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a0 o1 pL Qv a0 ol £2¢ AT a0 o1 —in a0 o1 o NP §ix X 4 RAM Six x 4 RaM
a1 o2 D2 Q2 S a1 oz 2 —al a1 oz o a1 oz S SH 3 AT e==ail1l L2191 enT i
—Na. a2 o3 D3 Q3 - SH 3 az o3 :g < az o3 2 % a2z o3 LK i
—ith A3 o4 Q4 = s12 A3 o4 58 —iat A3 od T 2 A A3 od T 0 Loap aa 53 :
] a2 os D5 Q5 12 2] as os [+ 32 os [ 2 —i 2] As o5 [ 0 CLR 4 Do
—ia 1 as os Q6 L3 — 151as o6 (45— —as 1s1as o6 [+ R 51 a5 o6 [ 1 I —ITETE a0 1/00 £ a0 1/00 P3C-11
14 a6 o7 D7 Q7 14 1 as o7 3 —as—1Has o7 b DR — 1 as o7 |4+ RESEL ER 2, a1 I/01 a1 1/01 UL P3c-16
12 a7 os D8 Q8 — 15 a7 o8 [34- — s 15]a7 os 15127 o8 Z - - a2 I/02 E 1702 P3C-17
a8 CcLK16A 11 a8 b ag DS as 2 sm a3 1/03 a3 1703 P3c-22
b cLK l a4
1 1 pa.
cs ﬁ oc cs cs cs b1 o1 |23 as as
PA. PULSAR GATE OUTPUT
825147 “TaALSS7 §25147 575147 525147 B2 i < ae TO MASTER CONT CARD
= 512 X 8 ROM = = 512 X 8 ROM = 512 X 8 RoM = 512 X 8 ROM | 5B 5 PA. 27 a7 i
ps Qs [IZ—EALZ £ as as
D6 Q6 [FE—EAL Ea a0 alo . N
p7 o7 [FT—ERL Ba 211 a1l !
| D8 08 [ rggl—-—e- 2 e a1z !
D9 Q9 |- ™ A :
111 p1o ofo [L2 _PAL ala ala !
UINSTRUCTION PROGRAM COUNTER CONTROL . | - o6 oc A1s ais
340 333 33H 347 su 3 = wE wE i
10 0 capa0 4 cAPA4 A cAPAO ;
3% 11 100 b~ eso 2 11 100 o 11 100 bi3—SARRS b1 Q1 £ e F T cs cs
INDEX Iz Io1 12 I01 pif I2 101 b3 Dz 02
oNT 12 13 g2 pi 2 I3 o2 pITMBO 13 92 pi 4 D3 Q3 A2 ADDR = 8BOX < <194
w 15 2 L P 4-BIT INDEX X) i 2B 112 95 Pl NI 02 a3 £4%_x o pam 64K X 4 RAM NOTE: RAM ADDRESS SIGNALS PAO THRU PA7 COUNT
Iz 93 pig- -BI Saexs Q3 prE—& 2 - 94 I 1B 28 THROUGH THE 256 SPECTRAL POINTS THAT
ADDR = 8900 o\[—7] 15 24PTa- REGISTER e Iz a8 ::——%%_ 11z 98B \—_ry T3] B 2B [T £as Este-a0 2l o1 oy " OUTPUT FROM AN AS: RAM
=it 15 128 B cs1 1512 15 128 BL: 2 7135 S G I i 3 58 8 ADDRESS S2GNALS DA THNU BAL7 REBRESENT
17 Is 1SS Biz : 51 17 195 1% 1o5 Biz 1 T PA7 iz %2 25 2 0 a1 1v1 0 10-BIT ESTIMATE OF THE BULSAR PHASE !
: Ia oa Dz 9z 1y2
s 1 CLE1E: LK CLE16E 1 = &c-cm | 15 o5 D5 @95 2 1a3 iv3 (3 Z :
SH 2 og OE O] G 16 o6 D6 Q6 BT 1a4  1Y4 P
TERA, TeRA, 168G, TALSIT 5] 17 o7 N2 i) 221 2vl '
= = | I o9 13- s o b—4—EB=9 DL f5132a3  2y3 L
: Iio oi0 pio oio e —— 232 2va
[ _FoNCcTIioN ] [ FONCTION ] PGCLK 1 PROG < a— =t} RAMWE\14
F:M e — —_— e — = = ]
TOAD FROM DATA BUS Fxm:s 7 TAY CLOCK ENA ENA | s b Ok 18
RAMCL FLOAT PT CHIP OUT ENA EL _PT CHIP INSTRUCTION Eoes
1 HOLD HOLD FRINGE SHIFTOUT CoNTROL FLOAT PT CHIP CLOCK AG_BITS 22Vi0 TAFE2L . TUNCTION
1 INCREMENT HOLD FIFO SHIFT IN CLOCK MA_COUNTER CONTROL = 10 BIT PULSAR PHASE = ADDR'="oExx vmrTE TOLE
. FFT SEQUENCER CONTROL PARAMETER MEM CONTROL | ADDR = READ | ENAO\ = 0 (LOAD 5C)
1 INCREMENT LOAD I0-I3 COMPLETE FLAG s23 MA ADDRESS CAPTURE SERIAL SHIFT IN EVERY FFT CYCLE. . ENAL\ = © (LOAD 1,2,3,4C)
1 LOAD FROM CAP REG DECREMENT FLT POINT CHIP FSEL s24-S28 | FL PT CHIP CLK ENABL: maz\ = g onp 20)" "
1 INCREMENT = o $2,3,
—_—— — — —— — — — e — e e e e e e e —— e e e e — — —— — — — — — — o — _I. P — _I ENAO\, 1\ = O (SHIFT 1,2,3,4,5C)
- - ENA2\, 3\ = O (SHIFT 1,2,3,4,5D)
MODEL GENERATOR AL 0 (SHIET 1,2.3,4C FOR DELAY)
1.013D05. SCH 133 D 2D 3D 4D SD c 2c. 3c ac 1S Bt aumpec
D Gl C
SER SER SER SER SER e SER SER SER SER CLE,
L a a A a D —=a a a L A EDT {2 31 a 11 o1 <FESIE] P2B-19
0..31) F[0..31 25 B B B ] 1 B 30 :1® B EBL B D! 1B D30 21 p "°° PHASE I2 oz pE- \
y—ED: e c c c D29 Llc e £l c bt c c i = I3 o3 3
f0..31] B D D = b L D D 2] D 3 D -2 D 221D - Ia oa FRINGE NCO SHIFT
e E E e E E E E E E E £ 15 oS REGISTER DATA
i N . 26 111gp F b D F il 7 e illy F s i1l g il p 26 11 @ S Ie o8 ENA3\
1 - FLOATING POINT pramrs 4 13 s 12§ ¢ D24 14] 5 4 3 ¥ i s FDS e 13 i 13 P b 13 =t 17 o2
TG s H oH H oH 2 H oH D H QH B H o H oH H oH H on H oH s o8 <FEEIE] P2B-18
’ c CLK16C 7 crxiec 7 cLEiec 7 cLK1 CLK16D_7 CLK16D 7 CLK16D 7 ]
. b oLk b cLK b cLx b oLk b cLK. b cLic bcLx b CLK bcrx L 110
. s . SEE SHEET 'S E b INH. b INH = D INH__ b INH ENAZN— 8 b INH b INH. = b INH, b INH, b INH et
it /DR . SH/TD SH/LD SH/TD 5 SH/ID = 2 SH/ID SH/TD SH/ED SH/ID = 'H/TD 25 NSEC
i S/b2 /Ds U LSF N Sy LR LUl 5 crr L2Ull 94 crr LS N— =5y BUIT o4 Grf LR EOLL g crr —
/DF TALS16 TALS16 TATS1e TaLSIe 7T4LSTE 7aTSTE TALSIE 7ALETE ' 7aLS16 NOTE: EACH MODEL GENERATOR MUST SUPPORT 10 STATIONE
s2 H 2 [CIRIEES WITH UP TO TWp PHASE CENTERS PER STATION. THE
| S5 ENRA SH 2 g vee OF 10 STATION| DRIVE INPUTS ARE SELECTED AT THE FE'T|
ENS\ R11 CARD INPUT FROM AMONG 14 PLAYBACK DRIVES VIA 14
ENF\ U1l DEFORMATER CARDS. THUS DELAY WORDS MUST FAN OUT TO|
S e ACES 14 DEFORMATER| CARDS.
OEF\ 64 X 4 FIFO 64 X 4 FIFO 64 X 4 FIFO 64 X 4 FIFO 64 X 4 FIFO
s on 10H sF SF 11 sH o 1B
RES R G2 Lio..2] sTC16 13 Fsrciz D20 4[T0 oo b1l ESTCS EDle 4010 oo H3—ESTCS bo oo |23 ESTCO Loma e roDo o & vo P3A-20
PPN, HHE—Fsreti o1 &1 HE ey oo DGt D2 &2 2 L1 paA-21
. BSEL {0..3] [T6—Fstcis D D2 Q2 |5s—aErEs ] £ D2 Q2 = D2 @2 D3 3 y—Mobz___3lc vz P3A-22
& @sELra 3 D3 03 SLCIT D3 ©3 p: &3 Ao —ESTCI 1 s ] s P2 De 22 203 B = B3a-23
E QSEL[0..3] Do <EAMCLXA =
P men mre Sy npk Hafsn npk Bl npE 2 Be 2 S e g, i o
3 o 0..3] 30035 50 or SO OoR so orR CELEZE > 6 D7 Q7 2D G2A Y6 SRC) P3B-21
¥ oED oE0 SH 2 S D8 Q8 =& G2B Y7 SRC! P3B-22
S12 oE oE oE R
ul .S 7
’ RST RST RST SH 3 b oLk FRINGE NCO SHIFT
A el 1(0..13] SH 3 — = L TeETe oc REGISTER CLOCK
PULL TIRCSST4 p3B-23
_PUl2 u1i2 10¢ o9 ADDR = 8A00 % B3B-23
3 FsTcie 13 Este. 4l 0 oo 2 FSTCS Do @0 13 F 3 1oEB .
15 STC €]Dl 2 5 b1 a1 TS
B crock pz ¢z HE—E Dz Q2 1 w2l 5] s
- =2 22 D3 Q3 [ ESRER i) D3 03 ] D @ |—=——<EAMCLRH Pp2C-11 a2
sH 2 [CLRIEE >—p
2 s11 2 2 11
- s s1 IR
TO13D05.SCH [T~ [Td" o s IR i ﬁj S0 oR 24 [Ta— o] -
oE1 oz oE1 oz, 74F74, L <pEmav DRTA] )
FIFO OPERATION . 3
[WETTE . (2 PULL
o -
TSU = 0 TH = 20 NSEC ~ZDELAY C
DATA IN - DELAY
ZDELA:
[FEAD %¥ DELAY PROGRAM
so, \ A < WORD AND SHIFT)
. . . . EEEEEEEREE WORD A
: - 449444444ds ODELAY
TPROP = 37 NSE DELAX
DATA oumﬁc Zoio a1y 44414443310 >' NoTE: EcL DIFF
DRIVERS O
h SHEET 1 _OF
4941494942 SEET °
MODEL- PARAMETER MEMORY SPETAY
L §§§S§FF‘FFF §§§§§§§§§§ )BE’.A¥
- i I S S
DAO Fps A 1 =
20 Do a0 Do |- FSTC-A0 DE] S
DAL ] 235 a1 D1 (35 a1 D1 23— FSTC-AL £ J
paz ./} B "j a2 D2 az D2 pzc— FSTC-A2 [oL Folco
—FRi— TDLZ a3 D3 35— a2 D3 FTe—FD2s Eorehias = THERE ARE €20 OHM TERMINATION RESISTORS
. E 2 aa D4 aa pa H5—ED25 /] MO = FSTC MODE 0 (STATION X) FSTC-A: = AT EACH END OF THE SIGNAL RUNS
F as DS 7¥] as DS Ie D (STATION X) ESTC-AS STC, THE BACKPLANE.
- o a6 D6 £ A6 | D6 5 (STATION X+1) ESTSIRS = (RS OF 18AUGSS, THIS NOTE STILL APPLIES TO
2 :Z g QZ | b7 (STATION X+1) FSTC-A RACKS 2 & 3, BUT NOT TO RACKS 0 -)
] 3G
I as 5 21]2% XC3030 - 16V8’S REPLACED WITH 22V10'S
AT 251 217 mramz 1251310 mams TS ESTC-BO = IE PALIEMBL
sH 3 1z P — o 1 1024 POINT FET = 2]
a12 al2 1 o 2048 POINT FET “B3 N —s11 p5Y erm ’ii (SIGN1)
cs1 cs1 3 = FSTC-. I3 o3 MO STNS 0,2,4,6,8
DA13 52 13 st NOTE: MO THRU M3 NOT USED IN THE XILINX CHIP. B — = i
. ﬁ%;_ 57 s iF 1E TS FSTC-B6 N STC— Is P3A-29 PIPEO
D4 EN ey DA4 FROM 8300 e we 20 Y ey EVERS ) CRENEY pvy EoreoEs =BT N1 EH P3B-29 PIPEL
e s DAG 7CIs5. . TIs = -
D7 55 85 8K X 8 RAM 1 sK'x's ram A3 S 55 T a2 NegoRe N—E=re- Y i
= = . RCO |2 0 = Iio0
sis Do
63 5 sH 2 ([EETIZ > T4 ENP i —&] bt _CLK16B 1
_ ~26H L9 enT D2 o 10-BIT
EKL6A LK £D0 ] Do 20 BO Epe a0 mo |-+8—ED24 SEKLcE 2 D3 - S o FRACTIONAL SAMPLE .
E% LOAD —EB1 = Al Bl 3 'i‘j Al B1 | B2 = LOAD D& P FATHY] MUX ?NCWPT REGISTER ‘
CLR — 2z Bz S 2z B2 Bz CLR —L—L =
7aLST £ 2 a3 B3 a3 B3 55— TALSIE o= sH 2 (FETLIE >— |
= 2 a4 B2 2] As B2 B28 WE
WRITE DEGLITCHER T z A5 BS 'f/ AS BS 25— SH 3 s ) -B0 M2 STNS 1,3,5,7.9
a6 B6 X a6 Be = 11 o1
21H 53 B3 ADDR = 970X S M3
R s\ a7 B7 a7 B7 FETCS 12 2 P3C-31 PIPEO {
SH 3 Ioo N s s13 FETC- 3 3 P3A-27 PIPEL i
su 3| 12 Tol A e T——— : B/A tL B/A STCS I b £35-2¢ PIPE2
si 3 I3 Q2PT¢ isHFTL O OE FSreEe iz 22 PIPE3
114 23 BiT isurT2 vee Lrarrem GALS £5T FFTO
71 I3 28 PIZ- isHFT3 - Y] = iz 97
I8 2 B R12 12 s I1 o1 pil. CNTRST THE MODIFIED FFT CARDS ALLOWED ALS EVERYWHERE 10 13 S5 ;:F‘ SIGNO) |
=== 4.7 K | 2112 o3 pig- SO0 sgxri(ons 1] 176  olo pid. (SIGN1) :
- ¢ 12 92 St £22 —3{a Yo =S B] 2258 2 3 CLK16B 1 |
o1 .-—|I- I3 o2 pE- 5o 2 ex B k4] p2c-8 4 5 - VLBA CORRELATOR PROJECT |
— 0 ) S0 ——= Is o6 p-CEL p2c-9 ¢ 3 PP NATIONAL BADIO ASTRONOMY OBSERVATORY .
—ror R T S18 8513 CTTO! =] %7 9% Biz_rescix PAL7E.ABL {
WE3\ T ] S ROCESSOR TO K i3 - FRACTIONAL
0 1 o 1 ALLOW MICROPBOECSSOR TO WRITE INTO PARAMmR RAM 111 130 1 SAMPLE NCO - FFT CONTROL CARD
; x X 1 X% PARAMETER RAM ADDRESS COUNTER TO INCREMENT SHIFT REGISTER =
i X X o0 X HOLD BARAMETER RAM. ADPRESS GOUNTER | TTE i CLOCKS Size[Document Numbar REV]
! CLK162 1 1 x o MICRO® INSTRUGTION READS DARAMELER RAM
‘ 1 o kY MICRO_INSTRUCTION WRITES INTO RAM NOTE: FFT12 PASSES THIS ALLOWS THE GLOCK TO COMB DINBCTLY FROM V1.2 OF ROMLS16D.ASM. D Seoo0ro13 (LO13D04.SCH) bl
THRU 1G_FOR TIMING. [aEe: April 2, 1558[Ehest S 5]




