Cl

1024

CLOCK CYCLE 0

A2 INTORAM
512 

I

C2
1536

DELAY

CLOCK CYCLE 1

A3 256 1024 INTO RAM

DELAY

C3
1280 512 INTO RAM

CLOCK CYCLE 2

COMMON EXTADR TO ALL STAGE 5

TOP PIPELINE (# 0)

"REAL"
TIME
INDEX

0
2
8
10
16
18
24
26
32
34
40
42

TIME
INDEX
ENTERING
CHIP

0
1
2
3
4
5
6
7
8
9
10
11

BOT PIPELINE (# 3)

"2 K" RAM
INDEX

0
256
64
320
128
384
192
448
16
272
80
336

II THE TABLE ABOVE WAS USED
F R41K1KSTGOLWR FOR EACH PIPELINE IS THE
R

7,5,3,1 N AUX OUT I THE SEQUENCES WERE TAKEN
iG 11,10,7,6,3,2 SEQUENCE FOR A 2K FFT.
]NORM ADR

NOTE THE LOWER RADIX 2 STAGE IS DELAYED 1 CLOCK CYCLE.
THIS CAN BE ACCOMPLISHED BY APPLYING THE RESET PULSE ONE CYCLE
LATER, INTERNALLY. THE INPUT GOES INTO RAM. THE STAGGER
WILL BE REMOVED ON READING THE RAM, USING THE EXTERNAL ADDRESS.
THE EXTERNAL ADDRESS WITHDRAWS POINTS IN TIME ORDER FOR THE FSTC.

"REAL"
TIME
INDEX

5
7
13
15
21
23
29
31
37
39
45
47

TIME
INDEX
ENTERING
CHIP

0
1
2
3
4
5
6
7
8
9
10
11

"2K" RAM "2K" RAM
INDEX INDEX

MINUS
1536

1536 0
1792 256
1600 64
1856 320
1664 128
1920 384
1728 192
1984 448
1552 16
1808 272
1616 80
1872 336

TO DETERMINE THAT THE SCRAMBLE SEQUENCE
SAME AS FOR A 512 POINT FFT.

FROM A LISTING OF THE SCRAMBLE

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
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SIGN MAGNITUDE ANGLES

b

EXAMPLE
C=00101

-j (a+b)
e

TO ASIC TWID S=00100

PIPELINE A

C=10100

PIPELINE C
S=10101

1 IN MSB IS 90 DEGREES ADDED

WANT a + 90 DEGREES

C SIGN AS MSB ADDS 90 DEGREES

4 BITS IN TRANSLATES TO 256 ANGLES IN
THIS IS TAKEN CARE OF BY ANGLE TABLES.
THESE INTERPOLATE TO GIVE MORE LSB'S.
EXAMPLE:
ACTUAL ANGLE DESIRED IS 01000010
HAVE 1 TABLE WITH 0101, FOR
EVERY 7 WITH 0100.

HAVE LINEARLY INTERPOLATED ANGLE. ROM SIN AND COSINE OF ANGLE

NCO OUTPUT ANGLE

ROM ADDS THE 2 ANGLES TOGETHER,
THEN TAKES THE SIN OR COS OF THE SUM.

QUESTION:
IS IT VALID USING ANGLE TABLES FOR INTERPOLATION,
WHEN THERE ARE DIFFERENT NCO OUTPUTS ADDED IN EACH TIME?

OR
WHEN WE ADD AN 8 BIT NCO OUTPUT, AND A 4BIT ANGLE, EXPANDED
BY ANGLE TABLES, ARE WE REALLY MAINTAINING 8 BITS PRECISION? '

I'D GUESS NO, SINCE THE NCO OUTPUT IS DIFFERENT EACH
ITERATION OF THE ANGLE TABLE. C

r

THUS, WHENEVER THE DATA IS SWAPED IN ONE DIRECTION
IN PIPELINE A, IT WILL BE SWAPPED IN THE OPPOSITE DIRECI
IN PIPELINE C.

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

'itle

BIG ROM ANGLE PATHS

;ize Document Number REV
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DEFORMATTER CARDS

23

22

21

20(

in m:/rackwire/1025
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P1A

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P2A

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P3A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND

VCC
DTO
DT\ 0
DT3
DT\3
DT6
DT\6
DT9
DT\9
DBO
DB\0
DB3
DB\3
DB6
DB\6
DB9
DB\9
ADR\1
SC5-2K1
SC5-2K4
SC5-2K7
SC5<1K0
SC5<1K3
SC5<1K6
CRSFTCLK
VEE

vcc

GND

GND
PULSAR1
VCC
SIN/COS4L3
SIN/COS4L4 U72
SIN/COS4L
SIN/COS4L6
SIN/COS4L7
SSIN/COS4L8
SIN/COS4L9
SIN/COS3UO
SIN/COS3U1
SIN/COS3U2
SIN/COS3U3
SIN/COS3U4 U44
SIN/COS3U5
SIN/COS3U6
SIN/COS3U7
SIN/COS3U8
SIN/COS3U9
FSCLOAD\
FRSO\

EXPOF\'O 0 U17
EXPOF\'1
EXPOF\'2
EXPOF\'3
VEE
SIN/COS24
VCC
SIN/COS27
GND

GND
FRLOAD\
VCC
AOC31
AOC3\1
AOC20
AOC2\0
AOCO1
A0CO\1
A1C31
A1C3\1
A1C20
A1C2\0
A1CO1
A1CO\1
A2C31
A2C3\1
A2C20
A2C2\0
A2C01
A2C0\1
A3C31
A3C3\1
A3C20
A3C2\0
A3C01
A3C0\1
VEE
FSSIA
VCC
FSSIC
GND

P1B

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P2B

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P3B

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
FRRW\
VCC
AOC30
AOC3\0
AOC11
AOC1\1
AOCOO
AOCO\O
A1C30
A1C3 \ 0
A1C11l
A1C1\1
A1C00O
A1CO\O
A2C30
A2C3 \ 0
A2Cll
A2Cl \ 1
A2C00
A2CO0 \ 0
A3C30
A3C3 \ 0
A3Cll
A3Cl\1
A3C00
A3C0\0
VEE
FSSIB
VCC
FSSID
GND

GND

VCC
DT1
DT\1
DT4
DT\4
DT7
DT\7
DT10
DT\10
DB1
DB\1
DB4
DB\4
DB7
DB\7
DB10
DB\10
ADR\0
SC5 -2K2
SC5-2K5

SC5<1K1
SC5<1K4
SC5<1K7
CRSO\
VEE

VCC

GND

GND
PULSAR2
VCC
SIN/COS4LO
SIN/COS4L1 U72
SIN/COS4L2
SIN/COS3L0
SIN/COS3L1
SIN/COS3L2
SIN/COS3L3
SIN/COS3L4 U45
SIN/COS3L5
SIN/COS3L6
SIN/COS3L7
SIN/COS3L8
SIN/COS3L9
SIN/COS4U9 U71
UPRMEM
FRSI U24
INIT\3
INIT\4'

FRSRCLK
NEWFR
FSST\
FSRW\
FFTINIT\
VEE
SIN/COS25
VCC
SIN/COS28

_GND

PlC

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P2C

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

P3C

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
PULSAR3
VCC
INIT\5' U73
PULSARO
DINVALIDO
DINVALIDI
DINVALID2
DINVALID3
FSSRCLK
LDRAM 121
RAMCLK
SIN/COS4U0
SIN/COS4U1
SIN/COS4U2
SIN/COS4U3
SIN/COS4U4 U71
SIN/COS4U5
SIN/COS4U6
SIN/COS4U7
SIN/COS4U8
C32ECL
C32ECL\
SIN/COS20 U43
SIN/COS21
SIN/COS22
SIN/COS23
VEE
SIN/COS26
VCC 043
SIN/COS29
GND

GND
SIN/COS10
VCC
AOC21
AOC2\1
AOC1O
AOC1\0
SIN/COS11
SIN/COS12
A1C21
A1C2\1
AICI0
A1C1\0
SIN/COS13
SIN/COS14
A2C21
A2C2\1
A2C10
A2C1\0
SIN/COSIS
SIN/COS16
A3C21
A3C2\1
A3C10
A3C1\0
SIN/COS17

__ SIN/COS18
VEE
SIN/COS19
VCC

GND

LOGIC ANALYZER PORT
P4

GND GND
NCO OUTPUTS. ADR\O 1 RST'.T3 RS"

Ull CRSO\ 5 6 CLK.T
FR.T 2

l  
187 8 DIN.T

FR.TT 442 DM.TFR.T A2 Y2 179 10 DIN.T1
FR.TT2 44 16 DIN.T212FR.T3 15 DIN.T3

FSC.T0 6 
A S Y5 14 DIN.T3F-S T-7_
A 5  

Y5 1415 16| D .T
FSC.T A6 Y6 13 DIN.T5-- - -- 17 18FSC.T2 8 12 DIN.T7
FSC.T3 9 AY811 122 DIN.T7A8Y821 22|

GND 23 24 
G
ND

G1 DT.TO 25 26DB.T0
1 G2DT.T1 27 28| DB.TI

DT.T2 29 3| DB.T274F541 -DT-T3 31 32| DB.T3
DT.T4 33 34 DB.T4
DT.T5 35 36| DB.T5
DT.T 3 3 DB.T6
DTT7 394 DB.T7
DT.T8 419 42 -DB.T8D- 8 41 42
DT-T9 43 44 DB.T0
DT.TI0 45 46 DB.T10
DT.T11 V NDB.Tl
GND 49 GND

3M50

GND
VCC

VEE
9 VEE

GND

VCC
DT2
DT\2
DT5
DT\5
DT8
DT\8
DT11
DT\11
DB2
DB\2
DB5
DB\5
DB8
DB\8
DB11
DB\11
CRSI\
SC5-2K0
SC5-2K3
SC5-2K6
SC5<1K2
SC5<1K5
SC5<1K8
CRSTB
VEE

VCC

GND

PARAMETER RAM LOAD AND CLOCK / LDRAM
2 PINS RAMCLK

NCO FRINGE ROTATOR CONTROLS
LOAD NEW FRINGE PARAMETERS ENABLE. FRLOAD\
REWIND FRINGE PHASE ENABLE. FRRW\

FRSI
FRINGE NCO SERIAL PARAMETER INPUT FRSRCLK
FRINGE NCO SERIAL PARAMETER CLOCK

NEWFR (NEW FRINGE) FOR
SYNCHRONIZING THE STORE CYCLES. NEWFR

11 PINS
FSSIA
FSSRCLK

NCO FSTC CONTROLS FSSIB
SERIAL PARAMETER INPUTS
SERIAL PARAMETER CLOCK FSSIC

FSSID

LOAD NEW FSTC PARAMETER STB. FSCLOAD\
STORE PHASE. TIE HIGH FSST\
REWIND PHASE. TIE HIGH FSRW\

11 PINS

TRIG TABLE INPUTS
8 SETS OF 32 MHz
INPUT SIGNALS

77 PINS

DIFFERENTIAL ECL SYSTEM CLOCK C32ECL
C32ECL\

UPPER HALF OF
PARAMETER RAM BANK SELECT. UPRMEM

PULSAR GATES. 4 PINS PULSARFO 31

CONTROL REGISTER CONTROLS
SERIAL DATA IN. / CRSI\
REGISTER CLOCK. CRSFTCLK
DOUBLE BUFFER STROBE. CRSTB

3 PINS

OUTPUTS

LDRAM
RAMCLK

FRLOAD\
FRRW\
FRSI
FRSRCLK

NEWFR

FSSIA
FSSRCLK
FSSIB

IFSSIC

IFSSID

SSCLOAD\
FSST\
FSRW\

SIN/COS1o[0. .9]
SIN/COS2[0..9]
sIN/COS3U[0. .9]
SIN/COS3L[0..9]
SIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<1K[0..8]

C32ECL

C32ECL\

UPRMEM

-PULSAR[0..3]

CRSI\
CRSFTCLK
CRSTB

FRSO\1

DT[0..11].

DT\[0..11].

DB[0..11)

DB\[0..11]

FRSO\

DT[0.-.11]

288 LINES ON CARD
45 POWER AND GND

243 LINES AVAILABLE
230 SIGNALS
13 SPARE PINS

MULTIPLEXED FFT
444 OUTPUT DATA
ECL DIFFERENTIAL DATA

1 ROWS A & B CHANNELS 0 & 1
DT\[0..113

DB [0..111

DB\[0..11] 48 PINS

ADR\0 ADR\0> INPUT MUX PROGRAM LINES
ADR\l ADR\ 2 PINS

EXPOF\' [0. 3 3
]EXPOF\ [0..3] EXPONENT OVERFLOW FLAGS

' "4 PINS

DT.T[0..1131

DB.T[0..111

DIN.T[0..7]f

FR.T[0..3]

FSC.T[0.. 33

CLK.

RST' .

FFTINIT\ FFTINIT\
STAGGERED FFT TIMING SIGNALS I N TINIT\3"

4 PINS INIT\4 INIT\4
INIT\5"

042

FFT DATA INPUT SIGNALS
4 SETS OF 4 DIFFERENTIA
ECL INPUTS
64 PINS

AOCO[0.. I]
A1CO[0..i]
A2C0 [0.. i]
A3C0 [0.. i]

AOCI [0.. 11
A1Cl[0..1i
A2C [0..1i
A3Cl [O.. 1]

AOC2[0..1]
A1C2[0..1]
A2C2[0..I]
A3C2[0..I]

AOC3[0..I]
A1C3[0..i]
A2C3[0..1]
A3C3 [0.. 1]

AOCO\[0..i]
A1CO\[0..1]
A2CO\[0..i]
A3CO\[0..1]

AOC1\[0.. i
A1C1\ [0..]
A2C1\[0..1]
A3C1\[0..i]

AOC2\[0..1]
A1C2\[0..1]
A2C2\[0..i]
A3C2\ [0..1]

AOC3\[0..1]
AIC3\[0..i]
A2C3\ [0..i]
A3C3\[0..i]

DTNVATIDr o- 31 DINVALID[0.. 3 ]

L002D02SCH
L002D02.SCH

*** SIGNALS TO THE LOGIC ANALYZER PORT - P4***
DT.T[O..11] MULTIPLEXED OUTPUTS FROM ROWS A & B

DB.T[O..11] MULTIPLEXED OUTPUTS FROM ROWS C & D

DIN.T[0. .7] FOUR SELECTED FFT INPUT PAIRS

FR.T[0. .3] LSB FROM EACH OF THE FRINGE ROTATOR MOST SIGNIFICANT 10 BIT WORDS.

FSC.T[0. .3] LSB FROM EACH OF THE FSTC MOST SIGNIFICANT 10 BIT WORDS.

CLK.T BUFFERED VERSION OF 32 MHz SYSTEM CLOCK.

RST'.T BUFFERED, DELAYED VERSION OF FFTINIT, THE FFT INITIALIZATION PULSE.

TO TEST THE NCO, PUT IN A SMALL INCREMENT.
AFTER THE APPROPRIATE # OF CLKS, THE BIT WILL TOGGLE.

CRSO\ CRSO\ CONTROL REGISTER SERIAL OUTPUT1 PIN

BACK PLANE BUFFER SIGNALS
CRSI
CRSTB
FRSI
RAMCLK

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE VA

Title
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SHEET 39 (L002D39 .SCH) PROVIDES ENTRY POINTS FOR BLOCK DIAGRAMS,

PALS, LAYOUT, CHANGES TO PROTOTYPE, TIMING DIAGRAMS
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AOCO O__1 1 AOCO0o .1]
.......... A1CO0..1]

IAlC0 [0.. 1] , 0-.- .1]
A C0 O ..O A3CO[(..1]

A3C0[0..]]AOC1(0..1]
Al0l Cl(0.1]
(A2 C1l0.llA

2
CI(Ol]

(0]AOC2r 1
Aoc2 o.. A (0. .1]

l l2o.1T AO ,[ 0..1]
A3C2 0..1 C 0...1]

AOC3 0..1 A0C
3
(0..1]A0C3 [0..1i] A.... 0..1

A CO .1] >t 'o° 1]

F.OTOTT0.1 OCO\[(0. .1]
AT1.?:0.1 ACO\(O. .1]

A2C0"..1] -
2
C\[0. .1]

AA3C3 C .. 1] 30O\(0..1]

FoCo, 0..1.> OC\o[0..1]
ATco\ 0..lACl\(0. .1]

A2c 0.o.1 >A
2
C \[ (..1]

30[0A3Cl\ (0. .1]

..... .0. . . A 0C2\ [0. .1]

AC2\..1 AC\[0.]
A2C1\ 0. ] .... 1 , ,A

2
C

2
\ .1]

1A3C A\Co. 2. 3.\ (0..1]
.-...... .. AOC3\[0..1]

....... .. A0C3\ [0..1]
A2C3\ 0_.l A2C\[0. .1]
A3C3\ [0.. 1] ... 0. .1]

DIFFERENTIAL ECL
TO TTL

VCC GND

SRl
1K

R1

DT.AVL2Ar V 7M'PT''TLIAI V TTTDTTrPQ

REGISTERS AND 4 TO 1 MUXES.

INIT\[0..2] FROM RAM.
INIT\3 FROM OFF CARD,• INIT\3"
BUFFERED BY A REGISTER.

ET

U140C C

FROM BUFFER BOARD C

CRSI 5 6

2 FOR FO
74ALS04 FRLOAD\ FR

FR

SIN/COS0..9 SINCO

GND = PIN 16 [' .rn g [SN/COS3UO.
U1 VCC = PIN 9 .......... .... .

AOCO\0O TN 01 4 VEE = PIN 8
I300 AOC00 3"I:

"  
±

? 300AIC0\0 6 . .I5 I MSB SELECT ANTENNA F
S A1COO I2N. 0_ 2 '' 115s NS 2 NS?
S A2C0\O 0 012 I12 II9.5NS U38A2C00 11' IN 03l I II028 61 . .. I7 DIN0

A3C 1 I4N043 D1 Q1 18 iCl LS

I43 D2 Q2 iC2

U2 6 D 5 1 9 DIN1

I300 A0C01 3 I8... ---D-7 Q"l 7 113 121 2C2 MSB

A2CO\1 0 N0 3 I12 /ICK32P 11 LK.. I ADRO 141 A DINO
A2C01 IT1 ADR1 2 ' DIN1

<7 G !DIN410O12_5v ?ALS153 DINS
U3 DIN6

AOCI\0 24 IN 01 4 .DIN7
300o AOC10 3"I ..

30[0oo C \O 6 11 5 1CK32P
2 A1c 0. .!.. . .I IIGND

, A2Cl\0 10,4 12.. 12 IIU39/ 21 11 I3-N -03 .. . -- IIU29 6 7 DIN2

C4 2DQN1C

CHANE 110125_ 574ALS4Q415331C

AOC2 \1 1 4 D 5 1 1 202

I300 AOC20 3"18-1? ....MIB

/ A2C20 ii 1 ...1 II U0 1 . . . 2 DN

A3C21 2194F574-

300 AOC2C2

300AIC2\0 6 12N 02/

A22\ 10 1 IN0FR1OM6
A3C2 \i 1 1 3 9 C

U7 15_74LS5

v C2\1 2_4 7 D5 Q5 1 i 2C0 2Y _DNC LI1012 _ ,71D6 Q6 I ? 12C130 AOC21\ 3 I1 8 D'7 Q)7 1 1 c2 S

A1C2\l 1 ....1 I 1 IIICK3P 1L... I ADRO0141/

_ A3C2\1I11" 4 N 0. 4113 I _C
'A3C21 I1 14" I7VCC5774ALS2 5

U10125_ I I K IK

FRA30 PF OAD.THI GI6S1A 12INE0OF\ 61U9 -7-EPF
30 C3 NSRUTM3CNSAT O6TE I 7 EPF\ DIN6 -O-XPF

IDNALID 30..13N 03 D"" 8 41C1 LR

IK 74F 1 D Q 7 3 1 4

SPARES
MS

U32B

CRSO 5

74F02

R12 DINVALID3 5 1D Q-D Q 20 DINVALID'3 STORE AFTER LOAD DURING PAUSE. FXPOF\'r0 3 EXPOF\' 0.3
boUS. 6D4 9-FRRWA\" VALUE WILL BE REWOUND TO AT FFT START.

10K FRRW\ D5 Q4 619FRRW
B \

' SHT. 33

D\3 0..6 Q6 17 WFF' T\' CAPACITORS FOR STGO RESET FRLOAD\3--I VLSA CORRELATOR PROJECT

T\" " * FFINIT\....\ 90 " Q7 16 INIT\4
,0 TFSST\4'10 08 Q9 15 FSST\' RAM NATL RAIO A

'1 FSRW\ 11 DI0 Q10 14 FSRW\' CR

'2 R0 QOL002D33.SCH FRLOAD3' -> STA\' . Title
"'3GND ND1C IINWFTCR 

NENL
RCLKC' 3C OCNEEDS TO BE DELAYED 1 CYCLE.

R 1SO THAT LOADED DATA IS AVALABLE TO STORE.|SizeIDc
74F821 2 CYCLES WOULD GIVE INCREMENTED VALUE. I C

RAY SHOULD USE A SLOWER PAL FOR DINVALID[0..3] Date: Ma 6. 1997ISheet 2 of

VCC NOT CONNECTED
S 2 Al Y1 18 FSSRCLK' ADRO 1 2TADR\T DT[0..11
Bs OF COUNT TO WINDOW RAM. 1 C17 CRSFTCLKA A
THEY NEED THE EXTRA DELAY- IKC16 CRSFTCLKB U140A ADR\0 & ADR\1 OUTPUTS NOT USED. DRUT\0 tBR_111]3Y 1[FS'FROM SUFFER SOR FS 15 FRSI'" 74AL504

U32DI 6 14 FSSIA' U140D ON SHT.6.
FRSO' 11 Y13 FSSIB' U140B U140E SPARE

CRSO\4 I AD 1F81[

74F02DTTb 7
74F022 U374AL504 74ALS04 DI_ T(o...3

STAGES 0-3 SHT. 3 74HC541 STAGES 4 & 5 SHT. 4

NEB\ ANGCEB\ ROMSEL
DIN'[0..7] ANGCEC\ROMSEL

ANGCED\ ANGCED\ LWRSEL
INIT\[0..2]
I °IT\3' D14[0..17] 014[0..17] DA[0..11] DA0...11] FCL 1

U[ - -- WIND [ .7 ] FROM0 __ 7 BCRTB 8CRSTB -
D24W[0.17] .0D24[0. .17] DBB[0. I] DBS[0..11i] . 1CR

U\F"-8 EXTOU\ [0" "8] D40 .7 . . . EAE LC
D34[0.E.17]T ]D34[0..17] DC[0..11] DC

[ 0

. .11] RFOR 399 OUTPUT

EXTOL\[0. .8]
CRSTBBDCRSTBA 044[0. .17] 04410 17 D44[0. .17] DD[0 .1] DD[0..11] 160

CRST.. Add 12/14/
CK32A CR32A FROM STG5 Squares CK32F 74ACTQ245 with pin 1 pulled
CK32S CK32BCRSO0 CRSIO

CR320 CK32D CRSIR
CK32E CK32ECRSO2 _ _ _CRSI2_____r0___]

2RSFTCLKA CRSFTCLKA CRSI3.CRSO3.RSFTCLK CRSFTCLKB CRSO CRSO FSC.T[0..3] "FSC.T[0..3

T CRSI FRSO' FSO'........ CRSFTCLK
STA\' STA\'STB\ TE . EXPOF\(0. .3] CK32FSTB\ ' EXPOF\{[0. 3] "CK32F

LA FRLOAD\ TRI- STATE OUTPUTS. CK32G
FSRCLKA RSRCLKA HECK32HX F\ (0 .3] EXPOF\[0. .3] 470 DM PULLO

.SRCLKS FRSRCCK32MCK2H........3L 
E

[ =SI .. .. FRSRCLKB':] ... . CK32N CK32M 1 SELECTS A22 D2RIES
SFRSI' FR.T0. .3] FR.T 0.. 3 CK32 1 SELECTS LO

CK321 C ADRO ADRO 444 NUMBER 16 TO 32 M

CR32J C3I D CK32J AR D1FC\ FC\U2
C.32K C..REAL3. . T0
CR32L- CK32LKFLOA\2'FRLOAD\2' DBB0 4 AlDT 3

SIN/C0o0..9] F IA' F S 'DBB

SIN/COS[0. 9]FSSIA" 2OQ

SIN/.. COS3U[0____f ..
"
"f F SSID'" FSSIC, REAL6 DA3 14 C2 .11 T.3 i I"3 I1 T3 8

SIN/COS3L(0. .9] FSSIDADMPQ

LDRAM" LOVRANP\'. . U A.'. . .WRSELD 1R -
LDRAM" " ... .. 4PULSAR[U-..3] PULSARL0.. 3] ....32- 9 WS . .I± I BU--

RAMLD[0.. 4] -RAMLD.. 
4

P A 0CLK.-.3FFTINIT\"' ..... ..... . EXT5\[0..8] INIT\4 NT4... .f I 30 -

FFTINIT\' EXT5LD\(0..8] EITNIT\48SUFRRWA\' FRRWA\' R AIX0.7] RADIX[0..7]IINIT\5, INIT\5, 74F399
FRRWA\' FRRWB\' FSCLOAD\ FSCLOAD\

CA32A (CA32A
CA32B CA32B SIN/COS4U[0..9 SIN/COS4U[0..9]

CA32G CA32G SIN/COS4L 0.. 9 SIN/COS4L[0..9] UMA10 A 3 2 DT.T4 3 1 I 4 DT\4 2
CA32D CA32D00 71 -DB4 4 2lDT4 3

S ISC5-2K [0..7 ] -- SC5 -2K [0..7 ] IA O 4 6 A2 O
" C<KI 1 I""IRAG4 DA5 6 A2 7DT. T5 7 -2 30DT54

RCLRCSC <K 0..8]RLSC < K[0..8] DRCLRC B1 QE

RCLR RCLKC IMAGS A6 1110TB2TO 12
iCLKFSST\"' .... DBB6 12 1C " l QC I15D6

U60 002D03.SCH IFSRW\' FS... .IMAG6 DA7 14 C2 IS DT.T7 11 I 13 DT\7 8

2 i 8 9 D I N ' 2 A l Y Y 8 D I N T O iF S RD B ? 1 G' DE
3 18 DI'l 3 Y 17. I" CACA32G GLRSELD

03 D Q2 1 DIN '2 A2 Y2 16 DIN .T2 CA32D CA.. .. CK3 F CL.I -

5 D Q3 16 DIN'3 1 A3 Y3 15 DIN.T3 C..rDICL-

6 04 Q4 15 DIN'4 6 A4 Y4 14 DIN.T4 74F399
0 5 QS 14 DIN'S 7 AS Y5 13 DIN.TS IFSSRCLR FSSRCLK

0 D6 Q6 13 DIN'6 8 AG Y6 12 DIS.T6 ]L " . . . . .

9 D Q7 12 DIN'7 91 A7 Y7 -- DIN.T7 DINVA"±u

1 L I Glu82.RCLKB REXPO AA8 3 2 DT.T8 510 
1 

4 DT\8 2
19RCLKCDBB4EXPl 7T.T9 7 - 30T9OC G2* RCLKC A2 O

74ALSS4 74HC541 52 ma_ _..... DBB9 51__.__II_ _I
Changing to ALS574 4500204.SCH 2.5 . 6.5 ns EXP2 DAl0 113 10 DT.TI 10 - 12 OT
eliminated errors in C32ECL\ 4 FCLKE FAST CLOCKS 60/90 ma DBB10 12 Cl QC
the FR ROMS. 101 1 - 6 ns U68 EXP3 DAII 14 C2 15 DT.Tll 11 1 - 13 T

"14 6 Il S INVERTED 2 Al Y 18 CK32C DBB 131D D l Q N 1

Ko0 2 .. II REG CLK 3A A2 Y2 17CK32D LWRSELD 1 02 Rl 6

ADDRESS 
A30 Y312 FCLKF 41A2 v2 16 CK32E CK32F 9 WS

FROM PROGRAM WORD 15 NS C32ECL 11"13 A43 Y
- T 1 AAC32E.. 1 I4N 04 13 DELAYS 6 AS YS 14 CK32H 74F399DDo RCLKS C 7 A 613 ECLK

RR A7YU677A6Y v 12 RCLKB

10 10125. 5-11 RCLKC
2 BIT BUSSESU/INUT. .I. -- U79

00 IN4,0 DIN o,04 U3 I.OU.8,8 1FCLKD1 C DCO.
4--FCL0D1MDLDL-TTL- 01 000 4 Al QA

01 INS,l 2D1 6A

1 2 72 74ACTQ245 D 5 B1 QE
S20101N6T2210 - 12 0

10 1N6,_10 13N 03 12 " RESISTOR IN A with pin 1 pulled up.DC2 11 oo
1..DELAY SOCKET CLKA DISTRIBUTION DD2 12 Cl Qc

11 N7,3 1 4N 04 13 * 1 8 088 U89 DC3 14 C2 15 DS.T3 11 1 OD\3 8

I - r Vcc 2 . .. 18 CA32A DD3 13 Dl QO
SHT. 54VCC35 17 CA32B LWRSELD 3

COUNTER & RAMS SINGLE WINDOW? Ul40F 10125 4.3K . A2 Y2 17 CA32G LRSED K1WS

CK .... ........ .. WIND[0..7] ,lA3 Y3 16 CA32.D C CLK

S FFTINIT\"13FERSHKE. . 2 O6SE CLC FCK32A174F399 4701

F T T C W N INIT\[0..2I470S 13 CK32B

FROM STG3 NCO. IN...... 2. 8A 6 Y 12 FRSRCLKA'RAL r.41.. .. . / *74ALS04 ......A7- -- 7 11 I i-FRSRCLKB' 5 E
" 'RSR

' L
CL 

L U "
" IIAS Y8 - I.. . U57MC 0 2

EXTOU\ [0..8] FRINGE ROTATOR STORES DC4 3
EXTOL\[0..8] IDENTICAL OUTPUTS. 330 19 2 01 1C4ACQA25DDT4S - 4 05I XOL\(.8 \0'']EXTS\[0..8] TWO USED FOR FANOUT. 0 74ACTQ246 2DC5 1 7 OSTS 7/ 3 0EXT5\....""8 "LDRAM""U137V with pin 1 pulled up. DD5 51 QSSUFFE OAR LORAN LORAN LORAB -/ 12 0Dlz ,, x--u.z. o Ql ST\I " ASIC RAM WE'"S. 006 12 Cl QC. . 1 B

UPRMEM UPRMEM ST\l FDE 2 Q2 ~ T\ 1 C 4C2 1 DST7 11 21 B\7 8

11 .. 03 Q3- 1 0 STS\'" FCLKF 2 Al . .. I18 CR321 007 13 Dl QO I - 14 DB7 9

130 .. .. 04l Q4. 12 ADRA A2 Y1l. . 17--C 32J LWRSELD1 02w ElR 6 N/," 10.
PA EULTIN- 1 4 05 QS 15 ADRS A3 Y2 16 I6CK32K CKS2F 9 WCKSl- " I BORS

AD --- D- --- O 74F15 | I I .. . --- I 5 vY3 15 CK32Lr 4 0R

FROD3--- /II --1CLR / 6 Y6 13...CK32N .L

SHT.32 00205.S H 74174A8 Y8

CTR RG UXADDES GNEATO II 19 01 /0C8 31A QA 2 DB.T8 5 1 0 - 4 DB\8 2I
02 ... 74ACTQ245 6D A 7 OTS .2 DS8 3

"" V ~~with pin 1 pulled up. 009 5 Bl QS I±u

.........." /12NS ~ l 14 C2 , 15 DS.Tll 111 - 13s DB\118e

L002D32. SCH 013 I141R
DINVALIDO0 Dl "1. 23 DINYALID'0 F I 0O

vcc R13 DIN-VA.IDl 31 22X F -DIMVALIO'l _
9 -10K DIVLI24 '- 

2
2--DINVALID'2*=ANE ADI O.V

41

rR

EG

Sup.