R-INPUT S-INPUT
32 32
<Fo5II Fio, 311 1
MODE
=TI RiQ. . 31] I OPERAND ROUTER | l RESDE R l
R
3 5758 4 65
1 RFO. .RF7
< 1 Bl
ENR\ R REGISTER l S REGISTER l REGISTER FILE | RFSEL(0--27)
by Es > |
65 65 :
BEEREBERESTIIITINTTi852852858%8 s * ‘
H17 c3 m0 16 .16 16 ;
H15] §/D8 mE - <~ InpUTS <~ INpPUTS T <~ InpUTS T
Gi7] 5/58 F2 |
) F3 i
u1s] enr T _| P INPUT MUX | _I © INPUT MUX | I T INPUT MUX
ENS Fs [B = l -
ENF F6 _ = == — —
ENRF v~ | [~ 65 65 | 65
F 3 _— e — — —_ e — = - —
J1eq oEF Fo [ B2 5 [
OES F10 23 3 ' | L L .
Fl1 A4
BESELO 1161 rrsELO Fi2 [ 3 'l FLOATING POINT
RESELL _R1> ! RFSELL Fi3 [B7 K I AND INTERGER
— RFSEL2 rig 27 | U
(RFSELIO F15 2
ESELO R17! psEno F16 gg I ! 7 ;
I1H psEL1 F17 (B |
2] PSEL2 Fis &2 5 | m
PSEL3 F19 855 |
F20 [-< E .
16| osEro r21 [A10 E | | F REGISTER | | STATUS REGISTERI
s QSEL1 F22 & = |t
PT] QSEL2 F23 1 T{0. 137 e
OSEL2 ) 133 *35 2 S (T A
TSELO 18] TsELO 29c327 F26 TSEL (0. -3) :
TSEL1 . F27 2 [RM(0..2)
TSELZ 17 ~ 2
TSEL3 — K17] moEn2 F28 & S/DF L
TSEL3 F29 2
[TSELI0. .31 > 2 F30 [2 3 INSTRUCTION
[FSEL > R14] psErL F31 [& L REGISTER
L9 D1z 1o [FSEL>-
cie] 11 FSEL = 1, MS BITS OUT
5 M17 FSEL = 0, LS BITS OUT
I3 FLAGL |
2114 FLAGZ [ 1€
BL/] 15 FLAG3 N]_I;
Is FLAGY [ <_WMSERR]
Ele] 17 FLAGS N1I7
I8 FLAGE 5
3 2 I9 ¥ 32
9 Flel1io
1 Siglrin
3 Hie] 112 sTon | BLE F-OUTPUT
[CI0 T3 Swembeleletmtuaiel MSERR [-BLe ~
u13
RMO
T12
Ti2! ra1
RM2
[CLoCK R11} crock
ale
[euiz q SLAVE T5 T4 T3 T3 T T0] HEX CPERATION (FLOATING DOTNT)
6 0 0 0 0 0 00 5 -
£ 6 0 0 o0 0 1 01 P+T
- sissisgsgsiiiTiifis583988858351 ¢ ¢ 9 g 1 of gz |z=o
o o o0 o 1 1 03 COMPARE P AND T
Yy o o 0o 1 o0 © 04 MAX P, T
bi 1 2 o o o 1 o0 1 05 MIN P, T
o o o 1 1 o© 06 CONVERT T TO INTEGER
o 0o o 1 1 1 07 SCALE T TO INTEGER BY Q
o o 1 0 0 o© 08 (P *Q) +T
ddd4dd o 0 1 o o 1 09 ROUND T TO INTEGRAL VALUE
d14349 3 o 0o 1 o 1 o oa RECIPROCAL SEED OF P
o o 1 o 1 1 oB CONVERT T TO ALTERNATE F, P FORMAT
o 06 1 1 o o oc CONVERT T FROM ALTERNATE F, P FORMAT
o a1y o 0 1 1 o 1 oD
SLQ o0 1 1 1 o OE
[10..31T o o 1 1 1 1 oF
T5 T4 13 T2 T1 30 CPERATION (INTEGER)
i 0 0 ©0 0 0 25 5
i 0o o o o0 1 21 P+T
i 0o o o 1 o 22 P* 0
i 0 o0 o 1 1 23 COMPARE P AND T
1 0o o 1 0 O 21 MAX P, T
i 0o o0 1 o 1 25 MIN P, T
1 0o o0 1 1 o© 26 CONVERT T TO INTEGER
i 0o o 1 1 1 27 SCALE T TO INTEGER BY Q
i1 0o 1 o0 0 o 28
1 o 1 o o 1 29
1 o 1 o 1 o 2a
1 o0 1 o 1 1 2B
1 1 0o o o0 o 30 P OR T
1 1 o o o0 1 31 P AND T
1 1 o o 1 o 32 P EXOR T
i1 1 o o 1 1 33 LOGICAL SHIFT P Q PLACES
i1 o 1 o o 31 ARTTHMETIC SHIFT P Q PLACES
. i1 1 o 1 o 1 35 FUNNEL SHIFT P-T Q PLACES
SIX PARAMETER MODEL EQUATION: i 1 o 1 1 o 3¢
i1 o0 1 1 1 3
X 1 1 o0 o o 18 MOVE P
X 1 1 1 1 1 iF LOAD MODE REGISTER
PSEL(0..3), OSEL(O..3), TSEL(O..3) SELECTION CHART
CLOCK INPUT OP CODE OPERATION FUNCTION STORAGE e —sErr e Qe 2L, SBL(0. 3), TomEd0. .3 ) A
] A5 LS ~ 0 0 0 o 00 R REGISTER
1 A5 Ms 0 o 0 1 01 S REGISTER
(] A4 LS 02 0 0 1 ) 02 ZERO (0000 0000 0000 0000)
1 A4 MS 02 P A5 INTO REGISTER RF1 0 0 1 1 03 0.5 * (3FEO 0000 0000 0000)
9 A3 LS 08 0 1 0 0 04 1 (3FFO 0000 0000 0000)
1 A3 us os (P *0Q) + T (RF1 X T) + a4 RF1 0 1 0 1 0s 2 (2000 0000 0000 0000)
(] A2 LS 08 0 1 1 o 06 3 (4080 0000 0000 0000)
1 A2 Ms 08 (P * Q) + T (RF1 X T) + A3 RF1 0 1 1 1 07 PI _** (4009 21FB 5444 2D18)
AL LS 08 - 1 o 0 o 08 REGISTER FILE 0
1 A1 Ms 98 (P *0Q) + T (RF1 X T) + A2 RF1 1 0 0 1 09 REGISTER FILE 1 VLBA CORRELATOR PROJECT
~ g ig anxg 08 (P * Q) + T (RF1 X T) + Al RF1 \ i g i g g% %8%2?22 EEE § NATIONAL RADIO ASTRONOMY OBSERVATORY
o 08 1 1 0 ) oc REGISTER FILE 4 CHARLOTTESVILLE, VA
1 08 (P * Q) + T (RF1_X T) + A0 F_REG 1 1 o 1 oD REGISTER FILE 5 Title ‘
1 1 1 ) OE REGISTER FILE 6
T (TIME IS STORED IN THE RFO REGISTER. 1 1 1 1 oF REGISTER FILE 7 FFT CONTROL CARD
REGISTER RF1 IS USED AS THE ACCUMULATOR. 0.5 (FLOATING POINT) OR -1 (INTEGER) STze|Document Number REV|
THE INPUT PARAMETERS PING PONG BETWEER REGISTER R AND S. ** PI (FLOATING POINT) OR MAX NEG (INTEG) c 560005013 (LO13D05 . SCH) b
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32 MHZ CLK RUNS 16 MHZ CLK RUNS MISC RUNS
|
Z006D02 - LAY Z006D03 - LAY Z006D04 . RAT
WIREWRAP
. PIN 140094
WIREWRAP
/1 M\ / I\ PIN 001094
< o, 2 50 2 50 ® >
d @ FHEEEERRbbbbbdibidiidiiit o @ Frittrrirestiiitiiiididdd o + !
+ DD NN + i
1 29 T i
= - P L T I T T e S q ET +
10 / ALS] aLs| | aLg| :
i24 163 245| | 245] i
1 17
ql 1] | 20 a7 | sal [T |4 29c327 213
1 E
g [ 253 |264]
_ aLs|
f 574 [ & [ e i 20 i 20| gD
74F| | 74¥| | 74| | 747 | 10
138| [138| [138| [138] [124
7c| | 7¢| | 7¢ paL aLs| |aLs|
403| [403| 403 h6R4 245| | 245
an | 2u) | su] Lan] Lsul Leul|] |1 |-25 |-25 |-25 -10
q H |4 Leu]| | ou] lion
H 2o 4 (8
@ R [E 133 21n| |22H| 25H| [26H
Note: connect top
PAL| end of Rl & R18
1619 7C to ground only
~15 403
[N -25 ‘L ‘L i8] [8] [ 8 9 I a0 & &)
R1 R18 75 75 75 5 DALLAS
10g]
6 [10g] 176| [176| |176| |176 870520 ALS
XC3030 ) 574
G “s0 s (o8 [ 8
75| | 75| | 75
7c| | 7c| | 7¢ |
ALS| 403| [403| [403 176 [178] (278 X
163] 7F | |-25| | -25| | -25 F S [34F]
74F| i za8] [ e
. %q) LeF| | oF | |1oF 163 =
L1E |
PAL| (@ (@) . 75
e 22 14E 2950 173 ALS| -
. V1o) HEADER 138
11.01 inches Z1s| [74 7c 741 5a)
745 aLs| | 403| | 74 24E N\
138 [ -25 e 34E (o}
10E “ 7c| | 7¢ & 28F RX
SE 9E 245| | 245 3 1 9] i e i 1] cx
1E . par| |ear| |18 |18 ALS
7E 16Rg 6V | op | | ok ALS| | 574
~15| [-15 228 574 aLs| | aLs| ALS|
e ) X ol | Xy 138| |138 138 .
et N e I e e S )
12p| [23p| {14 [15D 2sp| |26p] (27D sop| | 31| 33D)
aus| |aLs| |aLs| |aLs| | aLs] E— 24D E—
166| |166| | 166| | 166| | 166]
D sp i 20 i &0 i &0 20 [iad e e N R i £0) (2o
L4DJ LoD} i 20y —— ——— ——— ] ——
1] RSk [ i8] LRek [ I 15 (R7k i 5] LREk [
e R = ALS T ALS ALS| ] aLs| |aLs| [aLs T aLs| |aLs T "1 |aLs| |aLs
PAL 245 245 245 245| | 245| | 245 245| | 245] 245| | 245
61,9 74F 74F 74F| 74F 74F 74F 74F|
aLs| |aLs| |aLs| |aLs| |aLs| [ -179 163| [74F| | 163 163| [ 74F| [163] 163 | 74¥| 163| | 74F| | 163
€| | 166| | 166] 6| | 166 74 74 74 74
1ic 19c¢| |20c] |21c] [22¢] [23¢] [24c] |25¢] |26c] [27¢] |28 (29¢] (30c] |31 [32¢] [33¢] [34¢
ic| L2c] lac] [Lac] I sc] Lec
[ i z8| [[g8| [ %e] [ 8] [ %8| [[ %8| [ %8| [ %8 [ 29| [ 28 [i Z8 [ %8 [ %6 [ % [ 29| [ %9
24 (24 24 &
PAL ALS || 7c| | 7c| | 7c| | 7c| | 7¢| | 7¢| | 7¢| | 7| | 7| | 7c| | 7| | 7| | 7c| | 7c | | 7¢
245 199| [199[ | 199| | 199 | 199| | 199| | 199| | 199| | 199 |199| | 199 [199 [199| [199| |199] | 199
22 | | 74F 74F| | aLs] -38 | =35 | =35 | =35 [ =35 [ =35 | =35 | =35 | =35 [-35 [-35 | -39 | =35] | =335] | =35 | =35
viol| 'Ry e e | 821 244 32k| [32K] | 32K |32k | 32K | 32K |32K] | 32K | 32K |32k |32K |32k [32K [32K |32K |32K
- Xg|xed|xg|xg|xeg|xeg|xe|xeg|xg|xg|xg|[xg|[xg|xg|xsg]|xg
rav| [Ram| |RaM| [RaM| |[RaM| [RaM| |RaM| |RaM| [RaM| |RaM| [RaM| [RaM| [RaM| [RaM| (RaM| [RAM|
aLs| |aLs 108|
163| [163
6B
sB 1908| |208| {218 |228] {238 (248 [258| [268| [278] |288] | 298| |308| |318| |328] |338] [348
124 [[E [Ed) 24 [ i E4q) [ED| e e a0 [Eq) [ga [ED] e [ge) [Ed [Ea] e [ED [ES [Ed WIREWRAP
PIN 001001
aLs| | 7¢ | | 7c | | 7¢ | | 7c | | 74¥] | aLs 74F| | 74F| 74| | 74F | 747 | 74F| [ 747 | 747 | 747 | 747 | 74F| | 74F| | 745 | 74F| | 74F| | 745| | 745 | 747
139| [194| [194| [194] | 194] |377] | 374 821| | 821 821| | 574| | 821| | 821 | 574] | 821 | 821| | 574| | 821 | 821 | 574| | 821| | 821 | 574| | 574] | 574
-45| | -45| | -45] | -45 sta| [sTe sTG stc| |sTe stc| |sTe stc| |sTe sta| |sTe| |sTe| |sTa
1a | |64K | 64K | 64Kl | 64K 1a | 1B 3La 3LB| |3UB qva| |ara aue| |aLB 128} {128} |2Ka| [2xB
L2 1x 4] [x 4] [x 4 512 |512
RAM | RAM | RAM |RAM | g5 | | 72 20a 232 26a) 20a| | 2 32al |33a) 342 /
++ ++ 1211 3ATLARTESAT+ 4+ 44 oA} 110af+ +++ 1oa} +  +{21af t22af + ++{24af f2smf ¢+ {27af t28Af ¢ ++ {30Af {31Af+ 4+ wse
9U x 280 mm EUROCARD
c c c
B B B
a
o 3 2 1 o o 3 2 1 3 2 1 o)
0 21098765432109876543210987654321 21098765432109876543210987654321 21098765432109876543210987654321
P2 Pl
WIREWRAP,
PIN 140001
14.43 inches
O IN m:\fcc\sch\sccs
: VLBA CORRELATOR PROJECT
- ' NATIONAL RADIO ASTRONOMY OBSERVATORY
] SEE NRAO DRAWING # 56000M002 FOR REV A 7 789 CHANGE 1IC 24E TO 16-PIN CHARLOTTESVILLE, VA
MECHANICAL DETAILS OF CARD. CHANGE POSITION OF IC 24D Title ‘
B 15789 CHANGE 8A, 6C, AND 340 IC TYPES
THIS SKETCH DETAILS THE APPROXIMATE c 31790 DELETE 32D AND 34D, PUT MEM PART NO. IN | FFT CONTROL CARD IC LAYOUT
LOCATIONS OF ALL COMPONENTS . 7D 2702751 CHANGE CHIPS 10 74k Size|Document Number REV
E 2 3 WMOVED Ri, ADDED % RiB
ALL COMPONENTS WILL BE ON GRID UNLESS OTHERWISE NOTED: c 560002006 (Z006DO1 . LAY) E
Date: September 17, 1997|Sheet 1 of 4




DRAWINGS ARE B SIZE UNLESS OTHERWISE INDICATED

PULSAR GATE MODEL

SHIFT REGISTER

SHEET 2

PAL1B.SCH

TRIG TABLE
SELECTION PAL

SHEET 6

PALSA.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

FRINGE NCO
SERIAL INPUT
CONTROL PAL

SHEET 3

SHEET 4

PAL1G.SCH

FFT SEQUENCER
DECODE PAL

PAL6C.SCH

FFT SEQUENCER
DECODE PAL

SHEET 7

PAL12D.SCH

WRITE DEGLITCHER

SHEET 8

PAL13D.SCH

MODEL PARAMETER

RAM SELECT PAL

SHEET 11

SHEET 12

PAL21H.SCH

MOD GEN MICRO-SEQ

CONTROL: PAL

SHEET 15

PAL34H.SCH

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

SHEET 13

PAL26F .SCH

PAL

Title
FCC PALS
Size|Document Number REV
B FCCTOP.PAL
Date: October 15, 1997[Sheet of 15




LOCATED LO13D04.SCH, CENTER

iB
FSTC_IN % T1 o1 V;g
Z I2 o2 057
5 I3 o3 >0
3 I4 04 ng
=~ IS5 o5 “28
8 I6 06 ﬂ:_7
5 I7 o7 376
I8 08 P+
10 9 15
T1 I (e}°] T4
I10 010 p=
PGCLK 1
CLK
13 O
1 22V10
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.