JNS

SIP

J122

R4
R2

R6
R7
R8

101

J105

R3
R4
R5
R6
R7
R8

101
)HMt

J102

R3
R4
R5
R6
R7
R8

101

J81

R3
R4
R5
R6
R7
R8

101
)HM

J59

COIV
R1
R2
R3
R4A

I REV

41



CHANNEL 0 FR INGE ROTATOR ROMS
U107 Ui08 LANGLEAO 8 AO 00 9 ROTAO ANGLEAO 8 AO 00 9 ROTAS

ANGLEAl 7 l 01 10 ROTAl ANGLEAI 7 Al 01 10 ROTA9AGE2 A2 02011 ROTA2 ANGLEA2 6 11z.. .oz -i ROTAl0
AGE3 A3 03 13 ROTA3 ANGLEA3 5 A2 02 O 13 ROTAll

3GLEA4 A404 14 ROTA4 ANGLEA4 A A 03 414 ROTA12
A A5 05 19 ROTA5 ANGLEA5 3 A40 15 ROTA13
6 2 A6 06 16 ROTA6 ANGLEA6 2 A 60 616 ROTA14
7 1 A 0717 ROTA7 AGLEA7 11A6 06 17 ROTAlS

ANGLEA8 23 A ANGLEA8 23 A7 07

IN'0 

1OT2 
2 

11RGI2N 

O 220211A8 

A

RCLK18 CLK RCK18 KR20Rl 20 CLK
19 INIT I19 INIT

ENA ENA
7C245A-18 2C245A-18

2K X 8 ROME
24 PIN $15 -PC,$19-NC

COULD NOT USE AMD 63RS1681 OR FUJITSU MB7238RA-20 6WKS. DEL
20 NS ACCESS, 40 NS SU! 100 QUAN.

CHANNEL 1
U84 U85

G E O 8 AD 00 ROTB7oA O O 1 0G oBoANGLEBO 8 l 00 10ROTB6ANGLEBI 7 1 10 ROTBI ANGLEBI 7A 0R0B
NLE2 A 0 AGLN2 6A1 l 01 ROTB9O

iiGLEN3 A5 0 13 ROTB3 ANGLEB A 0 13 ROTBIl
BNLE4 A30 14 ROTB4 AGE 4 A30 14 ROTB12

ANGLEB5 3 A4 04 15 ROTB ANGLEB A404 ROTB13
ANGLEB6 2 AS 05 ANGLEB6 2 AS 0 16 ROTB14

AGE7 1 160 ROTN7 ANLE7 1 A6 06 17 ROTB15
ANGLEB8 23 A7 07 ANGLEB8 23 A7 07
DIN'2 22 A8 DIN'2 22 A8
DIN'3 21 A90 DIN3 21 A0

RCLK 18 RCLK18
Rl 20 CLK Rl C20-c

L K

19 INIT 19 INIT
ENA ENA
7C245A-18 7C245A-18

CHANNEL 2
U63

ANGLECO 8 AD 00 9 ROTCO
ANGLEC2 7 Al 01 10 ROTC1
ANGLEC2 6 A2 02r 1 ROTC2
ANGLEC3 5 A3 03 13 ROTC3
ANGLEC4 4 A4 04 14 ROTC4
ANGLEC5 3 A 05 15 ROTC5
ANGLEC6 21 A6 06 16 ROTC6
ANGLEC7 23 A7 07 17 ROTC7

DIN'4 22 A9
DIN'S 21 A90

RCLK 18 _LK
R120 CLK19 INIT /

1 2ENA
7C245A-18

U64
ANGLECO 8 9 ROTC8
ANGLECi 7 AD 00 10ROTC9
ANGLEC2 6 A2 02 1" ROTCIO
ANGLEC3 5 A3 03 13ROTC11
ANGLEC4 4 A4 03 14 ROTC12
ANGLECS 6 A5 O5 15-ROTC13
ANGLEC6 2 AS 05 16 EOTC14
ANGLEC7 A6 06 7 -ROTC15
ANGLEC8 23 A7S0
DIN'4 22 A8
DIN'S 21 A9AiD

RCLK 18El 20 cLK
190INIT

ENA

7C245A-18

CRI.CRSFTCLKA
CRST-- B-A-----

ROTA

MIT \ FFTII\
LORAN''

FRLOAD\2

STA\ STA\'

FRRWA\' !RRLA

CRSFTCLKA
CRSTBA

CK32A
FFTINIT\'"

LDRAM" "

F RLOAD\ 2
STA\'"

FRSRCLKA"

REWIND GOES OFF THE CARD, FOR POSSIBLE USE IN MARK III MODE.
PED IN STAGES 0 & 1.
SCRIBED IN CTRLWRD.TXT.

ST LINES STORE THE ACCUMULATOR IN THE THE EXTRA NCO REG.
RW LINES REWIND THE ACCUMULATOR BACK TO THE STORED VALUE.

VCC FRINGE ROTATOR F
0CRSTB A  

CRSTBA NOTE NCO'S SWAP!
CRSTBB CRSTBB CONTROL WORD DES

R3 CRSFTCLKA CRSFTCLKA
1K LCRSFTCLKB CRSFTCLKB ICA32A CA32ACA2B CA32B

R1 CK32A C321 CA3 20
C32A C32 C32 C CA32

C3B CK32B CK32JS CK32J CA32D CA32D
CK32D CK32K
CK32E CK32L CK32L CARD CONTROL WORD SCATTERED

WIND N0..7]WIND[0..7] AMONG ASIC CRBIT'S.

EXT U\ [.. 8] EXTOU\[0..8] DIN' 0..7 ] DIN'[0..7 ]

EXTOL\[..8]EXTOL\[0..8] INIT\0..2 INIT\[0..2]

ASIC STAGE 0A SHT. 8

CRSI CRSD
CRSFTCLK
CRSTB DATAOUT[0..17]3
NDATAIN[0..15]
AUXIN[0..15]

WINDOW[D. .7]
EXTADD\[0..8]
CLKA
CLK
RST\
TWIDOE

NCOSI4

NCOSO3
NCOCOE

NCOLDIN\-NCOSTA\

NCOSRCLK
NCORW\ NCOCI4

ASIC - STAGE OB SHT. 15CRSI®
,CRSFTCLK
,CRSTB DATAOUT [0.. 17 ]
•NDATAIN [ 0..1 5 ]
SAUXIN [0..15

pWINDOW [0..7 ]
)EXTADD\ [0.. 8] NCOSI
,CLKA CRBIT
CLK
,RST\
,NCOOE NCOSO

NCOO
NCOLDIN\
NCOSTA\
NCOSRCLK

-NCORW\ NCOCI
CRSO

L~nonl q SC

CRSFTCLKA
CRSTBA

CA32A

INIT\

SOA FRSI

STA\'

FRRWA 'r--I L

O BE

FOR STAGES 1,2,3, SHEETS 9, 18-28
ARE IDENTICAL, EXCEPT FOR THE U NUMBERS.

NCOFRZ DISABLES THE NCO CLOCK FOR RAM LOADING

ASIC - STAGE 1A SHT. 9 ASIC - STAGE 2A SHT. 21

CRSI CRSO CRSI CRSO
CRSFTCLK CRSFTCLKA CRSFTCLK
CRETS DATAGUT 0. .17] CRSTBA CRSTB DATAOUT[0..17]
NDATAIN[0..17]DNDATAIN[0..17]

TWID[0..9]

EXPOF\4

NCOSO ANGLE.T4
CLKA
CLK
RST\
NCOSI
NCOCI
NCOLDIN\
NCOSTA\
NCOSRCLK ANGLE[0.. 8]
NCORW\

EXPOF\ 0

FR. TO LDRAM"'
CA32A
CK32D

INIT\2
SOA

STA\'

1 FRRWB -

r xatc r . tA ULFAUUOU iE

CRSFTCLKA
CRSTBA

EXPOF\1

FR. TI
RADIX5 CA32.

CK32D
INIT\2
SOB

STA\'

1 FRRWB

EXPOF\4

ETWID[0..9]
NCOOE
CLKA
CLK
;RST\
NCOSI NCOSO
NCOCO NCOCI4
NCOLDIN\

NCOSTA\
NCOSRCLK
NCORW\ RAMLD[0. .4]4

' tI n;olco

ASIC - STAGE 2B SHT. 22

r CRSO CRSI
1

CRSFTCLK
CRSTB DATAOUT[0.. 17]I
NDATAIN [0.. 17 ]

EXPOF\®

CRBIT
CLKA
CLK
RST\
NCOSI NCOSOI
NCOCO NCOCI4
NCOLDIN\
NCOSTA\
NCOSRCLK
NCORW\

NCO FRINGE STORE COUNT RADIX FOR OVERLAPPING.
FROM CONTROL BITS. RPYO 7 RADIX 0. .7

FXPOF\ _, 31 ] EXPOF\[0..3]

FR.T[0.31 FR.T[0..3]

STG3 R2CNTO IN F

ASIC - STAGE 3A SHT. 25

CRFCL .CRSI CRSO®
CRSTCB eCRSFTCLK

CSB CRSTB DATAOUT[0..17]
NDATAIN [0O..17 ]

EXPOF\O EXPOF\o
)TWID[0..9]

LCAM'" ,NCOOE

CK32E ,CLKA
INIT\3 ,CLK

,RST\ NCOSO®'
;NCOSI
;NCOCO

--A\' NCOLDIN\
ST\ NCOSTA\

iFRRWB " NCOSRCLK
RAMLD -- 41 NCORW\ EXT5LD\[0..]

iL0--D25.ScH

CRSFTCLKB
CRSTBB,ID3 FO_ 171

EXPOF\1

RADIA
i

CA32G
CK32E

INIT\3

STA\'

FREWN

ASIC - STAGE 0C SHT. 16 ASIC - STAGE 1C SHT. 1-9 ASIC - STAGE 2C SHT. 23CRFCK CRSI CRSC CSFCKA CRSI CRSO iCRSI CRSO CSTL
CRFCLACRSFTCLK 1CRSTBLA -CRSFTCLKCRSFTCLKA_ CRSFTCLK CSTL

CRSTBA CRSTB DTOT[..17]D D31 CRS.T7A CRSTB DATAOUT [0.. 17]1 DCRST.B7A CRSTB DATAOUT [0.. 17] CRSD3

STB\' NDATAIN[0 15] N TAAIN[ -17]RO~O.b AUXIN[10..15] EXPOF\ EXPOF\2 EXPOF\ EXPOF\2

WID[ . 7] KWNO [ 0.. 7] C TWID [0.. 9 ] FR TTWID [0.. 9 ] SCA U"

EXTADD\ [0. ] NCOSINCOSO ANGLE.T TCRBI-I3 A2 CLKA R- DX2CA2 CLK C3

FFIIT'CLK INIT\I L INIT\2 CL INIT\
FFTINIT" RST\ S NCOSO RST\ ;CRST\

NCO NOONCOSI- NCOSI NCOSO
FRLOAD\2 CLI\NCOC 'NOI NCOCO NCOCI
SB' SB NCOSTAN\ SB NCOCDIN NCOLDIN\,

ST\,T\ COT\SB' NCOSDTA\ STB\' N A\STB\'

NCOSRCLK FRA - NCOSRCLK ANGLE[0..8] NFRRWSFRRW
FRRWA\' NCORW\ NCOCI FRRWA NCORW\ .] FRRW NCORW\

FREECLEB' LO j202D23 SCw 7r n! n

CHANNEL 3 UASIC - STAGE OD SHT. 17

U41 U42 R CSANGLEDOl1 AD 00 9 ROTO ANGLEOD 8 AD00 9OTD8CRSFTCLKA CRSFTCLKANGLED2 6 Al01 10 ROTDl ANGLED1 7 10 ROTD9 CRSTBA
ANGLED3 2 1 1ROTD2 ANGLED2 6 Al 11'-ROTDR A

A 3GLED3 35 A2 02 13 ROTD3 ANGLED3 5A2 02 13 ROTDl XNDATAIN. .15]

ANGLED4 4 A3 03 14 ROTD4 ANGLED4 4 A4 04 14 ROTD12 ""

ANGLEDS 3 A4 04 15 ROTD5 ANGLEDS 3 AS 05 15 E0T013ANGLED6 2A 16 ROTD6 ANGLED6 2A 16 ROTD14
1A606A 6\..806

ANGLED8?2 A1 0 17 ROTD7 ANGLED? 1A70 17 ROTDlS

DIN'6 22 A8 INLED823 A8 FFTINIT\' EST\
DIN'7 21 A9 DIN' 22 FA-i--NT"AID DIN'7 21 AiD;ST

RCK8RL 8FRLOAD\2 iNODN NCOCC
RCLK CLK8TB\"REL 20 CLK R12IN

19 INIT 19 INIT NCOSTA\
ENA ENA FRRWA\" NCORWNC

7C245A-18 7C245A-18 NCOEN\ NCOCI

RCLK-C-RCLKC

S RCLK

DELAYED CLOCK FOR REGISTERS
THAT OUTPUT TO ASICS. SIN/COST 0..9 ]SIN/COS1[0. .9]

CRSFTCLKA
CRETBA

CA3 21

CK32J
INIT\ 1

SOD NCOSO

FRLOAD\3

STB\

FERWA

CRSO CRSI4
CRSFTCLK
CRSTB DATAOUT[0.. 17]
NDATAIN [ 0. .17]

EXPOF\*
TWID[0..9]
NCOSO ANGLE.T4
CLKA CRBIT
CLK
RST\
NCOSI
NCOCI
NCOLDIN\
NCOSTA\
NCOSRCLK ANGLE[0.. 8 ]
NCORW\

CRSFTCLKA
CRSTBA

EXPOF\3

FR. T3
AD1CA32]

CK32K
INIT\2
SOD

FRLOAD\1

STB\

FRRWB

I ± ILrs U UU U .'L IU

1' ANGLTFr0..81_

1
SIN/COS1'[0..9]

SIN/COS2 0..9 SIN/COS2[0..9]

ASIC - STAGE 2D SHT. 24

CRSO CRSI4
CRSFTCLK
CRSTB DATAOUT[0.. 17]*
NDATAIN [ 0. . 17 ]

EXPOF\4

EOTWID 
[0.. 9]

CRBITI
CLKA
CLK
RST\
NCOSI NCOSO*
NCOCO NCOCI4
NCOLDIN\
NCOSTA\
NCOSRCLK
NCORW\

SIN/COS2'[0. .9]

CRSFTCLKB

OVA CA3 D_
CK32L .-

FRLOAD\O0
STN\

FRRWB'

ASIC - STAGE 3B SHT. 26

CRo OCRSI
CRSFTCLK
CRSTN DATAOUT[0. .17]
NDATAIN [ 0. .17 ]

EXPOF\
TWID[0..9]

CLKA R2CNT0
CLK
RST\ CRBI
NCOSI
NCOCO
NCOLDIN\ NCOSO
NCOSTA\
NCOSRCLF
NCORW\

L002D26.SCH

ASIC - STAGE 3C SHT. 27
CRSI CRSO
.CRSFTCLK
CRSTB DATAOUT[0..17]
NDATAIN[0..17]

9 D . EXPOF\]:TWIDG. 0.9]

CRBI
CLKA R2CNT0
CLK
RST\ NCOSO
NCOSI
NCOCO
NCOLDIN\
NCOSTA\
NCOSRCLK
NCORW\

L002D27.SCH

ASIC - STAGE 3D SHT. 28

CRSO CRSI,CRSFTCLK
CRSTB DATAOUT[0..17]3
NDATAIN[0..17]

EXPOF\®
TWID[0..9]

CLKA R2CNTO
CLK
RST\
NCOSI NCOSO3
INCOCO
NCOLDIN\
NCOSTA\
NCOSRCLK
NCORW\

L002D28.SCH

PHASE WITH STG5.

CRSOO

D14[0..17]

D14 0..17

EXPOF\0

0NCOSOA

EXTSLD\[0 .8]

D24[0
-
.17]

D24[0..17]

EXPOF\1

<ANGCEB\
I

RADIX7

NCOSOB

SCRSO2I

034[0..17]

EXPOF\2

RADIXO

ANGCEC\

NCOSOC

044(0..17]

EXPOF\3

ANGCED\

SFRSO'I

SIN/COS3U 0.. 9 SIN/COS3U[0..9]

SIN/COS3L[0.. 9 SIN/COS3L[0..9]

Ul0
2 19 FRLOAD\O

FRLOAD\ FRLOAD\0 3 Dl Q1 98FRLOAD\O
FRLOAD\O'4D I2 Q2 17 FRLOAD\0
FRLOAD\1 03 Q3 16 FRLOAD\1'FRLOAD\ SI I5FLA\
FRLOAD\1' 6D4Q 15 FRLOAD\ 2

06 Q 14 FRLOAD\2' FRLAD\2,1
FRLOAD\2' 8 07 Q7 13 FRLOAD\3 FRL......

NIT\8 Q -8 12 INIT\3
NT\'TO GENERATE STORE

RCLKC 11CLK

OC DELAY NCO LOAD PULSES.

74F574 STAGGERED 2 CYCLES.

Uil U15
SIN/COS10 2 oi1 01 23 SIN/COS1'0 SIN/COS20 2 U17 23 SIN/COS2" U16

D2 Q2 22 SIN/COS1' SIN/Cos21 - Di Q2 2 SIN/C052'0 U1 23 U'D SIN/COS3L0 2 o 13QL

SIN/COS12 4 21 SIN/COS1'2 SIN/C0522 22 SIN/COS2' SIN/COS3U 1 .. .22 SC3U'l
IN/C5133-- 03 Q32 ---- D2 Q2SIN/C.23..3 Q3 21 NSIN/C03U 02 Q2 21 SC3U'2 EIN/C 3L2 02SC3L'2

SIN/COS14 64 21 SIN/COS1' 2SIN0D3 Q3 -4 SIN/C 2'3 SIN/C 3U2 03 Q3 20SC3U'3 SIN/COS3L35 03 Q 2
04/D3 Q3 --7co24 SIN/COS1'4 SIN/C 54 Q4 19 SIN/COS2'4 SIN/COS3UI3 6 4U4NCLSC3U4 6 4 Q4 19 3L'

SIN/COS13 _506 0Q6Q419SIN/COS1 CSIN/COS23 536 Q4 1 /SIN/COS2 I CuSIN/COS3U2 4ID5.. .. .. -SC3U' SIN/COS3L32 L

SIN/COSi 9 05 Q7 18 SIN/COSl'S SIN C0525 9 05 QS 18 SIN/C052'7SEIN/C053U46 8D05 617 CU'S SIN/COS3LS 6 5 S1 83'

SNCS46 17 SIN/COS1' 7ENC5'60 7E3'

SIN/C18 10 Q8 IN/COS1 SIN/COS21 SIN/COS2'8 SIN/COS3U7 6 9 Q7 16 SC3U SIN/COS3L4 9
SIN/COS16 08D Q7 15 SIN/COS1'8 SIN/COS26 1 D Q9 14 SIN/COS2 0 QSIN/COS3U5 1. .. Q8 15 SC3U'8 SIN/COS3L8 100 Q 1 SC3L

0 Q914NC10 QD2' SIN/COS3U8 10 Q -- SC3U'9 SIN/COS3L9 8 9 Q 14 C01UUS8 0 QiD Q9SO~ I-- D9 Q9 -- D9 Q9 -- SIN/COS3U9 11 14i--C3US /C 3L l N l5S L

ECLCC 13 OC ECLOC 13 DC
CLK CLK RCLKC 13 OLK CCLKC 13
74F821 74F821 CL2 CL2

74F821 7F2

IFRSRcLKA' FRSRCLKA'
FRSRcLKB " FRSRCLKB'

FRINGE ROTATOR SHIFT REGISTER CLOCKS

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

FFT STAGES 0 TO 3

Size Document Number REV

C 56000L002 (L002D03.SCH)

Date: May 6. 19971Sheet 3 of 41

IASIC - STAGE IB SHT. 1-8
CSTLA CRSO CRSICRSFTCLA - CRSFTCLK

D2 0.7 CRSTB DATAOUT [0..17]
- NDATA" [ 0.. 17 ]

EXPOF\
TWID [0..9]

RADIX4 CA32 
_ N C O S O  

ANGLE. T
CK32B - CLKA CBI

INTl CLK
SOB NIT\ 1 RST\

SOB COSA_ NCOSI
.NCOCI

STA\"' i
;N C O L D I N kN O T \

FRRWA "'-- NCOSRCLK ANGLE [0.. 8]
I ! ,',NCORW\

L002D8 C

ANGT.EBFO _811

SEPARATE FR RW LINE ALLOWS THERE T(
NO RWWHEN THERE IS A NCO LOAD.

FRRWA\'FR FRRWB\

T
T

I I

ii = 1 1 LUU2D22 SCH 1

_ LV V GL17 l ri I

L I

Impi

.r ... 1 .. . .r

IC

®TWID [ 0.. 91

ASIC -STAGE 1D SHT. 2 i

1

r.nn'70n, '7 c(-r-u

r

-Ea r 0 a 1

3]

.KB

0.

2D
2L
\3

"iSRI T.TK"'I



FSC ROMS

SHTS. 10-:

CK32F CR32F
CR320 CK32G

CK32HK CRSFTCLK_ CRSFTCLKCK32M CK32M ,RSFTCLK..i CRSFTCLK
CK32N CK32N ICRSTB CRSTB

014 0. .17 D 0

CA32G CA32GCA32D CA32D FSRW\'CK32G

INIT\4

3RCLKB,
RCLKC FSSIA" CA32G

FSCEA\
FSSRCLKA

PULSAR0..3 PULSAR[0..3|

INIT\4 INIT\4

-S R --' F S R W \ '

I FSST\" >FSST\'

DINVALID'0.3 DINVALID'

DINVALID ALLOWS SETTING TH
FFT DATA INVALID IF THERE3

A TAPE ERROR.
SET THE PGENBL BIT IN THE
STAGE 4 CONTROL WORDS.

CRSOI
CRSFTCLK

CRSTB

024 0. .17 12 01

FSRW\'
CK32G

INIT\4

[0..3] FSSIB' CA32G

FSCEA\
E FSSRCLKA
WAS aNlMrL1

vcc

SR17 CRSI2 CRSFTCLK
1K CRSTB

Rl D34[0..17 D34[0.17

EXT5\ 0..8] EXT5\ [0..8]

SEE EXT5 .TIM 044 T\ '
U143 FSRW\

EXT5\0 3 D . Q 2 EXT5\'O CK32M
EXT5\1 4D2 Q2 5 EXT5\'l INIT\4
EXTE5\3 11 0 . Q410 EXT5\'3 FSSIC' CA320
EXT5\4 13 04 Q5.12 EXT5\'4
EXT5\5 14 D6 Q615 EXT5\'5

FSSRCLKB
CK32F 9 CLK FSCEA\

7CLR
74F1 

-_-

CROICRSFTCLKCRSTB

044 0. .17

NEED AN F FOR THE 4 NS SU.
U142

EXT5\6 32 2EXT5\'6
EXT5\7 4 Dl Ql 5 EXT5\'7 FSRW\'
EXT5\8 6 02 Q2 - EXT5\'8 CK32M

1 E04 Q4 10 FSCE\ INIT\4
13 04 Q F1FSCEA\ FSSID'"CA32D

06 Q6 FSCLOAD\''

CK32F 9CLK WAS FROM FSCLOAD\'''
RlFCLR IFSSRCLKB

FSCEA\
74F174 ANG[0_8

EXTERNAL ADDRESS 5 IS LOADED
INTO RAM FROM NCO 3A.
THE REGISTER BREAKS UP THE LONG PATH
AND PROVIDES FANOUT TO THE 4 ASICS.

INCLUDED IN STAGE 4 ASIC SHEETS.
13 IDENTICAL, EXCEPT FOR U NUMBERS.

ASIC - STAGE 4A U113

ICRSI
CRSFTCLK
CRSTB
NDATAIN[0..17]

AUXIN[0..17]
*TWID[0..9]
;NCOSTA\
INCORW\
SCLK
RST\
SNCOSI
;CLKA

NCOLDIN\NCOCE\

NCOSRCLK
SIN/COS[0..8]
DINVALID

4CRSOCRSFTCLK
CRSTB
NDATAIN[0. .17]

=

H

AUXIN[0..17]
TWID[0..9]
)NCOSTA\
NCORW\
CLK
RST\
NCOSI
CLKA
)NCOLDIN\
NCOCE\
NCOSRCLK
SIN/COS[0..8]
)DINVALID

SHTS. 14, 29-31 IDENTICAL,
EXCEPT FOR U NUMBERS.

CR IM ....... CRSI

DATAOUT[0.. 17]

COSA[0..4]
SINA[0..4]
COSB[0..4]
SINB[0..4]

EXPOF\®
FSC. T4

ACOSA[0..4]
ASINA[0..4]
ACOSB[O..4]
ASINB[0..4]

EXPOF\0
FSC.TO

NCOSO NI COSI
NCCCTUNCOCO

R2CNTO

DATAOUT[O. .17]I

COSA[0..4]I
SINA[0..4]
COSB[0..4]fl
SINB[0..4]f]

EXPOF\4
FEC .T4

R2CNTO

L002D11.SCH

ASIC - STAGE 4C U70

CCE\ 8SIN/COS [0..8 ]
SDINVALID

L002D12.SCH

ASIC - STAGE 4D U47

r CRSO
CRSFTCLK
CRSTB
NDATAIN[O..17]

AUXIN[O..17]
TWID[O. .9]
NCOSTA\
NCORW\
CLK
RST\
NCOSI
CLKA
NCOLDIN\

NCOSRCLK
NCOCE\
SIN/COS[0..8]
DINVALID

R2CNTA FSST\
FSRW\'

FSCE\
FSSRCLKC

PGA

025 [0171 - CRSTM

BCOSA[0. .4]
BSINA[0..4]
BCOSB[0..4]
BSINB[0..4]

EXPOF\ 1_
FSC.T1 INIT\5

R2CNTB FSST\
FSRW\

FSCE\
FSSRCLKC

PGB

CRSTL
iD35 [0 1 IICRSTB = E -

CCOSA[0..4]
CSINA[0..4]
CCOEB[O..4] 5C
CSINB[0..4] __

EXPOF\2 '
6
\:rN

FSC.T2 INIT\ _

R2CNTC FSST\1
FSRW\'

FSCE
FSSRCLKD

PGC

CRSI r r

DATAOUT[0.. 17]fl

COSA[0. .4]fl
SINA[0..4]
COSB[0. .4]
SINB[0. .4]

EXPOF\®
FSC. T4

CRSFTCLK
D45[..17] CRSTB

DCOSA[0..4]
DSINA[0..4]
DCOSB[0..4]
DSINB[0..4]

EXPOF\3 ___
FSC.T3 INIT\5

ASIC- STAGE 5A U119

ICRSFTCLK
DATAOUT[0..11]!

NDATAIN[0. .17]
AUXIN[0. .17]
CRSTBTWID [0.. 9]
CLKA EXPOF\4
CLAEXO\EXTADD\ [0.. 8]
CLK

RST\

:NCOLDIN\
NCOSTA\
NCORW\
NCOCE\
NCOSRCLK
DATAENBL\

R2CNT0 FSCONLY\ D LWRSEL
CRBIT

CRSOK

L002D14. SCH
ASIC - STAGE 5B U99

CRSO CRSI4
CRSFTCLK
CRSTB DATAOUT[0.. ll]*
NDATAIN[0..17]
AUXIN[0..17]

)TWID [0.. 9]

CLKA EXPOF\®
EXTADD\[0..8]
CLK
RST\

NCOSO NCOSI

NCOSO61 I--bMCOSI

NCOCI41

R2CNTO

CRBIT®

L002D13.SCH

R2CNTD
TO MUX

SIZE\1

FSCLOAD\'
FSST\
FSRW\'

FSCE\
FSSRCLKD

PGD

CAN BE SLOWER REG.