S9

s7
S6
S5
sS4
S3
S2
s1
i=10]

u?
FSTC IN PIN 2 o 1 N oa 3 PIN 23
2 B OB 4 PIN f2
5 PIN 21
QC =
6 PT 20
QD 5 PIN 19
QF 77 BIN 18
PGCLK PIN 1 CLK QF T2 T T7
QG 73 PIN 16
——é% CLR QH — —
TAALS164
U')
1 3 PIN 15
A QA
212 2 é PIN 14
oc —2
QD 5
8 QE 77
CLK QF T2
9 QG 73
—J CLR QH —
TAALS164

s1
SO0

module PAL_1B

title ’‘PULSAR GATE SHIFT REGISTER

Ray Escoffier

R T ' 3 G

B 1 5 w1 =

e = e T o e T e = =

=Y B =R e I 5 o =

egquations

SO
s1
S2
S3
sS4
S5
S6
s7
S8
S9

14 Feb 1991~°

UlB device
FSTC_IN PIN 2
S9 PIN 23 ;
S8 PIN 22 ;
sS7 PIN 21 ;
S6 PIN 20 ;
S5 PIN 19 ;
s4a PIN 18 ;
S3 PIN 17 ;
S2 PIN 16 ;
s1 PIN 15 ;
SO PIN 14 ;

= FSTC_IN

i = SO

1= S1

1= sS2

= S3

1= sS4

= S5

= S6

:= s7

= S8

end PAL_1B

‘P22VvV10° ;

D N

Title
PULSAR GATE MODEL SHIFT REGISTER
Size|Document Number REV
B PAL1B.SCH
Date: October 20, 1997[sheet 2 of 15




LOCATED L013D04.SCH, LOWER RIGHT
1G

CLK16B 1 T1 o1 o_:.9 !CNTRST
PROG 2 12 o2 038 !S?O s
C RST 3 )17 ST FET
(EET8 > 2l 12 93P so1 PIN 19 ICNTRST
ST 5 I5 o5 <15 OEO PROG\
SO 6] Te oe bld OE1
RST 7117 o7 bi3 RST1
FSCK 8 =12 FSCLK
1 I8 08 p=—=——=
CEFRINGE E] I9 FET10
11 I10 CLK16\ PIN 18 SO0
FSTEFRINGE
s 16L8
FFT9 ™\,
PIN 17 SI1
CLK16\ module PAL_1G
PAL 1G
FSTC 2 PARAMETER MODEL GENERATOR CONTROL PAL title ’‘FSTC MODEL GENERATOR PAL
THIS PAL DECODES VARIOUS FFT CYCLE AND FFT10 Ray Escoffier 19 August, 1989°
FRINGE CYCLE TIMING SIGNALS TO PROVIDE CLK16\ PIN 16 1SO1
VARIOUS CONTROL SIGNAL REQUIRED BY FSTFRINGE\ ulcG device ‘P16L8" ;
THE FSTC TWO PARAMETER MODEL GENERATOR.
"inputs........... @ e e e e e e e e et e e e e e e et e e e e et e e et "
ICNTRST
PIN 19. THIS PAL OUTPUT PIN SUPPLIES . CLK16 PIN 1 ;
A RESET SIGNAL FOR THE 74LS163. THIS FSTFRINGE PIN 15 'OEO0 PROG PIN 2 ;
COUNTER RESETS AT THE START OF AN FFT FFTS8 PIN 3 ; "COUNTER 1F RESET"
CYCLE AND COUNTS THRU STATION PAIRS FFTO9 PIN 5 ; "FIFO SHIFT IN CLOCK"
DURING AN FFT CYCLE. THIS OUTPUT IS FFT10 PIN 6 ; "FIFO SHIFT OUT CLOCK"
JUST FFT8 EXCEPT WHEN INHIBITED BY THE FFT11 PIN 7 ; "FIFO RESET"
SIGNAL PROG. Y FFT12 PIN 8 ; "FSCLK"
PIN 14 'OE1 FSTFRINGE PIN 9 ;
SO0
PIN 18. THIS PAL OUTPUT CLOCKS FSTC "outputs. ... .00l e e e e e e e © o 4 o 5 08 6 00 08 60 6 s s e s e s eeeececessens e P
PARAMETERS OUT OF THE UPPER FIFO INTO
THE XILINX CHIP. ICNTRST PIN 19 ;
FFT11 1S0O0 PIN 18 ;
STl PIN 13 IRST1 STI1 PIN 17 ;
PIN 17. THIS PAL OUTPUT CLOCKS FSTC FSTFRINGE 1so1 PIN 16 ;
PARAMETERS OUT OF THE XILINX CHIP AND OEO PIN 15 ;
INTO THE LOWER FIFO, IOE1l PIN 14 ;
IRST1 PIN 13 ;
1so1l \ FSCLK PIN 12 ;
PIN 16. THIS PAL OUTPUT CLOCKS FSTC FFT12 PIN 12 FSCLK
PARAMETERS OUT OF THE LOWER FIFO INTO L@ U= i 5 T 0 e 1 5 o =y "
THE XILINX CHIP.
'OEO B =Y 1 =T e o o = e e e e e e "
PIN 15. THIS PAL OUTPUT ENABLES THE
OUTPUT OF THE UPPER FIFO SO IT CAN equations
DRIVE THE XILINX CHIP.
CNTRST = FFT8 & ! PROG ;
10E1
PIN 14. THIS PAL OUTPUT ENABLES THE SO0 = FFT10 & FSTFRINGE H
OUTPUT OF THE LOWER FIFO SO IT CAN
DRIVE THE XILINX CHIP. SI1 = FFT9 ;
IRST1 SOl = FFT10 & !FSTFRINGE ;
PIN 13. THIS PAL OUTPUT RESETS THE
LOWER FSTC PARAMETER FIFO. OEO = FSTFRINGE ;
FSCLK OE1l = IFSTFRINGE ;
PIN 12. THIS PAL OUTPUT IS THE ENABLE FOR
FOR THE FSSRCLK CLOCK. BECAUSE CLK1l6 HAS RST1 = FFT11 & FSTFRINGE ;
THE SAME TIMING AS THIS SIGNAL IT MUST
BE DELAYED BY PASSING THRU THIS PAL TO FSCLK = FFT12 ;
AVOID A RACE AT THE 8E 74LE138.
end PAL_1G
Title
FSTC: 2 PARAM MODEL GENERATOR: CONTROL PAL
Size|Document Number REV
B PAL1G.SCH
Date: February 6, 1998[Sheet 3 of 15




LOCATED ON THE RIGHT SIDE OF L013D04.SCH

[CLRIEC CLK16c1 6C 10 FR_PHASE
NCO PHASE 5] I1 o1pg M6
DELAY 3] I2 92PT5-  ENaAO)N G
=1 I3 03 px PIN 19
NCO RATE 2112 SipIE =N
S2 5175 &5 pLo ENAZ2\ FR_RATE
S3 6 14 ENA3\
I6 06 D73 DELAY_DATA M5
24 17 o7 b33 LAY _| M5
5] I8 o8 p= FRSIB | M1
19 \'
11} 770 PIN 17 ENAO\
M5
- 16L8 d
s2 1[, vo pbL5MO M2 N
PAL 6C S3 2|4 vi BL4ML M5 PIN 16 ENAL\
FRINGE NCO SERIAL INPUT CONTROL PAL S4 p v HI3M2 M7 module PAL_6C
N12M3 e
§2 R1iMd title ‘FRINGE NCO SERIAL INPUT CONTROL PAL
THIS PAL CONTROLS THE CLOCK ENABLES FOR THE 61 a1 ¢5 BLOMS M3 ™,
74L.S166 SHIFT REGISTERS THAT SHIFT SERIAL MODEL 44 &5  ve b9M6 PIN 15 ENA2\ Ray Escoffier 9 August, 1989°
PARAMETERS INTO THE SYSTEM AND THE NCO AND DELAY | 58 G2B  v7 M7 M6
DATA OUTPUT SIGNALS. P e u6eC device ‘P16L8’ ;
74,8138 Rl 1 o ol "
FRSIA = M4 Y FR_PHASE PIN 2 ;
PIN 19. THIS PAL OUTPUT SUPPLIES THE FRINGE PIN 14 ENA3\ DELAY_IN PIN 3 ;
PARAMETER DATA OUTPUT. THERE ARE TWO IDENTICAL M6 / FR_RATE PIN 4 ;
VERSIONS OF THIS SIGNAL FOR FANOUT REASONS. s2 PIN 5 ;
s3 PIN 6 ;
PIN 18. THIS PAL OUTPUT IS NOT USED. s4 PIN 7 ;
ENAO\ DELAY ™ S5 PIN 8 ; "NOT USED"
PIN 17. THIS PAL OUTPUT SUPPLIES THE CLOCK PIN 13 DELAY_DATA
ENABLE SIGNAL FOR THE 8-BIT SHIFT REGISTER 5C. M7 " S5 sS4 sS3 s2 FUNCTION N
ENA1\ o e e "
PIN 16. THIS PAL OUTPUT SUPPLIES THE CLOCK LI 0 o] 0 IDLE "
ENABLE SIGNAL FOR THE 32-BIT SHIFT REGISTER FORMED " 0 0 o] 1 ENAO\ = 0 OTHER ENABLES INACTIVE (LOAD 5C) "
BY 1C, 2C, 3C, AND 4cC. " 0 0 1 0 ENAl1\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4C) "
ENA2\ PIN 12 FrReTe] . O 0 1 1 ENA2\ = 0 OTHER ENABLES INACTIVE (LOAD 5D) "
PINS 15. THIS PAL OUTPUT SUPPLIES THE CLOCK " 0 1 o] 0 ENA3\ = 0 OTHER ENABLES INACTIVE (LOAD 1,2,3,4D) "
ENABLE SIGNAL FOR THE 8-BIT SHIFT REGISTER S5D. o1 1 o] 1 ENAO\ AND ENA1l\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5C) "
ENA3\ o1 1 1 0 ENA2\ AND ENA3\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4,5D) "
PIN 14. THIS PAL OUTPUT SUPPLIES THE CLOCK LR 1 1 1 ENAL1\ = 0 OTHERS INACTIVE (SHIFT 1,2,3,4C FOR DELAY) "
ENABLE SIGNAL FOR THE 32-BIT SHIFT REGISTER FORMED Lo 1Bt = © = ORI "
BY 1D, 2D, 3D, AND 4D. FRSIA PIN 19 ;
DELAY_DATA | ENAO PIN 17 ;
PIN 13. THIS PAL OUTPUT SUPPLIES |ENAL PIN 16 ;
THE DELAY VALUE OUTPUT. | ENA2 PIN 15 ;
FRSIB | ENA3 PIN 14 ;
PIN 12. THIS PAL OUTPUT SUPPLIES THE DELAY PIN 13 ;
SECOND FRINGE PARAMETER DATA OUTPUT. FRSIB PIN 12 ;
L@ U= i 15 T A e A 5 = = Y "
MODE = [s4,s83,s52] ;
ENA = [ENA3, ENA2, ENAl, ENAO] ;
R =Y 1 = i o o 1 "
equations
FRSIA = FR_PHASE & (MODE == [1,1,0])
# FR_RATE & (MODE == [1,0,1]) ;
ENA = [0,0,0,1] & (MODE == [0,0,1])
# [0,0,1,0] & (MODE == [0,1,0])
# [0,1,0,0] & (MODE == [0,1,1])
# [1,0,0,0] & (MODE == [1,0,0])
# [0,0,1,1] & (MODE == [1,0,1]1)
# [1,1,0,0] & (MODE == [1,1,0])
# [0,0,1,0] & (MODE == [1,1,11]) ;
S5 sS4 _ sS3 s2 FUNCTION MODEL DELAY = DELAY_IN & (MODE == [1,1,1]) i
0 X X X ENABLE ALL SHIFT REGISTERS TO LOAD
1 X X X ENABLE ALL SHIFT REGISTERS TO SHIFT FRSIB = FR_PHASE & (MODE == [1,1,0])
1 0 0 0 IDLE # FR_RATE & (MODE == [1,0,11) ;
0 0 0 1 ENAO\ = 0 OTHER ENABLES INACTIVE (LOAD 5C) FRINGE RATE end PAL_6C
0 0 1 o] ENAL1\ = 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 ENA1l\ = 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.

FRINGE NCO SERIAL INPUT CONTROL PAL

Size|Document Number REV
B PAL6C.SCH
Date: October 15, 1997[Sheet 4 of 15




FEEDBACK TO_LATCH

SAMPLE MUX

3 -A0
C-Al I FSTC-A0
C-. N STC—A I
c= P STC-A N
= U u STC— P M R =
= A T 1 STC—A U B <FSSI-A ]
C- s Tq STC— T (<]
C-A 1 STC-A s
H STC- hi
1 H MODE_1___MODE_0 FUNCTION
Mo s H 1 0 — 0 | TO PT _FET
E X s H o 1 1024 POINT FFT
MI ] H MO | E ¥ 1 o 2048 POINT FFT
E R ML} L H
FETO c E H
erria| T FETO | ¢ FFTO IS SIGN EXTENSION POSITION.
FFT14 | T
FET14 FFT14 = 1 FOR PHASE, 0 FOR RATE
PHASE AND RATE ARE ALTERNATELY SHIFTED OUT.
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.
PAL 7F (ALSO 7E)
FSTC SERIAL WORD MUX
16V8’S REPLACED WITH 22V10’S
7F PALTF. ABL

2 23 (SIGNO)
5113 st § (STGN1)
Iz 2 B3 MO STNS 0,2,4,6,8
24 14 o4 M1
Is o5 P3A-29 PIPEO
Is 06 P3B-29 PIPEL
8117 07 b P3A-31 PIPE2
El : P3B-31 PIPE3
o] I8 os pi
9 9 b
i1
Tio oio0
1
SLK _
13 E éngIT FRACTIONAL SAMPLE
CO SHIFT REGISTER
23V10 MUX ]
sH 2 [FFTid
7E
o5 I1 o1 b22 M2 STNS 1,3,5,7,9
12 o2 p22 M3
2 I3 o3 p2l P3C-31 PIPEO
2 T4 o1 p* > P3A-27 PIPEL
g Is 05 pi2 > P3B-26 PIPE2
FST P3B-27 PIPE3
= 116 o6
FETO
= 7 o7
S 21 18 o8 pie
1o IS S8 {SIGNO)
111 130 oio PIA- (STGN1)
CLK16B 1
CLK
T3] &L
22710
PAL7E.ABL

module PAL_7E

title ‘FSTC DATA MUX PAL

Ray Escoffier

comments .

B 5 = =T =

“internal storage,

SIGNO PIN 15
SIGN1 PIN 14

19 August, 1989~

U7E device ‘P22V10° ;

" THIS PAL REPLACES THE 16V8 ORIGINAL DESIGN *
* This pal 1s very similar to pal7f.abl. See pal7f.abl for detailed "

FFTO

" M3 M2 MODE )
" o] o 64, 128, 256, OR 512 POINT FFT "
" o] 1 1024 POINT FFT "
" 1 [o] 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 "
B B = B o Y “
{FSSIE PIN 21 ;
!FSSIF PIN 20 ;
'FSSIG PIN 19
!FSSIH PIN 18 ;
"definitions. .. ... e e "
MODE = [M3,M2] H
EUALIONS . . . . L. e e ettt e e "

equations
SIGNO 1= & (MODE == [0,0]) & !FFT14 & !'FFTO "PHASE"
# FSTC2 & (MODE == [0 01) & FFT14 & !FFTO "RATE"
# FSTCO & (MODE == [0,1]) & !FFT14 & !FFTO “PHASE"
# FSTC4 & (MODE == [0,1]) & FFT14 & !FFTO “RATE"
# 0 & (MODE == [1,0]) & !FFT14 & !FFTO “PHASE"
# FSTC4 & (MODE == [1,0]) & FFT14 & !FFTO "RATE"
# SIGNO & FFTO i
SIGN1 1= & (MODE == [0,0]) & !FFT14 & !FFTO “PHASE"
# FSTC3 & (MODE == [0 01) & FFT14 & !FFTO “RATE"
# FSTCl & (MODE == [0,1]) & !'FFT14 & !FFTO "PHASE"
# FSTC5 & (MODE == [0,1]) & FFT14 & !FFTO "RATE"
# & (MODE = [1,01) & !(FFT14 & !FFTO "PHASE"
# FSTC4 & (MODE == [1 ol) & FFT14 & !FFTO “RATE"
SIGN1 & FFTO i

#
“PIPE O"

"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
"to the phase for any of the three FFT sizes for FSSIE (pipe 0)

FSSIE = o] & (MODE & !FFT14 & !FFTO
# FSTC2 & (MODE & FFT14 & !FFTO
# [ & (MODE & !FFT14 & !FFTO
# FSTC4 & (MODE & FFT14 & !FFTO
# [ & (MODE & !FFT14 & !FFTO
# FSTC4 & (MODE & FFT14 & !'FFTO
# o] & !FFT14 & FFTO

# SIGNO & FFT14 & FFTO; "RATE "

“PIPE 1"

applled"

“PHASE"
"RATE "

" PHASE"
"RATE "

PHASE"
“RATE *

" PHASE"

“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 .