THE PIGGYBACK BUFFER GETS RID OF
RINGING IN FSSRCLK.

U20 PIGGYBACK

FSECLE 2 Al Y118 FSSRCLKA
3 .... Y217 FSSRCLKB

4  Y21 FSSRCLK1RC
A3.Y 15 FSSRCLKDAS YE FSCK

A6 Y6 13
8A7 Y7 12

A8 Y8

19G1
G2

74HC541
U20PULSARO 2 D1  QI[ 19 GPGA

PU 'A1 D2 Q2 1 G
PULSA2 4 3 Q317 PGC

"USA3 D4 Q4 16 PGD

FSCLOD\ D5 Q5 15 FSCLOAD\' STG 5
CLOAFSCLD6 Q6 14 FSCLOAD\'' STG 4

D7 Q7 1
SINIT\ 5 • --- D8 Q8 1-

2 I N I T \ 5

RCLKC 11 CLK

74F574

FSCLOAD\ LOADS STAGGERED BY 1 CYCLE.
SEE TIMING IN CETIM. SCH

FSST\ (FSTC STORE\) AND FSRW\ ARE
OUTPUT OFF CARD JUST IN CASE NEEDED.
NORMALLY TIE PINS HIGH.

NCOLDIN\

NCOSTA\ R2CNTOI
NCORW\
NCOCE\
NCOSRCLK
DATAENBL\

L002D29.SCH

ASIC - STAGE 5C U78

CRSFTCLK
CRSTB DATAOUT[0. . l]_
NDATAIN[0. .17]
AUXIN [0..17]

STWID[ 0..9]
CLKA EXPOF\®
EXTADD\[0..8]
CLK
RST\

NCOLDIN\
NCOSTA\
NCORW\
NCOCE\ CRSO
NCOSRCLK
DATAENBL\

L002D30.SCH

ASIC - STAGE 5D U53

$CRSO CRSI4
CRSFTCLK
CRSTB DATAOUT[0..II]l
NDATAIN[0..17]
AUXIN[0..17]

TWID [0.. 9]
CLKA EXPOF\
EXTADD\ [O0. .8]

CLK
RST\

NCOLDIN\
NCOSTA\
NCORW\
NCOCE\
NCOSRCLK
DATAENBL\

L002D31.SCH

ALL
LWR'
R4CN'

SIN/COU4U 0..9]OFR:
"" S INC 

SIN/COS4L 0.. STAG]

U18
SIN/COS4UO 2 D1 Ql 23 SC4U'O

D2 Q2 22 SC4U'
0

SIN/COS4U2 4 D3 Q3 21 SC4U'2
SIN/COS4U3 5 D4 Q4 20 SC4U'3
SIN/COS4U4 6 05 Q5 19 SC4U'4
SIN/COS4U 7 SC..SC4U2

5
20487PT A7GLES

SIN/COS4U6 8 Q76 --17 
S
C4U'

6  
128/512 PT ANGLES SC52K0..7] <

SIN/COS4U7 I9 D7 Q 71SC4U"PA S C5<lK 0..8
08 Q8 16 SC4U•97

EIN/C054U8 10D8 QQ 1 SC4U'8____
SIN/COS4U9 11 D10 QI0 14 SC4U'9FROL3 M

FROM 3B ANGCEB\;
1 

3 v 
OC R2CNTO CEC\

RCLKC 13 CLKANGCED\CLKK

74F821

SI/O4O2 9Dl Ql 23 SC4L'0 FROM CONTROL WORD4D SIZE\]
SIN/OS4L 302 Q2 22 EC4L'l
CL 3 Q3 21 SC4L'2

04F821 20 SC4L'3
SI/CS446 05 Q4 19 SC4L'4
SNCSL5 7D5 Q 18S4'

SIN/C054 L6 8D556 6 18 SC4L'6
EIN/C054L7 9 07 Q7 17 SC4L'6
SIN/C054L8 10 09 Q9 1 SC4L'8
SIN/C054L9 11 010 Q10 14 SC4L'9

RCLKC 13 OCL

4F821

FXPOF\F1O_

EC .TF0..

DA[0..1 <DA[0.11i

EXPOF\ 0 1 SELECTS X
FROM

13 MA LOADoFT U
TO FSTC ROM

DEMF 111DBB[O. .1:

EXPOF\1

SROMSELI

ROMSELD 
R

THRU 2 U135, 541

1 SELECT!
D ] DC[0..I1

EXPOF\2

DD0.1.11

EXPOF\3

STG5 R2CNTO'S ARE IN PHASE.
S ARE DELAYED 1 CYCLE BY DELAYING
TO IS USED TO THEN CORRECT THE PH
2CNT\O.
E THERE IS AN 11 CLOCK DELAY / ST
E 3 R2CNTO IS IN PHASE WITH STG5.

SHT 6 WITH SHT 7 INS
TO FSTC

ANGLE MUX

SC52K[0. .7]
SC5<AK[O.[.8]

CLK ANGA[0. .8] ANGA[0.

ANGB[0..8] ANGC[
ANGCEB\ ANGC[0. .8] ANGC[0.

ANGCEC\ ANGD[0. .8]ANGD[0.
ANGCED\

SIZE\1

L002D06. SCH

L002D10.SCH

ASIC - STAGE 4B U91

CA FO 9
(2 lk -5 u

u A.
INIT\

ICRSI CRSOC
CRSFTCLK
CRSTB DATAOUT[0. -17]I
NDATAIN[0. .17]

COEA[0. .4]E
IAUXIN[0. .17] SINA[0. .4]
ITWID[0. .9] COSB[0. .4]
INCOSTA\ SINB[0. 4]
NCORW\;CLK EXPOF\®
RST\ FSC.T4

NCOSI NCOSO
CLKA NCOCIS
NCOLDIN\

R2CNT0

CRSI44 CRSFTCLK

EXPOF 0..3WS1 EXPOF\ [0..]MUX FSC ROM OUTPUTS. IONS SU

3] [ 0..3-- -- 4.5NS SU U118

1 SELECTS A2B2C202 6A B7SA
1 SELECTS SMALL ROM. ACOSBl 1 M QII11B C 10 SCA2

BIG ROM REG[ ACOSB2 12 Q
K2 U134 14 l Q 1lSA

STG4 ACOSA0 3 .. ..1 2 ACOSB3 13 Dl QOACOSAI 4D2 Q2 5 ROMSELD 1W

ACOSA2 2D3 Q3 6KRCLKB9 CLE 74F399ACOSA3 8 D4. .. 9
ACOSA4 13 .. ..Q5 12
ASINA0 14 D6 Q6 15 IU98
ASINAI 17 0 . Q 16 3 Al QA 2 SCA4ASINA2 18[ D8 Q8 ]19 ][ ACOSB4 4A

CLK FROM!IT 6 -- SCAA
STG4 R2CNT0 R2CNTA 11 Ml1QE ASINB0 BI QB 7QSCA5

ASINBI 12 CMUX 74F273 14 D1 QD 15 SCA6

ASINB2 13 D2ROMSELD 1 WS

RCLKB9 CLK 74F399

A & B SHARE THIS CHIP.
U97

•3 Al QA 2 SCA8
ASINB3 4 A

6BI QB 7 SCA9
ASINN4 M5 Q SA

11B 2 1QC 0 SCBO

NCOSAO ~02 Q2 6 CLKNCL 7439
M 33 14NCA 1 0 Q 15 SCB

ASINA3 18Dl Q7 1 BCOSB1 13D2
ASINA4 7| D2 Q2 ROMSELD 1 2
BCOSAO 7|D3 Q3 6 RCLKB9 CLK 74F399BCOSAI 138 D4 Q4 9
BCOSA2 11 1 D5 Q51
NOMSELD BCOSA3 17 D2 Q26 RC U96

1 SECTIONS . BSINA0 18 D8 Q8 1 BCOSB2 3 A2

R2CNTB1 KBCOSB3 B CK 73
11 Cl QC 10 SCB4

FSCINIT. LRBCOSB4 12 C2
74F273 14 D1| 15 SCB5

BSINBO 13 D
'DD ROMSELD 1 WSD

lASS

RCLKB9 CLK 74F399

U95

R2 Al QA 2 SCB6BSINBI A2
BSIB2 B1 QB 7 SCB7

11BC QC 10 SCB8BSINB3 12 C
U92 14 D1 QD 15 SCB9

BSINAI 3 D12Q EBSINB4 13 D2
BSINA2 7 D2 Q2 ROMSELD 1 WS
BSINA3 D3 Q3 6 RCLKB 9 CLK 74F399
BSINA4 83 D4 Q4CCOSAO03D 51oo A 4 6 6 1 9
DSA4 18 07 Q7 193 Al QA 2 SCC
CCOSA3 18 D8 Q8 19 CCOSB A26B1 QB 7 SCCI
R2CNTC Ii1CLKCCOSBI 5 L SONY L 1B2

iB Cl QC10 SCC2FSCONLY\ CLRCCOSB2 12 C 5SC

74F273 14 C2 D 15SCC
CCOSB3 13 D2 QDROMSELD 1 WS

RCLKB9 CLK 74F399

U93

u761 15 scc7

CSINA0 I D2SQ2OL51W

CSINA2QC310D4CQ4
CSINA3SI IBD51Q

DC U0 ID 7 3 D1 QA 25SCC8
DCOSAI l 8Q8 2 CSINB 3 D

CSINAO 4DQ25 ROMSELD 1 
WS

-SNI 7 3 Q RCLKB 9 CL K  74F399

CSIN4 14D6 Q 15U77
IDESA 17D7QT1 l QA

2 Sc
C

2

D8 Q36A1 QA SC
RUMS D11CSB24 5 A2 7OLY LR1 C C SCD3

3II.DCOSBO 12Ic c10SD
EISE7F2314, i Q 15 SCD5

.CSB 13 ]DCS32 2 Q
.8 DOS4 ID3 Q3RCLKB9 CK 74F399

14 U52B2 4 S D

of ......... b t Tl -CRSI

NCOSI

NCOCO

r

__._. .IMIN000O

T
i

I



DTP ,-o l n lnrrarT DAr.11 r -. &Rm ) 4 9 )-t R TT7TT 1)-1 C;Th7T4 1(n MTT. 24 PT\T AThh DTNTcTT'r' C1T .1'r,
CY7C128-2OPC , IIL 100 OQD'. G 3,GLUAN, $ 19 I1,WKN
CY7 C1288-2 OPC , 100 QUAN, $9 1 WK

ELIMINATED 541, U136

FOR OVERLAP M(
ARE NEEDED. 1
SCHEDULE. NO
VALUES WOULD I

COULD BE PATCHED THROUGH. U123 TWO CONFIGURA'
Q0 8 AO DO 9 WIND0Q1 7 A D1i0 WIND 12 6 A2 D2 11 WIND2 Q0 8
3 5 A3 D3 13 WIND3 Q1 7
4 4 A4 D4 14 WIND4 Q2 6
5 3 A5 D5 15 WIND5 Q3 5

Q6 2 6 D6 16 WIND6 Q4 4
7 1 A7 D7 17 WIND7 Q5 3
8 23 A8 Q6 2Q9 22 A9 Q7 1

19 A10 Q8 23
UPRMEM' Q9 22

18 CUPRMEM' 19
LDRAM'' 20 E
WE'\ 21 WE 18

LDRAM" " 20
CY7C128A-20OPC WE' \ 21

RAMLD [ 0 .. 4] RAMLD [ 0 .. 4]

FROM NCO. FOR LOADING RAM.

DELAY SO ENOUGH HOLD TIME TO TWIDDLE
SEE DRAMTWID.TIM

SEE RAMEXTA.TIM FOR RAM TO EXTERNAL ADDRESS TIMING
SEE RAMFSCE.TIM FOR RAM TO FSCE TIMING.
SEE ST.TIM FOR RAM TO REG FOR STORE TIMING.

ODE 2 FRST SCHEDULES
UPRMEM ALLOWS AN ALTERNATE
TE THE REST OF THE RAM
HIAVE TO BE DUPLICATED.
TIONS COULD BE IN MEMORY.

U124

A0 DO
Al D1
A2 D2
A3 D3
A4 D4
A5 D5
A6 D6
A7 D7
A8
A9
AlO

CE
OE
WE

CY7C128A-2

QO 8
Q1 7
Q2 6
Q3 5
Q4 4
Q5 3
Q6 2

9 EXTOU\8 Q7 1
10 EXTOL\0 Q8 23
11 EXTOL\1 Q9 22
13 EXTOL\2 UPRMEM' 19
14 EXTOL\3
15 EXTOL\4 18
16 EXTOL\5 LDRAM '' 20
17 EXTOL\6 WE'\ 21

VCC

R11

I 1K

20PC

U125

AO
Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO

CE
OE
WE

DO
D1
D2
D3
D4
D5
D6
D7

9 EXTOU\0 Q0 8
10 EXTOU\1 Q1 7
11 EXTOU\2 Q2 6
13 EXTOU\3 Q3 5
14 EXTOU\4 Q4 4
15 EXTOU\5 Q5 3
16 EXTOU\6 Q6 2
17 EXTOU\7 Q7 1

Q8 23
Q9 22

UPRMEM' 19

18
LDRAM'' 20
WE'\ 21

CY7C128A-20OPC

QO 8
Q1 7
Q2 6
Q3 5
Q4 4
Q5 3
Q6 2
Q7 1
Q8 23
Q9 22

UPRMEM' 19

18
+ LDRAM'' 20

WE'\ 21

- -- - - - -. - - - - w . .-I

CE
OE
WE

CY7C128A-2 OPC

0150
9 EXT5\0

10 EXT5\1
11 EXT5\2
13 EXT5\3
14 EXT5\4
15 EXT5\5
16 EXT5\6
17 EXT5\7

LOW SPEED.
TO ENABLE NCO OUTPUTS
FOR LOADING RAM.

LDRAM' 'LDRAM" "I

WIND[0..71 <WIND[0..7]SWIND[r0. .7]

U141

AO DO
Al D1
A2 D2
A3 D3
A4 D4
A5 D5
A6 D6
A7 D7
A8
A9
AlO

CE
OE
WE

CY7C128A-
U138

AO DO
Al D1
A2 D2
A3 D3
A4 D4
A5 D5
A6 D6
A7 D7
A8
A9
AlO

SEE L002D34.SCH FOR A
DESCRIPTION OF BOTH PALS.

6.5 NS CLK TO OUTPUT
10 BIT COUNTER

HALF OF PAL EMULATES A 74F153
C2 & C3 ASSUMED LOGIC 1

G INSTEAD OF G\LOAD RAM WITH ALL 1'S EXCEPT O'S AT:
INIT\1 = PT 8
INIT\2 = PT 19 11 SPACING
INIT\3 = PT 30
INIT\4 = PT 41
INIT\5 = PT 52

10 NS

U128RST\.T
RST\ 3 2 RST\'RST \ D1 Q14 D Q2 5 UPRMEM"

IURMM WE, \ 6 D Q3 7 WE" " \UP3LDR1 

10 LDRAM"

D5 Q5 1 ACK

IKLc K

LDRAM'
LDRAM'' DISABLE OUTPUTS.

L CLKR11CL
CK32Q IN

74F174
ALSO TO O140 ii, INVERTER TO TEST CONN.

LDRAM " I

LDRAM" " _ DISABLE OUTPUT. I

LDRAM ''\ -

CLEARS COUNTER

I CLEARS COUNTER

RAMCLK' I I I L NORMALLY LOW

Y=G*/B*/A*CO +
G*/B*A*C1 +
G*B*/A +
G*B*A

USE LDRAM TO DISABLE OUTPUT WHEN SHIFTING ASIC CTRL WORD
TO PREVENT BUS CONTENTION FROM NCO OUTPUTS.

TO LOAD RAMS,
HAVE LDRAM HIGH.

THIS INITIALLY CLEARS THE COUNTER.
HAVE THE RAM WIDE WORD OUTPUT VIA THE NCO'S.
HAVE RAMCLK GIVE A NEGATIVE PULSE.

THIS GIVES THE WE\
IT THEN INCREMENTS THE COUNTER.

HAVE THE NCO'S OUTPUT THE NEXT WORD.
THERE CAN BE A SINGLE SYSTEM WIDE RAMCLK SIGNAL,
AND CARD LEVEL LDRAMS.

NC
CLEAR

COUNT ENABLE

FROM EXTERNAL FF WE''"\ 5 . ." 16 WE'\
RST\ 6 4 0415 Q6

NC 7 I50 4 Q7
NC 8 I I 13 Q8 *
NC 9 I7 0718 2 Q9

CLK 
1CL

CL~ CLLK

11 
O

16R8-7PC

Q8 & Q9 TO BE DELAYED FOR WINDOW RAM.

CLEAR CLR': = RST + LDRAM''*LDRAM"'''\
COUNT ENABLE CE' := ( LDRAM'' * (WE'\*WE" ')\ )\

WE I I I (RAM

WE' \ I I

WE''I I I I
COUNT
ENABLE CE 1 n

CE' - [-nFl
COUNT ENABLE
COUNT o I1 12

CLK'*LDRAM' ')\

ENABLED ALL THE TIME WHEN NOT LOADING RAM.

WE'\*WE" + LDRAM''\
( (WE'\*WE '') \ * LDRAM'')
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11 EXT5 \8
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2048 EVEN AND ODD

SC5-2K[0..7] 2K[0..7]

128 UPPER AND 512 LOWER

SC5<1K[0..8] <iK[0..8]

-CLK CLK

RCLK INPUT

VCC

Rl

U140D
FROM 4D

SIZE\l SIZE\l 9 5 SIZEI

74ALS04 USED TO BE A]
INVERTER PREVENTS BUS CONTENTION.

823 HAS 3NS SU
FROM 3D R2CNTO

[ANGCED\ANGCED\

THESE TWO ARE IDENTICAL,
USED FOR FANOUT.

FROM 3B R2CNTO

IANGCEB\ 
A N G C E B \

REG C
U21

<IKO 2 2D1 Q1
<1KI 3 1Q

<1K2 D2 Q2<K2 4
<1K3 D3 Q3<IK3 5
<1K4 6 D4 Q4<IK4 6 D5 Q5<K5 7

D6 Q6
<1K6 8 D7 Q7
<1K7 9 DS Q8D8 Q8

FROM 3C <IK8 10 D9 Q9
R2CNTO0 CLK 13DL

14 CLK
ANGCEC\ SIZEl i CLKEN

R1 11 OC
CLKEN-CLR
3NS SU 74F823
ONS HT 2NS DATA HT

REG D
128 OR 512 PTS OUT

U34
CO 2 23 A
C1 3 Dl Qi 22 A

R9 C2 4 D2 Q2 21 A
1K C3 5 D3 Q3 20 A

C4 6 D4 Q4 19 A
C5 7 D5 Q 18 A
C6 8 D6 Q6 17 A
C7 9 D7 Q7 16 A
C8 10 D8 Q8 15 A

CLK 13 D9 Q9CLK6NS SU ANGCED\14CLKENCLKEN
SIZEl 1 OC

R1 11CLR

74F823
U22

CO 2 23 A
C1 3 Dl Qi 22 A

N F C2 4 D2 Q2 21 A
C3 5 D3 Q3 20 A
C4 6 D4 Q4 19 A
C5 7D6Q 18 A
C6 8 D6 Q6 17 A
C7 9 D7 Q7 16 A
C8 10 D8 Q8 15 AD9 Q9

CLK 13CLK>CLK
ANGCED\14 CLKEN
SIZE1 OCR I OC

R1 11 CLRCLR

74F823
U3 6

CO 2
l 3 Al Y1C1 3
C2 A2 Y2C2 4
C3 A3 Y3C3 5
C 6A4 Y4C5j 6

C6 7 A5 Y5
C7 8 A6 Y6C7 8

A7 Y7C8 9C8 A8 Y8

SIZE1 1S
19 GiG2

74F541
MAKE R4=1 TO ADD 90 DEGREES

23 CO
22 C1
21 C2
20 C3
19 C4
18 C5
17 C6
16 C7
15 C8

ADDEDI
ERRORS

WIRE ORED TOGETHER

NGA0
NGAI 11 NS
NSGA2
JNGA3
NGA4
NGAS5
NGA6
INGA7
SNGA8

NGB 0
JNGB 1
NGB2
NGB3
NGB4
JNGB 5
NGB6
NGB7
SNGB8

COSO0 2
COSi 3
COS2 4
COS3 5

6
SINO 7
SIN1 8
SIN2 9
SIN3 10
CLK 13

ANGCED\14
SIZE\1 1
R1 ii

COS'O 2
COS '1 3
COS'2 4
COS'3 5

6
SIN'0 7
SIN'1 S
SIN'2 9
SIN'3 10
CLK 13

ANGCEB\ 14
SIZE\I1
R1 1

REG Y
2K PTS OUT
U24

D1
D2
D3
D4
D5
D6
D7
D8
D9
>CLK

Q1
Q2
Q3
Q4
Q5
Q6
Q7
Q8
Q9

CLKEN
OC
CLR

74F823
U2 7

D1 Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6
D7 Q7
D8 Q8
D9 Q9
CLK
CLKEN
OC
CLR

74F823

SIGN MAGNITUDE ANGLES
ANGA [0 . 8 [ ~_ANGA IO .8]

23 ANG
22 ANG
21 ANG
20 ANG
19 ANG
18 ANG
17 ANG
16 ANG
15 ANG

23 ANG
22 ANG]
21 ANG
20 ANG
19 ANG]
18 ANG:
17 ANG
16 ANG
15 ANG]

23 ANGCO
22 ANGC1
21 ANGC2
20 ANGC3
19 ANGC4
18 ANGC5
17 ANGC6
16 ANGC7
15 ANGC8

AO RO COSO
Al R1
A2 R2
A3 R3 COS3
A4 R4 COS SIGN
A5 RO SINO
A6 R1
A7 R2
A8 R3 SIN3

BO RO COSO
B1 R1
B2 R2
B3 R3 COS3
B4 R4 COS SIGN
B5 RO SINO
B6 R1
B7 R2
B8 R3 SIN3

RO COSO
R1
R2
R3 COS3
R4 COS SIGN
RO SINO
R1
R2
R3 SIN3

0-510 EVEN

ANGB 0. 8 ANGB[0. . 8]

ANGC rO ._81____________ANGC[0..8 ANGC[0..8] 

ANGD 0 .8 ANGD[0..8]

THE ORIGINAL SINES AND COSINES TO THE FSTC ROMS
HAVE BEEN REPLACED WITH A FIVE BIT ANGLE INDEX.
THE FOUR LSB'S ARE SENT TWICE.
THE MSB IS SENT ONCE.
THE MSB REPRESENTS 90 DEGREES.
THE BUS IS SHOWN AS R[0..4]

1 - 511 ODD

0 TO 90 DEGREES
R4 = 0

512 - 1022 EVEN

90 TO 180 DEGREES
R4 = 1

C4 HELD HIGH BY BELOW PU.

RO COSO
R1
R2
R3 COS3
R4 COS SIGN
RO SINO
R1
R2
R3 SIN3

513 - 1023 ODD

C= -SIN'
S= +COS'

SHARE INPUTS OF LAST CHIP HERE.

2K EVEN/ODD IN REG W
U23

USE R2COINV IN ASIC CONTROL WORDS.
THIS INVERTS THE PHASE OF THE R2CNTO,
16 MHz SIGNAL FOR THE ASIC.
333
DBC

RRR
222
CCC

S000
IIII
ZNNN
EVVV
1

0110 512 PT RADIX 2
0 1 1 1 128 PT RADIX 2
1110 2048 PT RADIX 2

2K0 2
2K1 3
2K2 4
2K3 5
2K4 6
2K5 7
2K6 8
2K7 9

CLK 11
SIZE\1 1

D1 Q1
D2 Q2
D3 Q3
D4 Q4
D5 Q5
D6 Q6
D7 Q7
D8 Q8

CLK
OC

74F574

ODD REG X
U2 6

19 COS0 2 19 COS '0
18 COS1 3 D2 Q2 18 COS'1
17 COS2 4 D2 Q2 17 COS'2
16 COS3 5 D4 Q 16 COS'3
15 SINO 6 D Q4 15 SIN'0
14 SIN1 7 D5 Q5 14 SIN'1
13 SIN2 8 D6 Q6 13 SIN'2
12 SIN3 9 D7 Q7 12 SIN'3D8 Q8

CLK 11 CLK
SIZE\I1oC

74F574

HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.
HAVE ANGCEC\ IN PHASE WITH ANGCE\ TO REG D & Y.
HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.

SHT 7
BLK DIA & TIMING

L002D07I ISCHL002D07 .SCH
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2048

ANGCE = R2CNTO FROM STG3
WITH R2COINV = 0

2K DATA IN

NOT USED

USE R2COINV IN ASIC CONTROL WORDS.
THIS INVERTS THE PHASE OF THE R2CNT0,
16 MHz SIGNAL FOR THE ASIC.
333
DBC

4
DRRR
222

SCCC
I000
ZIII
ENNN
1 VVV

0110 512 PT RADIX 2
0 1 1 1 128 PT RADIX 2
1 1 1 0 2048 PT RADIX 2

RE(

EVEN RE(

ODD RE(

ODD RE(

128 OR 512 RADI
128/512 IN

3C R2COINV = 1 128

3C R2COINV = 0 512 REG C

128 REG D

RADIX 2 EVEN OR ODD SELECT

ANGCE I i I I I
ANGCE\ I I I I i

101 IEl 102 IE2 103 1E3 I

G W 101 IEl 102 iE2 103 iE3 I
CE\

G Y IEl IE2 IE3 ANGCE\

X X 101 IEl 102 IE2 103 IE3 I

G Y 101 102 103 ANGCE\

:X 2 LABEL 128 PTS A, 512 PTS B.
IAl IB1 IA2 IB2 I

REG C IAl IA2 ANGCE \

IBI IB2 ANGCE

IAl i1A2 ANGCE \

* = 2K MODE REGISTERS

0 - 510 EVEN & 1 - 510 ODD
ARE DEMULTIPLEXED FROM DATA STREAM.
512 - 1022 EVEN AND 513 - 1023 ODD
ARE OBTAINED BY SWITCHING SIN AND COSINE
AND INVERTING SIN'S SIGN.

# = 128 OR 512 POINT REGISTERS.
PHASE OF ANGCEC TO REG C
DETERMINES WHETHER 128 OR 512 IS CHOSEN.
REG D DESTAGGERS.

IN FSC ONLY MODE, THE OUTPUT OF THE BIG
ROM IS ZEROED IN THE SUBSEQUENT 273 REGISTER.
THUS, IT DOES NOT MATTER WHAT ANGLE COMES OUT
OF THIS ANGLE MUX.

512 REG D IBi iB2 ANGCE\
ELIMINATE STAGGER.

NOTE A1,B1,O1, AND El ALL LINE UP.

HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.
HAVE ANGCEC\ IN PHASE WITH ANGCE\ TO REG D & Y.
HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.

AS823 CE, TRI-STATE REG

SIZE1 TO OC\s

REG D
U34

FCLKC IN

3B=3C=ANGCE\
FROM R2CNTO

REG C
U21

128/512 IN

CE\\

ANGCEC\
3C

- 510 EVEN

- 511 ODD

2 - 1022 EVEN

GND
U25 OC\ HAVE SIGN OF SIN W PU.

# 513 - 1023 ODD

CE\
3B

ANGCE\
DESTAGGER

REG Y
WIRE TRI STATE OUTPUTS TOGETHER.

REG W REG X

THE 5 BIT ANGLE INDEX IS ENCODED IN THE 9 BIT BUS.
THE 4 LSB'S ARE GIVEN TWICE.
THE MSB IS GIVEN ONCE.

FOR 2K MODE

0 - 510 EVEN
PIPELINES 0 AND 1
0 TO 90 DEGREES

MSB OF 5 BIT INDEX = 0

1 - 511 ODD

PIPELINES 2 AND 3
90 TO 180 DEGREES

MSB OF 5 BIT INDEX = 1

512 - 1022 EVEN

NOT NEED TO TRISTATE LAST 2 CHIPS

DETAILED LOGIC ON SHT 6

SIZE1\ TO OC\s

513 - 1023 ODD
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N10C R S I --
'L9

CRSFTCLKM0
CRSTBM1

CKCLK 
H13--CLK B7
B7

WINDOW[0. .7] WINDOW[. .7 CLKA

WTNDCWO H3

POSITIVE REAL
5,0,4 REAL NUMBER.

EXP
MSB

FROM FRINGE ROTATOR F

GROUND 2 MSB

AUXIN[0. .