FSSIF 1= (o] & (MODE [(0,0]) & !'FFT14 & !FFTO
# FSTC2 & (MODE [0,0]) & FFT14 & !FFTO
# FSTCO & (MODE [0,1)) & !FFT14 & !FFTO
# FSTC4 & (MODE [0,1]) & FFT14 & !'FFTO
# 0 & (MODE [(1,0]) & !FFT14 & !FFTO
# FSTC4 & (MODE [1,01) & FFT14 & !FFTO
# & [0,0]) & !'FFT14 & FFTO
# & [0,01]) & FFT14 & FFTO

# SIGNO & (MOD:! FFTO "P & R 1K "
# [1,0]) & !FFT1l4 & FFTO
# (1,01) & FFT14 & FFTO;

“PIPE 2"

" PHASE"
"RATE "

“PHASE"
"RATE "

"PHASE"
"RATE *

“PHASE 512"
"RATE 512"

"PHASE 2K "
“"RATE 2K "

“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 fstc6é thru during the upper 5 bits for 2K"
"for 512 and 1K, signl is the storage element to use"
“for 2K, sign0O is same as signl and we still use signl for the rate"

FSSIG = o] & (MODE & !FFT14 & !FFTO
# FSTC3 & (MODE & FFT14 & !FFTO
# o] & (MODE & !FFT14 & !FFTO
# FSTC5 & (MODE & FFT1l4 & !FFTO
# FSTC6 & (MODE & 'FFT14
# FSTC4 & (MODE & FFT14 & !FFTO
# o & (M3 & {FFT14 & FFTO

# SIGN1l & & FFTO; "ALL RATES"

“PIPE 3"

“PHASE"
“RATE "

"PHASE"
"RATE "

“PHASE"
“RATE "

"P 512&1K"

"for FSSIH we want slgn extension, using the Slgn of the rate, for all rates"
1K"

"we need the same sign extension for phase in
“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 changlng 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 1= o & (MODE & !FFT14 & !FFTO
# FSTC3 & (MODE & FFT1l4 & !FFTO
# FSTCl & (MODE & !FFT14 & !FFTO
# FSTC5 & (MODE & FFT14 & !FFTO
# FSTC6 & (MODE & !FFT14
# FSTC4 & (MODE & FFT14 & !FFTO
# 4] & (MODE & !'FFT14 & FFTO
# SIGN1l & FFT14 & FFTO
# SIGN1l & (MODE & 'FFT14 & FFTO;

"See pal7f.abl for additional notes"
end PAL_7E

" PHASE"
"RATE *

" PHASE"
“"RATE "

" PHASE"
"RATE *

“PHASE 512"
"ALL RATES"
“PHASE 1K"

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
Size|Document Number REV]
c PAL7F.SCH
Date: October 20, 1997[Sheet 5 of

|




LOCATED LOWER LEFT OF LO013D02.SCH
sa
TABINC 2 22 TABLE 1-0
CAPNE 3 %% 8% P51  TaBLE 1-1
INITIN 2 P20  TABLE 1-2
5] %3 03 DT TABLE 1-3
TBMODE T4 .04 b T L=
TABLEO 6115 o5 p28 IABLE 1-4
GONY 7 17 TABLE 1-5 module PAIL_8A
ABLEL I6 06 Pz = =
TABLEZ > 8 17 o7 p2&IABLE 1-6
| TAD E) 15 _TABLE 1-7 title ’'TRIG TABLE CONTROL PAL
ABLE3 51 I8 o8
TABLEL > =91 19 . ,
_"‘AB'_.ES—< i T1io0 Ray Escoffier 28 Jguly 1989
TABLES 23] 111 usa device FP22V10° ;
TABLE/ I12
CLK32E T
13 CLK "inputs "
OE ruts........... e e e e s e e e s e e s e e e e e e e e e e s e e e e e s e s e e s e e s e s e e s
l 22V10 TABINC PIN 2 ;
= CAPNF PIN 3 ;
I INIT1 PIN 4 ;
TBMODE PIN 5 ;
TABO PIN 6 ;
PAL 8A TAB1 PIN 7 :
TRIG TABLE SELECTION PAL TAB2 PIN 8 ;
TAB3 PIN 9 ;
TAB4 PIN 10 ;
TABS PIN 11 ;
CENA TAB6 PIN 14 ;
PAL PINS 22 THRU 15 FORM A BINARY COUNTER TABR7 PIN 23 ;
WHICH IS USED BY THE TRIG TABLE RAMS TO SELECT PIN 6 PIN 22
A TRIG TABLE FROM THE 128 OR 256 TABLES STORED. TABLEO Io Qo TABLE 10 ot it put s v v e e e e e e et e e e e S . "
THE COUNTER RESETS TO A COUNT OF ZERO AT THE PIN 7 PIN 21
START OF A FRINGE CYCLE AND INCREMENTS EACH TABLEL I1 Q1 TABLE 1-1 TABLEO PIN 22 ;
FFT CYCLE. WHEN TBMODE IS LOW, THE TRIG TABLE rapLEz PIN 8 12 5 PIN 20 TABLE 1-2 TABLEL PIN 21 ;
SELECTED IS DETERMINED BY THE MICROPROCESSOR Q TABLE2 PIN 20 ;
VIA THE TABLEO-7 INPUT LINES. PIN 9 PIN 19 TABLE3 PIN 19 ;
TABLE3 I3 Q3 TABLE 1- TADLDA PIN 18 .
PIN 10 PIN 18 TABLES PIN 17 ;
TABLE4 I4 04 TABLE 1-4 TADLDG PIN 16 .
rapLEs PIN 11 Is o5 PIN 17 PABLE 1-5 TABLE7 PIN 15 ;
TABLEE -BIN 12 I6 06 PIN 16 TABLE 1- "definitions....... e e e e e e e e e e e e e et a e e e e e ae e e
PIN 13 PIN 15 TABLE_IN = [TAB6,TABS,TAB4,TAB3,TAB2,TABL,TABO] ;
TABLEY 7 Q7 TABLE 1-7 TABLE = [TABLEG6, TABLES, TABLE4, TABLE3, TABLEZ2, TABLEL, TABLEO ] ;
PIN 2 TBMODE PIN 5 OLOAD B =T 1 = s o 3 o =, N
TABINC N .
egquations
RESET
PIN 3
CAPNF PIN 1
CLK32 CLK
BINARY TABLE = (TABLE_IN ) & !TBMODE
COUNTER # (TABLE ) & TBMODE & !TABINC
# (TABLE + 1) & TBMODE & TABINC & !CAPNF
LOAD OVERRIDES RESET AND CLEAR. # o & TBMODE & TABINC & CAPNF ;
TABLE7 = (TAB7 ) & !TBMODE
# 0 & TBMODE ;
TEMODE __TABINC __ CAPNF, FUNCTION
0 X X CLOCK IN uPROC TABLE NUMBER TABLE(0..7) end PAL_S8A
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: INITL\ INTO 8A IS A SPARE INDUT.
Title
TRIG TABLE SELECTION PAL
Size|Document Number REV
B PALSA .SCH
Date: October 15, 1997[Sheet 6 of 15




LOCATED MID UPPER LEFT OF

L013D02.SCH

12D
CAPNF g I1 Q0 3_;%
[FRMODE Z I2 Q1 "3'.7 FRLOAD\A
[s8 3 = I3 Q2 Pgg FRLOAD\B
T4 & I4 Q3 P3s NEW FR A
TE = I5 Q4 D73 < NEW FR B
= I6 Q5 P3F= FRRW\A
L& 8117 06 p13 FRRW\E | PAL 12D
T7 E] 12 FFT SEQUENCER DECODE PAL
I8 Q7 p
CLK32B 1% cLK
OE
l 16R8_
i uza FRMODE
NEW FRINGE CYCLE (CAPNF 1
3 0 M
2 / U PIN 18 FRIGAD\A]
sal1 D1 !Q1 FRLOAD\A
741.S08
uzAa
T5 1 PIN 17
T6 DEMUX | |sEo1 TFRMODE \ 3 Dz o2
T7 SEQ2 2
[SEQ3
74Lsos8 p3 03PN L8 WEW FR A
D4 oa{FIN IS NEW FR B
uza
1 N\
! FRMODE 3 PIN 14
TCRb 3 ) D5 105 === ——=<FRRW\A ]
74Ls08
p6 16 (PN 13 FRRWAE ]
C
CLK32 CLK32B ]
PAL 18D, 12D AND 13D FUNCTION TABLE
COUNT CAPNF T7 T6 T5 T4 T3 T2 T1 TO0 FUNCTION
X X X X X X X X X 1/0 STAGE4-ENA = TO, STAGES5-ENA = TO\
X X 0] 0 0 X 0 ] 0 X IDLE
X X X X X X 0 0 1 X INIT1\ = 0
X X X X X X (o] 1 0 X INIT2\ = 0
X X X X p: X 0 1 1 X INIT3\ = 0
X X X X X X 1 0 0 X INIT4\ = 0
X X X X X X 1 0 1 X INIT5\ = 0
X X X X X X 1 1 0 X INITPG\ = 0
X 1 0 0 1 X X X X X FRLOAD\ = 0
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 o] 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\ = 0
NOTE : T4 IS NOT USED.

WHEN FRMODE IS HIGH FRLOAD AND FRRW ARE INACTIVE AND S8

IS = TO NEW FR.

module

title

Ray Escoffier

PAL_12D
‘FFT SEQ FR DECODER
16 Aug 1989~

uUla2p device

"inputs.............. e e e e .
CAPNF PIN
FRMODE PIN
S8 PIN
T3 PIN
T4 PIN
T5 PIN
T6 PIN
T7 PIN

" FRMODE S8 ™7 T6 TS CAPNF

" (o] X 0 0 0 X

" 0 X 0 o] 1 1

" 0 X 0 1 0 1

" o] X 0 1 1 X

" 1 0] X X X X

" 1 1 X X X X

“P1l6R8"’ ;

;

;

7
CARD FUNCTION
- IDLE
FFT FR LOAD ACTIVE
FFT NEW FRINGE ACTIVE
FFT FRINGE REWIND ACT
FFT IDLE
FFT FR LOAD ACTIVE

IVE "

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.

o Y B o B S
{ FRLOADA PIN 18 ;
! FRLOADB PIN 17 ;
NEWFRA PIN 16 ;
NEWFRB PIN 15 ;
! FRRWA PIN 14 ;
! FRRWB PIN 13 ;
"definitions...... ... ... .ttt e e e e e e e e e ettt et "
SEQ = [T7,T6,T5] ;
L =Y 1 F= R e X o = 1 "
equations
FRLOADA 1= [0,0,1]) & CAPNF & !FRMODE
# & FRMODE ;
FRLOADB 1= [0,0,1]) & CAPNF & !FRMODE
# & FRMODE 7
NEWFRA 1= [0,1,0]1) & CAPNF & !FRMODE ;
NEWFRB H [0,1,0]) & CAPNF & !FRMODE ;
FRRWA H [0,1,1]) & !CAPNF & !FRMODE ;
FRRWB : [0,1,1]) & !CAPNF & !FRMODE ;
end PAL_12D
FFT SEQUENCER DECODE PAL
Size|Document Number REV
B PAL12D.SCH
Date: October 17, 1997[Sheet 7 of 15




CAPNF LOCATED MID UPPER LEFT OF L013D02.SCH

end PAL_13D

13D
2 19 1CO uNEW FFT GOES TO THE uP, BUT IS NOT USED FOR ANYTHING.
3 %% 89 D15~ UNEW FRINGE | PAL 13D
é I3 o2 TC1 CoNEW FET FFT SEQUENCER DECODE PAIL
I4 Q3 PGFRINGE
51 T5 Qu < FSTFRINGE
717 o5 ESCLOADNA THIS PAL WILL DECODE TIMING SIGNALS GENERATED BY
8117 oe S SCT.OADNE THE FFT CYCLE SEQUENCER TO PROVIDE CONTROL
5l 18 o7 TC2 - = SIGNALS TO THE FFT CONTROL CARD AND THE FFT
CARD.
Ll cnx
i1] 58 PIN 19. ONE BIT OF A 3-BIT COUNTER.
I 16R8_ 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
NEW FRINGE CYCLE (CAPNF) MICROPROCESSOR. THIS SIGNAL COMES NEAR THE
p1 o1 |BINI18 — o +RTNGE |BEGINNING OF THE FRIST FFT CYCLE OF A NEW FRINGE
O CYCLE.
PIN 17. ONE BIT OF A 3-BIT COUNTER.
3 A Yo A p2 02|BINI16 ~5EERTNGE]
T51E YIRS smo g
<3 SEQ3 PINS 16 AND 15. THESE PAL OUTPUTS DECODE THE FFT
va SEQ4 | [ SEE D3  o3|BIN{1S —=rrrinGE] CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
v5 SEQS O THE NEW FRINGE SIGNAL FOR THE FFT CARD. THIS module PAL_13D
ve SEQ6 MEQUATION SIGNAL IS CAPTURED BY THE FFT INIT SIGNAL ON THE .
7 FFT CARD. IT THUS CAN BE A WIDE PULSE NEAR THE title ’'FFT SEQ DECODER
D4 Q4alBIN 14 —=rrsrnval FIRST FFT CYCLE OF A NEW FRINGE CYCLE. TWO ) ,
74LS138 DS Q5 IDENTICAL OUTPUTS ARE PRIVIDED FOR FANOUT. Ray Escoffier 16 Aug 1989
c PINS 14 AND 13. THESE PAL OUTPUTS DECODE THE FFT U1l3D device ‘P16R8 "
CLK32 CYCLE SEQUENCER TIMING OUTPUT SIGNALS TO PROVIDE
THE FRINGE REWIND SIGNAL FOR THE FFT CARD. THIS oY <R = U
SYNC COUN SIGNAL COMES NEAR THE BIGINNING OF EACH FFT
PIN 19 1CO CYCLE. TWO IDENTICAL OUTPUTS ARE PRIVIDED FOR CAPNF PIN 2 ;
COUNTER[PIN 17 !C1_ |COUNT==110 FANOUT . T1 PIN 3 ;
PIN 12 1C2 T2 PIN 4 ;
C PIN 12. ONE BIT OF A 3-BIT COUNTER. T3 PIN 5 ;
CLK32 | T4 PIN 6 ;
TS PIN 7 ;
PAL 18D, 12D AND 13D FUNCTION TABLE T6 PIN 8 ;
COUNT CAPNFE T7 T6 TS5 T1 T0 FUNCTION ™7 PIN 9 ;
X X X X X X X X X 1/0 STAGE4-ENA = TO0, STAGES-ENA = TO\
X X 0 0 0 X 0 0 0 X IDLE " T T6 T5 CARD FUNCTION
x x b 4 x X X 0 0 1 X INIT1\ = O B e e e
X X X X X X 0 1 0 X INIT2\ = O " 0 0 0 - IDLE
X X X X X X 0 1 1 X INIT3\ = O " 0 1 0 CONT NEW FRINGE INTRR TO uPROC ( = NEW FR)
X X x X X X 1 0 0 X INIT4\ = O " 0 1 0 CONT NEW FFT SIGNAL TO uPROC (NOT USED)
X X X X X X 1 0 1 b4 INIT5\ = O " 1 0 0 CONT NEW FRINGE SIGNAL TO PULSAR GATE LOGIC
X X X X X X 1 1 0 b4 INITPG\ = O " 1 0 1 CONT NEW FRINGE SIGNAL TO FRACT SAMPLE LOGIC
X 1 0 0 1 X X X X X FRLOAD\ = O " 1 1 0 FFT LOAD FRACTIONAL SAMPLE TIME PARAMETERS
X 1 0 1 0 X X X X X NEW FR = 1
X 0 0 1 1 b4 X x X X FRRW\ = 0 ST 0 L © R = "
b4 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 | UNEWFRINGE PIN 18 ;
X X 1 1 0 X X X X X FSLOAD\ = 0 PGFRINGE PIN 16 ;
NOTE : T4 IS NOT USED. COUNT, SHOWN ABOVE, IS TAKEN FROM A 3-BIT FSTFRINGE PIN 15 ;
COUNTER MADE UP OF PINS 12, AND 19 OF 13D. THIS COUNTER { FSCLOADA PIN 14 ;
IS USED TO DELAY THE FSTFRINGE SIGNAL 5 FFT CYCLES TO MAKE | FSCLOADB PIN 13 ;
UP FOR PIPELINNING IN THE FFT CARD. 1CO PIN ;
1cl PIN ;
1c2 PIN ;
"definitions............... e e e e e e e e e e e e et e e e e e e e e e "
SEQ [T7,T6,T5] ;
CNT [c2,C1,C0] ;
L=Ye LB R ik 1 o o = @ e e e e e e e e e e e e e e e e e ce e
equations
UNEWFRINGE i = (SEQ [0,1,01) CAPNF ;
PGFRINGE i= (SEQ [1,0,01]) ;
FSTFRINGE := (SEQ [1,0,1]) (CNT == [1,1,01])
# (SEQ [1,0,1]) & FSTFRINGE ;
FSCLOADA := (SEQ [1,1,01) ;
FSCLOADB := (SEQ [1,1,01) ;
CNT i = CNT & (SEQ != [0,1,1])
# [0,0,1] & (SEQ == [0,1,1]) & CAPNF
# (CNT + 1) & (SEQ == [0,1,1]) & (CNT !=

;

FFT SEQUENCER DECODE PAL

Size|Document Number REV
B PAL13D.SCH
Date: October 17, 1997|Sheet 15




LOCATED MID UPPER LEFT OF L013DO02.SCH

18D
e It
u TO 4] 13 22 B17 INIT3\ 4 2 PIN 19 !INIT1
= Q2 p= Al QA
Tl 2114 Q3 pEf INITAN INITU 2122 OA|l—3-L.in 18 1INTTZ
= < = 12 Q4 P73 INITSZ £ Bl QB 3 :
== I Q5 pP== STAGE4 - ENA = B2 OB ==
ﬁéf g I7 Q6 p3 sm@l :hg c1 oc 12 PIN 17 !INIT3
I8 Q70 INITPG\ 171 S2 9535 pIn 16 1INIT4
CLK32B 1 ok 161 p3 83 1
1] Sk PROG 1l ws
| 11 8ok
16R8_
= 741,.S398
PAL 18D g Al oa g PIN 15 !INITS
A2 QA
FFT SEQUENCER DECODE PAL T1 1 - 7 9
T2 2] 2 Yo p 6] Bl 9B —F pIiNn 14
T3 51 B Y1 E 721 B2 QB |45 5IN 13 STAGE4 -ENA |
PAL OUTPUT PINS 19, 18, 17, 16, < zZpe 151 S5 8% i3 STAGES —ENA |
15, AND 12 DECODE STATES OF THE va b 171 51 o L9 _PIN 12 INTTEEY
FFT CYCLE SEQUENCER AND PROVIDE 61 a1 s b 16] o> & 18
FFT CYCLE INITIATE PULSES FOR THE 4] G3a ve b 1] qe
5 STAGES OF TRIG TABLES AND FOR 5d ¢85 v7 b2 I1} Srx
THE PULSAR GATE GENERATOR. OUTPUT P
PINS 14 AND 13 PROVIDE ALTERNATE 1/0 74LS138 74LS398
WHICH BECOME THE LS ADDRESS OF STAGE = module PAL_18D
4 AND STAGE 5 TRIG TABLE. WHEN PROG
IS HIGH THE MICROPROCESSOR SIGNAL TO title ‘FFT SEQ INIT DECODER
UINIT REPLACES THE FFT CYCLE SEQUENCER
TIMING SIGNAL SO THE MICROPROCESSOR CLK32 Ray Escoffier 28 July 1989°
CAN ADDRESS THE TRIG TABLES.
ul8pD device "P16R8" ;
L T 2 1 3 = "
PROG PIN 2 ;
PAL, 18D, 12D AND 13D FUNCTION TABLE uINIT PIN 3 ;
COUNT CAPNFE T7 T6 T5 T4 T3 T2 T1 TO FUNCTION TO PIN 4 ;
X X X X X P X X X 1/0 STAGE4-ENA = TO, STAGES-ENA = TO\ T1 PIN 5 ;
X X 0 0 0 X 0 0 o] b4 IDLE T2 PIN 6 ;
X x X X x X 0 0 1 X INIT1\ = O T3 PIN 7 ;
X X X X X X 0 1 0 X INIT2\ = 0 T4 PIN 8 ;
X X X X X X 0 1 1 X INIT3\ = 0 TS PIN 9 ;
X X X X X X 1 0 0 X INIT4\ = O
b4 X X X X X 1 0 1 X INIT5\ = O " T™S T4 T3 T2 T1 TO FUNCTION "
x x X X X X 1 1 0 X INITPG\ = O e "
b 4 1 0 0 1 X X X X X FRLOAD\ = O " b4 X x X X 1/0 STAGE4 = TO0 AND STAGE 5 = TO\ "
X 1 0 1 0 X X x X X NEW FR = 1 " x X 0 0 0 X IDLE "
X 0 0 1 1 X X X X X FRRW\ = O o X X 0 0 1 X FFT STAGE 1 INIT ACTIVE "
x 1 0 1 0 X X X X X UNEW FRINGE = 1 " x b4 0 1 0 X FFT STAGE 2 INIT ACTIVE "
X X 1 0 0 X X X X X PGFRINGE = 1 " x X 0 1 1 b4 FFT STAGE 3 INIT ACTIVE "
6 X 1 0 1 X X X X X FSTFRINGE = 1 " x x 1 0 0 X FFT STAGE 4 INIT ACTIVE "
X X 1 1 0 X X X X X FSLOAD\ = 0 " X x 1 0 1 X FFT STAGE 5 INIT ACTIVE "
NOTE : T4 IS NOT USED. THE TABLE ABOVE IS VALID FOR PROG = O. " x X 1 1 0 b4 PULSAR GATE INIT ACTIVE "
WHEN PROG = 1 ALL OUTPUTS OF THE 18D PAL ARE = TO uINIT. UL DU S« + v v v e et e e e e e e et e e e e e e e e e e e e e e e e e e e e e e e e e e e e "
' INIT1 PIN 19 ;
IINIT2 PIN 18 ;
1INIT3 PIN 17 ;
1 INIT4 PIN 16 ;
1 INITS PIN 15 ;
| STAGE4 PIN 14 ;
| STAGES PIN 13 ;
| INITPG PIN 12 ;
LG =% e 15 o Y 1 i I o 3.« - "
SEQ = [T3,T2,T1] ;
=Y B = o I o 3 = = "
equations
INIT1 := (SEQ == [0,0,1]1) & !PROG # !uINIT & PROG ;
INIT2 = (SEQ == [0,1,0]) & !PROG # !uINIT & PROG ;
INIT3 := (SEQ == [0,1,1]) & !PROG # !uINIT & PROG ;
INIT4 := (SEQ == [1,0,0]) & !PROG # !uINIT & PROG :
INITS := (SEQ == [1,0,1]) & !'PROG # !uINIT & PROG ;
STAGE4 = ' TO ;
STAGES := TO ;
INITPG := (SEQ == [1,1,0]) & !PROG # !UINIT & PROG ;
end PAIL_18D
FFT SEQUENCER DECODE PAL
Size|Document Number REV
B PAL18D.SCH
Date: October 20, 1997[Sheet 9 of 15




DATA FROM MASTER IS READY

CLEAR TO SEND DATA TO MASTER SDATARDY module PAL_21E flag ‘-r3~’
LOCATED L013D03.SCH, LOWER RIGHT ™
21E 8 title ‘HCB CONTROLLER
SDATARDY 1[ ., i p1l9 ACK )
BUSY 2] 73 o3 bl8 RCVENA\ BUSY Ray Escoffier 19 August, 1989°
SELECT 3] 13 o3 P BUSENA PIN 19 ACK .
STROBE 4 Iz oz pd OEA\ e U21E device *P16L8’" ;
MODEO 5 Is o5 15 ACKA\ " Adapted from firpalll.abl "
ODEL 51 Te oe F14 WRB\ I
'TRQIN 71317 o7 13 RESET MODEOQO 21 A vo b4 "inputs.......... e e e e e e e e R
! RDHCE 8 K12 IRQ\ MODEL 3 5 |
|UP_RESET 5 %g 08 p- B XPE a SRDY PIN 1;
11 14 7 1 BUSY PIN 2;
— I10 < G Y3 po—— SEL PIN 37
- 16L8 74L.S139 PIN 18 RCVENA\ STB PIN 4;
MDO PIN 5;
MD1 PIN 6;
PAL 21E Ie) ITRQIN PIN 7;
HCB CONTROLLER PAL PIN 17 BUSENA 'RDHCB PIN 8;
SELECT | ~ {UPRESET PIN 9;
ACK: FOR WRITES FROM MASTER TO 2950, e P OUEDPUES . &« v e e e e e e et e et e "
ACK GOES LOW WHEN 2950 IS BUSY, GOES STROBE _
HIGH WHEN 2950 IS READY FOR MORE DATA. ACK PIN 19;
| RENA PIN 18;
FOR READS OF 2950 BY MASTER, ACK GOES PIN 16 OEA\ BENA PIN 17;
LOW WHEN 2950 HAS NEW DATA, HIGH O 1OEA PIN 16;
WHEN MASTER HAS READ THE DATA. 1ACKA PIN 15;
! WRB PIN 14;
FOR ATTENTION REQUEST FROM SLAVE TO PIN 15 ACKA\ RST PIN 13;
MASTER, ACK GOES LOW; CLEARS WHEN 1 IRQ PIN 12;
MASTER INTEROGATES SLAVE.
RCVENA\: ENABLE DATA FROM HCB BUS TO LOCAL BUS Q PIN 14 WRB\ T CONSEANES -« - ¢ 4 e e et e e e e e "
BUSENA : ENABLE DATA FROM LOCAL BUS TO HCB BUS ‘. H,L,X,Z,C 0,.X.,.%Z.,.C.;
uP_RESET\
OEAN\ : ENABLE DATA FROM 2950 PORT A TO LOCAL BUS L{D MODE = [SEL
A~ PIN 13 RESET
ACKAN\ : ACK PULSE TO 2950 FOR BOTH READ AND WRITE ~ ATN = [0,0,0]);
(PULSES LOW, TRAILING EDGE IS ACTIVE) | FIRSTBYTE = [1,0,01);
MOREBYTES = [1,0,1]1):
WRB\ : WRITE PULSE TO 2950 FOR WRITES BY MASTER READ = [1,1,0]1);
(PULSES LOW, TRAILING EDGE IS ACTIVE) RESET = [1,1,11);
~ ACKHIGH =
RESET: HIGH TRUE RESET PULSE ~ == [0,0,1]) # (MODE == [0,1,0])
L PIN 12 IRQO\ = [0,1,1]) # (MODE == [1,1,1])
IRQ\ : LOW TRUE INTR RQST PULSE TO SLAVE = [1,0,01)
INDICATES NEXT BYTE IS FIRST BYTE OF
A TRANSFER FROM MASTER TO SLAVE. IRQIN
OEAHIGH = (
! RDHCB # (MODE == [0,0,1])
# # (MODE == [0,1,1])
# # (MODE == [1,0,11)
#
) ;
SELECT [STROBE MODE1 ][ MODEO FUNCTION ACK RCVENA\|[ BUSENA [ OEA\ ACKA\ WRB\ RESET| IRO\
[) X 0 ALLOW SLAVE TO ASSERT ATTN | SDATARDY\ 1 0 1 1 1 0 1 "equations. . ...ttt e e "
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 equations
0 X 1 1 IDLE 1 1 0 1 1 1 0 1
1 I I 0 0 MASTER SENDS IRQ TO SLAVE 1 1 1 1 STROBE\ 1 0 STROBE\ ACK = ATN & !SRDY
1 Ny I 0 1 MASTER WRITES TO SLAVE BUSY\ o] 0 1 STROBE\ [STROBE\ 0 1 # MOREBYTES & !BUSY
1 N Y 1 0 MASTER READS FROM SLAVE SDATARDY\ 1 STROBE [STROBE\ [STROBE\ 1 0 1 # READ & !SRDY
1 N 1 1 MASTER RESETS SLAVE 1 1 0 1 STROBE\ 1 STROBHE 1 # 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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LOCATED L013D04.SCH, LOWER LEFT

21H
.
SH 3[WRA>—VRN 2117 100 °%%—$§S§ N
SH 3 [WR8\ 2] I2 IOl PT5"saFTO (WRB\ > 3 PIN 19 WRS8\
SH 3[WRON 2113 Toz2 ppt SHETO 5
T2 Q3 prs !
6 15 ISHFT2
7] I3 Q4 PTZ isurT3
i 16 o5 P35
I7 106 pE3-
E) I8 107 312 WRENA 1
CLK16A 1 ok 3 PIN 18 WR9\
11 & J
| Temac
U?A
1
PAL 21H 3
WRITE DEGLITCHER PAL 2
FALS00
THIS PAL WILL PRODUCE GLITCHLESS WRITE SIGNALS
FROM THE 87C51 MICROPROCESSOR WR\ SIGNAL. THESE WR\
SIGNALS WILL BE ACTIVE FOR ONT CLK1l6 CLOCK CYCLE. 4-BIT PIN 17 I SHFTO
SHIFT PIN 16 1SHFT1
REG PIN 15 1 SHFT2
PIN 14 1 SHFT3
WRS8\ PIN 192. THIS PIN PROVIDES A GLITCHLESS WR9
TERM. CLK16
WRO\ PIN 18. THIS PAL PROVIDES A GLITCHLESS WRS8
TERM.
1 PIN 13
ISHFTO0 PINS 17 THRU 14. THESE PAL OUTPUTS FORM A 4-BIT SHIFT
ISHFT1 REGISTER.
| SHF T2
I SHFT3
PIN 13. THIS PAL OUTPUT IS NOT USED.
2
WRENA PIN 12. THIS PAL OUTPUT PROVIDES A ONE CLOCK
PULSE DURATION GLITCHLESS GATE THAT CAN PIN 12 WRENA

BE USED TO DE GLITCH MICROPROCESSOR SELECT
LINES IN ADDITION TO WR8 AND WRO9..
NOTE THIS WRENA SIGNAL CURRENTLY HAS NO USE OUTSIDE THE PAL.

module PAIL_21H
title ‘MICROPROCESSOR WRITE PULSE DEGLITCHER

Ray Escoffier 27 JULY 1989~

U21H device ‘P16R4 " ;
"inputs...... e e e e e e e e e e e e e e e e . "
IWR PIN 2 ;
IWRS81i PIN 3 ;
IWR91i PIN 4 ;
3 b w3 I i = "
1WRS8 PIN 19 ;
fWR9 PIN 18 ;
I SHFTO PIN 17 ;
I SHFT1 PIN 16 ;
I SHFT2 PIN 15 ;
I SHFT3 PIN 14 ;
WRENA PIN 12 ;
S = i 15 o T A s 1 3o = e e e e e e "
L'=Yo s =R i I o o 1= P e e e e et e e @ e e e e e e "
equations
WRS8 = SHFT1 & !SHFT2 & WRS8i ;
WR9 = SHFT1 & !SHFT2 & WR9i ;
SHFTO WR ;
SHFT1 SHFTO & WR ;
SHFT2 SHFT1 & WR ;
SHFT3 SHFT2 & WR ;
WRENA = SHFT1 & !SHFT2 ;
end PAL_21H
Title

WRITE DEGLITCHER PAL

Size|Document Number REV]
B PAL21H.SCH
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LOCATED L013D04.SCH, LOWER LEFT

22H
5o oA —2 11 o1 prg- | GHY
AL 3] I2 92 D75 om2
2] I3 O3 PTg 10E3
[EELZN 4172 oOapis !
WRN 511 S% BIs_weo\
S13 6 PTZ4 wE1\
S19 71 I8 096 DI3—yma\
S20 5] I7 O7 DI we3\
2118 o8 piz-
= 19
I10
e T6L8
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 74L.S245s 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.

19

nlnln

EL2

20\

s19

AOQ
Al

20\

EL2

slulnln

S19\
S20
S13

CLK16\

WIN

(1§}

4 PIN 19
2 VP> DIN 18
2 6 PIN 17
e iR PIN 16
74LS139
| PIN 15
A vop—&
B vlp-2
Y2 3%7——
G ¥3Dp PIN 14
74LS139
PIN 13
PIN 12

S20 S19 S18 S13 FUNCTION
9] 1 1 [0] ALLOW MICROPROCESSOR TO READ PARAMETER RAM
(o] 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 (6] MICRO INSTRUCTION READS PARAMETER RAM
1 0 X 1 MICRO INSTRUCTION WRITES INTO PARAMETER RAM
ADDR FUNCTION
AQ000 READ/WRITE TO RAM O
A001 READ/WRITE TO RAM 1
A002 READ/WRITE TO RAM 2
AQ03 READ/WRITE TO RAM 3

module PAIL_22H

end PAL_22H

10OEO
1OELl title ‘PARAMETER RAM CONTROL PAL
{OE2
{OE3 Ray Escoffier 8 August, 1989~
U22H device
TINPUES . L .t s e e e e e e e e e e e e e "
CLK16 PIN
WEO\ A0 PIN
Al PIN
I SEL2 PIN
IWR PIN
S13 PIN
WE1\ S19 PIN
S20 PIN
"outputs....... e e e e e e e e e e e eee "
WE2\ IOEO PIN 19
'OE1l PIN 18
10E2 PIN 17
tOE3 PIN 16
{WRO PIN 15
WE3\ TWR1 PIN 14
IWR2 PIN 13
IWR3 PIN 12
"definitions.................... "
ADDR = [Al,A0]
"egquations. .. ... e it et "
egquations
OEO = 1S20 & S19 & (ADDR &
OE1l = 1S20 & S19 & (ADDR &
OE2 = 1S20 & S19 & (ADDR &
OE3 = 1S20 & S19 & (ADDR &
WRO 1820 & S19 & S13 & [0,
# S20 & !S19 & S13 &
WR1 = 1520 & S19 & S13 & (ADDR == [0,
# S20 & !'S19 & S13 & !CLK16
WR2 = 1S20 & S19 & S13 & (ADDR == [1,
# S20 & !8S19 & S13 & !CLK16
WR3 = 1S20 & S19 & S13 & (ADDR == [1,
# S20 & !S19 & S13 & !CLK16

‘Pl6L8"’
1 ;
2
3
4 ;
5 ;
6 ;
7
8 ;
SEL2
SEL2
SEL2
SEL2
0]) & SEL2 &
1]) & SEL2 &
0]) & SEL2 &
1]) & SEL2 &

7

WR

WR

WR

oSN N

~ ~

~

MODEL PARAMETER RAM SELECT PAL

Size|Document Number REV
B PAL22H.SCH
Date: October 20, 1997[Sheet 12 of 15




LOCATED LO13D03.SCH,

LOWER LEFT TO THE RIGHT OF THE uP.