FROM FRIN(

WINDOW1 Ji
WINDOW2 J2
WINDOW3 K1

REAL SIGN L7
WINDOW4 K2
WINDOWS5 L1
WINDOW6 M1
WINDOW7 K3

IMAG SIGN M2

N.15] NDATAIN[ O 15]NANDATAIN 0 ". "
NDATAIN0 C1
NDATAIN1 D3
NDATAIN2 B2
NDATAIN3 B3
NDATAIN4 A2
NDATAIN5 B4
NDATAIN6 A4

EOM NDATAIN7 A5
NDATAIN8 B6

772 # NDATAIN9 A8
NDATAIN10 C8
NDATAIN11 B9
NDATAIN12 C9
NDATAIN13 All
NDATAIN14 Cl0O
NDATAIN1S5 B12

Dll
C13

AUXINO D2
3'S OF EXPONENT. AUXIN1 C2
15 AUXIN[O..15] AUXIN2 B1

AUXIN3 C4
AUXIN4 A3
AUXIN5 C5
AUXIN6 B5

GE ROTATOR ROM AUXIN7 C6
AUXIN8 A6
AUXIN9 B8
AUXINO10 A9
AUXIN11 A10
AUXIN12 B0O
AUXIN13 Bli
AUXIN14 A12
AUXIN15 C12

772 # B13

mN3

TWIDOE

CLK J3
M4
N7

N2
INCOSI 

N2
L4

NCOCIL N4
NCOLDIN\N-CLS
NCOSRCLK L-

NCOSTA\ L6
NCORW\

L8
N9
N8
M8

STAGE 0A
U106

CRSI
SCRSFTCLK
CRSTB
CLK
FCLK
CLKA
RST
TWI DO
TWI D
TWID2
TWID3
TWID4
TWI D5
TWID6
TWID7
TWI D8
TWID9

NDATAIN0
NDATAIN1
NDATAIN2
NDATAIN3
NDATAIN4
NDATAIN5
NDATAIN6
NDATAIN7
NDATAIN8
NDATAIN9
NDATAIN1 0
NDATAIN11
NDATAIN1 2
NDATAIN13
NDATAIN1 4
NDATAIN15
NDATAIN16
NDATAIN17
AUXINO
AUXIN1
AUXIN2
AUXIN3
AUXIN4
AUXIN5
AUXIN6
AUXIN7
AUXIN8
AUXIN9
AUXIN1O
AUXIN11
AUXIN12
AUXIN13
AUXIN14
AUXIN15
AUXIN16
AUXIN17

NCOOE
TWIDOE

NCOCLK
NCOCE
DATAENBL

NCOS I
NCOCI
NCOLDIN
NCOSRCLK
NCOSTA
NCORW

WE INA
WEINB
EXTASEL
EXTBSEL

OUT 0
OUT1
OUT2
OUT3
OUT4
OUT5
OUT6
OUT7
OUT8

OUT9
OUT 10
OUT11
OUT12
OUT13
OUT14
OUT15
OUT 16
OUT17

CRSO
CRBIT

EX L2
R2CNT0 L2

EXPOF M9

EXTADD_0
EXTADD 1
EXTADD 2
EXTADD 3
EXTADD 4
EXTADD 5
EXTADD 6
EXTADD 7
EXTADD_8
NCODOUT9

DATAOUT[O..171

EIIDATAOUTO
D13DATAOUT1
E12 DATAOUT2
E13DATAOUT3
F 1 DATAOUT4
FI2 DATAOUT5
F13 DATAOUT6
G13DATAOUT7
J12 DATAOUT8

K13DATAOUT9
JI1 DATAOUT1 0
K12DATAOUT11
L13DATAOUT12
L12DATAOUT13
KI1 DATAOUT 14
M13DATAOUT15
M12DATAOUT16
LIIDATAOUT 17

DATAOUT[0. .17]

FOR VIEWING ASYMETRICAL RAM WE PULSE.
HAVE WEOUT BIT SET IN THE CONTROL WORD.

GET WE\ OUT = CLK * CLKA
PROBE TEST POINT

TPI

TEKTRONIX
131-4244-00

ACTUALLY CONSISTS OF A CENTER SIGNAL PIN
AND 4 SURROUNDING GROUND PINS

CAN OUTPUT NCO DATA TO LOAD RAM.

EXTADD\[0 . 81 EXTADD\[ 0.. 8 ]

E3 EXTADD\0
D1 EXTADD\1
E2 EXTADD\2
El EXTADD\3
F3 EXTADD\4
F2 EXTADD\5
Fl EXTADD\6
G2 EXTADD\7
H1 EXTADD\8
H2 PIN 9 NCO ONLY

MS
NCOSO 5 NCOSO
NCOCO NCOCO

ASIC
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NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

STAGE OA ASIC HOOKUP

Size Document Number REV

B 56000L002 (L002D08 .SCH)

I L- i- .-Gi-/ V / 1J J/ I .711 C L V %-.# - =k:
Date:~ May6. 9qq7 I Ihe t 8 of 41

L



DATAOUT0. .171
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F823 9.5 NS OUT MAX.

NDATAIN[0.. 17] NDATAIN[ 0 .. 17]

SAX[1]AUXIN[ 0..17] AUXINO.17]
STAGE 4A

24 PIN 300 MIL

RO COSO 8
R1 COS1 7

a R2 COS2 6
R3 COS3 5
R4 COS4 4
ANGLEO 3
ANGLE1 2
ANGLE2 1
ANGLE3 23

b ANGLE4 22
ANGLES5 21
ANGLE6 19
ANGLE7 18

20

U129

AO
Al
A2
A3
A4
A5
A6
A7
A8
A9
AlO
Al 1
A12

CS/VPP

00
01
02
03
04
05
06
07

9 COSAO
10 COSAI
11 COSA2
13 COSA3
14 COSA4
15
16
17

COULD USE 2 8K X 8 RAMS(PERFORMANCE P4C164). 20 NS.
INSTEAD OF SWITCHING BETWEEN ROMS.
COULD LOAD RAMS THROUGH NCO AND SIN/COS ANGLES IN.
WOULD NEED TO STAGGER CLKS, SINCE ONLY 15 NS AVAILABLE.

DATAOUTO0..171 DATAOUT [0..17]

CY7C263 8K X 8 PROM
-45PC OR WC - $22
-55PC OR WC - $18

COSAF. .41 COSA[0..4

TO REGISTER, THEN MUX

THE ORIGINAL SINES AND COSINES TO THE FSTC ROMS
HAVE BEEN REPLACED WITH A FIVE BIT ANGLE INDEX.
THE FOUR LSB'S ARE SENT TWICE.
THE MSB IS SENT ONCE.
THE MSB REPRESENTS 90 DEGREES.
THE BUS IS SHOWN AS R[0..4].

7 AT27HC642-55DC SIN/COS[0. SIN/COSAMLI SIN/COS 
[ 0 

.8] > SIN/COS [0..8]~--
ATMEL

ALSO MADE BY CYPRESS, GIM, GOLDSTAR, ICT, WAFERSCALE, FUJITSU, SIGNETICS

U130
RO SINO 8AC A(
R1 SIN1 7

A3a R2 SIN2 6A AT
R3 SIN3 5A
R4 COS4 4
ANGLE 0 3 AE
ANGLE1 2AE AC
ANGLE2 1 A';ANGLE3 23 AE

b ANGLE4 22 A
C

ANGLES5 21Al A3
ANGLE6 19Al A3
ANGLE7 18Al

20 Cc

AI

2
2

ANGLE 0 1
ANGLE1 2

b ANGLE2 3
ANGLE3 4
ANGLE4 5
ANGLES5 17
ANGLE6 18
ANGLE7 19

ANGLE 0 1
ANGLE 1 2

b ANGLE2 3
ANGLE3 4
ANGLE4 5
ANGLE 5 17
ANGLE6 18
ANGLE7 19

15
1

00
01
02
03
04
05
06
07

L3

Li

L2

3/VP

4
5

7
3
9
10
1l
12

S/VPP

e**-j (a+b)

9 SINAO
10 SINAI
11 SINA2
13 SINA3
14 SINA4
15
16
17

SINA[O..41 SINA[0.. 4]

'27HC642 - 55DC

56 X 8 PROM 45 NS
0 PIN, 300 MIL
U131

AO 01 6 COSBO
7Al 02 COSBIA1 02

A2 03 8 COSB2A2 03
9A3 04 COSB3A3 04

A4 05 11 COSB4
A4 05 12A5 O6 13
A6 0713 14
A7 0814

El
E2

63S281
MMI

U132

AO 01
Al 02
A2 03
A3 04
A4 05
A5 06
A6 07
A7 08

El
E2

63S281

FROM ANGLE MUX
CLOCKED BY FCLK

BIG ROM TIMING
62 NS CYCLE
-3 NS SU
-9.5NS ANGLE MUX REG
+2.5NS FCLK TO ANGLE MUX
+3.9 NS BC DE NCO
55.9 NS PROM REQ. IONS

R2CNTO FROM STG4

SIN/COSO COSO
SIN/COS1 COS1
SIN/COS2 COS2
SIN/COS3 COS3
SIN/COS4 COS4

SIN/COS5 SINO
SIN/COS6 SIN1
SIN/COS7 SIN2
SIN/COS8 SIN3

RO
R1
R2
R3
R4

ANGLE a

RO
R1
R2
R3

SMALL ROM TIMING
62 NS CYCLE

-12 NS SU FROM NCO
-3 NS SU
47 NS PROM REQ.

5 NS CLK TO Q5 NS CLK TO Q
S/C FROM ANGLE MUX 19.5NS DLY ANGLE2

UPDATE ANGLE 143.9 NS BC FROM NCO

CLK BIG ROM REG 1 12 NS DLY 3N5 StA2

DELAY ABOVE THRU FF 9.5NS SU MUX WORD SEL SEL BIG 1 SEL SMALL2

399 MUX CLK 4.5 NS SU ICLK SMALL1 ICLK BIG 1 ICLK
SML2

e**-jb

COSB rO..4 COSB[0..4]

6 SINBO
7 SINBI
8 SINB2
9 SINB3

11i SINB4
12
13
14

TO MUX

SINB[0..41 SINB[0..4
S11'VB F V 4

IF b IS THE FSTC ANGLE, THE SMALL ROM OUTPUTS e**jb.
IF THE SIN/COS IS THE ANGLE a, THE LARGE ROM OUTPUTS
e**-j (a+b)

FSTC USING RADIX 2 BUTTERFLY

-ja -jb
A -jbX (A+Be )e

-jb
e

B X
-j (a+b) -1

STAGE 4A
STAGE 4A

WHEN STAGE 5 IS DOING FSE ONLY (NO RADIX 2),
HAVE THE REG FROM THE LARGE PROM CLEARED.
WHEN THE MUX SWITCHES TO IT, IT WILL READ 0.
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Ni O
CRS 

N1

CLK H13
B7

TWID[0.. 9] TWID[0"..9] CLKA A
RST 

J13~

TWIDO IRST\ H3
TWID1 Ji
TWID2 J2

550 # TWID3 K1
TWID4 L7
TWID5 K2
TWID6 L1
TWID7 M1
TWID8 K3
TWID9 M2

NDATAINNDATAIN[0..17]
N NDATAINO C1

NDATAIN1 D3
NDATAIN2 B2
NDATAIN3 B3
NDATAIN4 A2
NDATAIN5 B4
NDATAIN6 A4
NDATAIN7 A5
NDATAIN8 B6
NDATAIN9 A8
NDATAINIO C8
NDATAIN11 B9
NDATAIN12 C9
NDATAIN13 All
NDATAIN14 CIO
NDATAIN15 B12
NDATAIN16 DII
NDATAIN17 C13

AUXIN[0. .17] AUXIN[0..17] AUXINO D2
AUXIN1 C2
AUXIN2 B1
AUXIN3 C4
AUXIN4 A3
AUXINS C5
AUXIN6 B5
AUXIN7 C6
AUXIN8 A6
AUXIN9 B8
AUXIN10 A9
AUXIN11 AlO
AUXIN12 BI0
AUXIN13 B11
AUXINl4 A12
AUXIN1iS C12
AUXIN16 B13
AUXIN17 D12

NCOCE\ FROM RAM.
GIVES VARIABLE RATE.
USE FRZNCO IN ASIC CTRL WORD
FOR RAM LOADING.

M3
N3

CLK J3

NCOCEk \
DATAENBL\N

SosIL4
NCOLDSN\ 

N

NCOSRCLK 
L

NC O STA N

NCORW \

L8
N9
N8
M8

STAGE 5A
U119

CRSI
CRSFTCLK
CRSTB
CLK
FCLK
CLKA
RST
TWI DO
TWI DI
TWID2
TWID3
TWID4
TWID5
TWI D 6
TWID7
TWID8
TWID9

NDATAINO
NDATAIN1
NDATAIN2
NDATAIN3
NDATAIN4
NDATAIN5
NDATAIN6
NDATAIN7
NDATAIN8
NDATAIN9
NDATAIN1O
NDATAIN11
NDATAIN1 2
NDATAIN13
NDATAIN1 4
NDATAIN15
NDATAIN16
NDATAIN17
AUXINO
AUXIN1
AUXIN2
AUXIN3
AUXIN4
AUXINS
AUXIN6
AUXIN7
AUXIN8
AUXIN9
AUXIN10
AUXIN11
AUXIN12
AUXIN13
AUXIN14
AUXIN15
AUXIN16
AUXIN17

NCOOE
TWIDOE

NCOCLK
NCOCE
DATAENBL

NCOSI
NCOCI
NCOLDIN
NCOSRCLK
NCOSTA
NCORW

WE INA
WEINB
EXTASEL
EXTBSEL

OUT 0
OUT1
OUT2
OUT3
OUT4
OUT5
OUT6
OUT7
OUT8

OUT9
OUT 10
OUT11
OUT12
OUT13
OUT14
OUT15
OUT 16
OUT17

Ell
D13
E12
EI3 DATAOUTO
Fl1 DATAOUT1
F12DATAOUT2
F13 DATAOUT3
G13
J12

K13
JI 1 DATAOUT4
K12 DATAOUT5
L13DATAOUT6
L12DATAOUT7
KI 1 DATAOUT8
M13 DATAOUT9
M12DATAOUT1O
LIIDATAOUT 11

RO
R1
R2
R3
R4
R5
R6
I0
Ii

12
13
14
15
16
EO
El
E2
E3

DATAOUT[0. .111 DATAOUT[0. .

4, 4,4 NUMBER OUTO 1

4,4,4 NUMBER OUT

N1i
CRSO CRSONi2CRBIT CRBIT

L2R2CNT O R2CNT0 O

XPOFM9 EXPOF\
EXPOF EXPOF \

EXTADD_0
EXTADD_1
EXTADD 2
EXTADD 3
EXTADD 4
EXTADD 5
EXTADD 6
EXTADD 7
EXTADD 8
NCODOUT9

EXTADD\[0.. 8] EXTADD\[ 0 . .81

E3 EXTADD\O
D1 EXTADD \ 1
E2 EXTADD\2
El EXTADD\3
F3 EXTADD\4
F2 EXTADD\5
Fl EXTADD\6
G2 EXTADD\7
H1 EXTADD\8
H2

MSB

M5
NCOSOM6
NCOCO M6 NCOCO

ASIC

STAGE 5A
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CRSI N10

CRSFTCLK
CRSTB M10

LKCLK 
H13

B7
TWID[0.. .... TWID[0..9] CLKA A

TWIDO HRST 3
TWIDI Jl
TWID2 J2

550 # TWID3 K1
TWID4 L7
TWID5 K2
TWID6 L1
TWID7 M1
TWID8 K3
TWID9 M2

NDATAIN[017] NDATAIN[0..17]
NDATAIN0 C1
NDATAIN1 D3
NDATAIN2 B2
NDATAIN3 B3
NDATAIN4 A2
NDATAINS B4
NDATAIN6 A4
NDATAIN7 A5
NDATAIN8 B6
NDATAIN9 A8
NDATAIN10 C8
NDATAIN11 B9
NDATAIN12 C9
NDATAIN13 All
NDATAIN14 CI0
NDATAIN15 B12
NDATAIN16 DII
NDATAIN17 C13

D2
C2
B1
C4
A3
C5
B5
C6
A6
B8
A9
AlO
BiG
Bll
A12
C12
B13
D12

INCOOE ;M 3

33

N 9-

CLK J3
M4
N7

N2
L4

NCOI

LS
N4NC o sTAM\NCORW \
L8C
N9C
N8
M8

STAGE 2A
U110

CRSI
CRSFTCLK
CRSTB
>CLK
>FCLK
>CLKA
RST
TWIDO
TWI D
TWID2
TWID3
TWID4
TWID5
TWID6
TWID7
TWID8
TWID9

NDATAINO
NDATAIN1
NDATAIN2
NDATAIN3
NDATAIN4
NDATAIN5
NDATAIN6
NDATAIN7
NDATAIN8
NDATAIN9
NDATAIN1 0
NDATAIN11
NDATAIN1 2
NDATAIN1 3
NDATAIN14
NDATAIN1 5
NDATAIN16
NDATAIN17
AUXINO
AUXIN1
AUXIN2
AUXIN3
AUXIN4
AUXINS
AUXIN6
AUXIN7
AUXIN8
AUXIN9
AUXIN10
AUXIN11
AUXIN12
AUXIN13
AUXIN14
AUXIN15
AUXIN16
AUXIN17

NCOOE
TWIDOE

NCOCLK
NCOCE
DATAENBL

NCOSI
NCOCI
NCOLDIN
>NCOSRCLK
NCOSTA
NCORW

WE INA
WE INB
EXTAS EL
EXTBSEL

OUT 0
OUT1
OUT2
OUT3
OUT4
OUT5
OUT6
OUT7
OUT8

OUT9
OUT 10
OUT11
OUT12
OUT13
OUT14
OUT15
OUT16
OUT17

DATAOUT[0 ..171

EIIDATAOUTO
D13DATAOUTI
E12DATAOUT2
E13DATAOUT3
F 1 DATAOUT4
F12DATAOUT5
Fl 3 DATAOUT6
G13DATAOUT7
J12 DATAOUT8

K13DATAOUT9
JII DATAOUT 10
K12DATAOUT11
L13DATAOUT12
L12 DATAOUT13
KII DATAOUT 14
M13DATAOUT15
M12 DATAOUT16
L11 DATAOUT 17

DATAOUT[0.. 17]

N1iCS
CRSO 12 RS
CRBIT

R2CNT0 L2

EXPOF MEXPOF \

EXTADD_0
EXTADD 1
EXTADD 2
EXTADD_3
EXTADD 4
EXTADD_5
EXTADD 6
EXTADD 7
EXTADD_8
NCODOUT9

NCOSO NCO
NCOCO NCO

ASIC

FOR LOADING MISCELLANEOUS RAM VALUES.

RAM FUNCTION

E3 RAMLD0
D1 RAMLD1
E2 RAMLD2
El RAMLD3
F3 RAMLD4
F2
Fl
G2
H1
H2

INIT\I
INIT\2
FSCE\
ST\0
ST\I

RAMLD r0. .41 RAMLD[0..4]
1'AMLL r 0 Al4

STAGE 2A
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CRSI ----.L9
CRSFTCLK EMoCK CRSTB _

L CLK H13ICLK TB
B7

TWIDID[ .wI00 . 9] .
C L K A A7

TWIDO RST\ H3WID1
TWIDI Ji
TWID2 J2

550 # TWID3 K1
TWID4 L7
TWID5 K2
TWID6 L1
TWID7 M1
TWID8 K3
TWID9 M2

17].NDATAIN[0 17]
-"- NDATAINO C1N DATA I N 1 D 3

NDATAIN1 D3
NDATAIN2 B2
NDATAIN3 B3
NDATAIN4 A2
NDATAIN5 B4
NDATAIN6 A4
NDATAIN7 A5
NDATAIN8 B6
NDATAIN9 A8
NDATAIN1 0 C8
NDATAINI1 B9
NDATAIN12 C9
NDATAIN13 All1
NDATAINI14 ClO
NDATAIN1 5 B12
NDATAIN16 D11
NDATAIN17 C13

D2
C2
B1
C4
A3
C5
B5
C6
A6
B8
A9
AlO
B10
Bll
A12
C12
B13
D12

r M3
INCOOE M3

N3

CLK J3
M4
N7

rN2NCOSI \ L4

NCO LDIN\ 
N

L8

N9

NCOS RCLK L

N8

M8

STAGE 3A
U112

CRSI
> CRSFTCLK
CRSTB
>CLK
>FCLK
> CLKA
RST
TWI DO
TWI DI
TWID2
TWID3
TWID4
TWID5
TWID6
TWID7
TWID8
TWID9

NDATAINO
NDATAIN1
NDATAIN2
NDATAIN3
NDATAIN4
NDATAINS
NDATAIN6
NDATAIN7
NDATAIN8
NDATAIN9
NDATAIN1 0
NDATAIN11
NDATAIN12
NDATAIN1 3
NDATAIN14
NDATAIN15
NDATAIN16
NDATAIN17
AUXINO
AUXIN1
AUXIN2
AUXIN3
AUXIN4
AUXIN5
AUXIN6
AUXIN7
AUXIN8
AUXIN9
AUXIN1 0
AUXIN11
AUXIN12
AUXIN13
AUXIN14
AUXIN15
AUXIN16
AUXIN17

NCOOE
TWIDOE

> NCOCLK
NCOCE
DATAENBL

NCOSI
NCOCI
NCOLDIN
>NCOSRCLK
NCOSTA
NCORW

WEINA
WE INB
EXTAS EL
EXTBSEL

OUT 0
OUT1
OUT2
OUT3
OUT4
OUT5
OUT6
OUT7
OUT8

OUT9
OUT 10
OUT11
OUT12
OUT13
OUT14
OUT15
OUT16
OUT17

DATAOUT0O..171

EIIDATAOUTO
D13DATAOUTI
E12DATAOUT2
E13 DATAOUT3
FI DATAOUT4
F12DATAOUT5
F13 DATAOUT6
G13DATAOUT7
J12 DATAOUT8

K13DATAOUT9
J11 DATAOUT 10
K12DATAOUT11
L13DATAOUT12
L12DATAOUT13
KI1 DATAOUT 14
M13DATAOUT15
M12DATAOUT16
LII DATAOUT 17

DATAOUT[0 .. 17]

Ni11
CRSO N1 CRSOI

CRBIT

R2CNTO

EXPOF M EXPOF \

EXTADD_0
EXTADD 1
EXTADD 2
EXTADD 3
EXTADD 4
EXTADD 5
EXTADD_6
EXTADD 7
EXTADD_8
NCODOUT9

NCOSO M6 N
NCOCO

ASIC

E3 EXT5LD\O
D1 EXT5LD\I
E2 EXT5LD\2
El EXT5LD\3
F3 EXT5LD\4
F2 EXT5LD\5
F1 EXT5LD\6
G2 EXT5LD\7
HI EXT5LD\8
H2

STAGE 3A
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FROM ASIC CONTF

RADIXEG. .7]

VCC

R2
1K *3C

*2C
1 *1C

*0C

CLOCK ONCE/FFT CY

FFTINIT\'

NEWFRINGE FROM
OFF CARD.
SYNCHRONIZES
COUNTER.
NEEDS TO BE SYNC
WITH FFTINIT\'S
TRAILING EDGE.

*OB
*1B
*2B
*3B

ZOL BITS OUT
DIX[0..7]

RADIX OF 0 CAUSES ONLY FRST\0 TO BE USED, AS IN NO OVERLAPPING OR OVERSAMPLING.

74F02 D IS A SPARE
FROM ASIC CTRL BITS U32C

*Dovs AM P \ 8U145 10 ADDRB,

ADDB'& DD

RADIXO 3 Q 14 LSB 9
RADAIDX1 4 C HRADIX2 5 B QB 13 20NS

2EN X2 5 T12 74F02
RADIX3 6 D QC 1i 6.5NS

DCLK

n C 15 RCO ADDRB" & ADDFRI1_ 7R1 7ENP
CLE 10 ENTADDRA CHOSES

2 CLK ST\'O = NO
LOAD\ LOAD ST\'1 = ST

R1 
i 

LR CLR ADDRB CHOSES

74AL S 163B NO STORES ARE

RAD I X 4 3
RADIX5 4
RAD I X 6 5
RAD I X 7 6

S7
U32A 10

EF 2 2
1 LOAD\ 9

3 R1 1

74F02

U144
14

A QA 13
B QB 12

C QC12
D QD 15

RCO
ENP
ENT

> CLK
LOAD
CLR

74ALS163B

REWIND COUNTER

RADIX=FC

CTR STATE

FFT0
FFT1
FFT2
FFT3

FFT4
FFT5
FFT6
FFT7

FC
FD
FE
FF

FC
FD
FE
FF

ADDRESS
MSB

.A' GO THRU A PIPELINE REG TO A 4 TO 1 MUX

BETWEEN:
RMAL STORE VALUE FOR SMALL OFFSET.
ORE VALUE FOR LARGE OFFSET AT END OF CYCLE.

BETWEEN THE ABOVE OR NO STORES AT ALL.
EUSED FOR THE EVEN CYCLES, WHEN OVERSAMPLED.

ADDRESS

ADDRA" LSB

IT DOES NOT MATTER IF ADDRA' & ADDRB'
ARE A CYCLE LATE, SINCE THERE ARE NO
FR STORES TILL LATER IN THE FFT CYCLE.
THE PIPE LINE REGISTER PREVENTS AN
ACCIDENTAL STORE DUE TO A MULTIPLEXER GLITCH.

IF NOT OVERSAMPLED HAVE ADDRB=0
IF OVERSAMPLED TOGGLE

RC0 LSB ADDRB 0=GENERATE STORES
1=NO STORES

0
0
0
1

0
0
0
1

0
1
0
1

0
1
0
1

WITH RADIX = FC:
IF NOT OVERSAMPLED:

ADDRB INVERTED FROM LSB

WHAT IF RAM INC TO ANOTHER ST AFTER LOAD?
PAUSE WILL BE AN INTEGRAL # OF FFT CYCLES.
HAVE LOAD AT END OF FFT CYCLE.

IF OVERSAMPLED:
FFTO
FFT1
FFT2
FFT3

FFT4
FFT5
FFT6
FFT7

*3C REFERS TO A SIGNAL FROM CRBIT OF COLUMN 3 ROW C.
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For the Fringe Rotator NCO, the Load pulses between stages are separated
by an extra 32 ns as shown below:

[ i

For the FSTC NCO, we can have the load pulses right next to each other
as shown below:

--- I-

This works, since the clock enable to the FSTC allows the carry-in/carry-out
pipelining to become invisible.

This sheet shows how the closer together load pulses works for
16 MHz operation (512, 1024, or 2048 point ffts)

This sheet also shows the closer together load pulses become

essential for 8 MHz operation (256 point ffts).

Therefore, using the closer together load pulses works for all cases.

SEPARATED LOAD PULSES - 8MHZ

FSCI

CLK IhLYLL

NCOCE'\ I I

LOAD\' -- _

CLOSE TOGETHER LOAD PULSES - 16 MHZ

NCOCE'\ & FSCLOAD\' IN THIS BLOCK, AFTER AN INTERNAL ASIC PIPELINE.

FSCLOAD\' ' FSCLOAD\'

Ic11 IcI1 COO xO
NCOCE' C1X

XO'=INIT XO PHASE PLUS ONE INCREMENT.

16 MHz OPERATION
LDIN OUT OF PHASE WITH CE

CLK 111JL

NCOCE'\

FSCLOAD\' - ] STG 5

XO Ixolxo" Ixo''

COO ICOO' COo''

CI1 ICI1 ' lCI '"
FSCLOAD\'' STG 4 LDIN HAS PRIORITY OVER NCOCE

Xl (STG 4) IX1 IX1 IX1 ''

RST\ TO ASIC H STG 5

NEEDED STG 4 NCO OUTPUTIANG1 IANG2 IANG3

NCOCE\ TO ASICS -1 f - -

FSCLOAD\ TO FFT CARD1J

NEED 1 CLK DELAY BETWEEN LOADINS.

XO

COO

CII

FSCLOAD\''

Xl

Ixo Ixo

ICOO

ICII'

2 CLK DELAY

Ix1 Ixl

ABOVE DOES NOT WORK!!!
CIl ' NEEDED FOR Xl ' GENERATION.

CLOSE TOGETHER LOAD PULSES - 8 MHZ
CLK 1JJ 1JI

NCOCE'\ - L ISINSIDE ASIC

FSCLOAD\' INSIDE ASIC STAGE 5

XO I2O IXO' IxO '' STG 5 NCO OUTPUT

COO ICOO'

CIl ICIl'

FSCLOAD\'' I INSIDE ASIC STAGE 4

xl Ix1 IXl' STG 4 NCO OUTPUT TO ROMS

U20O-12 RST\ TO ASIC-L_ STG 5 7MV
MANG TOGETHER

NEEDED STG 4 NCO OUTPUTIANGl IANG2 IANG3 IANG4 IANG

U142-1O NCOCE\ TO ASICS I r

U20-15 NCOLDIN\O TO ASIC STAGE 5

FFTCARD PAL COUNTER I 14814915o1511521531541551561571581591601611621
(RAM ADDRESS)
U142-11 NCOCE\ FROM RAM

THIS WORKS.
THUS: HAVE A CONSTANT 1 CLOCK LDIN DELAY.

RST\ TO STGl
RST\ TO STG2
RST\ TO STG3
RST\ TO STG4
RST\ TO STG5
ONLY THE RST\

CE AND RW MUX AUTOMATICALLY GIVE 1 BIT
DELAY FOR 2K LOWER.

8
19
30
41
52
TO STG5 IS RELEVANT TO THIS DRAWING
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VIEW IS OF COMPONENT SIDE

PR
FO]

TP1 GROUND TURRET

OBE TEST POINT ®GT1
SVIEWING WE\. "

C145 C146
tyCOUNTER I 10 COUNTERc

R2 1K I 74ALS I I 74ALS CS IC0 I
C8 -163 U144 163 U145 I+47uF QGT2 +47uF
+47uFI4136R1 1K

C137 C138 C139 C140 C141
Qj'U137 U138 MISC PU139 j U140 U141

SNO SOCKET I74F i AL04 7C EXT5
QGT3 HERE 174 7C 128A-20 74HC541 ALSO4 128A-2

C123 C124 C125 C126 C127 COUNTER C128
C7 IU123TU124 U125 'i2S 0U126 Q J 7 6U128+7uF 7C WINDOW I 7C EXTOL N7C EXTOU b CTRLSB I CTRMSB 74F128A-20 128A- 12A-20 16R6-7PC 16R8-7PC _174

C106 C107 C108 C109 C110 C111 C1:

rU106 4 ; r~c U109 1 ""U10l "U112 tL.~i U113

STG 0 107 108 STG 1 STG 2 l STG 3 STG 4

7C 7C
2451 245 74F
A A 541

-18 -18

C2
S+ 47uF

50 PIN "3M" TYPE CONN, 3433-5303
FOR TEST POINTS

2

1

GT7
11

J1
50

+++++++++++++++++++++
49+++++++++++++++++++++
49

C142 C143 C144
1K W U142 T U143

7R17 4F EXT5 74F EXTS C11 i C3
R11 174 174 + 47uF 7uF 13

C129 13 13 132 133 C135
7, 1 t4 s2U134 ]R1 i1KS 12 13 13 1 10 74F EC156

- 273 REG U1

12 13 CI18 7 12

SML SMLU119 245 12

I 43:
B BI ROM ROM 

i

BIIROIKMLJ[]7
BO

1-5 Ul

oil U1 1S74 1

SML SML MI NI 11IIJ B O
KOM ROM KGO KGRO43

13~~8 28 21 I

63S77C 7C ]

44F 1077F1 C1 4 7

2 3 263 9 U99 1 1
98 10 10 11 STG 5 C160

U94 U95 U96 U97 98 74F

10

1 le BO

74F 74F 74F 74F 74F 10 43

STG93 124

744F7LJ C154

C 1 7 74FSTG 511 1

C77 R 43.