AlS 1
) 3
RD\ 2
All”’ 1 module PAL_26F
PIN 19 OE\
26F 2| title ‘MISCL MICROPROCESSOR LOGIC
1 19 OE\ AlS 1
a1s 2117 S1Bis /A ) 3 Ray Escoffier 28 July 1989°
3 17 SEL1S5 PSEN\ 2
I3 O3 PF= .
RD\ 4 T4 o4 3:l.6 RD OR PSEN U26F device ‘P16L8" ;
WR\ 5 15
IS OS5 ps=5— .
PESN \ 6 I6 06 314 All CINPUES . & i .t e e e e e e e e e e e e e e "
7 13 Al1\
I7 O7 PF5—
81Tg o8 plt2 WR\ RD\ PIN 18 B/A Alli PIN 1 ;
9 I9 AlS5i PIN 2 ;
11 I10 I'RD PIN 4 ;
1 'WRi PIN 5 ;
- 16L8 ! PSEN PIN 6 ;
AlS 1 AN TOULPUES . - ¢t e e e e e e e e e e e e e e "
PIN 17 SEL15
RD\ 1 2 J
PAL 26F 3 1OE245 PIN 19 ;
MISCELLANEOUS MICROPROCESSOR LOGIC PAL WR\ DIR245 PIN 18 ;
SEL1S5 PIN 17 ;
!MEMOE PIN 16 ;
THIS PAL CONTAINS MISCELLANEOUS LOGIC IN THE AllAa PIN 14 ;
MICROPROCESSOR PORTION OF THE FFT CONTROL CARD: PSEN\ 1 N\ 1A11B PIN 13 ;
3 PIN 16 RD OR PSEN IWR PIN 12 ;
OE\ PIN 19. THIS PIN IS THE LS245 OUTPUT ENABLE. RD\ 2
IT IS ACTIVE (LOW) ALL THE TIME EXCEPT FOR
RAM 32F READ OPERATIONS. "definitions............ .. ... "
B/A PIN 18. THIS PAL OUTPUT SUPPLIES THE DIRECTION
SIGNAL FOR THE DATA BUS LsS245. PIN 15
"TeQuUAationNS. . . . it e e e e e e e e e e "
SEL1l5 PIN 17. THIS PAL OUTPUT SUPPLIES A GLITCHLESS
Al5 SIGNAL FOR THE 74LS138 DECODERS. equations
RD OR PSEN PIN 16. THIS PAL OUTPUT PROVIDES THE RAM MEMORY [\
OUTPUT ENABLE SIGNAL FOR EITHER DATA MEMORY All 1 2 PIN 14 Al1l
ACCESS (RD) OR FOR PROGRAM MEMORY ACCESS (PSEN). / OE245 = (A1l5i # !RD) & (Al1l5i # !PSEN) ;
DIR245 = !RD ;
PIN 15. NOT USED. SEL15 = Al5i & (WRi # RD) ;
MEMOE = RD # PSEN ;
All PIN 14. THIS PAL OUTPUT BUFFERS THE All MICRO AllAa = Alli ;
ADDRESS LINE FOR HIGH FANOUT. 1A11BR = tAl11i ;
1 2 PIN 13 Al1\ WR = WRi ;
All\ PIN 13. THIS PAL OUTPUT INVERTS THE All MICRO
ADDRESS LINE. end PAIL_26F
WR\ PIN 12. THIS PAL OUTPUT BUFFERS THE MICRO WR\
LINE FOR HIGH FANOUT.
WR\ 1 2 PIN 12 WR\
MISC uP LOGIC PAL
Size|Document Number REV
B PAL26F .SCH
Date: October 20, 1997[sheet 13 of 15




LOCATED L013D04.SCH, UPPER LEFT

SAME JED FILE FOR 33J AND 33H 33H
BINARY
33J 33H COUNTER
gg g I1 100 3%2 ging D4 211 1o0 pl2 CaPA4 D4 zn\ 2 A0 Q0 znx 17 MA4
Iz Io1 Al D5 3] 75 Io1 BbL8 _CAPAS D5 PIN 3 Al o1 PIN 16 MAS
D2 4] 13 3 P17 Ma0 D6 4 17 _MA4 D6 PIN 4 PIN 15 MA6
53 5 Q2 PIE " Mal D7 5] I3 Q2 PTe mas D7 pIN 5 | 22 Q2 5IN 14 MA7
| T4 Q3 P I4 Q3 pFg— = A3 Q3
CAPA3 6 15 MA2 CAPA7 6 15 MA6
IS5 Q4 p—=>— I5 Q4 p= -
CSO0 7] Te os 14 MA3 CS0 71 Te os 14 MA7 CAP4 PIN 19 | ng crY D PIN 12
CS1 8| 77 156 bl3 _CAPA2 CsS1 8117 166 13 CAPA6 CAPS5 PIN 18 | 57 d
9 12 CARRY OUT 9 12 CAP6 PIN 13
I8 IO7 p= I8 IO7 p==— = B2
CAP7 PIN 6 B3
CLK16E 1| crx CLK16E I
11 oF 11 OB COUNT ENA\ PIN 9 ~ ENA
I CS0 PIN 7 ™
= MODE O
- 16R4_ L 16R4_ CS1 PIN_8 MODE 1
CLK16 PIN 1 CLK
330
PALS 33J AND 33H BINARY
MODEL GENERATOR MICRO-SEQUENCER ADDRESS GENERATOR COUNTER
DO PIN 2 20 00 PIN 17 MAO
D1 PIN 3 AL 1 PIN 16 MAL
D2 SIN 4 Q PIN 15 MA2
A2 Q2 =
THIS PAL IS THE MICRO INSTRUCTION ADDRESS COUNTER D3 PIN 5 A3 o3 PIN 14 MA3
FOR THE FLOATING POINT MODEL GENERATOR. IT CAN
HOLD A COUNT, INCREMENT, LOAD FROM THE CAPO PIN 19 | o cry H—BIN 12 CARRY OUT
MICROPROCESSOR DATA BUS OR LOAD FROM THE CAPTURE CAPL PIN 18 | 51 N~
REGISTER. A LOAD FROM THE DATA BUS IS THE CAP2 PIN 13 | 55 module PAL_33J
MICROPROCESSOR’ WAY OF GETTING AN INSTRUCTION CAP3 PIN 6 B3
STARTED. LOADING FROM THE CAPTURE REGISTER ALLOWS title ‘MICRO-INSTRUCTION PROGRAM COUNTER PAL
MICRO STEP LOOPS TO BE IMPLEMENTED. THE CSO AND COUNT ENA\ PIN 9 a Exa
CS1 ARE THE FUNCTION CODE INPUTS. CSO0 PIN 7 MODE O Ray Escoffier 8 August, 1989~
N CS1 PIN_8
OUTPUT PINS 17, 16, 15, AND 14 ARE THE BINARY MODE 1 U33Jg device ‘P16R4’ ;
COUNT OUTPUT PINS. CLK16 PIN 1 CLK " FFT CONTROL CARD, IC POSITIONS 33J AND 33H "
OUTPUT PIN 12 IS THE COUNTER CARRY\ OUTPUT. LT o= =Rt "
MODE _ 1 MODE_ 0 COUNT_ENA\ FUNCTION DO PIN 2 ;
0 0 X HOLD D1 PIN 3 ;
0 1 1 HOLD D2 PIN 4 ;
0 1 0 INCREMENT D3 PIN 5 ;
1 0 X LOAD FROM B CcCAPA3 PIN 6 ;
1 1 X LOAD FROM A Ccso PIN 7 ;
cs1 PIN 8 ;
{CARRY_IN PIN 9 ;
CAPAO PIN 19;
CcAPAl PIN 18;
WRO\ S17 S16 INDEX CS S0 ADDRESS COUNTER INDEX COUNTER CAPA2 PIN 13;
0 X X X 1 1 LOAD FROM DATA BUS HOLD
1 0 o] X 0 0 HOLD HOLD " cs1i Ccso FUNCTION "
1 0 1 X 0 1 INCREMENT HOLD e "
" 0 o] HOLD MA COUNT "
1 1 0 x 0 1 INCREMENT LOAD IO - I3 " 0 1 INCREMENT MA COUNT "
1 1 1 NOT ZERO*| 1 o] LOAD FROM CAP REG DECREMENT " 1 0 LOAD FROM CAP REG "
1 1 1 ZERO™* 0 1 INCREMENT HOLD v 1 1 LOAD FROM DATA BUS "
R @ B R o I "
* POST DECREMENT MAO PIN 17 ;
MAL PIN 16 ;
MA2 PIN 15 ;
MA3 PIN 14 ;
| CARRY PIN 12 ;
L U= i 5 o T 1 e 1 o ¥ "
ADDRESS = [MA3,MA2,MA1l,MAO] ;
MODE = [CS1,CS0] :
DATA_BUS = [D3,D2,D1,D0] ;
CAP_REG = [CAPA3,CAPA2,CAPAl,CAPAO] ;
B =¥ 6 = il I o 5 o = "
equations
ADDRESS := (ADDRESS ) & (MODE == [0,01])
# (ADDRESS ) & (MODE == [0,1]) & (CARRY_IN == 0)
# (ADDRESS + 1) & (MODE == [0,1]) & (CARRY_IN == 1)
# (CAP_REG ) & (MODE == [1,01])
# (DATA_BUS ) & (MODE == [1,11]) ;
CARRY = (ADDRESS == [1,1,1,1]) ;
end PAL_33J
MOD GEN MICRO-SEQ ADR GEN 33J & 33H
Size|Document Number REV

B PAL33J.SCH

14 of 15

Date: October 20, 1997[Sheet




LOCATED LO013D04.SCH, UPPER LEFT

34H —MCSO
- )
ig 211 100 O—Fg— cso WRO\ PIN 7 1 2 /
INDEX 5 > 12 Tol pro—rpE%s
CNT IN I3 51 I3 Q2 DI§ 1 INDEX1
6] X2 93 PI5 i 1NDEX2 4-BIT INDEX ) \__PIN 13 _cs1
I5 Q4 pr2—, REGISTER N
ADDR = 8900  WR9\ 7112 S&pPIi !INDEX3
S16 8 Q5 PT3 o=l
S17 5] I7 I06 P75 l_c S/
= I8 107 p=2—
(CERTEE —>CLK16E 1% crx
OE K
1 T6RA_ f
PAL 34H module PAL_34H
MODEL GENERATOR MICRO-SEQUENCER CONTROL PAL
title ‘MICRO-INSTRUCTION PROGRAM COUNTER CONTROL PAL
THIS PAL CONTROLS THE MODEL GENERATOR MICRO- sie PIN 8 2 Jo b4 Ray Escoffier 8 August 1989
SEQUENCER ADDRESS COUNTER ON THE FFT CONTROL S17 PIN 93|52 37 g 5
CARD. 2 6 U34H device ‘P16R4 " ;
14 o—
PIN 19. THIS PIN IS NOT USED. G ¥Y3p FARDUES « - - e e e e e e e e e e e e e e e "
74LS1309
CS0 PIN 18. THIS PAL OUTPUT SUPPLIES ONE OF TWO I0 PIN 2 ;
CONTROL SIGNALS FOR THE MICRO-SEQUENCER ADDRESS I1 PIN 3
COUNTER PALS 33J AND 33H. I2 PIN 4 :
I3 PIN 5 :
| INDEXO PINS 17 THRU 14. THESE PAL OUTPUTS FORM A 4-BIT I0 PIN 2 157 oa |3 PIN 17 !INDEXO TWRO PIN 7 :
1 INDEX1 BINARY COUNTER. A MICRO INSTRUCTION WILL LOAD T1 PIN 3 118 SE[=2 PIN 16 ! INDEX1 si6 PIN 8 ;
1 INDEX2 THIS COUNTER WITH AN INDEX NUMBER AND THE MICRO I2 PIN 4 Tole oo[e PIN 15 ! INDEX2 S17 PIN 9 :
1 INDEX3 SEQUENCER CAN THEN PERFORM A FIRMWARE LOOP OF I3 PIN 5 o5 oS5z PIN 14 _ ! INDEX3
MICRO INSTRUCTIONS SET BY THE NUMBER LOADED IN reo BI3 " S17 si6 FUNCTION "
THE COUNTER. CLK16E 140 1k = s "
a7 S " 0 0 HOLD MA COUNT "
CS1 PIN 13. THIS PAL OUTPUT SUPPLIES THE SECOND OF HI 95,5 " 0 1 INCREMENT MA COUNT "
TWO CONTROL SIGNALS FOR THE MICRO-SEQUENCER 1] Dinn " 1 ) LOAD INDEX REGISTER (AND INC MA COUNT) "
ADDRESS COUNTER PALS 33J AND 33H. 5 g |12 " 1 1 TEST INDEX REGISTER (IF = 0 INC, = 1 LOAD CAP) "
" WR9 = 1, MA COUNT LOADS "
PIN 12. THIS PIN IS NOT USED. 74LS190 " OUEDUES « v v e eeeee et . e, "
cso PIN 18 ;
{ INDEXO0 PIN 17 :
1 INDEX1 PIN 16
| INDEX2 PIN 15 :
WRON | S17 _S16  INDEX CS1_Cso0 ADDRESS COUNTER INDEX COUNTER | INDEX3 PIN 14 :
0 X X X T 1 TOAD FROM DATA BUS HOLD cs1 PIN 13
L L= s 15 o s i I o o e e e e e e e "
1 0 0 x 0 0 HOLD HOLD MODE_ IN = [s17,s16] :
1 0 1 x 0 1 INCREMENT HOLD MODE = [CS1,CS0] ;
INDEX_LD = [I3,I2,I1,I0) :
1 1 0 x 0 1 INCREMENT LOAD TO-I3 INDEX = [INDEX3, INDEX2, INDEX1, INDEX0] ;
1 1 1 NOT ZERO* 1 0 LOAD FROM CAP REG DECREMENT P EQUALIONS « « v v e e eee e e e T "
1 1 1 ZERO* 0 1 INCREMENT HOLD
equations
* POST DECREMENT
MODE = [0,0] & (MODE_IN [0,01) & !WRO
# [0,1] & (MODE_IN [0,1]1) & !WRO
# [0,1] & (MODE_IN [1.0]) & !WRO
# [1,0] & (MODE_IN [1.1]) & !WRO & (INDEX )
# [0,1] & (MODE_IN [1,1]) & !WR9 & (INDEX )
# [1,1] & WR9 ;
INDEX = INDEX & !'WR9 & (MODE_IN == [0,0])
# INDEX & IWR9 & (MODE_IN == [0,1])
# INDEX_LD & !WR9 & (MODE_IN == [1,01)
# (INDEX - 1) & !WR9 & (MODE_IN == [1,1]) ;

end PAIL_34H

MOD GEN MICRO-SEQ CONTROL PAL

Size|Document Number REV
B PAL34H.SCH

Date: October 20, 1997[Sheet 15 of 15




2048 POINT FFT

PERFORMED IN
FFT ENGINES
o] Ali]’D 1

PERFORMED IN
FFT ENGINES
2 AliID 3

R
o |
s
A |
By
I | - 4
1(\)] | SLOPE DOUBLED ! 1-BIT FSTC SLOPE FOR FFT ENGINES 2 AND 3 ISt€
NOT USED
Al 20-BIT SHIFT REGISTER fstc7 Note, the addition is done incorrectly for negative numbers.
N NOT USED Therefore, fstc6 is used in the pals for engine 3,
G 5|5 as more approximately correct.
L i 9-BIT FSTC INITIAL PHASE FOR FFT ENGINE 2 (EVEN POINTS 512 THRU 1022) fStcé
H 23 —-1 20-BIT SHIFT REGISTER FSTC INITIAL PHASE FOR FFT ENGINE 3 (ODD POINTS 513 THRU 1023)
SPECTRAL POINT NUMBER
1 1-BIT FSTC SLOPE FOR FFT ENGINES 0 AND 1 fstcd
20-BIT SHIFT REGISTER } FSTC INITIAL PHASE FOR FFT ENGINE 1 (ODD POINTS 1 THRU 511) tstcO
|
LOAD INITIAL SLOPE | _ [ FSTC INITIAL PHASE FOR FFT ENGINE 0 (EVEN POINTS O THRU 510)
———| 20-BIT SHIFT REGISTER J——l
LOAD RATE ]
1 £ 5
1 1-BIT FSTC SLOPE FOR FFT ENGINES 2 AND 3 ste
SLOPE DOUBLED 20-BIT SHIFT REGISTER } . FSTC INITIAL PHASE FOR FFT ENGINE 3 (ODD POINTS 1 THRU 511) IStcl
LOAD INITIAL SLOPE ‘ [ FSTC INITIAL PHASE FOR FFT ENGINE 2 (EVEN POINTS O THRU 510)
——| 20-BIT SHIFT REGISTER '—-——|
|
SPECTRAL POINT NUMBER LOAD RATE
20-BIT SHIFT REGISTER { l FSTC SLOPE FOR FFT ENGINES 0 AND 1 LStc2
]
LOAD INITIAL SLOPE FSTC INITIAL PHASE
R L
O -
ZT_\' ——| 20-BIT SHIFT REGISTER J——]
Bx | See pal7e.abl and pal7f.abl
T LOAD RATE See fccasm/fcc.doc
o In m:/fcc/sch/SCCS
N|
1 fste3 VLBA CORRELATOR PROJECT
FSTC SLOPE FOR FFT
ﬁ 20-BIT SHIFT REGISTER I ENGINES 2 AND 3 NATIONAL RADIO ASTRONOMY OBSERVATORY
p T CHARLOTTESVILLE, VA
S LOAD INITIAL SLOPE [ FSTC INITIAL PHASE Titic
H = FSTC XILINX DESIGN
_—__4 20-BIT SHIFT REGISTER F_J Size|Document Number REV
SPECTRAL POINT NUMBER LOAD RATE J B 56000K027 (K027D02 . BLK)
Date: July 24, 1997[Sheet 2 of 13

LOAD INITIAL SLOPE

LOAD RATE

20-BIT SHIFT REGISTER

1

20-BIT SHIFT REGISTER |——-|

Lt

fstcO through fstc7 refer to Xilinx outputs.