[- K EG .
7 F  

7FRE 79L U

C74 73 74 75 76 74
23 823-574123 10

U71 U72 U73 U74 U75j124

39 -55 1 -US
C8

SML SML 8 1.3

BI BI OM OM 74 1 3I IS U58

635 635 U57

7C 7C 28 U91 281 C 98 74 4

263 263 2 1 1 U3.. 4

i t"4 i U52 STGS5 74F 124
52 53 Us0 U51 399 C152
1 .0 1F .. 1'- " i

621 281 263 263 74F 10
KEG 399 124

C31 C3 C36 C39

1cr U34 0 U36 cr U3

74F 74F 74F7 F
83273 5

GT K10 2.2k C34 C37 C40

IT1U7 U5 U i U26 U27

K9 1K I, 74 F I74FKREG I74FANGLE MUX
C327

74F d 7F J 74FREG 74

823 823 -574 82
-55 -5 54~ IC5 1

LJC35 C38 C4 I u I u
.47uF i h47uF

A +47uFI A +47uF C

0 3 2 0 0 3 2 1 021098765432109876543210987654321 21098765432109876543210987654321 2109876543210987654321091

P3 P2 P

14.43_1eches0 N ~n. nTn an TnTTT1 7LTfL iAC-(

SCANBE S-217 INJECTOR/EJECTOR

ALL ICs ARE SOCKETED

JRNS
.OR-101
OHM

JRNS
.0R-101
OHM

S THIS REPRESENTS MOUNTING PAD FORKEYSTONE TURRET #1593-3
6 TOTAL, EACH CONNECTED TO GROUND

ALL DIP ICs SOCKETED:
TI C93xx FAMILY

ALL PGA USE SOCKET PINS:
ADVANCED INTERCONNECTIONS
# KS-121-33TG

JRNS
.0R-101
SOHM

RNS
.OR-101
OHM

JRNS
0R-101
OHM

JRNS
.0R-101
SOHM

9U x 280 mm EUROCARD

SEE NRAO DRAWING # 56000M003 FOR
MECHANICAL DETAILS OF CARD.

.l.

9U X 280 CARD
14.5 X 11.0 INCHES

SEE NRAO DRAWING # 56000M003 FOR A
MECHANICAL DETAILS OF CARD. B

C
THIS SKETCH DETAILS THE APPROXIMATE D
LOCATIONS OF ALL COMPONENTS. E

F
ALL COMPONENTS WILL BE ON GRID UNLESS OTHERWISE NOTED. G

H
NOTE CHIP OUTLINES INCLUDE AN EXTRA 0.1 INCH LENGTH. J

K
L

BYPASS CAPACITORS TO -5.2V BYPASS CAPACITORS TO +5 VOLTS M
N

FOR THE SMALL BYPASS CAPACITORS, PIN 1 IS TO THE TOP OR RIGHT,
UNLESS MARKED -5V, WHERE PIN 1 IS TO THE BOTTOM OR LEFT.

) VIEW OF -HOILE P--'A"'.RN

1234567891111
0123

" " o"oo"oo " e" "

90000oo0000

EXTRA @00

PIN 1.200 + .012 SQooo ooo
ooo ooo

o o ®o®

ooo go:
oooooooooooo
ooooooooooooo
ooooooooooooo

1.378 MAX
SQUARE

IN m:/fft/sch/SCCS
EDIT IN j:/orcad/fft
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Le

FFT CARD COMPONENT LAYOUT SKETCH

eIDocument Number

S 56000Z001 (ZOO1DO1.LAY)

11.01 inches

GT4

1 %

U6O

REG

ALS
574

U38

ALE
153

4n2

U28

KEG

74F
574

C1

ii

10
125

0/0

i I

TOP~ VIEW OF PLASTIC PACKAGE~t~Cjr

11 1 1 
-

87654321O



6.5 NS CLK TO OUTPUT
10 BIT COUNTER

HALF OF PAL EMULATES A 74F153
C2 & C3 ASSUMED LOGIC 1

G INSTEAD OF G\

NC
CLEAR

COUNT ENABLE

CLKFROM EXTERNAL FF

FROM EXTERNAL FF T T T/f/1T ,

OUT\

VCC
6

CO
4
3

10
11
12
13

A A

B1 2 '1.
15C

U?

iCO lY
1C1
1C2
1C3

2C0 2Y
2C1
2C2
2C3

A
B
1G
2G

74F153

Q8 & Q9 TO BE DELAYED FOR WINDOW RAM.

CLEAR CLR': = RST + LDRAM''*LDRAM' ''\
COUNT ENABLE CE' :=( LDRAM'' * (WE'\*WE ') \ )\

SYNC CLR
A 6 BIT 163

CTRMSB. PDS

U127
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4 FFT Bin Schematics
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BDLY0..17 GRP.]D96ALOTE. ] D
6CDLY[0..3 ]TSTA[. .24].
6DDLY[0..31 ] ISTA[ 24]2TDI.]S

TB .]P l1 T1 42STA[1. 24]
L02D14.sch 16DLY[0 .171 34] 3STA[l. 24]

712DLY[1..17] T
13DLY[. .3] L025D13.sch
0DLY[0..3]

L025D05.SCH STATIONS 1

RACK 2 T C.]ANNELS 0 - 3 GRACK 2RP[1..96] GL1..96]

2 STATCHANNELS 0

B CHANNELS 4 7 CHANNELS 4- 7 "MAC BIN CABLING SHT1l .6] S l..24] 0STA[1. .24]PLAYBACK DRIVES 13 - 18 PLAYBACK DRIVES 24, 1 - 13 IN 1STA1. 24]

ITPBD[I.16]PBD[I.16 IDT[I.24] TA[...2
2TPBID[ .16] 12PBDIS..16] 2DT]1. .24]..3TPBD .16] 3PBD[..16] 3DT[1. .24] GRP1..96] DIVLST0..9

VTPBD[1..16]4 PBD[. .16] 4DT[1..24]! - STA[1..24] GRP..96
5TPBD[I..16] P BD[I..16] 5DT1. .24] STA[1..24] DIVUST0..]
6TPBD[ 1..16] 6PBD[ .. 16] 6DT[..24] 2STA[1..24] 4R[i.6DUP6TPBDI .. 16]7 PBD[1. 16] 7DT[1..24] I GRP3STA[I..24]

RP6 .]. V9T 9DT]..24 .DI
PBD[1..1. BD1..16 ]DT .. 24 DIVAST ..9 i

3PBD[1 .16 IOPBD[1. .16] DT ] GRP 3 6 [1D T .9 DI]
2BPBD[I .. 16 4PBD[IL..16 DB[..24] TLSTA [ 1 .24].

3BPBD[I~.16VAAPBD1..16] 2DBA1.A242STA[.24]
4BPBD[V1.PIB7..1 7 VALA]6] 2D 2[..244 V2STAA .24.24]

5BPBD[1..16A 3DBA1..24 3STAA[1..24.
6BPBD[1..16 VDIVA[..9] 4DB .. 24 CVALB .. 24]

DUP6BPBD [1 .16] DIVC [0.D91] 5DB[1..24] G1BL1P [1 946
V [ 1

v
A

Pl 
.4 vDIV[0..9] 6DB[1..24V GRP1..96]

VL1VALPO. .474] DVD.. 7DBV.1..24]2 STA[1..24.
VDB[1..24A .4 VA A .2.24]4

1CDLY[0..3] 9DB[1..24 2STA[I..242
1DDLY[0..3 3STA[ .24]1..24]
ADLY[0..17]
BDLY[0..17] TL[1..6CDLY[0..3] GRP[1..96]
6DDLY(0..30STA[ 1..24]ISTA[I .24] CTRLOUT[. 2 ]

SNEL025D14 EE L2sch 2STA[I S .24
12DLYP[0..17 O C TA 1..24D
31DLY [0.. i 3STA [i .24]0DLY[0 .3 ] G[I.6"--,, STATIONS 0 -19

L025D13.sch
DLY..3 CHANNELS 6 - 7

L025D05•SCH . .. .
RACK 3 T CHANNELS 0 - 3 RACK 3 STATIONS 10 - 19 OUT !BL -L,-,. ,RLINr..21

B CHANNELS 4- 7 CHANNELS 4- 7 OSTA[1..24]DI

PLAYBACK DRIVES 19 - 24 ... PLAYBACK DRIVES 12 - 24, 1 IN STGRPI..96]PLAYBACK INTERFACE BIN SHT. 14 FFT BIN SHT. 52STA[I .24]........ [i..16.....[.....] 0DT...]. ... ] ..........24
ITPBD[1..16' IPBD[1..163 ] DT[I 24 DI S[.1..24].9]• DI
1TPBD61..16] 1PBD.6..166 .DT[1..24. ] DI96]
2TPBD[1..163 2PBD[i..16] 2DT[I..24] RP[P..966
3TPBD[I..16 1 3PBD[I .16] 3DT[ .. 24] , GRP[ . • DIVBUST[0..9]
4TPBD[1.. 16 PBD[.1..1 6] 4DT[1 .2410STA[ .. 241RP .. 961

5TPBD[I..11 5PBD[I..16 6DT[1..24] ISTA[I . 24]
DUP6TPBD[I..16] p6PBD[I..16] 6DT[1..24] 2STA[ .. 24]

SPBD[1..16] 8DT[1..24]
DUPBPBD[1..16] 9PBD(1..163 9DT[1..241 TL1..96

1BPBD[1..161 10PBD[1..16] GRP[l..96]
2BPBD 11..16] 011PBD .16] ODB[1. -241 OOS STA[1. 241 w
3BPBD[1..161 12PBD[1.161 1DB[1..241 '2STA[1.. 24V
4BPBD[ .. 16] 13PBD[I..16] 2DB[I..24] STA l..241 my&"

.BPBD[ .. DB[1..24 STA[1..24]
6BPBD[1..16] ,DIVA[.. 93 4DB[I..241

DUP6BPBD[1..16] DIVB[0 .9 5DB[1..24]~DIVC 0.. ] 6DB [1.. 24 ] " ".9BL[1.

VAP1924[0..47 V [. ]DIV[0..9] 7DB[I.24]..
VALP 10..47] 1, . DIvD .91 7DB[1..24]l

SINGLE ENDS 8DB241 1STATA .. 24
ICDLY[0..3] TO FFT 9DB[I.1241 2STA[..241
1DDLY[0..3]T 3STAl..241
ADLY [0..1714BDLY[0..17] 

B[19
6CDLY [0..31 4 GRP[1..96] .. 96] CTRLOUT[..]
6DDLY[0..31]1 O 0STA[I. 24]

-T25D14Isch DIFFERENTIAL05D5ODIFRENTIAL I6DLY[0..17] 2STA[I. 24]
.......... 3STA[..24]13DLY[0.] ]

0DLY[0..31 L025D13.sch

DIFFERENTIAL L025DO5.SCH
FROM FFT CTRL TO MAC BINS
3M THRU DIN PBD VALIDS

PBD VALID SPLICE SHT. 21 BY CHANNELS
FROM PEI BINS ........... [ --I

9z VACOA [ .•24VACA[1. IVALCA[ 1. 24 ]
" ;'; T. .24]r71 VALP [ [ 47] VALCAI q1 VA [I•]..243[_ o C2A1 . VA....A1 .24]

VACA[1"4" VALCA[ 1 .24[VALPI180..47] VALCA[ " qALCA[I.24

v -, q , r n aT A 11..4 VL7 [1.

SINGLE ENDED L025D21.sch SINGLE ENDED
FROM DF CARDS TOTAL CRISS CROSS OF SIGNALS TO MASTER CONTROL CARD

RACKOCTRLIN2 INT CYC ENA

STATIONS 0 - 19

CHANNELS O - 1

RACK 0 STATIONS 0 - 9 OUT GRP 1..96 !71 96] MAC BIN CABLING SHT. 15

CHANEL 0 3OSTA[1..24] CTRLIN[0..21

PLAYBACK DRIVES 24, 1 - 13 IN TAl.4 GP.96 DIVALST[0..9]@

FFT BIN SHT. 5 SAl.4 
GP.96

!B~2 T A [ .. 2l. .1 6G 
RD[ 1 . .2 41

9PBD[ l..161 ODT[1..24]C(p3T1.2 DVU1091

IOP33D[I.161 P[.96] GOB[1.96]TIMTI

11PBD..161 ODB[1..24] SA.2 IMTCm

12PBD [ 1..1 6 5D [ l..24 3 1STA11..241 I ALAL P e [ee1..24P[. 96

13PBD..16] 6DB[1..24 2STA[..24SA11.24

3DB1.1] D[1..24] 3STA1..241 AB1.4

DIVA[0..961 8DB1..24]

DIVB[O..91 9DB[1,.24 1 
1B1

10IVC[..9] 6DB1.. I GRP[..961 O1.91 / / IEII

DIDO_9 DB[l..24P -- OSTAOTA1 l..24IMTIK1

12B1..6 DB[1._241 1STA[1.24 .241,24

13B1.. 6 DB[1..241 2STA1l..241

DIVA[0..STADBl..244

D~vGRP[1..9612T1l..96

OSTA[s DB1.2]9 LGP1..24 CROU[_.]

8DB[1..2] ~ 1STA[1..2424

9D6DLY[2..1 7] I STATA l..244

712DY[0.17]3STA1..24]

L025DO5.SCH 2B[ .9

RAC 1 STTINS10. 1 OT RP1..96] 
CTTRLIN10..2]

CHANNELS 0 - 3 O~~STA1l..24] 
GPl.6 DVLT0.]

FFT BIN SHT_ 5 2STA1l..241 
DVUT0.]

3STA(1..241 2GRPC1.243 TA..96 0 1

OPBD[..16] DT[1.24]DIVBST[ .9]

D[1.1] DT~..4]GRP[1._96] 3T[._91 DV3UST0..2]

ase 3PD[1..16 3Tl.4 OSTA1..24 1 4GRP(1..GR [ 1. 96] IASTO.]

4PD[..6] 4D(1.2] STAIl..24] G P1.6

5PD1.1] ST~.212STA[1..24 /LDVUS 0.1

6PD[.16 DT1.2]3STA[1..24I /1G P 1.6

7PBD1._16] 7DTEl..243 IBST0.]

8PBD1l.16] 1DT[1..24] 3GIMETICK®

9PBD1..16] DDT 1...24] GRPl._96] 4T[. .. 96] o TIMETICK.s\

10PBD El.. 16 3 31 .4]C -I-aOSTA[l..241 / ALARP l . 246

1PBDEl..16] ODTI1..241 1STA[1..241..24

1PBD [1. 16 I SDB..241 2STA[ - 241 VALBf l..241

13PBDC..16] 2DB[1..24 3 STA3Tl..2424

783 DB[I6 7T1..241

9PID[1...] 5DB(1..24]] I RP[1..96] T1.6 IEIK

11IVC[1..96J DB[1._24] OSTA1SAl..244

3IVD1..1 7DB[..243 STATA1..244

8DB[1..24] SA1.4

9DB1...24 8 STATA l..244

14L[0..9

14U[0..9 TO
FFT

15L]0..9 BINS

5U[0..9

C6L[0..9

'6U[0..9

17L[0..9

C7U[0..9

RACK 0

RACK 1

RACK 2

RACK 3

SHT. 14 BELOW CONTAINS THE RACK CONNECTORS

TO THE PLAYBACK DRIVES.

L = STATIONS 0 - 9
U = STATIONS I0 - 19

DICOL[0 .9 SINGLE ENDED
DATA VALIDS

DICOU[0. .9 TO FFT CARDS

DIC1L[0. .9

DIClU[0. .9

DIC2L[0. .9

DIC2U[0. .9

DIC3L[0..9

DIC3U[0..9



CLOCK DISTRIBUTION SEPARATE DRAWING

LDRAMA[0..4]

FRLOAD\A
FRRW\A

FSSRCKA f O __ d

NEW FRA

FSSI-A
FSSI-B
FSSI-C

SWAP FOR FSSI-D
OTHER
5 CARDS FSSI-E

FSSI-F
FSSI-G
FSSI-H

FSCLOAD\A

OHM

CARDS 0 THRU 4
5 FFT CARDS - SHEET 02

LDRAM[0. .43
RANCLK[O. 0.4 ]

FRLOAD\
FRRW\
FRSI[0..4
FRSRCLK[0..43

FSSRCLK[0. .4]

NEWFR

FSSIA024
FSSIB024
FSSIC024
FSSID024

FSSIA13
FSSIB13
FSSIC13
FSSID13

FSCLOAD\

SIN/COSI[0..93
SIN/COS2[0. .9]
SIN/COS3U[0..93
SIN/COS3L[0..93
SIN/COS4U[0..93
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<1K[0..8]

PULSAR[0..3]

CRSI\[0..4]
CRSFTCLK[0..4]

CT CRSTB[0..43

FFTINIT\AFFTINIT\
INIT\3A INT "INIT\3'
INIT\4A INIT\4
INIT\SA INIT\5

OHM

c\ [o..1]
D\ [0..1]

L025D44.SCH
100 AND 300 OHM

B[0 0 ..

C[0_..11

D[0U... l

L025D44.SCH
100 AND 300 OHM

A6C..U..IMA6CXI[..1]
[0l..1]
[..1]

Cl0..1 ]

L025D44SSCH

SEE L025D07.SCH FOR CABLING BLOCK DIAGRAM

AOCu[u..1]
AOC1[0..11
AOC2[0..1]
AOC3[0. .1]
AOC0\o[0..13
AOC1\[0..1]
AOC2\[0..1]
AOC3\[O. .1]

A1CO[0..1]
A1C1[0.. 1]
A1C2[0..13
A1C3[0..1]
A1CO\[0..1]
A1C1\[0. .1]
A1C2\[0..13
A1C3\[0..1

A2C0[0..1]
A2C [0.. i]
A2C2[0..1]
A2C3 [0.. i]
A2CO\ [0..]
A2C1\ [0..]
A2C2\[0[..1]
A2C3\[0..1]

A3C0[0..i]
A3CI[0..1]
A3C2[0..11
A3C3[0.. ]
A3CO\ [0..]
A3CI\[0..i]
A3C2\[0..1]
A3C3\[0..1]

A4C0[0..i]
A4CI[0..1i
A4C2[0..i]
A4C3[0..1i
A4CO\ [0..]
A4C1\ [0..]
A4C2\[O..1]
A4C3\[0[..1]

A5C0 [O.. i]
ASC1[0..11
A5C2 [0.. i]
A5C3[0..i]
A5C0\[0..i]
A5C1\[0..1]
A5C2\[0O..]
A5C3\[0..i]

A6CO[0..13
A6C1[0..1]
A6C2[0. .13
A6C3[0..13
A6CO\[0. .13
A6C1\[0..13
A6C2\[0..1
A6C3\[0 .1]

A7CO[0..1]
A7C1[0..13
A7C2[0..1]
A7C3[0.1.]
A7C\[0..1]
A7C1\[0..1]
A7C2\[0..13
A7C3\[0. .13

L025D02 . SCH

FRLOAD\B
FRRW\B

FSSRCLKBF0..41

NEW FRB

FSSI-E
FSSI-F
FSSI-G

SWAP FOR FSSI-H
OTHER
5 CARDS FSSI-A

FSSI-B
FSSI-C
FSSI-D

FSCLOAD\B

CARDS 5 THRU 9
5 FFT CARDS - SHEET 02

LDRAM[0..4]
RAMCLK[0. .4]

FRLOAD\
FRRW\
FRSI[0..43
FRSRCLK[0..43

FSSRCLK[0..4]

INEWFR

FSSIA024
FSSIB024
FSSIC024
FSSID024

FSSIA13
FSSIB13
FSSIC13
FSSID13

IFSCLOAD\

SIN/COS1[0..93
SIN/COS2[0..93
SIN/COS3U[0. .9]
SIN/COS3L[0..93
SIN/COS4U[0..93
SIN/COS4L0..9]
SC5-2K[0..7]
SC5<IK[0..8

PULSAR[0..33

CRSI\[0..4]
CRSFTCLK[0..4]
CRSTB[0..43

FFTINIT\B FFTINIT\
INIT\3B INIT\3'
INIT\4B INIT\4'
INIT\5B INIT\5'INIT\5"

AOC0[0..i]
AOC1[0..1]
AOC2 [0..1]
AOC3[0..1]
AOCO\ [O.. 1]
AOC1\[0..1]oz~ o..i]AO2 [o..1]

AOC3\[o..1]

A1CO[0..1]
A1C1[0..1]
A1C2[0..1]
A1C3[0..1]
AICO\ [O..]
A1C1\[O..1]
A1C2\[0..1]
A1C3\[0..1]

A2C0[0..i]
A2CI[0..i]
A2C2[0..I]
A2C3[0.. 1]
A2CO\[0..i]
A2C1\[0..I]:A2C2\ [0..1I]
A2C3\[0..1]

A3CI[0..i]
A3C2[0..i]
A3C3[0.. ]
A3C0[..]
A3CO\[0..i]
A3C1\[O..l]

A3C2\[0..1]
A3C3\[0..1]

A4C0[0..1]
A4CI[0..i]
A4C2[0..i]
A4C3[0..i]
A4C0\ [0..]
A4C1\[0..I]
A4C2\[0..1]
A4C3\[0..1]

A5C [0..1]
A5C [0..11
A5C2 [0..1]
A5C3[0..i]
A5CO\[0..1]
A5C1\[0..i]
A5C2\[0..1]
A5C3\[0..i]

A6COCOO.1]

A6C0[0..11
A6C2[0..i]
A6C2[0..1i
A6CO\[0..l]
A6C1\[0..i]
A6C2\[0..i]
A6C3\[0..1]

A7C0[0..1i
A7CI[0..1]
A7C2[0..i]
A7C3[0..i]
A7C

\C
[0..1]

A7C1\[0..i]
A7C2\[o..1]
A7C3\[0..1]

L025D02.SCH

FFT CTRL CARD

7J1C
GND 1
B-ENA\ 2
VCC3
SC5-B2KO
SC5-B2K3 5
SC5-B2K6 6
SC5-B<1K2 7
SC5-B<1K5 8
SC5-B<IK8
SIN/COS-B4U0 10
SIN/COS-B4U1 1ii
SIN/COS-B4U2 12
SIN/COS-B4U3 13
SIN/COS-B4U4 14
SIN/COS-B4U5 15

SIN/COS-B4U6 16
SIN/COS-B4U7 17
SIN/COS-B4U8 18
SIN/COS-B4U9 19

CRSI\A 20
SC5-A2K0 21
SC5-A2K3 2222
SC5-A2K6 23
SC5-A<IK2 24
SC5-A<1K5 25
SC5-A<1K8 26
CRSTBB 27

28
SIN/COS-B3L6 29
VCC 30
SIN/COS-B3L9 31
GND 32

DIN32
DIN

FFT CTRL CARD

GND
C16.0 OFF C16.0 IN

VCC
SCS-B2K2
SC5-B2K5
A-ENA\
SC5-B<1K1
SC5-B<1K4
SC5-B<1K7
SIN/COS-B4LO
SIN/COS-B4L1
SIN/COS-B4L2
SIN/COS-B3U
SIN/COS-B3U1
SIN/COS-B3U2
SIN/COS-B3U3
SIN/COS-B3U4
SIN/COS-B3U5
SIN/COS-B3U6
SIN/COS-B3U7
SC5-A2K2
SC5-A2K5
CRSI\B
SC5 -A<1K1
SC5-A<1K4
SC5-A<1K7
SIN/COS-B3L3

SIN/COS-B3L5
VCC
SIN/COS-B3L8
GND

7J1B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
C16.0 OFF
VCC
SC5-B2K1
SCS-B2K4
SC5-B2K7
SCS-B<1KO
SC5-B<1K3
SC5-B<1K6
SIN/COS-B4L3
SIN/COS-B4L4
SIN/COS-B4L5
SIN/COS-B4L6
SIN/COS-B4L7
SIN/COS-B4L8
SIN/COS-B4L9
SIN/COS-B3U8
SIN/COS-B3U9
SIN/COS-B3LO
SIN/COS-B3L1
SC5-A2K1
SC5-A2K4
SC5-A2K7
SC5-A<1KO
SC5-A<1K3
SC5-A<1K6
SIN/COS-B3L2
CRSTBA
SIN/COS-B3L4
VCC
SIN/COS-B3L7
GND

TO uP CARD

GND
PULSARA3
VCC
INIT\5A
PULSARAO
FSSRCLK-A
FSSRCLK-B
FSSRCLK-C
FSSRCLK-D
FSSRCLK-E
RAMCLKB
RAMCLKA
SIN/COS-A4UO
SIN/COS-A4U1
SIN/COS-A4U2
SIN/COS-A4U3
SIN/COS-A4U4
SIN/COS-A4U5
SIN/COS-A4U6
SIN/COS-A4U7
SIN/COS-A4U8
ECL CLK32
ECL CLK32\
SIN/COS-A20
SIN/COS-A21
SIN/COS-A22
SIN/COS-A23
VEE
SIN/COS-A26
VCC
SIN/COS-A29
GND

GND
SIN/COS-A10
VCC
SIN/COS-B10

SIN/COS-B11
SIN/COS-B12
SIN/COS-All1
SIN/COS-A12

SIN/COS-B13
SIN/COS-B14
SIN/COS-A13
SIN/COS-A14

SIN/COS-B15
SIN/COS-B16
SIN/COS-A15
SIN/COS-A16

BIN/COS-B17
BIN/COS-B18
SIN/COS-B19
SIN/COS-A17
SIN/COS-A18

SIN/COS-A19
VCC
FSSI-E
GND

7J2C

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J3C

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
PULSARA2
VCC
SIN/COS-A4LO
SIN/COS-A4L1
SIN/COS-A4L2
SIN/COS-A3LO
SIN/COS-A3L1
SIN/COS-A3L2
SIN/COS-A3L3
SIN/COS-A3L4
SIN/COS-A3L5
SIN/COS-A3L6
SIN/COS-A3L7
SIN/COS-A3L8
SIN/COS-A3L9
SIN/COS-A4U9
FRSIB
FRSIA
INIT\3A
INIT\4A
INIT\3B
INIT\4B
NEW FRA
NEW FRB
FFTINIT\B
FFTINIT\A

VEEC VEE
SIN/COS-A25
VCC
SIN/COS-A28
GND

GND
FRRW\A
VCC
FRRW\B
SIN/COS-B20
SIN/COS-B21
SIN/COS-B22
SIN/COS-B23
SIN/COS-B24

LDRAMAO LDRAMO
LDRAMAI LDRAM1
LDRAMA2 LDRAM2
LDRAMA3 LDRAM3
LDRAMA4 LDRAM4
LDRAMBO LDRAM5
LDRAMB1 LDRAM6
LDRAMB2 LDRAM7
LDRAMB3 LDRAM8
LDRAMB4 LDRAM9

FRSRCLKBO FRSRCLK5
FRSRCLKB1 FRSRCLK6
FRSRCLKB2 FRSRCLK7
FRSRCLKB3 FRSRCLK8
FRSRCLKB4 FRSRCLK9

NEWFRINGE
FSSI-G

FSSI-H

FSSI-B

VCC VCC
FSSI-D
GND

7J21

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J3]

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

BACKPLANE BUFFER BOARDS
CRSI\A CRSI\A CRSI\A[0 .4 CRSI\A[0..4
CRSI\BCRS I\BCRSI\B[(..]]CRSI\B[0..43

CRSTBA CRSTBA,,4
CRSTBA CRSTBA CRSTBA0 4 CRSTBA[0..4]
CRSTBB CRTBB CRSTBB0. CRSTBB[0..43

RAMCL RAMCLKA [ 0.. 4 ]
RABCLK RAMCLKA RANCLKA[0 43 RANCLKA[0..43CL RAMCLKB RAMCLKB [0. 4 RAcLKB[0..

FRSIA 43 FRSIA[0..4]
FRSIB FRIB FRSIB[0.4 FRSIB[043

L025D40.SCH

GND
PULSARAl
VCC
SIN/COS-A4L3
SIN/COS-A4L4
SIN/COS-A4L5
SIN/COS-A4L6
SIN/COS-A4L7
SIN/COS-A4L8
SIN/COS-A4L9
SIN/COS-A3UO
BIN/COS-A3U1
SIN/COS-A3U2
SIN/COS-A3U3
SIN/COS-A3U4
SIN/COS-A3U5
SIN/COS-A3U6
SIN/COS-A3U7
SIN/COS-A3U8
SIN/COS-A3U9
FSCLOAD\A
FSCLOAD\B
INIT\5B
PULSARBO
PULBARBi
PULSARB2
PULSARB3
VEE
BIN/COS-A24
VCC
SIN/COS-A27
GND

RES I

B 7J3A
GND 1
FRLOAD\A 2
VCC
FRLOAD\B
SIN/COS-B2 5
BIN/COS-B267 6
SIN/ COS-B277
SIN/COS-B28 8
IN/COS-B29 9

CRSFTCLKAO CRSFTCLKO 10
CRSFTCLKAI CRSFTCLKI11
CRSFTCLKA2 CRSFTCLK2 12
CRSFTCLKA3 CRSFTCLK3 13
CRSFTCLKA4 CRSFTCLK4 14
CRSFTCLKBO CRSFTCLK5 15
CRSFTCLKB1 CRSFTCLK616
CRSFTCLKB2 CRSFTCLK7 17

1CRSFTCLKB3 CRSFTCLK 18
CRSFTCLKB4 CRSFTCLK9 19
CRSFTCLKB4 CRSFTCLK9 1

FRSRCLKAO FRSRCLK0 20
FRSRCLKA1 FRSRCLKI 21
FRSRCLKA2 FRSRCLK2 22
FRSRCLKA3 FRSRCLK3 23
FRSRCLKA4 FRSRCLK4 24

24

ECLFFTINIT\ 25

ECLFFTINIT 26
FSSI- F 27

27
FSSI-A 28

VCC 29

3

FSSI-C 31
GND 32

DIN

ECLFFTDIN

SEE L025D45.SCH FOR RACKS 0 AND 1.
SEE L025D05 FOR CABLING TOP LEVEL

FFT CARDS 0-4 FFT CARDS 5-9
FSSRCLK-A FSSRCLKAO FSSRCLK-C FSSRCLKBO
FSSRCLK-A FSSRCLKA1 FSSRCLK-D FSSRCLKB1
FSSRCLK-B FSSRCLKA2 FSSRCLK-D FSSRCLKB2
FSSRCLK-B FSSRCLKA3 FSSRCLK-E FSSRCLKB3
FSSRCLK-C FSSRCLKA4 FSSRCLK-E FSSRCLKB4
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FFT BIN (RACKS 2 AND 3)

Size Document Number REV

C 56000L025 (L025D01.SCH)

7J1A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J2A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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30
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32

DIN

zkg(,o ro
A ( U-l I Q

Af;%(- A I

lag6ig W -

A'7C'n r o

g 
A 

/1' 

A 

I

o

Ap(-r) rn
AHC' I

s 
AHC' 

i 

I

m

Ac)(,o r n 1L 1
A%41'1 I() -- I I I

Al non r

A-1 I

Al lro ro 1 1
Al I(,[ M- _-I

A I I fl-., I

A I I I'A I

Alg(-nrn--ll
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CRSI\ 0.74 CRSI\ [O..4]

CRSTB 0..4 CRSTB[0..4] Fo
CRSTB [0.. 4. FROM BACKPLANE BUFFER BOARD

RAMCLK 0. 4 RAMCLK[0..4]

FRSI[0..4 FRSI [0..4] INPUTS

LDRAM 0. 4 LDRAM [ 0..4] FFT CAF
FFT CARD

SFRLOAD\FRLOAD\FRRW\

O FRSRCLK 0..4 ] FRSRCLK[0..4]

FSSRCLK 0..4 ]FSSRCLK[0..4]

NEWFR EWFR

FOR CARDS 0,2, & 4 FOR CARDS 1 & 3

FSSIA024 > FSSIAO24 FSSIAi3 FSSIA13

IFSSIB024 FSSIBO24 F I FSSIB13

SFSSIC024 FSSIC024 FSSIC 3 FSSIC13

IFSSID024 FSSID0241FSSID13 FSSID13

FSCLOAD\ FSCLOAD\

PULSAR 0.. 3 ]LSR 3

CRSFTCLK 0..4 CRSFTCLK[O .. 4 ]

03

INPUTS
FFT CARD 1 OR 6

FFT CARD CONN - SHEET 03
LDRAMI LDRAM
RAMCLK1 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\

FB1 FRRW\
FRSRCLK1 FRSI

FRSRCLK FRSRCLK

FSSRCLK1

NEWFR

FSSIA13

FSSIB13

FSSIC13

FSSID13

FSCLOAD\

IFSSRCLK

INEWFR

IFSSIA

IFSSIB

)FSSIC

)FSSID

IFSCLOAD\

SIN/COS1[0. .9]
SIN/COS2[0..9]
SIN/COS3U([0..9]
SSIN/COS3L[0..9]
SSIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<1K[o..8

ULA 0.31 PULSAR[0..3]

CRSI\K1 CRSI\
CRSFTCLK CRSFTCLK
CRSTBI CRSTB

FFTINIT\ FFTINIT\
INIT\3 " INIT\3"INIT\3
INIT\4 INIT\4'

INIT\5 INIT\5'

CARD 1

1 r, n rn - - 1 1
AIUI I()-

c I 'I.,. I (I -

A I('()\ I

A 
I ('IC' 

A 
I I

E

n r n 1 1
IQ I I

I I

F.;414 W 41

Alrn r n 1 1
AAC'I I()-

A iQ_-S I Q

A(--I x I

A4C-'o r o

A4C-i I Q

AOCOAOC I[0.. i ]
AOC1 0.. 1 AOC[0..1

AOC2 0.. 1 
AOC

2  
[0.. 1 ]

AOC3 0.1 AOC
3 

[0..1],,,, oco\ o..il
AOC\T 0..1 AOCO\[O..1]

1  
0 AOC\[0..1]

AOC2\ 0..1 AOC2\ [0..1]
AOC3\ O..1 AOC3\[O..1]

A1C0 O.1 ACO [0..1]
A1C1 0..1 A1C1[O..1]
A1C2 0..1 A1C2 [O..11AIC3 0..i]

A1C3\ O.:1 A1C3\[0..1]
A1C . 1 A1C1\ [0..1]
A1C2 0. T.1 AC2\ [0..1]
A1C h0.1 A1C

3
\ [0..1]

r1C3TTlACO O.1
A2C\ 0. . A2C0[0..1]
A2C1 O.. . A2C [ .. ]

A2C2 0..1 A2C2[0..]
A2C3 O.,1 A2C3[0..1]

A \0. .1 A2Co\[0..1]
A2C1 0..1 A2C1\[0..1]
A2C2 0..1 A2C2\[0..1]

TA2C3\.l A2C
3
\ [0..1]

A3CT..1 A3C[0..1]
1

A0 CA3C2[0..1]
A3C2 0..1 A3C2[0..1]
A3C 0..1 A3C3[0..1]

A3C 0.1 A3C0\[0..i]

A3C 0..1 A3CO [0..1]

A3C2 0..1 A3C2\[0. .1]
A3C30..1 A3C

3
\ [0..1]

F4C T"SA4CO\[0..1]
A4C1 .. 1 A4C1 [0..1
A4C2 0..i A4C2\[..1]
A4C3 0..1 A4C3[0.. I

A4C3\ O..1 A4C0\[0..1]
A4C1\ 0..1 A4C1\ [0..1]
A4C2 0..1 A4C2\ [0..1]
A4C2\ 0..1 A4C

3
\ [0. .1]

"CT.1 A5CO[O..1]
AA5C2 [0..1]M- 1 CO1 1

A5C3 .1 A5C3 [0..1]
A5CO[0..1]

C~i~~i
6

lO .1]

AT1T"T. 1 A5C1\ [0..1]

rC3TT"ii ASC
3 

[0..1]1 A6CO\[0..1]
A5C3\ [0..1]

A6C 0.1 A6C [0. .1]
A6CO. A6C [0. .1]

A6C0.. 1 A6C2[0..1]A6C2 0.. A7C2 [0.1]
A6C3 0..1 A6C30..1]

A6C\ .1 A7CO\[0...1]

A6C1\ .. 1 A7C1\ [0..1]

A6C2\ 0..1 A6C2\[..l]

A6C3\ r0..1 A6C3\[..1]

A7C0 0.1 A7C\[0..]
A7C1 0..1 A7C1[0..1]

A7C2 0..1 A7C2[0..11

A 3 .. A7C3[0..1]

A7C\ 0..1 A7C0\[..1]

A7C1\ 0..1 A7C1\[..1l

A7C2\ 0..1 A7C2\[0..1]
A7C3\ 0 1 A7C3\[0..1]

IDINVALID[ 0..3]

AOCO[o..1]
AOC1[0..1]
AOC2[0..1]
AOC3[0..1]
AOCO\[0..1]
AOC1\[0..1]
AOC2\[0..1]
AOC3\[0..1]

A1C00..1]
A1C1[0..1]
A1C2[0..1]
A1C3\[0..1]
A1C0\[0..1]

A1C2\[0..1]
A1C3\[0..1]

A2C0 [O.. 1]
A2C [0.. i]
A2C2[0..1]
A2C3[0.. ]
A2CO\[O..I]
A2C1\ [0..]
A2C2\[0..1]
A2C3\[0..1]

A3C0[0..1]
A3C [ 0..1]
A3C2[0..11
A3C3[0..1]
A3C0\[0..1]
A3C1\[0..1]
A3C2\[0..1]DA3C3\[0..1]

DT[I..24]®

DB[1..24]3

L025D03.SCH

INPUTS
FFT CARD 2 OR 7

FFT CARD CONN - SHEET 03
LDRAM2 LDRAM
RAMCLK2 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\

FEB12
FRSRC2 FRSIFRSRCLK2FRSRCLK

FSSRCLK2

NEWFR

FSSIA024

FSSIB024

FSSIC024

FSSID024

FSCLOAD\

DFSSRCLK

DNEWFR

DFSSIA

DFSSIB

DFSSIC

DFSSID

®FSCLOAD\

SIN/COS1[0..9]
SIN/COS2 [0..9]
SIN/COS3U[0..9]
SIN/COS3L[0..9]
SIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<1K[0..8]

PUL RAO31 PULSAR[0. .3]

CRSI\2
CRSFTCLK2
CRSTB2

FFTINIT\
INIT\3'
INIT\4'
INIT\5

CARD 2

i ALLU I I

CRSI\CRSFTCLK
CRSTB

FFTINIT\
INIT\3'
INIT\4'
INIT\5

DDINVALID[O..3]

A3CO[0..1]
AOC1[0.. 1 ]
AOC2[0..1]
AOC3[0..1]
AOCO\[0..1]
AOC1\[0..1]
AOC2\ [0..1]
AOC3\[0..1]

A1CO[.. ]
A1CI[..i]
A1C2[0..1]
A1C3[0..i]
A1CO\[0..i]
A1C1\[0..i]
A1C2\[0..1]
A1C3\[0..1]

A2C0 [0.. i]
A2CI [0.. i]
A2C2[0..i]
A2C3[0..I]
A2CO\[0..1]
A2C1\[0..1]
A2C2\[0..1]
A2C3\[0..1]

A3C0 [O.. 1]
A3CI[O0.. I]
A3C2[0.. i]
A3C3[0.. ]
A3C0\ [0..1]
A3C1\[0..i]
A3C2\[0..1]
A3C3\[0..1]

DT[I..24]0

DB[1..24]E

L025D03.SCH

INPUTS
FFT CARD 3 OR 8

FFT CARD CONN - SHEET
LDRAM3 LDRAM
RAMCLK3 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSI3 FRSI
FRSRCLK3 FRSRCLK

FSSRCLK3

NEWFR

FSSIA13

FSSIB13

FSSIC13

FSSID13

FSCLOAD\

)FSSRCLK

INEWFR

)FSSIA

)FSSIB

IFSSIC

IFSSID

IFSCLOAD\

I SIN/COS1[0.. 9 ]
SIN/COS2[0..9]
SIN/COS3U[0..9]

SIN/COS3L[0..9]
SIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0..7]dSC5<IK[0..8]

9ULsR[03 PULSAR[0..3]

CRSI\3 CRSI\

CRSFTCLK3 CRSFTCLK
CRSTB3 CRSTB

FFTINIT\ FFTINIT\
INIT\3" INIT\3
INIT\4 INIT\4"
INIT\5' INIT\5"

CARD 3 DINVALID[0..3]

AOCO[0..1]
AOC1[0..1]
AOC2[0..1]
AOC3[0..1]
AOC0\[0..1]
AOC1\[0..1]
AOC2\[0..1]
AOC3\[0..1]

A1CO[0..11
A1C1O..1]

A1C2[0..i]
A1C3[0..i]
A1CO\[0..i]
A1C1\ [0..]
A1C2\[0..i1]
A1C3\[0..1]

A2C0[0.. ]
A2C [0..i]
A2C2[0..1i
A2C3[0..i]
A2CO\[0..i]
A2C1\[0..i]
A2C2\[0..1]
A2C3\[O..11

A3C0[0.. ]
A3C [0..i]
A3C2[0.. ]
A3C3[0..11
A3CO\[0..1]
A3C1\[0..1]
A3C2\[0..1]
A3C3\ [0.1]

DT[I..24]

DB[1..24]3

L025D03.SCH

INPUTS
FFT CARD 4 OR 9

FFT CARD CONN - SHEET 03
LDRAM4 LDRAM
RAMCLK4 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSI4 FRSI
FRSRCLK4 FRSRCLK

FSSRCLK4

NEWFR

FSSIA024

FSSIB024

FSSIC024

FSSID024

FSCLOAD\

)FSSRCLK

)NEWFR

1FSSIA

jFSSIB

)FSSIC

)FSSID

)FSCLOAD\

SIN/COSI[0..9]
SIN/COS2[0..9]
SIN/COS3U[0..9]
SIN/COS3L[0. .9]
SIN/COS4U[0..9
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<1K[0..8]

PULSAR[0..3]

CRSI\4 CRSI\
CRSFTCLK4CRSFTCLK
CRSTB4 CRSFTCLKCRSTB

FFTINIT\ FFTINIT\
INIT\3 INIT\31INIT\3'
INIT\4' INIT\41
INIT\5" INIT\5'

CARD 4 DINVALID [0..3]

AOC0[0..i]A0Cl[0..1]
AOC2[0..1]
A0C3[0..1]
A0C0\[0..1]
AOC1\[0..1]
AOC2\[0..1]
AOC3\[0..1]

A1C1[0..1]
A1C2[0..1]
A1C3[0..1]
A1CO\[0..1]
A1C1\[0..1]
A1C2\[0. .1]
A1C3\[0..1]

A2C0[0.. .1]
A2C2\[0..1]
A2C2[0..1]
A2C3[0. .1]
A2C0\[0..1]
A2C1\[0..i]
A2C2\[0..1]
A2C3\[0..1]

A3C0[0.. ]
A3CI [O0.. 1]
A3C2[0..i]
A3C3[0..1]
A3CO\[0..1]
A3C1\[0..1]
A3C2\[0..i]
A3C3\[0..1]

DT[1..24]3

DB[1..24]

L02503SC
L025D03.SCH

DT & DB PART OF BIN TO BIN CABLEING

Ai(-n r n
A -;(-I IQ
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AArn rn
AaC'-i 1 1)
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A4LC' A I Q

Ar.(-n rn
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A ('V. 1 1)
A Q i I Q
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Egg

AA(-n rn 1 1

A I L) I I
Ah(' -S I Q I I

AAr-oro--ll
Ala(I-I I () - - I I
Alal".1p I (

Argroro 11

A it-' I U)

Aggo r o 1 1
Af ('l IQ

A h C-'--S I Q

hC: L I Q I I

A'7(77o r o 1 1
AVC L I I I

A'/ C-'tj

.qT7q/ro.ql r n
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N Im SJ.T.I()- 41

StAl/cOs
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R TW rnq 1 r n
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-91

L

'qTT\T/rnql ro c)i
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bag < 91 M,

.qTlq/cnql r o
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FFII\FFTINIT\

INT INIT\3

NI\ INIT\4

INIT\5 
IIT



TWISTED PAIRS

TO iT 0..1 AOCO[0..1]
1 AOC1[0. .1]

1 AOC2[O. .1]
A-p--0..

1
-AOC3[0. .1]A AOCO\ [0. .1]

AOC1\ 0.,1 AOC2\[0..1]
AOC2\ 0.,1 AOC2\[0..1]
AOC3\ AOC3\[0..]

A1C0[0..1]AidC(. 0..1 Ai [. 0.1]
A1C20.>1 A1C2[. 1]
IAC30..>1 A1C3[0 .13

IAlCO\ 0. .1 A>CT\[k -I!

IA 1C1 \[ .. 1 1 -, o 13
A1C2\ 0_ 1 A1C2\[O .1]
A1C3\ 0.. 1 A1C3\[0. .1

1AB .1 A2C0 [0.. i]

1 A2CO[O..1]

A2C2 0i.1 A2C2 [0..1]

0
.1  A2C3[0..1]

2C\0_1 A2C0\[O..i
A2C1\ [0. .1]

A2C2\ Q0_1 A2C2\[0..1]
A2C3\ 0_.1 A2C3\[0..1]

1 A3C0[O .1]1A3C0 0 - - I ]  
A C ,-,1[[r n" "

IA3C2i0..1 AC[.. 1]

IA3C2l0..1 A
3
C

3
[ n.13

A3C0\__1]A
3
CO\[. .1]

IA3C1\0._A3C1\[0..1
IA3C2\0..1 >A3C2\[0..13
A3C3\ 0. .1 A3C3\[ .. 1]

i FRLOAD\>FRLOAD\
C CRSI\

INIT\3 INIT\3

FSSRCLK FSSRCLK

SFRSRCLKFRSRCLK

F FRSIFSSIA
FSSIB

FSSIB ~FSSIC
F FSSID

CRSFTCLK CRSFTCLK

C CRSTB

FOR DT & DB:

THE 1ST COLUMN IS COMMENTS
CORRESPONDING TO SIGNAL
NAMES ON THE FFT CARD.

THE 2ND COLUMN IS LABELS
CORRESPONDING TO PIN NAMES
ON THE 2 CONNECTORS.

2, 24 PIN CONNECTORS

SFFTINIT\ FFTINIT\

SLDRAM LDRAM

RAMCLK RAMCLK

PULSAR 0.. 3 PULSAR [0. .3]

INIT\5"INIT\
FSCLOAD\ FSCLOAD\

SNCSU0.. 9 SIN/COS4U[0. .9]
SSIN/COS4L0..93

SC5-2K0. 7]
S C 5 -

2K[0. .7]
SC5<1K0..8]SC5<1K[0..8]

SNCT .9 SIN/COS1[0. .9]

iSN/COS2 0O.9iSIN/COS2[0. .9]SINCOSU 0.9 SIN/COS3U [0..9 ]

SIN/COS3L[0..9]

DINVALID 0..3 DINVALID[0. .3]

N W F ->NEWFR

F FRRW\

SINIT\ 4 INIT\4"

PlC
1 GND

2 VCC
DT2 DT17

S DT\2 DT185 DT5 DT19
6 DT\5 DT20

DT8 DT21
8 DT\8 DT22
9 DT11 DT2310 DT\11 DT24

11 DB2 DB17
12 DB\2 DB18
13 DB5 DB19
14 DB\5 DB20
15 DB8 DB21
16 DB\8 DB22
17 DB11 DB23
18 DB\11 DB24
19 CRSI\
20 SC5-2K0
21 SC5-2K3
22 SC5-2K6
23 SC5<1K2
24 SC5<1K5
25 SC5<1K8
26 CRSTB
28 VEE
28
29 VCC
30
31 DM032 -- GND

DIN

P2C
1 GND2 PULSAR3
2 VCC

3 INIT\5 " U73
4 PULSARO

DINVALIDO
6 DINVALID0
7 DINVALID2
8 DINVALID3
9 FSSRCLK

11 LDRAM U121
RAMCLK12 SIN/COS4U0

13 SIN/COS4U1
14 SIN/COS4U2

16 SIN/COS4U3
17 SIN/COS4U4 U7117 SIN/COS4U5
18 SIN/COS4U6
19 SIN/COS4U7
20 SIN/COS4U8
21 C32ECL
22 C32ECL\
23 SIN/COS20 U43
24 SIN/COS21
25 SIN/COS22
26 SIN/COS23
27

28 VEE
29 SIN/COS26

VCC U43
30 SIN/COS2931 DM
32 GND

DIN

P3C1 
- G N D

1 SIN/COS102 VCC

AOC21
4 AOC2\1
6 AOC10
7 AOC1\0
8 SIN/COSll
9 SIN/COS12

10 A1C21
1 A1C2\1

12 A1C10
13 SIN/COS13
14 SIN/COS14
15 A2C21
16 A2C2\1
17 A2C10
18 A2C1\0
19 SIN/COS15
20 SIN/COS1621 A3C21

22 A3C2\1
23 A3C1
24 A3C1\0
25 AC\
25 SIN/COS17
26 SIN/COS18
27

28 VEE
29 SIN/COS19

30 VCC
31 D
32

DIN

PIB
1 GND

2 VCC
S3|- DTI DT9

4 DT\1 DTI0
DT4 DT11

6 DT\4 DT12

8 DT\7 DT14
9 DT1O DT1510 DT\10 DT16

11 DB1 DB9
12 DB\1 DB10
13 DB4 DB11
14 DB\4 DB12
15 DB7 DB13
16 DB\7 DB14
17 DB10 DB15
18 DB\10 DB16
19 ADR\0
20 SC5 -2K2
21 SC5-2K5
22
23 SC5<1K1
24 -C5<1K4
25 SC5<1K7
26 CRSO\
27 VE
28 VEE
29 VCC
30
31 GND
32 DM

DIN

P2M
1 GND
1 PULSAR2
2 ,- VCC
3 c
4 SIN/COS4LO
5 SIN/COS4L1 U72
6 SIN/COS4L2
6 SIN/COS3LO

SIN/COS3L1
8 SIN/COS3L2

SIN/COS3L3
10 SIN/COS3L4 U45
1 -SIN/COS3L512 SIN/COS3L6

13 SN/--L

14 SIN/COS3L7
15 SIN/COS3L8
16 SIN/COS3L9
17 SIN/COS4U9 U71

18 GND
19 FRSI U24

20 INIT\3"
21 INIT\4
22 FRSRCLK
23 NEWFR
24 FSST\
25 FSRW\
26 FFTINIT\
27 VEE
28 SIN/COS25
29 VCC
30 SIN/COS28
31 D
32

DIN

P3B
GND1 FRRW\

2 VCC

AOC30
AOC3\0

6 AOC11

8 AOCOO
8 AOCO\0

1 A1C30
1 A1C3\0

AlCI\I12 A1C11
13 A1CO\O
14 ACO\0
15 A2C30
16 A2C3 \ 0
17 A2Cl\
18 A2C1\1
19 A2COO
20 A2CO\O
21 A3C30
22 A3C3\0
23 A3C11
24 A3C11
25 A3CO\O
26 A3COO27 ---

A3C 00

28 VEE
29 FSSIB
29 VCC
31 FSSID

32 GND

DIN

I >620

PlA
1 GND

2 VCC

4 DT\0 DT12
5 DT3 DT3
6 DT\3 DT4
7 DT6 DT5
8 DT\6 DT6
9 DT9 DT710 DT\9 DT8

1i DM9 DM112 DB\0 DB2
13 DB3 DB3
14 DB\3 DB4
15 DB6 DB5
16 DM\6 DB6
17 DB9 DB7
18 DM\9 DB8
19 ADR\1
20 SC5-2K1
21 SC5-2K4
22 C5-2K7
23 SC5<IKO
24 SC5<1K3
25 SC5<1K6
26 CRSFTCLK VEE
27 VE 928 VEE
29 VC VCC
30

DIM

P2A

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIM

BUSSES CORRESPONDING TO A
CONNECTOR AND CABLE.

GND
PULSAR1
VCC

SIN/COS4L3
SIN/COS4L4 U72
SIN/COS4L5
SIN/COS4L6
SIN/COS4L7
SIN/COS4L8
SIN/COS4L9
SIN/COS3U0
SIN/COS3U1
SIN/COS3U2
SIN/COS3U3
SIN/COS3U4 U44
SIN/COS3U5
SIN/COS3U6
SIN/COS3U7
SIN/COS3U8
SIN/COS3U9
FSCLOAD\
FRSO\

EXPOF\'0 U17

EXPOF\'1
EXPOF\'2
EXPOF\'3
VEE
SIN/COS24
VCC
SIN/COS27
GND

P3A
1 GNDFRLOAD\
2 VCC
4 _AOC31
5 _AOC3\i
6 AOC20

__AOC2\0
8 _AOCO1
8 AOCO\1

10 __AIC31
10 AiC3\1

T __AIC20
12 AIC2\0
13 AiCOl
14 AiCO\I
15 AC\
16 A2C31
17 __A2C3\118 A2C20
1 A2C2\0

A2CO1
20 A2CO\i
2 A3C31
22 A3C3\1
2 A3C20
25 A3C2\0
2 A3COl
27 A3CO\i
27 VEE
28 FSSIA

29 VCC

30 FSSIC
31 DM0

32 _ GND

DIN

620

620

SLIP ON TERMINATION _ - I
FOR USE ONLY ON THE FOLLOWING CARDS:
RACK 2 FFT0 RACK 3 FFT 0
RACK 2 FFT1 RACK 3 FFT1
RACK 2 FFT8 RACK3 FFT8
RACK 2 FFT9 RACK 3 FFT 9
RACKS 0 AND 1 DO NOT NEED THESE TERMINATIONS, SINCE THEY WERE REWIRED WITH THE FSTC BUFFER BOARDS.

THIS PROVIDES TERMINATIONS FOR THE TWO FSSI BUSSES AS DIAGRAMED BELOW:
T INDICATES A TERMINATION.

F F F F F F F F F F F
F F F F F C F F F F F
T T T T T . T T T T T

T T. . . TT

RACKS 2 AND 3 ONLY
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A[0..11A[0. 
.1]

[0..]j[0..1]

C[. \[0. .1]
D[..1].1]

[A\ [00 ..i]-> A \ [ 0.. i]

B\[0..1] > \[ .1

[c\[0..1] >C\[..1]

D\ [0..1] D [0 .1

SLIP ON FIXTURE
ON FFT CARD CONNECTOR.

AO R1
A\0Oi/zz -2 100
Al R2
AXI 1 100

BO R3
B\0izz z 100
B1 R4

BSk1i 100

CO R5

C\mzzzi0 z100
C1 R6
C\I1 100
DOA R7

DN\0xz 100
D1 R8
D\lz 100

VLBA

NAT 10

CHARL
Title

'C

Size Docur

A[ Date: De
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CRSI\BF0..41 CRSI\B[0..4]

CRSTBB[0..41 CRSTBB[0..4]

RAMCLKB[0. .41 RAMCLKB[0..4]

FRSIB[O..41 FRSIB[0..4]

CRSI\A[0..4] -CRSI\A[0..4]
CRSTBA[(0 . .41 CRSTBA[0. .4]

RAMCLKa(0. .41 RAMCLKA[0O. .4 ]

FRSIAr0. .41 FRSIA[0. .4]

BACKPLANE BUFFER BOARD ON THE LEFT BACKPLANE BUFFER BOARD ON THE RIGHT

CRSI\ B -2
3
4
S
6

CRSTBB 7

9
10
11

1

ON THE LEFT

U1
2

Al Y1 2
A2 Y2 2
A3 Y3 2
A4 Y4
A5 Y5 1
A6 Y6 1

A7 Y7 1

A8 Y8
A9 Y9 1
AI0 YI0

Gl

G2

74BCT2827A

FFT PIC 20

TO FFT
23 CRSI\B0
:2 CRSI\B1
?1 CRSI\B2
?0 CRSI\B3
.9 CRSI\B4
.8 CRSTBB0
.7 CRSTBB1
.6 CRSTBB2
L5 CRSTBB3
L4 CRSTBB4

ON THE RIGHT

CARD
5
6
7
8
9
5
6
7
8
9

RAMCLKB 2
3
4
S
6

S 7
FRSIB 7

9
10
11

FFT PlC 27

U2

Al Y1
A2 Y2
A3 Y3
A4 Y4
A5 Y5
A6 Y6
A7 Y7
A8 Y8
A9 Y9
Al0 Y10

G1
G2

FFT P2C 12

TO FFT CARD
23 RAMCLKB0 5
22 RAMCLKBI 6
21 RAMCLKB2 7
20 RAMCLKB3 8
19 RAMCLKB4 9
18 FRSIB0 5
17 FRSIBI 6
16 FRSIB2 7
15 FRSIB3 8
14 FRSIB4 9

FFT P2B 19

74BCT2 827A

ON THE LEFT

CRSI\A 2
3
4
S
6

CRSTBA 7
9

10
11

U1

Al
A2
A3
A4
A5
A6
A7
A8
A9
AI0

G1
G2

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8
Y9

Y10

FFT PIC 20

TO FFT
23 CRSI\A4
22 CRSI\A3
21 CRSI\A2
20 CRSI\A1
19 CRSI\A0
18 CRSTBA4
17 CRSTBA3
16 CRSTBA2
15 CRSTBAI
14 CRSTBAO

ON THE RIGHT

CARD
4
3
2
1
0
4
3
2
1
0

RAMCLKA 2
3
4
S
6

FRSIA7
9

10
11

FFT PlC 27

74BCT2827A

U2

Al Y1
A2 Y2
A3 Y3
A4 Y4
A5 Y5
A6 Y6
A7 Y7
A8 Y8
A9 Y9
Al0 Y10

GI
G2

FFT P2C 12

TO FFT CARD
23 RAMCLKA4 4
22 RAMCLKA3 3
21 RAMCLKA2 2
20 RAMCLKAI 1
19 RAMCLKA0 0
18 FRSIA4 4
17 FRSIA3 3
16 FRSIA2 2
15 FRSIA1 1
14 FRSIAO 0

FFT P2B 19

74BCT2827A

USED ON FFT BIN BACKPLANE FOR BUFFERING
THE FOLLOWING SIGNALS,
FROM THE FCC TO FFT BOARDS:
CRSI\, CRSTB, FRSI, RAMCLK

THESE BOARDS ARE BOLTED TO THE BACKPLANE.
THE WIRING IS REPEATED IN EACH RACK.