FSTC SLOPE FOR FFT ENGINES 0 AND 1
fstcO0 NOT USED so as to be consistant with fstc7 not being used.

FSTC INITIAL PHASE FOR FFT ENGINE O
FSTC INITIAL PHASE FOR FFT ENGINE 1

fstc4

(EVEN POINTS 0 THRU 510)
(ODD POINTS 1 THRU 511)




FFT ENGINE O:

INITIAL PHASE;

64 THRU 512 POINT FFT
1024 POINT FFT
2048 POINT FFT

RATE PARAMETER;

64 THRU 512 POINT FFT
1024 POINT FFT
2048 POINT FFT

FFT ENGINE 1:

INITIAL PHASE;

ZERO 64 THRU 512 POINT FFT ZERO

ZERO 1024 POINT FFT PHASE

ZERO 2048 POINT FFT PHASE
RATE PARAMETER;

PHASE 64 THRU 512 POINT FFT PHASE

PHASE X 2
PHASE X 2

1024 POINT FFT
2048 POINT FFT

PHASE X 2
PHASE X 2

FFT ENGINE 2:

INITIAL PHASE;

64 THRU 512 POINT FFT

1024 POINT FFT
2048 POINT FFT

RATE PARAMETER;

64 THRU 512 POINT FFT

1024 POINT FFT
2048 POINT FFT

FFT ENGINE 3:

INITIAL PHASE;

ZERO
ZERO
PHASE X 512

64 THRU 512 POINT FFT
1024 POINT FFT
2048 POINT FFT

ZERO
PHASE
PHASE X 513

RATE PARAMETER;

PHASE
PHASE X 2
PHASE X 2

64 THRU 512 POINT FFT
1024 POINT FFT
2048 POINT FFT

PHASE
PHASE X 2
PHASE X 2

FFT ENGINE O

FFT ENGINE 1

FFT ENGINE 2

FFT ENGINE 3

FIRST TEN CLOCKS

SECOND TEN CLOCKS

THIRD TEN CLOCKS

FOURTH TEN CLOCKS

INITIAL PHASE = 0

0 AND NCO-0P BITS 0 THRU 8

INITIAL PHASE = 0

NCO-0P-9 THRU 18

NCO-0P BITS 0 THRU 9 *

0 AND NCO-0OP BITS O THRU 8

NCO-0P BITS 10 THRU 19 *

NCO-0P-9 THRU 18

000000000 AND NCO-0P-0 **

0 AND NCO-1P BITS O THRU 8

NCO-0P BITS 1 THRU 10 **

NCO-1P-9 THRU 18

* PLUS **

0 AND NCO-1P BITS O THRU 8

* PLUS **

NCO-1P-9 THRU 18

2048
POINT FFT

FIRST TEN CLOCKS

SECOND TEN CLOCKS

THIRD TEN CLOCKS

FOURTH TEN CLOCKS

INITIAL PHASE = 0

0 AND NCO-0P BITS 0 THRU 8

INITIAL PHASE = 0

NCO-0P-9 THRU 18

NCO-O0P BITS O THRU 9

0 AND NCO-0P BITS 0O THRU 8

NCO-0P BITS 10 THRU 19

NCO-0P-9 THRU 18

INITIAL PHASE = 0

0 AND NCO-1P BITS 0 THRU 8

INITIAL PHASE = 0O

NCO-1P-9 THRU 18

NCO-1P BITS O THRU 9

0 AND NCO-1P BITS O THRU 8

NCO-1P BITS 10 THRU 19

NCO-1P-9 THRU 18

1024
POINT FFT

SN

FIRST TEN CLOCKS

SECOND TEN CLOCKS

THIRD TEN CLOCKS

FOURTH TEN CLOCKS

INITIAL PHASE = 0

NCO-0P BITS 0O THRU 9

INITIAL PHASE = 0

NCO-0P BITS 10 THRU 19

SAME AS ENGINE 0

INITIAL PHASE = 0

NCO-1P BITS O THRU 9

INITIAL PHASE = 0

NCO-1P BITS 10 THRU 19

SAME AS ENGINE 2

64 THRU 512
POINT FFT

CLOCK 1

16-MHz CLOCK

FFTO

FFT1

FFT2

FFT3

FFT4

FFTS5

SERIAL DATA TO NCO

CLOCK 10

CLOCK 20

CLOCK 30

CLOCK 40

SHIFT BUT DO NOT ADD I

SHIFT AND ADD

] <——— BLANK MS 5 BITS

(WRAP AROUND)

<— WAS USED TO CLEAR LSB OF X2 TERM

CLEAR FIRST BITS OF X 512 TERM

CLEAR X 513 SERIAL ADDER CARRY

1

CLEAR X 513 WRAP AROUND BITS

| €«—— HOLD CARRY

[ SHIFT OUT PHASE I

SHIFT OUT RATE I

SHIFT OUT PHASE ]

SHIFT OUT RATE

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

NOTE: THE TIMING DIAGRAM ABOVE REPRESENTS IDEALIZED -
TIMING, PIPELINE STAGES IN THE XILINX CHIP MODIFY THE Size|Document Number REV
ACTUAL TIME REQUIREMENTS. B S6000K027 (K027D03 . BLK)

Date: May 2, 1990[Sheet 3 of 13

Title

FSTC XILINX DESIGN
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3 FFT Card Schematics, Layouts, PAL Schematic Representations

FFT Top Level Schematic 1002d39.sch

FFT Card Block Diagrams k031d0l.sch, k032d0l.sch, k033d0l.sch, k034d0l.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 z001d0l.lay

FFT Card Pal Descriptions L002D34.SCH



BLOCK DIAGRAMS

ASIC FFT FUNCTIONS

K031D01.SCH

SCHEMATIC

FFT PIN CONNECTIONS

L002D01 .SCH

PAL, DESCRIPTION

PALS

L002D34.SCH

FFT CARD SIMPLIFIED BLOCK DIAGRAM

—— e ] e—

— — O

K032D01.SCH
SIMPLIFIED NCO BLOCK DIAGRAM

KO033D01l.SCH
FFT CARD DETAILED BLOCK DIAGRAM

K034D01.SCH
FRINGE ROTATOR BLOCK DIAGRAM

K034D02.SCH
BIG ROM ANGLE PATHS

D37 .SCH
POINT FFT

[
[eYa}

hO
N

FFT CARD INTERNALS

LAYOUT

FFT CARD LAYOUT

L002D02.SCH I

STAGES 0-3 STAGES 4-5 RAMS NCO STORE

z001D01.LAY

L002D03.SCH LO02D04.SCH LO02D05.SCH L002D32.SCH

ANGLE MUX BLOCK DIAGRAM ANGLE MUX CAPACITORS

L.L0O02D07 .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 anso SEE FFTTFIX/L015D17.SCH

FSTC CE AND LD TIMING NCO TO SM ROM TO 399

|
|

CHANGES TO PROTOTYPE

CHANGES CHANGES

SHEET 8
LL002D38.SCH NCOSROM.TIM
L.LO02D36.SCH L002D40.SCH LO0O02D41.SCH
ASIC RAMS
R2CNTO TO ANGLE MUX FR ROM TO ASIC
S N swmer o [ ]
ANGCE.TIM NEWFR.TIM
L002D35.SCH
ASIC TO ASIC R2CNTO TO F399 WS
sumer 2 ] semem 10|
ASIC.TIM R2COWS .TIM
ASIC TO F399 REG RAM TO ASIC EXT ADR
SHEET 3 SHEET 11
ATOR.TIM RAMEXTA .TIM
RAM TO ASIC TWID IN RAM TO FSCE
SHEET 4 SHEET 12
DRAMTWID.TIM RAMFSCE.TIM
ASIC TO EXPOF FF REGISTER TO ASIC
SHEET 5 SHEET 13
EXPOF .TIM REG.TIM
EXTS5 REG STORE
sumer s | ] swmer 1al |

SHEET

EXT5.TIM ST.TIM

NCO TO BIG ROM TO REG NCO CO TO CI

ﬂ
U

SHEET 15

NCOBROM.TIM NCOCOCI.TIM

NATIONAL RADIO ASTRONOMY OBSERVATORY
SOCORRO, NM

Title
FFT CARD TOP LEVEL MENU

Size|Document Number REV
THE *.TIM SHEETS ARE NUMBERED 1 THROUGH 15 IN THE TITLE BLOCKS B 5600050002 (LO02D39 .SCH)
Date: May 6, 1997[Sheet 39 of 41




SIGN MAGNITUDE
774 COMPLEX #

[NORMAL DATA TN e

512 X 18

RAM A

‘N

XaR

RAM B

[EXTERNAL ADDRESS

INTERNAL k_
ADDRESS GENERATOR

nxag

STAGE 0 504 #
STAGE 1-5 550 #

[TWIDDLE IN

MANTISSA
COMPLEX MULTIPLY

ADD EXPONENTS

[CRST > < CRSO]
DOUBLE
CRSETCLE BUFFERED

CONTROL
REGISTER

CRSTB

NUMBER
CONTROLLED
OSCILLATOR

CONTROL LOGIC

CONVERT TO
FIXED POINT

1S COMP
COMPLEX #

R
E
| Ll PULSAR GATE
M L OR DATA
16 BIT U 16 BIT INVALID
COMPLEX L x COMPLEX
R R 774 # oOUT
E | E CONVERT TO
G a 774 SIGN OUTPU
n 2 | | MAGNITUDE
E NUMBER
ey
R o s R = =
B - L E -
G (€ W—
M oo
u
_— e X
R
E
e}
RADIX 4 AND RADIX 2 BUTTERFLY OPERATIONS
A+JW 0 1 [ (A+C) + (B+D) 1 + J [ (W+Y) + (X+2) 1]
B+3X 1 3 [ (a-C) + (X-2) 1 + J [ (wW-Y) - (B-D) ]
c+3Y 2 2 [ (a+C) - (B+D) 1 + J [ (W+Y) - (X+2) 1]
D+3j2Z 3 4 [ (A-C) - (X-2) 1 + 3 [ (W-Y) + (B-D) ]

I NORMAL "POINT NUMBERS" GOING INTO BUTTERFLY

ACTUAL ORDER IN WHICH POINTS ENTER AND LEAVE THE BUTTERFLY

RADIX 2
A+ jw 1 0 e ° (A+C) + J(W+Y)
c + jy 2 1 (A-C) + J(W-Y)
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CONTROL, REGISTERS SERIAL IN

DIFF ECL
CARD INPUTS

MULTIPLEXERS

2 BIT BUSSES

CRSFTCLK

CHANNEL O
NCO ANGLE

CHANNEL 1
NCO ANGLE

444 NUMBERS

CHANNEL 2
N

CHANNEL 3
NI

ADDRESS

FROM
ASIC

CONTROL

WORDS

DIFFERENTIAL ECL
TO XMULT CARDS

MHz DATA

STAGE 0 STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5
ASIC ASTIC ASIC ASIC ASIC ASIC
FRINGE NDATA DATA DATA DATA NDATA NDATA
ROTATOR AUXDATA AUXDATA \ AUXDATA 16 MHz DATA
ROM [FSTC ANGLE 5>
TWID TWID TWID TWID TWID FSTC ANGLE A gpoms TWID
EXTADD = NCO ANGLE b EXTADD 32
FRNCO2 FRNCO3 '] FRNCO1 FRNCOO FSNCO1 FSNCOO0 M
U
x
ASIC ASIC ASIC ASIC ASIC ASIC
FRINGE NDATA DATA DATA DATA NDATA NDATA
ROTATOR NauxpaTa AUXDATA \ A AUXDATA
ROM (FSTC ANGLE B /'
TWID TWID TWID TWID TWID FSTC ANGLE B gpomg TWID
EXTADD ™ NCO ANGLE b EXTADD
FRNCO2 FRNCO3 ] FRNCO1 FRNCOO FSNCO1 FSNCOO0
ASIC ASIC ASIC ASIC ASIC ASIC
FRINGE NDATA DATA DATA DATA NDATA NDATA
ROTATOR AUXDATA AUXDATA A LlauxpaTa
ROM
TWID TWID TWID | | |TwID TWID [ESTC ANGLE CX poyg TWID
EXTADD NCO_ANGLE b EXTADD
CO ANGLE FRNCO2 FRNCO3 "'I FRNCO1 FRNCOO FSNCO1 FSNCOO0
M
U
x
ASIC ASIC ASIC ASIC ASIC ASIC
FRINGE NDATA DATA DATA DATA NDATA NDATA
ROTATOR NaUxDATA AUXDATA UlauxpaTa
ROM [FSTC ANGLE D)
TWID TWID TWID TWID | |TwID ESTC ANGLE DA gomg TWID
EXTADD NCO _ANGLE b EXTADD
CO ANGLE FRNCO2 FRNCO3 '] FRNCO1 FRNCOO FSNCO1 FSNCOO0
WINDOW STAGE 5
TO TWID TO TWID TO TWID EXTERNAL
INPUTS INPUTS INPUTS RAM ADDRESS
RAM [EIN/COS30 [EIN/COS4U
SIN/COS1 STN/COS2 §
EXTOU [SIN/COS3L >== [SIN/COS4L >==
-TjEXTOL FROM FFT CONTROL CARD
STAGE 0
UPPER AND LOWER
EXTERNAL ADDRESSES .
b IS THE FSTC ANGLE, FROM THE NCO.
A ROM OUTPUTS e**-3b.
a THE TWIDDLE ANGLE FROM THE FFT CONTROL CARD.
A ROM OUTPUTS e**-j(a+b).
FSTC USING RADIX 2 BUTTERFLY
-5 -5b

A X

(A+Be

e

Jjb

>

J (a+b)

- > —

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

WORDS

)e
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T e
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[FFTINIT\

TO SHT. 5
STG 0 COUNTER & RAMS SINGLE WINDOW?
WINDI[O..7] 0 NS HOLD TIME
D FFTINIT\ ' [D FETINIT\ " " CLK WIND[O. -7] sht2
RST\ RST\” .|
INITALO . .5 ] QINITN [0 2] 11 NS
RCLK |C CLK_|C FROM STG3 NCO. .-
RAMLD[O..4] FSCE\ FSCEA
8, . DRAM EXTOU\[0..8]@EXTOUNIO. 8]
EXTOL\[O0..8] vCC
B RAMCLK EXTOL\ [O..8]
UPRMEM EXT5\ [0. .8]@EXTON[0..8] —=sht2
= L hR A ' QLDRAM © FRINGE ROTATOR
prraid 0 SAME CHIP NCO
1 M [ REG|ST\’ |NCOSTA\
ST\1 ;
3 x
NEWFRINGE FROM SHT. 32 L002D05 . SCH R ASIC |CLK
OFF CARD. FROM NCO STORE FRINGE ROTATOR E NCOCLK
SYNCHRONIZES CTRL REG  MUX ADDRESS GENERATOR STORES G (STA\’ AND STB\’ FOR FANOUT.)
COUNTER .
NEEDS TO BE SYNC £
WITH FFTINIT\'S COUNTER RADIX 1 ADDRA CHOSES BETWEEN :
TRAILING EDGE. 7 ST\’0 = NORMAL STORE VALUE FOR SMALL OFFSET.
'\B,NOR WITH LSB = ADDRB‘ '0 =
U30A FFTINIT\~ Roob WITH TS8 a ST\’l = STORE VALUE FOR LARGE OFFSET AT END OF CYCLE.
[NEWFR >
NEWER 1 COUNTER LOAD  ADDRE: B ADDRB CHOSES BETWEEN THE ABOVE OR NO STORES AT ALL.
3 AR, PIPELINE TO DEGLITCH A |ADDR NO STORES ARE USED FOR THE EVEN CYCLES, WHEN OVERSAMPLED.
TAF02 LO02D32 .SCH ASIC CLK]
ADDR CAN BE SLOW, SINCE THERE ARE G\
NO _STORES TILL LATER IN THE FFT CYCLE.
sht3
FRLOADO
—RToA5—>|FR LOAD |FRLOAD1
GEN FRLOADZ2 REG MAKE FRLOAD3 SYNCHRONOUS
RCLK FRLOAD3