M:\RACKWIRE\L025\SCCS

NATIONAL RADIO ASTRONOMY OBSERVATORY

SOCORRO, NM
Title

BACKPLANE BUFFER BOARD

Size Document Number REV

B 56000L025 (L025D40.SCH)

Date: Februar 9 1995 Sheet of



NUMBER REPRESENTS FFT CARD
ABCD REPRESENT PIPELINES 0123

STNS 0,2,4,6,8
P3A-29 PIPEO FSSI-A 2

3
4
S
6

P3B-29 PIPE1 FSSI-B 7
8
9

1
19

STNS 1,3,5,7,
P3C-31 PIPEO

P3A-27 PIPE1

FSSI-E 4
S
6
7
8

FSSI-F 9

19

2
3

STNS 0,2,4,6,8
P3A-31 PIPE2 FSSI-C 6

7
8
9

19

2
P3B-31 PIPE3 FSSI-D 3

14
S
6

STNS 1,3,5,7,9 7
P3B-26 PIPE2 FSSI-G 8

9

19

S2

3
4

P3B-27 PIPE3 FSSI-H 5
6
7
8.
9

19

U1

Al
A2
A3
A4
A5
A6
A7
A8

G1
G2

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8

74HC541
U2

Al
A2
A3
A4
A5
A6
A7
A8

G1
G2

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8

74HC541
U3

Al
A2
A3
A4
A5
A6
A7
A8

G1
G2

Y1
Y2
Y3
Y4
Y5
Y6
Y7
Y8

74HC541
U4

Al Y1
A2 Y2
A3 Y3
A4 Y4
A5 Y5
A6 Y6
A7 Y7
A8 Y8

G1
G2

74HC541
U5

Al Y1
A2 Y2
A3 Y3
A4 Y4
AS Y5
A6 Y6
A7 Y7
A8 Y8

G1

G2

74HC541

TO FFT CARD
18 FSSIAO P3A-29
17 FSSIA2
16 FSSIA4
15 FSSIA6
14 FSSIA8
13 FSSIBO P3B-29
12 FSSIB2
11 FSSIB4 U

CC

18 FSSIB6
17 FSSIB8
16 FSSIA1 P3A-29
15 FSSIA3
14 FSSIA5R
13 FSSIA7 9213-10;
12 FSSIA9
11 FSSIB1 P3B-29

U

CC

18 FSSIB3 F
17 FSSIB5R
16 FSSIB7 F
15 FSSIB9_
14 FSSIC0 P3A-31 F
13 FSSIC2
12 FSSIC4 F

11 FSSIC6 F

9

18 FSSIC8
17 FSSID0 P3B-31
16 FSSID2
15 FSSID4
14 FSSID6
13 FSSID8
12 FSSIC1 P3A-31
11 FSSIC3

18 FSSIC5
17 FSSIC7
16 FSSIC9
15 FSSIDI P3B-31
14 FSSID3
13 FSSID5
12 FSSID7
11 FSSID9

FSSRCLK-A 4
6
"7

JSB vcc FSSRCLK-B ---
DM 19 9
)M 2

:2 4 19

P5 , 7

7 --- -R8 1--0 FSSRCLK-C 4 1

AI-102G FSSRCLK-D 6

FSSI-H

r8A VCC1

)MI 2 FSSI-A

_2 3 FSSI-B23 4 FSSI-C

Z4' 5 FSSI-D
6 FSSI-E

Z5 7 FSSI-F
8 FSSI-G

Z8 } 9
10

213-10A1-102G

U6

Al Y1
A2 Y2
A3 Y3
A4 Y4
A5 Y5
A6 Y6
A7 Y7
A8 Y8

G1
G2

74HC541
U7

Al Y1
A2 Y2
A3 Y3
A4 Y4
AS Y5
A6 Y6
A7 Y7
A8 Y8

G1

G2

74HC541

18
17
16 FSSRCLK0
15 FSSRCLKI
14
13
12 FSSRCLK2
11 FSSRCLK3

18
17
16 FSSRCLK4
15 FSSRCLK5
14 FSSRCLK6
13 FSSRCLK7
12 FSSRCLK8
11 FSSRCLK9

FROM FCC

TO FFT CARDS P2C-10

* MEANS THIS WIRE DOES NOT HAVE TO BE A

GND
57 TWISTED PAIRS GND
6 NOT TWISTED PAIRS VCC

*7P2C-6 FSSRCLK-A
63 SIGNALS *7P2C-7 FSSRCLK-B

*7P2C-8 FSSRCLK-C
* 7P2C-9 FSSRCLK-D
* 7P2C-10 FSSRCLK-E

GND
GND
GND
GND

7P3A-29 FSSI-A
7P3B-29 FSSI-B
7P3A-31 FSSI-C
7P3B-31 FSSI-D
IP3B-31 FSSIDO
4P3B-31 FSSID3
9P3B-31 FSSID6
1P3A-31 FSSICO
4P3A-31 FSSIC3
9P3A-31 FSSIC6
1P3B-29 FSSIBO
4P3B-29 FSSIB3
9P3B-29 FSSIB6
lP3A-29 FSSIAO
4P3A-29 FSSIA3

VEE
9P3A-29 FSSIA6

VCC
12p3A-29 FSSIA9

GND

SLOT CARD

1
2
3
4
5
6
7
8
9
10
11
12

6P2A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

FFT 0
FFT 1
FFT 2
FFT 3
FFT 4
BUFFER BOARD & CABLES TO THE
FCC
FFT 5
FFT 6
FFT 7
FFT 8
FFT 9

1 P2C-10
2 P2C-10
3 P2C-10
4 P2C-10

* 5 P2C-10

12p3B-31
2P3B-31 -

5P3B-31_
1OP3B-31 -

2P3A-31 -

5P3A-31 -

1OP3A-31 -

2P3B-29
5P3B-29 -

lOp3B-29 -

2P3A-29 -

5P3A-29

i Op3A-29

12P3B-29

TOP OF FCC

TWISTED PAIR, SINCE
6P2B

GND 1
GND 2
VCC 3
FSSRCLKO 4
FSSRCLK1
FSSRCLK2 6
FSSRCLK3 7
FSSRCLK4 8
GND 9
GND 10
GND 11
GND 12

13
14
15

FSSID916
FSSIDI 17
FSSID4 18

FSSID7 19
FSSICI 20
FSSIC4 21

FSSIC722
FSSIBI 23
FSSIB4 24

FSSIB725
FSSIAI 26
FSSIA4 2

VEE 28

FSSIA7 29

VCC 30

FSSIB9 31

GND 32

DIN

IT IS A SHORT RUN.

GND
GND
VCC

8 P2C-10 FSSRCLK5
9 P2C-10 FSSRCLK6

10 P2C-10 FSSRCLK7
11 P2C-10 FSSRCLK8
12 P2C-10 FSSRCLK9

GND
GND
GND
GND

7P3C-31 FSSI-E
7P3A-27 FSSI-F
7P3B-26 FSSI-G
7P3B-27 FSSI-H
3P3B-31 FSSID2
8P3B-31 FSSID5

11P3B-31 FSSID8
3P3A-31 FSSIC2
8P3A-31 FSSIC5

11P3A-31 FSSIC8
3P3B-29 FSSIB2
8P3B-29 FSSIB5

l1p3B-29 FSSIB8
3P3A-29 FSSIA2
8P3A-29 FSSIA5

VEE
11P3A-29 FSSIA8

VCC
12p3A-31 FSSIC9

GND

6P2C

1
2

3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

SEE RACKWIRE/FSTC.TXT FOR IMPLEMENTATION STRATEGY.
TO BE MOUNTED ON THE CENTER DIN NEXT TO THE FCC

VLBA CORRELATOR PROJECT
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FSTC BUFFER BOARD
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INCLUDE BYPASS CAPACITORS

1 1 1 1 1 1 1 1

U1 U2 U3 TJ4 U5 U6 U7 U
7 7F 7 7 7F 7 7F 8S8
4S 4S 4S 4S 4S 4S 4S AI
H H H H H HS HSIP
CACACC C CRC S
5T 5 5T5T5 5C 5C
4 4A 4 4A 4 4L 4

1 1 1 1ii

C

33322222222221111111111987654321

21098765432109876543210

Conn 6
DIN

L 1 4-.' C.L L.- C. 7 C }~ l,- C1l u..W C -4- 1 1 , .1. 7 J _1 I 71 1 C L. 1 V L ., G
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CLOCK DISTRIBUTION SEPARATE DRAWING

FSTC BUFFER BOARD
RACKS 0 AND 1 ONLY GND

SEE L025D42.SCH FOR SCHEMATIC[ B-ENA\
6J2A VCC

TO PIN GND SC5-B2KO
GND 1 SC5-B2K3
VCC 2 SC5-B2K6

7J2C-6 FSRCLK-AC3SC5-B<1K2
7J2C-7 FSSRCLK-B 4 SC5-B<IK5
7J2C-8 FSSRCLK-C 5 SC5-B<1K8
7J2C-9 FSSRCLK-D 6SIN/CON B4U
7J2C- 1FSSRCLK- S 7SIN/COS-B4U1

GND 8 SIN/COS-B4U2
GND 9 SIN/COS-B4U3
GND 1SIN/COS-B4U4
GND IiSIN/COS-B4U5

7J3A-29 FSSI-A 12 SIN/COS-B4U6
7J3B-29 FSSI-B 13 SIN/COS-B4U7
7J3A-31 FSSI-C 14IN/CO-B4U8
7J3B-31 FSSI-D 15 SIN/COS-B4U9
1J3B-31 FSSID16CRI\A
4J3B-31 FSSID3 17 SC5-A2KO
9J3B-31 FSSID6 18 SC5-A2K3
9J3A-31 FSSI0 19 SC5-A2K6
4J3A-31 FSSIC3 20 SC5-A<1K2
9J3A-31 FSSIC6 21 SC5-A<1K5
IJ3B-29 FSSIB 22 SC5-A<1K8
4J3B-29 FSSIB3 23 CRSTBB
9J3B-29 FSSIB6 24
9J3A-29 FSSIA 25 SIN/COS-B3L6
4J3A-29 FSSIA3 26 VCC

VEE 27 SIN/COS-B3L9
9J3A-29 FSSIA6 28 GND

VCC 30
12J3A-29 FSSIA9 31

GND 32

DIN

GND
GND
VCC

1J2C-10 FSSRCLKO
2J2C-10 FSSRCLKI
3J2C-10 FSSRCLK2
4J2C-10 FSSRCLK3
5J2C-10 FSSRCLK4

GND
GND
GND
GND

12J3B-31 FSSID9
2J3B-31 FSSID1
5J3B-31 FSSID4

10J3B-31 FSSID7
2J3A-31 FSSIC1
5J3A-31 FSSIC4

10J3A-31 FSSIC7
2J3B-29 FSIB1
5J3B-29 FSSIB4

1OJ3B-29 FSSIB7
2J3A-29 FSSIA1
5J3A-29 FSSIA4

VEE
1OJ3A-29 FSSIA7

VCC
12J3B-29 FSSIB9

GND

GND
GND
VCC

8J2C-10 FSSRCLK5
9J2C-10 FSSRCLK6

10J2C-10 FSSRCLK7
11J2C-10 FSSRCLK8
12 J2C-10 FSSRCLK9

GND
GND
GND
GND

7J3C-31 FSSI-E
7J3A-27 FSSI-F
7J3B-26 FSSI-G
7J3B-27 FSSI-H
3J3B-31 FSSID2
8J3B-31 FSSID5

11J3B-31 FSSID8
3J3A-31 FSSIC2
8J3A-31 FSSIC5

11J3A-31 FSSIC8
3J3B-29 FSSIB2
8J3B-29 FSSIB5

11J3B-29 FSSIB8
3J3A-29 FSSIA2
8J3A-29 FSSIA5

VEE
11J3A-29 FSSIA8

VCC
12J3A-31 FSSIC9

GND

6J2 
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

6J2
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
PULSARA3
VCC
INIT\5A
PULSARAO
FSSRCLK-A
FSSRCLK-B
FSSRCLK-C
FSSRCLK-D
FSSRCLK-E
RAMCLKB
RAMCLKA
SIN/COS-A4U0
SIN/CON A4Ul
SIN/COS-A4U2
SIN/COS-A4U3
SIN/COS-A4U4
SIN/COS-A4U5
SIN/COS-A4U6
SIN/COS-A4U7
SIN/COS-A4U8
ECL CLK32
ECL CLK32\
SIN/CON A20
SIN/COS-A21
SIN/COS-A22
SIN/COS-A23
VEE
SIN/COS-A26
VCC
SIN/COS-A29
GND

GND
SIN/COS-AlO
VCC
SIN/CON BlO

SIN/COS-B11
SIN/COS-B12
SIN/COS-All
SIN/COS-A12

SIN/COS-B13
SIN/COS-B14
SIN/COS-A13
SIN/COS-A14

SIN/COS-B15
SIN/COS-B16
SIN/COS-Al5
SIN/COS-A16

SIN/COS-B17
SIN/COS-B18
SIN/COS-B19
SIN/COS-A17
SIN/COS-A18

SIN/COS-A19
VCC
FSSI-E
GND

7J1C
1 GND2 C16.0 OFF C16.0 IN
3 VCC

SC5-B2K2
4 SC-B2K5
6 A-ENA\
6 SC5-B<1K1
7 SC5-B<1K48 SC5-B<IK7
10 SIN/COS-B4LO1 SIN/COS-B4L1
12 SIN/COS-B4L2
13 SIN/COS-B3UO
13 SIN/COS-B3U1
14 SIN/COS-B3U2
15 SNCNBU
16 SIN/COS-B3U3
17 SIN/COS-B3U4
18 SIN/COS-B3U5
19 SIN/COS-B3U6

20 SIN/COS-B3U7
21 SC5-A2K2

22 SC5-A2K523 CRSI\B
23 SC5-A<1K1
24 SC5-A<1K4
25 SC5-A<1K7
26 SIN/COS-B3L3
27

28 SIN/COS-B3L5
30 VCC
30 SIN/COS-B3L8
31 GND
32

DIN

7J2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
DIN

7J3C
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

GND
PULSARA2
VCC
SIN/COS-A4LO
SIN/COS-A4LI
SIN/COS-A4L2
SIN/COS-A3LO
SIN/COS-A3LI
SIN/COS-A3L2
SIN/COS-A3L3
SIN/COS-A3L4
SIN/COS-A3L5
SIN/COS-A3L6
SIN/COS-A3L7
SIN/COS-A3L8
SIN/COS-A3L9
SIN/COS-A4U9
FRSIB
FRSIA
INIT\3A
INIT\4A
INIT\3B
INIT\4B
NEW FRA
NEW FRB
FFTINIT\B
FFTINIT\A

VEE VEE
SIN/COS-A25
VCC
SIN/COS-A28
GND

7J1B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J2B

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J3B
GND 1
FRRW\A 2
VCC 3

FRRW\B 4
SIN/COS-B20 5
SIN/COS-B21 6
SIN/COS-B22 7
SIN/COS-B23 8
SIN/COS-B24 9

LDRAMAO LDRAMO 10
LDRAMAl LDRAMI 1i
LDRAMA2 LDRAM2 12
LDRAMA3 LDRAM3 13
LDRAMA4 LDRAM4 14
LDRAMBO LDRAM 15
LDRAMBI LDRAM6 16
LDRAMB2 LDRAM 17
LDRAMB3 LDRAM8 18
LDRAMB4 LDRAM9 19

FRSRCLKBO FRSRCLKS 20
FRSRCLKB1 FRSRCLK6 21
FRSRCLKB2 FRSRCLK7 22
FRSRCLKB3 FRSRCLK8 23
FRSRCLKB4 FRSRCLK9 24

NEWFRINGE 25
FSSI-G 26

FSSI-H 27
28

FSSI-B 29

VCC VCC 30FSSI-D 31
GND 32

DIN

BACKPLANE BUFFER BOARDSCRA CRSI\TA CS\[.4 CRSI\A[0. .4]

I\B\\B \A[[ CR .A[0.4]CRSI\B[0 .4] SLOT CARDCRIB CRNI\B(O.0.4]Fmo

CRSTBA CRSA CRTBA[0 4] CRNTBA[0 .4] 1 FFT 0
CRSTBB CRTB CRNTA0.4 RTBB[O. .4] 2 FFT 1

CRSI\A RS6BFNTCB BUFFER BOARD.4

CRSTBB CRSTBB[O..4] 3 FFT 2
RAMCL RAMCL AMCLKA[0 4] RAMCLKA[0 .4] 4 FFT 3
RAMCLKRAMCLKB RAM ACLKB[0. 4] RA"CLKB[0. .4] 5 FFT 4

FRSA RSA RSA 0 FRIA[0 4 FSTC BUFFER BOARD
FRSIBA FRSIA[0..4) 7 FCC

FRIB FRSIB. [0.4] FRSIB[O..4] 8 FFT 
9 FFT 6

L025D40.SC__11 FFT8
L025040.NCH 12 FFT 9r

GND
C16.0 OFF
VCC
SC5-B2K1
SC5-B2K4
SC5-B2K7
SC5-B<IKO
SC5-B<1K3
SC5-B<1K6
SIN/COS-B4L3
SIN/COS-B4L4
SIN/COS-B4L5
SIN/COS-B4L6
SIN/COS-B4L7
SIN/COS-B4L8
SIN/COS-B4L9
SIN/COS-B3U8
SIN/COS-B3U9
SIN/COS-B3L0
SIN/COS-B3L1
SCL-A2K1
SC5-A2K4
SC5-A2K7
SC5-A<1K0
SC5-A<1K3
SC5-A<1K6
SIN/COS-B3L2
CRSTBA
SIN/COS-B3L4
VCC
SIN/COS-B3L7
GND

7J1A

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

TO uP CARD)

GND
PULSARAI
VCC
SIN/COS-A4L3
SIN/COS-A4L4
SIN/COS-A4L5
SIN/COS-A4L6
SIN/COS-A4L7
SIN/COS-A4L8
SIN/COS-A4L9
SIN/COS-A3U0
SIN/COS-A3U1
SIN/COS-A3U2
SIN/COS-A3U3
SIN/COS-A3U4
SIN/COS-A3U5
SIN/COS-A3U6
SIN/COS-A3U7
SIN/COS-A3U8
SIN/COS-A3U9
FSCLOAD\A
FSCLOAD\B
INIT\5B
PULSARBO
PULSARBI
PULSARB2
PULSARB3
VEE
SIN/COS-A24
VCC
SIN/COS-A27
GND

7J2

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

DIN

7J3A
GND 1
FRLOAD\A 2
VCC
FRLOAD\B 3
SIN/COS-B25 5
SIN/COS-B26 6
SIN/COS-B27 7
SIN/COS-B28 8
SIN/COS-B29 8

CRSFTCLKAO CRSFTCLKO 10
CRSFTCLKAI CRSFTCLKI 11
CRSFTCLKA2 CRSFTCLK2 12
CRSFTCLKA3 CRSFTCLK3 13
CRSFTCLKA4 CRSFTCLK4 14
CRSFTCLKBO CRSFTCLK5 15
CRSFTCLKBI CRSFTCLK6 16
CRSFTCLKB2 CRSFTCLK7 17
CRSFTCLKB3 CRSFTCLK8 18
CRSFTCLKB4 CRSFTCLK9 19
FRSRCLKAO FRSRCLKO 20
FRSRCLKAI FRSRCLKI 21
FRSRCLKA2 FRSRCLK2 22
FRSRCLKA3 FRSRCLK3 23
FRSRCLKA4 FRSRCLK4 24

ECLFFTINIT\ 25
ECLFFTINIT 26

FSSI-F 27
28

FSSI-A 29
VCC 29
FSSI-C 30
GND 31

32
DIN

SEE L025D01.SCH FOR RACKS 2 AND 3.
SEE L025D05 FOR CABLING TOP LEVEL

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

'itle

FFT BIN (RACKS 0 AND 1)
ize Document Number

C 56000L025 (RACKWIRE/L025D45.SCH)

FFT CTRL CARD FFT CTRL CARD

SEE L025D07.SCH FOR CABLING BLOCK



CRSI\ 0. .4 CRSI\[(0._.4]

CRSTN 0. .4 CRSTS(0. .4]
FROM BACKPLANE BUFFER BOARD

RAMCLK [O .4]RAMCLK [0.4]

FRSI [0..4 ]FRSI [0..4] INPUTS

LDRAM 0. .4 LDRAM[0. .4] FFT CAR
FFT CARD C

FLA FRLOAD\
FRRW\

FRSRCLK 0..4 ]FRSRCLK[0..4]

FSSRCLK 0..4 ]FSSRCLK[0..4]

NEWFRNEWR

FSSIA 0..4 FSSIA[0..4]

FSSIB 0..4 FSSIB[0..4]

FSSIC 0..4 FSSIC[0..4]

FSSID 0..4 FSSID[0..4]

FSCLOAD\ FSCLOAD\

LDRAMO LDRAM
RAMCLKO RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSIO FRSI
FRSRCLKO FRSRCLK

FSSRCLKO

NEWFR

FSSIAO

FSSIBO

FSSICO

FSSIDO

FSCLOAD\

SIN/COST 0..9
IN/COS3U[0..9

SIN/COS3 0..9
SIN/COS 0..9U0. 9
SIN/CSUO.

SN/C5< 0.. 9
SC5-2K 0..
5C5<lK 0. .8 <R

D 0 OR 5
CONN - SHEET 03

IFSSRCLK

INEWFR

IFSSIA

IFSSIB

IFSSIC

IFSSID

FSCLOAD\

SIN/COSI[0..9]
SIN/COS2 [0.. 9]
SIN/COS3U[0..9]
SIN/COS3L[0. .9]
SIN/COS4U[0..9]
SIN/COS4L [0..9 ]
SC5-2K[0..7]
SC5<lK[0..8]

PULSAR 0..3 ]PPUTrAR ro 31 U1 PULSAR [ 0.. 3]

CRSFTCLK 0..4 CRSFTCLK[0. .4]

FFII\FFTINIT\

INT3 INIT\3 "
INT4 INIT\41"

0..1 AOC0 [0. .1]A C 0 .1 A OC [ .. ]
0..1 AOC2 [0..1]

.JC3 0. 1  
A0C3 [0. .1]

.1 AOCO\ [0..1]
AOC0\ 0..1 AOCl\ [0..1]
AOC2\ 0..1 AOC2\ [0..1]
AOC2\ 0..1 AOC3\[0. .1]

A 0. .1 AlC0 [0..1]
A110. .1 AlCl (0. .1]

AIC2[0..1 AlC2 0. .1]

IAIC\ [0.11 (.' .1AC\O.1 AlCO\ (0..1]
IAIC 1\A0..i] .\(0. .1]
AlC2\ 0..1 AC2\0. .1]
AlC3\ 0. .1 AlC3\(0. .1]

A2CI[0..1 A2CO (0..1]

A2C3 0..1 A2C .O.1]
1A2CO 0. .1 A2C2 0. .1]

A2C3\[0..1 A> C"0. .1
A2C2\0..1 A2CO\(0..1]
IA2C3\[0. .1 Cl\ (C0..1]

A2C2\ 0..1 A2C2\[ 0..1]
A2C3\ 0. .1 A2C3\ (0. .1]

0..1 A3CO (0. .1]..... .... . .A3C2 [0..1
A 0. .1 A3C3[0. .1]
A3C2 0..1 A3C20..1]

A3C 0..C1] 3 0 .1]
A3C\[0.1 A3CO\0. .1]
A3C2\ A 3C\0. .1]

A3C2\ 0. .1 A3C2\(0. .1]
A3C3\ 0..1 A3C3\0. .1]

A4C0 0.1 A4C0. .1]
0A4C .0.1 A4C 0..1

,A4C2[0..1 A4C2 [0. .1]
IA4C3[0..]A

4
C

3  
O..1]

A4C0\ 0.1 A4CO\0..1]
A4C 1 \C0..i] 1\([0 .1]
A4C2\ 0..1 A4C2\0..1]
A4C3\ 0..1 A4C3\ [0 .1]

1AC 0. .1 A5CO 0..1]
I 0..1 A5Cl(0. .1]
IA5C2[0..1 A5C20. .1]
A5C3[0.. 1]AC3(..]

A C \ 0..1 A5CO\ (0..1]
A5C 1 \A[l..11 C[0[ .1]
IA5C2\[0..1 A5C2\0..1]
A5C3\ 0..1 A5C3\0.[ .1]

0..1 A6C0 [0. .1]
0.,.1 A6C [0..1]

A6C2 0. .1 A6C2 [0. .1]
A6C00.1A6C3 (0. .1]

.1 A6CO\[0..1]
A6 0 1

A6Cl 6\0. .1]
A6C2\ 0..1 A6C2\ [0..1]
A6C3\ 0..1 A6C3\ [0. .1]

0..1 A7CO (0..1i]
0.,.1 A7Cl(0..1]

[7C TW..1 A
7
C2[0..1]

A7CT 0.1 A
7
C
3 

[0..1]
"A 7C7 0..1 A7C0\ [0..1]

0  
.1 A7C[0..1]

A7C2 0. .1 A7C2\[0. .1]
A7C3\ 0.1 A7C3\[0. .1]

CRSI\0O CRSI\
CRSFTCLK0 CRSFTCLK
CRSTB0O CRSTB

FFTINIT\ FFTINIT\
INIT\3 INIT\3
INIT\45 INIT\4

INIT\5"

CARD 0 IDINVALID[0..3]

IAOCO[0..1]
IAOCI[0..1]
IAOC2[0..1]
IAOC3[O.. 1 ]
IAOCO\[0..1]
AOCI\[0..1]

-AOC2\[0. .1]
AOC3\[0..1]

A1CO[O..1]
AICI[l0..1]
AIC2[0..1]
AIC3[0..1]
AlCO\[O..1]AICI\ [0..1i]
AlC2\[0..1]
AlC3\[0..1]

A2CO[O..1]
A2Cl[0..1]
A2C2[0..1]
A2C3[0..1]
A2C0\[0..1]
A2C2\[0..1]
A2C2\[0..1]
A2C3\[0..1]

A3C0 [O0..1]
A3CI[l0..1]
A3C2[0..1]
A3C3[O..i]
A3C0\[0..1]
A3C2\[0..1]
A
3
C2\[0..1]

A3C3\[0..1]

DT[I..24]3

DB[I..24]3

L025D03 . CH

INPUTS
FFT CARD 1 OR 6

FFT CARD CONN - SHEET 03
LDRAMI LDRAM
RAMCLK1 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSII FRSI
FRSRCLK1 FRSRCLK

FSSRCLK1

NEWFR

FSSIAI

FSSIBI

FSSICI

FSSIDl

FSCLOAD\

DFSSRCLK

INEWFR

IFSSIA

IFSSIB

IFSSIC

IFSSID

lFSCLOAD\

SIN/COS1[0..9]
SIN/COS2 [0. .9]
SIN/COS3U[0. .9]
SIN/COS3L[0.. 9]

I SIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0. .7]

.SC5<IK[0.. 8]

PTTTSRrO__31L PULSAR[0..3]

CRSI\ 1 CRSI\
CRSFTCLKI CRSFTCLKCRSTBI CRSTB

FFTINIT\ FFTINIT\
INIT\3 INIT\3'
INIT\4" INIT\4'
INIT\5" INIT\5'

CARD 1

A-1 r0_. I

A 
CAIll

zA1C21 nr 0- -" l

AIC3t .l

IBMlU.

IDINVALID([0. . 3 ]

- AOCO[0..1]
IAOCI[0..1]
IAOC2[0. .1]
IAOC3(0. .1
IAOCO\[O..i]A0Cl\ [0..1i]
AOC2\[0..1]
AOC3\[0..1]

IAICO[0..I]
IAICI[0. .1]
IAIC2[0. .1]
IAIC3[0. .1]
IAlCO\[0..1]

AlC2\[0..1]
AlC3\[O..1]

IA2CO[0. .1]
IA2CI[0..1]
1A2C2[0. .1]
1A2C3[0. .1]
IA2CO\[0..1]A2Cl\ [0..1i]
A2C2\[0..1]
A2C3\[0..1]

IA3CO0 [0. .1]
A3CI[0..1]
A3C2[0. .1]
A3C3[0..1]

IA3CO\[0..1]A3CI\ [0..1i]
A3C2\[0..1]
A3C3\[0..1]

DT[i..24]

DB [l.. 24]0

L025D03.SCH

INPUTS
FFT CARD 2 OR 7

FFT CARD CONN - SHEET 03
LDRAM2 LDRAM
RAMCLK2 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSI2 FRSI
FRSRCLK2 FRSI,FRSRCLK

FSSRCLK2

NEWFR

FSSIA2

FSSIB2

FSSIC2

FSSID2

FSCLOAD\

FSSRCLK

NEWFR

FSSIA

1FSSIB
)FSSIC

)FSSID

PFSCLOAD\

SIN/COSI [0.. 9]

SIN/COS2[0..9]
SIN/COS3U[0..9]
SIN/COS3L[0..9]
SIN/COS4U[0..9]
SIN/COS4L [0..9 ]
SC5-2K[0..7]

"SC5<IK[0..8]

PULA~ . PULSAR[0..3]

CRSI\2 CRSI\
CRSFTCLK2CRSFTCLK
CRSTB2 CRSTL,CRSTB

FFTINIT\ FFTINIT\
INIT\3" INIT\3"
INIT\4 INIT\4
INIT\5 INIT\5

CARD 2 DINVALID[0. . 3 ]

AOCO[0..1]
AOCI[0..1]
AOC2[ 0.. 1 ]
AOC3[0..1]
AOCO\[0..1]
AOCl\[0..1]
AOC2\[0..1]
AOC3\[0. 1]

AICO0[O.. 1]
AICIl[0.. 1 ]
AIC2[0..1]
AIC3[0..1]
AlCO\[0..1]
AlCl\[0..1]
AlC2\[0..1]
AlC3\[0..1]

A2CO0[..1]
A2Cl[0..1]
A2C2[0. .1]
A2C3[0. .1]
A2CO\[0..1]
A2CI\[0..1]
A2C2\[0..1]
A2C3\[0..1]

A3CO0.. 1]
A3Cl[0..1]
A3C2[0..1]
A3C3[0. .1]
A3CO\[0..1]
A3Cl\[0..1]
A3C2\[0..1]
A3C3\[0..1]

DT[I.. 24]f

DB[I..24]f

L025D03. SCH

INPUTS
FFT CARD 3 OR 8

FFT CARD CORN - SHEET 03
LDRAM3 LDRAM
RAMCLK3 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSI3 FRSI
FRSRCLK3 FRSRCLK

FSSRCLK3

NEWFR

FSSIA3

FSSIB3

FSSIC3

FSSID3

FSCLOAD\

FSSRCLK

INEWFR

IFSSIA

IFSSIB

IFSSIC

jFSSID

Z FSCLOAD\

SIN/COSl[0..9]
SIN/COS2[0..9]
SIN/COS3U[0..9]
SIN/COS3L[0.. 9]
SIN/COS4U[0..9]
SIN/COS4L[0..9]
SC5-2K[0..7]
SC5<IK[0..8]

pufl A~r.31~ PULSAR[0..3]

CRSI\3 CRSI\
CRSFTCLK3CRSFTCLK
CRSTB3 CRSTLCRSTB

FFTINIT\ FFTINIT\
INIT\3 INIT\3"
INIT\4' INIT\4
INIT\5' INIT\5'

CARD 3

A (' 

_. 
I

AC 

IO_.I

A23U.l

Ag:C(\IO_.ll

DINVALID [0. .3 ]

A0C2[ 0.. 1]
A0C3 [0.. 1]
AOCO\ [O..1I]
AOCI\ [0..1I]
AOC2\ [0..1i]
A0C3\ [0..1]

A1C [ O.. 11

AIC3 [0.. i]
AIC0\[0..1i]
AICI\ [0..1i]
A1C2\ [0..1I]

;A1C3\ [0..1i]

A C [o..11
A2CI [0.. i]

_A2C2 [0..i]
A2C3 [0.. I]

_A2C0\ [O..1i]
A2CI\ [0..1i]
A2C2\ [0..1i]
A2C3\ [0..1i]

A3C0 [0.. i]
A3Cl [ O0.. 11]
A3C2 [0..i]
A3C3 [0..i]
A3C0\ [0..1I]
A3CI\ [0..1i]
A3C2\ [0..1i]
A3C3\ [0..1]

DT[I..2411

DB [i..24]

L025D03. SCH

INPUTS
FFT CARD 4 OR 9

FFT CARD CONN - SHEET 03
LDRAM4 LDRAN
RAMCLK4 RAMCLK

FRLOAD\ FRLOAD\
FRRW\ FRRW\
FRSI4 FRSI
FRSRCLK4 FRSRCLK

FSSRCLK4

NEWFR

FSSIA4

FSSIB4

FSSIC4

FSSID4

FSCLOAD\

FSSRCLK

NEWFR

>FSSIA

)FSSIB

DFSSIC

)FSSID

DFSCLOAD\

SIN/COSI [0..9]
SIN/COS2[0..9]
SIN/COS3U[0..9]
SIN/COS3L[0..9]
SIN/COS4U[0..9]
SIN/COS4L [0..9 ]
SC5 -2K[0..7]
SC5<lK(0..8]

=PULSAR[0..3]

CRSI\4 CRSI\
CRSFTCLK4 CRSFTCLK
CRSTB4 CRSTB

FFTINIT\ FFTINIT\
INIT\3 INIT\3"
INIT\4' INIT\4'
INIT\5' INIT\5"

CARD 4 DINVALID[0..3]

AOC0 [0.. i]
AOCI [ 0 .. 11]
AOC2 [0..1 ]
AOC3 [0.. i]
AOCO\ [0..1I]
AOCI\ [0. .I]
AOC2\ [0..1]
A0C3\ [0..I]
AICO0[ 0..1

AlCl [0 .. 1]
AIC2[ 0.. 1]
A1C3 [0.. 1]
AIC0\ [0..1i]
AIC1\ [O..1i]
AIC2\ [0..1i]
AIC3\ [0..1i]
A2.C0[0.. I]

A2CI [0.. i]
A2C2 [0.. i]
A2C3 [0. .1]
A2C0\ [0..1]
A2CI\ [0..1]
A2C2\ [0..1i]
A2C3\ [0..1I]
A3C0 [0 .. 1]

A3CI [0.. i]
A3C2 [0.. I]
A3C3 [0.. I]
A3C0\ [0..1i]
A3CI\ [O..i]
A3C2\ [0..1i]
A3C3\ [0..1]

DT[I..24] 
D[.2]

L025D03. SCH

SPECIAL VERSION FOR RACKS 0 AND 1
WITH FSTC BUFFER BOARD.

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

FFT CARD OUTPUT PIN CONNECTIONS

Size Document Number REV

C 56000L025 (RACKWIRE/L025D46.SCH)
DT & DB PART OF BIN TO BIN CABLEING

I
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5 VLBA1 Gate Array

ASIC Block Diagram k001d01.sch

VLBA1 Pinout k028d03.blk



'774' DATA FORMAT, '554' TWIDDLE PACTORS

SHARED PINS MAC CONTROL 

XTBSEL WIB COL \DEN \0

TO CONTROL LOGIC MC
FOR USE IN FFT MODE

-p I INPUT/OUTPUT

INPT
U141

NORMIN
CEN\9 R41K2KSTG4 - CT\2'

R2EQ2K, R4STGOUPR, R2EQ2KUPR, R41K2KSTG0 - CTO
MACNP, MACPAl, - CT0 R2EQ2KLWR, MACPAl - CT\0

R4STGOLWR - CT\O ELSE 1 DETERMINED BY UPPER
ELSE 0 I IN CONTROL WORD.

CEN9 NORMIRE

7+7+4= OR CE\ H

NATAIN S
[0..17]4 DATAIN..

CEN\7 TRUE

18 8
(5. .17) HAG

PARALLEL INPUT CEN\7
FROM NORM R2EQ2K, R4STGOUPR - CT0IN MAC MODE. R4STGOLWR, MACPAI CT\0

R4STG4 - ONOT CARE WHEN NORMIN = 1

TWID[0..9]
TWIDDLE IN

I7

U142 U138
MDUXS k MIJLT

XOR SIGN BIT WITH MAC
FOR COMPLEX CONJUGATE."

FROM CTRL REG
MAC- 1
ELSE 0.

EXTIN
RFAINE

DECA\ DELAYED 2 CLS.1 TRUE 1

.k5
Q~j0.B[0.

OLR\ -_A
DATAENBL\*PGENEL '
CLRACC\= DR\ .. 14)
(CLR*MAC)\

FROM NC
NCOSI
NCOCI

FF

(R + jIl) (R2 jI2) =
[ (RI R2) - (I1 *I2)] + ( (Ii * R2) + (El * I2) ]

CL)S..17)

4 ", 4
+ . ~yyFFTST

BITS 0-3,5-8CLEACO
SHARED WITH NCO DOUT FFT RADIX2IA s t
FOR WINDOW RAM LOADING. FFT RADIX4CLR\ BITS 1&1 ROUTE)FFT BYPASS RA A CLR\ MAC MC

RAR RMBR
U146 U147

MAC - - TO 0[0..1 k5....
RAMONIN ]

I A[..... MB .....

MACP- CT1 .. k5 TU0

MACP - DECA' MAC\ - DECA\'j--uSCANOUT

CONTROL BIT DISCINTRE DISCONNECTS CS
INTERNAL WE, THEN USE: FFT MODE RAMOF 512 X 15 RAMOF 512 X OR

WEIN\A WEIN\B LOWER STG# RAM IS INPUT. RAMTES RAM A RANTER RAM B RAMJ
FROM OFF CHIP. WHEN DECA=1, RAMA=INPUT
NORMALLY THESE MUST BE 0. RAMS=OUTPUTUl39U 40MCOD AA08 WB RD0.8

CLE FCLK TO GENERATE RAM WE'S CLKA REG CLA REG ADRGMICHPLOKWEINHIB U144 WEINHIBB U4

B-LUFR MC1 A - TC °MXRADD
CLKA SWITO GADDRESSGERATOR A U 12 3

RAM WEAE 9 BAR
PHASED CLOCK.

DECAADDRESS
GENERATOR B9

EXTERNAL ADDRESS . )

SHARED WITH NCO DOUT 9S I MACP - CTI' IM 1MACNP - CNT0
CLK COUNTERSTGI-STG4-0

MAC REORDER E6 (STGO) - DECA E6 (STGO)-DECA\
RAD CLEAR1 E6\(STGS) -DECA\ E6\ (STGS) - DECARAD1_9 I AC MOD FORCE XAD\8 AS MSB IN MAC MODE.

ACCNT0 COUNTER LSB PHASE SHIFTED BY R4CNT0.

REWIND" CONTROL EXTA CHOSE EXT ADDRESS FOR RAM A.
I FROM CO LOGIC EXTB CHOSE EXT ADDRESS FOR RAM B.

NCOOE NCO OUTPUT ENABLE DECA 1 ROUTES THE WRITE STAGE # TO THE RAM A ADDRESS GENERATOR.
TWDE TWIDDLE OUTPUT ENABLE
TWSDE RESET LOOP ADD RESULT BACE TO INPUT.

-\[..]CHOSKENORALDTAINUT
NORMIN - CHOSE NORMALDATA INPUT.
SRAMAIN CHOSE INPUT FROM RAM A.

EXTASEL EXT CTRL - ADDR MUX A MAC MULTIPLIER-ACCUMULATE MODE.
EXTBSEL ADDR MUX B SUBC\ SUBTRACT FOR LOWER 2ND STAGE ADD/SUBTRACTOR.

T r M7-0 UPPER MUX SWITCH I 2ND TGADE .
CTLS BYPAS,\ BYPASS OR STRAIGHT THRU FFT MODE.

TARR . - - CLR\ CLEAR ACCUMULATOR IN MAC, PG IN FFT.
REIN A EXTERNAL RAM WE ENABLE. FFTONOUT CHOOSE OUTPUT FROM FFT INSTEAD OF RAM.

WEIN E R C CNT\0 OFF CHIP IN FFT MODE.S SERIAL SHIFT IN AND OUT. I
U143/U200 WEINHIBA RAM A WE INHIBIT.

CRSI C31 WEINHIBB RAM B WE INHIBIT.

CRBIT m4 MUX CREOT BUFFERED CTRL BIT FOR CARD
C C OR SHAPED WE\ PULSE FROM ADDRESS REG B.
T o R

E O

UT
R N EXTIN CHOOSE EXTERNAL DATA INPUT.

CRSPTCLK L T R2COINV R2CNT0 INVERT-CHANGE PHASE OF 16 MHz OUTPUT.
R NCOFRZ DISABLE NCO CLOCK FOR RAM LOADING.

SHIFT CLK R o WRSTG\[0...2] PREVIOUS STAGE WRITING TO RAM.
E L R4CNTS DETERMINE CNT0 PHASE.
G RDSTG\[0..2 ]NEXT STAGE RAM FEEDING DATA TO.

R ADJEXP[0..1]OFFSET TO EXPONENT ON INPUT.
S E DISCINTWE DISCONNECT INTERNAL WE'S TO RAM.
H G EXTEXT ALLOW SOLE CONTROL BY EXTERNAL PINS.
I UPPER UPPER OR LOWER FFT ENGINE.
F L BYP BYPASS MODE OR RADIX2 2K.
T A TOGCEN8 TOGGLE CENS IN NON INDIAN MAC MODE.

T RADIX4 RADIX4, POLARIZATION, OR BYPASS.
S C TEST TURN ON TEST MODE.
E H PGENBL ENABLE PULSAR GATE OR CLR ACCUMULATOR.
SRAMONIN CHOOSE INPUT DATA INSTEAD OF THE FFT OUTPUT

cREMTEST C E.AS THE RAM INPUT......IiCOl E6 EXTERNAL 6 CONTROL ON WRITE STAGE. GATED FROM WRSTG.
m5 RAMOFF DISABLE RAMS FOR IDD TEST.

]| |EXPOFENBL EXPONENT OVERFLOW ENABLE.
S MUX C SO FFTSTS INDICATES DOING FFT STAGE 0.
1 SEQ3REV ADDR GEN INVERT LSB IF FOR STG3.iRAM CRS R41K2K STGO OR STG4 AND FFT IS 1K OR 2K.

SCANOUT ....
CR STROBE m

ADJ [0. T NE

FROM CTRL 2SCM
ADJUST EP 4 a

1
CO a3 B 0

S TG 1- 5

SAVES 4 PINS E

BITS TO : a2

POS 504 # 1" 5 EL g C P

IMAG R mg

BYPAS\I
JAM TO 0.1111+j0k IN BYPASS MODE.

1\
CEN\ 8

IN NORMAL MAC MODE,
SET TOGCEN8.
THIS GIVES ONTO.

ELSE 0

MULT U138

FOR CONSTANT DELAY CEN\2 = (MAC-POLAR + BYPAS +
NEED A, B, &C AT C32. MAC-NONPOLAR*CNT0 FFT*CNT\0 )\ SHIFT 15

CEN\3 = (MAC-POLAR + RADIX2 + ,
COMPLEX MULTI PLY DREE\ MAC-NONPOLAR* CNT0 + fli

[ 0.. 14 1BYPAS*CNT0 + RADIX4*CNT0*CNT\I )0
-- CEN-B\= ( CEN\3 + MAC )'

[0 D 0 e3 CENC\= CENB\ ' (SAVES POWER IN MAC MODE)1
[.14] CEND\ (CENC\ + (RADIX4 MODE)\ )'

MAC POLAR - CTI" TRUE H CLK BAR

F CEN\ 0 "216
TMAC*CEN2 USUMAA+C

NEG CLK 1[0.. i R
IGN BIT --R-- REGAE

IlxI2 12 BIT CEN2 [.1]MACPCD\0 fl f

[0.. e9 1 41 C-

CLK CLICLK BET0 - g
CEN2*BYPTX b2 ADgRADX E

(SIN/AGFORR WTC L IED SIGNBITll)5 M7-0=
R~xR2 EC0Tg\K0H* EN

TRUE [ U..10.. 64

FROM MA EX +TUEMA-NNf 6*CT0)0

ADJ. N 0.20g*0 C1 RAD

I P " .... R I N ..IxI )

CLKBIT 6IT

TH ROSMUTPL BT2 S OMSPCMMP]v

AT HENEGO AVE OF-A2 SBA MAC-POMOD

TRUE COPUMEGTIV0.M.6]
ACCUE33 3-TEIN[0.= EN4 MC-OLR \
BITE RANGXXP\ TE MAC CN LAR \ W+

SIGNCT EX T EFLOW1CLITS/TOCEN CLK EX- CL
(BYAS+NT0(\ eACP e

C ~ ~ ~~ •scO6 LR 1 AP-pT'R
R EXP MNCN* - 0AS

OO..... H oADXMD

[ 0. 14NEGCNT\0*R4S A

IMULTI SHFT U136 SHFT ADDR

CARRY IN NOT CE'D.
CARRY OUT CE'D.

AT 32 MHz 2 DELAY STAGES. (FR)

NCO AT < 32 MHz, ONE DELAY STAGE. (FSTC)

U124
NUMBER CONTROLLED OSCILLATOR

SHEET r

SHARED PIN

FASTER CLOCK MCPE __ AUXOUT

NCON NODI

SNCOCE •F

(A+C) + (B+D) 1
(A+C) (B+D) 2
(A-C) + (X-Z) 3
(A-C) (X-Z) 4

MAC-POLAR DX4 ROT)

15 FIXED POINT
PRE\ TO

T .FLOATING POINT

NOTE: 16 BIT PATH RQRD IN THE FFT SECTIONS
TO PROVIDE FOR RADIX 2 MODE.E

+ f3 g. 1
CLK RLFIX\

1'L CMPEMNT#S TOAM H(. 07

:8A)EMf47II E UAKM ). 07

MS- 0 A OPI\ F

T

ZERO IF

16 BIT 1's ADDER UNSTABLE
ST[.1 COMP ADDER OR IF

MAC MODE.

C\T\O
- CNT\ ADDS THEN SUBTRACTS 0

(R BYPASS - 1 IN RADIX 2 OR BYPASS.

+MAC + RADIX2 + BYPAS*CNT0+
RADIX4_MODE* CNT1 '

SHIFT

IF SHIFT DIVIDE BY 2. X

fl15
PRE\ .

LAR (RADIX BT)TORAMB [..7

ell:
O 151/ -- t;_l ZEOI

_ EJ f2
- - -

16 BI 16 R f f
COMLADERRA S ODE

vl" E8 M F
M8-+ ) + (xFzX 1

(w+Y)0..1z5]
(w-)R- (B-)g
(W-ZERO(-D)F

ADDR

774OUT.SCH SPLICES TOGETHER
g4

ETRIC NAND TREE OUTPUT. PN...

U125
LISTING OF MODULES

* VLBA TOP LEVEL
MUXS U142

* RMAR U146
*RMBR U147

* CTRL U143
* CTRLSHFT U200
MULT U138
SHFT U136
RADD U123

*ADRG U144 & U145
ADDR U125
INPT U141

* NCO U124
* NCOSHFT U200

* MEANS MODULE IS A SIMPLE HIERARCHY,
SO IT SHOULD NOT BE RFEANNOTATED.

Wire indicates

sign extension
from 15 to 16 bits.

A+jW 1 0 0 1 [ (A+C) + (B+D) ] + j [ (W+Y) + (X+Z) ]

B+jX 3 1 1 3 [ (A-C) +(X-Z) ]+ j [ (W-Y) (B-D) ] RADIX 4

C+JY 2 2 2 2 [ (A+C) - (B+D) ] + j [ (W+Y) - (X+Z) ]

D+jZ 4 3 3 4 [ (A-C) - (X-Z) M j [ (W-Y) +(B-D) ]

ACTUAL ORDER IN WHICH POINTS ENTER AND LEAvE THE BUTTERFLY

(A+C) + j(W+Y) Title
RADIX 2 I

A::jW 1 0C J Y 2 1 el, s (A-C) + J(W-Y) Sie Doumen0Numb0r KRE

D 0 60K0 I OSEE KO51051.SCH) L

?C MODE -MEG PULSE STORES DATA. PIN SEARED WOTH NCO STOREA\
T MODE S PATH DEED IN PULSAR GATE. MACPTEST- AUXOUT SELECT

E 1 1CL

USE T RED AC CL DM\

S E

USED 1O R 7D EAR CLKDEN\

FFTONOU U142 -

TR T TT:!

I

BUTTERFLY ASIC BLOCK DIAGRAM

Date: August 25, 1995Sheet 1 of

FFT BUTTERFLY
OR

ACCUMULATOR

TRUE

CLR FF CLR '

CLK

10

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY

CHARLOTTESVILLE, VA

FLOATING POINT TO
FIXED POINT OR
COMMON EXPONENT

SUECM

1I
is

INVERTS S'

TO NEGATE

REAL TRUE

IMAG TRUE

MAC a

al

EXP

18

TRUE



1

A a

B 2j

C

D

E 3

F I1
G ii

H [s

J Iii1
K 3

2 3N A
4 43rii1ri1

1 F

5N 4E~Ei

T T

5 ' 8

4 5 6 7 8

- I

I_-

L 6 CO V C CK RW 4 A

N C N NC NC L EX

NC TW [C]C [E E
N [§SI OE LjST[ BLJ

1 2 34.5 678

VLBA1 ASIC
TOP VIEW

120 PIN PGA (121 PINS TOTAL)

LABEL

V
G

NO-N17
A0-A17
E0-E8
00 -017
TO-T9

CLK
CLKA
FCLK
NCCK

PNND

RST

R2C0

WEA
WEB

EXA
EXB

9 10 1112 13

NDA

11 TG216 1

SO BT

9 101213

PIN NAMES

VCC
GROUND

NDATAIN[0. .17]
AUXIN[0..17]
EXTADD\[0..8]
OUT[0..17]
TWID[0..9]

CLK
CLKA
FCLK
NCOCLK

PNAND

RST\

R2CNTO

WEIN\A
WEIN\B

EXTASEL
EXTBSEL

LABEL

CRCK
CRST
CRSI
CRSO
CRBT

RMTS

EXOF

TWOE

NCOE
NCD9
NCCI
NSCK
NCRW
NCCE
NCSO
NCCO
NCSI
NCLD
NCST

DEBL

A

B

C

D

E

F

G

H

J

K

L

M

N

13 121110 9 8 7 6 5 4 3 2 1A N A A N CL A N N A N D

B 16 5 1 12 11 8 6 5 3 2j

G D i1W DiI1
H [ N ^[ N [P2

N CR E N NCE D

D 1 17 16(_ 1 0

CR C CR W [ V N 
N TW ND

N LIJ BT0S [J B BL V [@ [

131211i09 8 7 6 5 4 3 2 1

A

B

C

D

E

F

G

H

J

K

L

M

N

VLBA1 ASIC
BOTTOM VIEW

120 PIN PGA (121 PINS TOTAL)

PIN NAMES

CRSFTCLK
CRSTB
CRSI
CRSO
CRBIT

RAMTEST\

EXPOF\

TWIDOE

NCOOE
NCODOUT9
NCOCI
NCOSRCLK
NCORW\
NCOCE\
NCOSO
NCOCO
NCOSI
NCOLDIN\
NCOSTA\

DATAENBL\

In m:/ga/sch/SCCS

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

VLBA1 PIN ASSIGNMENTS, 120 PIN PGA

Size Document Number REV

B 56000K028 (K028D03.BLK)This drawing combines k028d01.blk and k028d02.blk onto one drawing.

Date: No~iember 10. l997ISheet 3 of
Date: November 10, 1997 Sheet 3 of



70

6 FFT Test Fixture Schematic and Block Diagram

FFT Test Fixture Top Level Schematic 1015d37.sch

FFT Test Fixture Block Diagram 1015d38.sch
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TOP LEVEL

L015DOl. SCH

CARD A
CARD A PINOUT

L015D14. SCH
CARD A SCH

L015D05. SCH
CARD A MUX PA:

L015DI6.SCH

CARD A LAYOUT

Z011D01. LAY

MISC
VCo

L015D15.SCH
LOGIC AN CABL]

L015D35.SCH

PNAND BOARD

L015D23. SCH

CARD TO CARD CABLES L015D24

L015D19 SCH CAR]

CARD B CARD C

CARD B PINOUT
L015DO
CARD C

L015DII.SCH
CARD B SCH

L015DIL
HCB

L015D02.SCH
L SEQUENCER

L015D0
CARD C

L015D06.SCH
CARD B RAMS & SR

L015D07.SCH

CARD B PAL SCH

L015D09.SCH
CARD B LAYOUT

Z011D02.LAY
SYSTEM TIMING

L015D17.SCH
STAGGERED CTR TIMING

L015D24.SCH
CLOCK DIST BOARD

L015D21. SCH

0.SCH

D C
HCB PINOUT

8. SCH
HCB TOP

2. SCH

4. SCH
LAYOUT

Si
3. LAY

SOFTWARE
LDRAMS &LDMACCW

L015D03 .SCH
SEQUENCER SW

L015D18.SCH
MAC SELF TEST SOFTWARE

L015D34.SCH
SUBROUTINE COMPSNAP

L015D36.SCH

CARD D
CARD D PINOUT

L015D13.SCH
CARD D SCH

L015DI0.SCH
CARD D LAYOUT

Z011D04.LAY

UBSTITUTE
SUBFFT SCH

L015D22 .SCH

BLOCK DIAGRAM
BLOCK DIAGRAM

L015D38. SCH

FFT CARD
SUBFFT LAYOUT

Z011D05. LAY

SUBSTITUTE MAC CARD
CONTROL PAL

SUBMAC SCH TIMING

L015D29.SCH
L015D25.SCH L015D32.SCH
RAM/ROM SWITCH POSITION EXPLANATION

II 1
L015D26.SCH L015D33.SCH
DATA IN COMPARE PALLull Kill1
L015D27.SCH L015D30.SCH
COMPARE LAYOUT

L015D285SCH Z0llDO6.LAY
SEQUENCER

L015D31.SCH EDIT IN j:/orcad/ffttfix
MASTERS IN m:/ffttfix/sch/SCCS
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INT
FRONT DATA
PANEL SOURCE
SWITCH

EXT
TFA

LED RESET BUTTON.

ADDRESS FOR MACWE

MACWE IN 4 CYCLE GAP AFTER FFT CYCLE.
* INDICATES DIFF TTL SIGNAL
INDICATES DIFF ECL SIGNAL INVERTED PINS NOT SHOWN

FCC
C32ECL
C32ECL\

CCINIT FFT

CONTROL
CARD

TEST FIXTURE LOGIC

X 4

TFA FFT DATA INPUT SIGNALS
4 SETS OF 4 DIFFERENTIAL
ECL INPUTS
64 PINS

TO MAC CARD

MAC CARD LOGIC FFT CARD CARD

MACINIT\

FRINGE CYCLE DATA
256 FFT CYCLES
4.128 ms

ECL
ECL

NEW FRINGE
DINVALID(O. .3]

INTEGRATION CYCLE DATA
32 FRINGE CYCLES
132.1 ms

CLR ACCUMULATOR

TFB

C32ECL
C32ECL\

MULTIPLEXED FFT
444 OUTPUT DATA
ECL DIFFERENTIAL DATA

'[0..11]
ROWS A & B

CHANNELS 0 & 1 EOV[O..11]
E1V[0..11]

3[0.11]
ROWS C &D

CHANNELS 2 & 3 I E2V[0. .11]
E3V[0..11]

48 PINS**
EOH[0..11]
E 1H[0..11]

E2H[O. .11]
E3H[0..11]

TRIG TABLE INPUTS
8 SETS OF 32 MHz
INPUT SIGNALS

77 PINS

CONTROL REGISTER CONTROLS FFT
SERIAL DATA IN. / CRSI\
REGISTER CLOCK. CRSFTCLK
DOUBLE BUFFER STROBE. CRSTB

3 PINS
FSSIA
FSSRCLK

NCO FSTC CONTROLS FSSIB
SERIAL PARAMETER INPUTS
SERIAL PARAMETER CLOCK FSSIC

FSSID

LOAD NEW FSTC PARAMETER STB. FSCLOAD
STORE PHASE. TIE HIGH FSST\
REWIND PHASE. TIE HIGH FSRW\

11 PINS

PARAMETER RAM LOAD AND CLOCK / LDRAM
2 PINS. RAMCLK

NCO FRINGE ROTATOR CONTROLS
LOAD NEW FRINGE PARAMETERS ENABLE. FRLOAD\
REWIND FRINGE PHASE ENABLE. FRRW\

FRSI
FRINGE NCO SERIAL PARAMETER INPUT FRSRCLK
FRINGE NCO SERIAL PARAMETER CLOCK

NEWFR (NEW FRINGE) FOR
SYNCHRONIZING THE STORE CYCLES. NEWFR

PULSAR GATES. 4 PINS PULSAR 0..31
UPPER HALF OF
PARAMETER RAM BANK SELECT. UPRMEM

FFTINIT\
STAGGERED FFT TIMING SIGNALS INIT\3'

4 PINS INIT\4'
INIT\5"

DCOMM[0..7]*
SELECT FFTCTRL * DCOMM BUS & CTRL
STROBE *
MODE[0. .1]
ACK\IRQ FFTCTRL * **

CONTROL REGISTER SERIAL OUTPUT
1 PIN

EXPONENT OVERFLOW FLAGS

LATCH
X 4 L

TFD S

MASTER RESET

LED RESET BUTTON

TFB
SHORT TERM ACCUMULATOR STA READ

1 CYCLE IN 8

CRD SEL\
SARRAY
ROW 1

6 BIT ADDRESS ROW 0
FROM PC COL 1

COL 0

LSB AUX OUT

EXT ADR[0..8]

INIT\

FIRST FFT CYCLE OF EVERY INTEGRATION CYCLE CLAC
WRITE ONCE PER FFT CYCLE MAC WE\

XMULT CRSI
CR CLK
CR STB

MAC CARD
MACWE

ASIC 0

EXT ADR8 AUXOUT

RAM BANK 0 \1

EXT ADR[0. . J MACWE

ASIC 1
EXT ADR8 AUXOUT

____ N~b L
EXT ADR [O..J

ROW, COL, ARRAY CHOSES ASIC

R
E

STAREAD

AFTER MACWE, NEED TO READ THE 32, 36 BIT #S.
THEN MACWE'S ADDRESS CAN CHANGE FOR THE NEXT.

SINCE BANK SWITCH, CAN HAVE DUPLICATE MACWE'S
FOR THE SAME MACWE ADDRESS.

MAC CARD

3 OE\

TFC
DOUT[O. .17]

COL MSB

TWO GROUPS OF 16 ASICS EACH ARE TRI-STATED
TOGETHER ON THE CARD. ONE GROUP HAS ALL
COLUMNS 0 & 1, THE OTHER GROUP HAS COLUMNS
2 & 3. THE COLUMN MSB THUS SELECTS BETWEEN
THE TWO GROUPS AT THE CARD OUTPUT.
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TEST FIXTURE LOGIC

C32

FROM uP
STAREADJREG] REG

ADR\O INPUT MUX PROGRAM LINES
ADR\1 2 PINS

CRD SEL\ TEST THAT INHIBITS CARD

TEST
FAIL
LED

Z 3. LZ j, 1 1' 1 I 1 L' t. 1 V1\ 11.' 1-f i.711V VV VV111411 .L L' w7 .L 1.' 1 1I. 1 V 1N. L' t.l'11 L % V 1L1.L1V b-11 111 L' .LV L' 171 1 L
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