ASIC CLKI
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FOR DESCRAMBLING
RAM

BEFORE BANK SWITCH

FFT STAGE O RAM FFT STAGE 1 RAM FFT STAGE 2 RAM FFT STAGE 3 RAM FFT STAGE 4 RAM FFT STAGE 5
EXT O INT (
w w INT 1 w INT Z w INT 3 W INT 4
dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch
RAM RAM RAM RAM RAM RAM
INT ( INT 4 EXT
R INT 1 R INT 23 R INT 3 R R 5
dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch DUMMY . SCH
INT O THROUGH INT 4 REFER TO RAM ADDRESSES INTERNALLY GENERATED IN THE ASIC, FOR THE SPECIFIED STAGE.
EXT O AND EXT 5 REFER TO RAM ADDRESSES EXTERNALLY GENERATED FOR THE SPECIFIED STAGE.
RAM FFT STAGE O RAM FFT STAGE 1 RAM FFT STAGE 2 RAM FFT STAGE 3 RAM FFT STAGE 4 RAM FFT STAGE 5
EXT
INT ( 2
INT 1 INT Z INT 3
INT 4
dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch dummy . sch
FOR DESCRAMBLING
RAM RAM RAM RAM RAM RAM
EXT 0 INT (Q
INT 1 INT A INT 3 INT 4

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

dummy . sch

DUMMY . SCH
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TIME ORDER INPUT

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

2047 ...4,3,2,1,0 STAGE 0 STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5
| STG 4 OUTPUT
[ 770 258 514 21 | 768 256 512 0 ——>
IN PLACE INDICES 0-511 0-510 EVEN
F R41K2KSTGOUPR R4 R4 R4 UPR R41K2KSTG4 R2EQ2KUPR
R UPR
12,8,4,0| N NORM ouT NORM ouT NORM ouT NORM ouT NORM ouT NORM ouT
G 10.,8,2,0 [ — 0-511 - 0-1022 EVEN
AUX ADR “laux \ AUX
~N N - V
[ S11 383 447 319].... | 193 65 129 1) | 192 64 128 0 ~ -~ N\
TIME ORDERED bEly #1 bfly #0 - ~ N 4
INDICES ORDER OF BFLYS OUT OF STAGE 3 ——> ~ /
(BFLY # FROM "NORMAL" LIST) bfly #0 bfly #1 PN N\
[ 704 576 640 512] | 705 577 641 513] e ~ \ 4
IN PLACE INDICES 512-1023 - ~ / 1-511 ODD
) R41K2KSTGOLWR R4 R4 R4 LWR - - [R4IR2KRSTG4 N Y R2EQ2KUPR
R e ~N LWR
14,10,6,2 | N AUX ouT NORM ouT NORM ouT NORM our| AUX ouT \1 NORM ouT
G 14,12,6,4 [ 512-1023 1-1023 ODD [
NORM ADR NORM AN AUX
AN / N /
[ 771 259 515 3] | 769 257 513 1] —> N
/ N4
STG 4 OUTPUT N A
[I792 1280 1536 1024 ] —> N
IN PLACE INDICES 1023-1535 7 7 \ 512-1022 EVEN
F R41KZKSTGOUPR R4 R4 R4 UPR R41KZKSTG4 / N\ / \ [R2ZEQZKLWR
R UPR
13,9,5,1 N NORM ouT NORM ouT NORM ouT NORM ouT NORM our| 7/ N 4 AUX ouT
G 11,9,3,1 [ 1023-1535 - 1024-2046 ) _ _ _ _NM _ _ _ >
AUX ADR “laux EVEN N NORM
~ - /
[I216 1088 1152 1024 ] ~ ~ -~ / N
bfly #0 - - y \
b
bfly #1 > / N\
[I729 1601 1665 1537 ] - ~ \
IN PLACE INDICES 1536-2047 - ~ / 513-1023 ODD
F R4IKZKSTGOLWR R4 R4 R4 LWR - <~ [R4IRZKRSTG4 / N\ [R2ZEQZKLWR
R - N LWR
15,11,7,3 | N AUX ouT NORM ouT NORM ouT NORM ouT| _ AUX our| 7 AUX ouT
Py 15,13,7,5 [ ] 1536-2047 1025-2047
NORM ADR NORM __ ODD NORM
EXTADR LWR [I793 12871 1537 1025] —>
STG 4 OUTPUT
EXTADR UPR COMMON EXTADR TO ALL STAGE 5
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 TOP PIPELINE (# 0) BOT PIPELINE (# 3)
DE-ROTATORS .
TIME "2K" RAM TIME "2K" RAM "2K" RAM
THE POINTS MUST THEN BE SHUFFLED TO GET THE CORRECT SEQUENCES OF "REAL" INDEX INDEX "REAL" INDEX INDEX INDEX
POINTS INTO EACH PIPELINE. TIME ENTERING TIME ENTERING MINUS
INDEX CHIP INDEX CHIP 1536
THE REQUIRED SEQUENCES OF POINTS INTO EACH PIPELINE MAY BE OBSERVED
IN LISTINGS OF THE SCRAMBLE SEQUENCE FOR A 2K FFT. 0 0 0 5 0 1536 0
2 1 256 7 1 1792 256
1K SEQUENCES AT INPUT 8 2 64 13 2 1600 64
10 3 320 15 3 1856 320
16 4 128 21 4 1664 128
F R41K1IKSTGOUPR 18 5 384 23 5 1920 384
R 24 6 192 29 6 1728 192
6,4,2,0 N NORM ouT 26 7 448 31 7 1984 448
G 9,8,5,4,1,0 32 8 16 37 8 1552 16
AUX [ ADR 34 9 272 39 9 1808 272
40 10 80 45 10 1616 80
42 11 336 47 11 1872 336
TIME ORDERED l
CLOCK CYCLE 0 INDICES
THE TABLE ABOVE WAS USED TO DETERMINE THAT THE SCRAMBLE SEQUENCE
) R41IK1IKSTGOLWR FOR EACH PIPELINE IS THE SAME AS FOR A 512 POINT FFT.
R
7.5.,3,1 N AUX ouT THE SEQUENCES WERE TAKEN FROM A LISTING OF THE SCRAMBLE
el 11,10,7,6,3,2 SEQUENCE FOR A 2K FFT.

CLOCK CYCLE 1

A3 256 [1024 INTO RAM CHARLOTTESVILLE, VA
DELAY NOTE THE LOWER RADIX 2 STAGE IS DELAYED 1 CLOCK CYCLE. Title
THIS CAN BE ACCOMPLISHED BY APPLYING THE RESET PULSE ONE CYCLE
LATER, INTERNALLY. THE INPUT GOES INTO RAM. THE STAGGER _ 1024 AND 2048 POINT FFT
1280 Flz INTO RAM l WILL BE REMOVED ON READING THE RAM, USING THE EXTERNAL ADDRESS. Size|Document Number REV
THE EXTERNAL ADDRESS WITHDRAWS POINTS IN TIME ORDER FOR THE FSTC. B 56000L002 (LO02D36 . SCH)
CLOCK CYCLE 2 Date: February 4, 1998[Sheet 36 of 41
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SIGN MAGNITUDE ANGLES

b
NCO 8
2K MODE C= Cos |
0-510 EVEN 4 BIG
PROM
a
S= SIN ||
8 4 BIG
a ANGLE MUX PROM
4 BIT SIN 8 C_SIGN = 0
4 BIT CcoS /
L b
NCO 8
C= SIN ||
512-1022 EVEN 4 BIG
PROM
EXAMPLE a
4 BIT ANGLE
S= cos ||
8 4 BIG
cos = 0101 PROM
C_SIGN = 1
SIN = 0100

WANT a + 90 DEGREES

C SIGN AS MSB ADDS 90 DEGREES

THUS,

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

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.

IN PIPELINE A,
IN PIPELINE C.

SIN AND COSINE OF ANGLE

EXAMPLE
Cc=00101
PIPELINE A
-j (a+b)
e
TO ASIC TWID S=00100
C=10100
PIPELINE C
S=10101

1 IN MSB IS 90 DEGREES ADDED

WHENEVER THE DATA IS SWAPED IN ONE DIRECTION
IT WILL BE SWAPPED IN THE OPPOSITE DIRECT

VLBA CORRELATOR PROJECT
NATIONAL RADIO ASTRONOMY OBSERVATORY

CHARLOTTESVILLE, VA
Title
BIG ROM ANGLE PATHS
Size|Document Number REV
A 560001002 (I.O0O2D37 .SCH)
Date: May 6, 1997|Sheet 37 of 41
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FET\NCARDS

in m:/rackwire/1025

VLBA CORRELATOR PROJECT
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Title




Tia TiE
1 | GND 1] GND
2 f— 2
vee
H DTO A GND
5 DT\O 5 vcc
2 DT3 P — vee
s DT\3 s DT\4 288 LINES ON CARD
DT6 DT7 — 45 POWER AND GND
i DT\6 b — — VEE 243 LINES AVAILABLE
10 DT9 1o DT10 — Q_VEE - 230 SIGNALS
19 [_pT\o 13 DT\10 SPARE PINS
DBO DB1 INPUTS OUTPUTS
12 DB\ O 12 DB\1 —
13 |—DB) 1
12 DB3 12 DB4 FFT CARD INTERNALS - SHEET 02
DBE\3 DB\4 PARAMETER RAM LOAD AND CLOCK LDRAM
15 15 5y R eIE LDRAM
16 [—DBS 16 — 16 — 2 PINS RAMCLK
15 DB\ 6 15 DB\7 is DB\8 NCO FRINGE ROTATOR CONTROLS
1g [—oDmO 14 DB10 1e [—DB11 LOAD NEW FRINGE PARAMETERS ENABLE. FRLOAD FRLOAD\ FRSO\B| FRSO\ MULTIPLEXED FFT
5 DB\ 9 15 DB\10 15 DB\11 REWIND FRINGE PHASE ENABLE. FRERW EFRRY 444 OUTPUT DATA
20 ADR\1 30 [___ADR\O 30 CRSI\ FRST PRST ECL DIFFERENTIAL DATA
23 SC5-2K1 22 SC5-2K2 29 SC5-2K0 FRINGE NCO SERIAL PARAMETER INPUT FRSRCLE B IRSE 1 prio..11]pPTI0--11]
33 SC5-2K4 23 SC5-2K5 23 SC5-2K3 FRINGE NCO SERIAL PARAMETER CLOCK .- ROWS A & B CHANNELS 0 & 1
SC5-2K7 SC5-2K6 DT\ [0..11]
23 f—o 23 f—o 23 [— DT\ [0..11]
22 SC5<1K0 2 SC5<1K1 eV SC5<1K2
25 SC5<1K3 2s SC5<1K4 3s SC5<1K5 pB[O..11]@PBIO- -11]
Ze SC5<1K6 22 SC5<1K7 32 SC5<1K8 .- ROWS C & D CHANNELS 2 & 3
25 [ crsFTCLK 2% [__crso\ 25 [—crsts NEWFR (NEW FRINGE) FOR bE\[0..11]@ PB\[0--11] 48 PINS
24 VEE 24 VEE 2 VEE SYNCHRONIZING THE STORE CYCLES. -
PINS
29 f—m 29 f— 29 —
Z0 vee £ vee 3o vee
i3 GND 32 GND 3l —aw NCO FSTC CONTROLS
SERIAL PARAMETER INPUTS
DIN DIN DIN SERIAL PARAMETER CLOCK ADR\O f\BR& INPUT MUX PROGRAM LINES
R
ADR\ 1|
FSSID
P2A pP2B p2C PFSSID EXPOF\* [0. .3]p/EXPOF\ " [0..3] EXPONENT OVERFLOW FLAGS
1 GND 1 GND 1 GND LOAD NEW FSTC PARAMETER STB. FSCLOAD\ by pscr.0aD\ - 4 PINS
3 PULSAR1 2 PULSAR2 H PULSAR3 STORE PHASE. TIE HIGH FSST\ FesTy e
2 vce 3 vee H vce REWIND PHASE. TIE HIGH FSRW PR *** SIGNALS TO THE LOGIC ANALYZER PORT - P4
2 [—sin/cosans 2 SIN/COS4LO A INIT\5' U73 11 PINS pr.T0..111pPT-TI0-.11] MULTIPLEXED OUTPUTS FROM ROWS A & B
s SIN/COS4L4 U72 s SIN/COS4Ll U72 s PULSARO - -
2 SIN/COS4LS H SIN/COS4L2 2 DINVALIDO N/C SIN/COS1 (0. .9] DB.T[0..11]pPB-T[0..11] MULTIPLEXED OUTPUTS FROM ROWS C & D
S SIN/COS4L6 M SIN/COS3LO s DINVALID1 TRIG TABLE INPUTS N SIN/Gosafe 19} - <
8 SIN/COS4L7 8 SIN/COS3L1 8 DINVALID2 8 SETS OF 32 MHz N STN/COS3U[0..9] DIN.T[O..7]@/PIN-T[0..7] FOUR SELECTED FFT INPUT PAIRS
b4 SIN/COS4L8 5 SIN/COS3L2 § [ DINVALID3 INPUT SIGNALS N SIN/GOSILI0. [ 9] . .
10 SIN/COS4L9 10 [__sIn/cos3L3 10 FSSRCLK 77 PINS N SIN/COSAU[0. 9]
17 SIN/COS3U0 11 [ SIN/cOos3L4 U4s 11 DRAM U121 N SIN/CoS4n{o. o]
3 SIN/COS3Ul 13 SIN/COS3L5 i3 RAMCLK o= Se5lSRio- FR.T[0..3]@FR-T[0-.3] LSBE FROM EACH OF THE FRINGE ROTATOR MOST SIGNIFICANT 10 BIT WORDS.
3 SIN/COS3U2 13 SIN/COS3L6 13 SIN/COS4UO T=1%] Scezikiel e -
12 SIN/COS3U3 12 SIN/COS3L7 T2 [ sIn/cosaul .- Fsc.T[0..3]1¢FSC-TI0. .31 LSB FROM EACH OF THE FSTC MOST SIGNIFICANT 10 BIT WORDS.
15 SIN/COS3U4 U44 15 SIN/COS3L8 15 SIN/COS4U2 :
12 SIN/COS3US 12 SIN/COS3L9 12 SIN/COS4U3 CcLK CLK.T BUFFERED VERSION OF 32 MHz SYSTEM CLOCK.
15 SIN/COS3U6 15 [ sin/cosaus u71 17 SIN/COS4U4 U71 -
14 [ sIN/cos3u7 1s UPRMEM 14 [ sin/cosaus DIFFERENTIAL ECL SYSTEM CLOCK C32ECL C32ECL RST” RST*.T BUFFERED, DELAYED VERSION OF FFTINIT, THE FFT INITIALIZATION PULSE.
SIN/COS3U8 FRSI u24 SIN/COS4U6 C32ECLY .
19 —o 19 b—ro 19 f—o C32ECL\
20 | sIn/cos3us 20 [ INIT\3" 30 [ sin/cosau7 UPPER HALF OF
22 [ FscrLoap\ 2l [ INiT\2® 22 SIN/COS4US8 PARAMETER RAM BANK SELECT. UPRMEM b ;npvEy TO TEST THE NCO, PUT IN A SMALL INCREMENT.
23 [ Frso\ By 33 [—c3z2ECL AFTER THE APPROPRIATE # OF CLKS, THE BIT WILL TOGGLE.
EE — 2% [ FrRsrRCLK 2% [ cazecm\ PULSAR GATES. 4 PINS RULSARLO e Bl pULSAR[O . . 3]
¥ EXPOF\ ‘0 U17 2 NEWFR eV SIN/COS20 U43 -
25 EXPOF\ ‘1 Z: FSST\ 25 SIN/COS21 CONTROL REGISTER CONTROLS
EH EXPOF\ ‘ 2 22 FSRW\ 22 SIN/COS22 SERIAL DATA IN. CRSI\ CRSI\ CRsO\B|CRSO\ CONTROL REGISTER SERTAL OUTPUT
22 EXPOF\ ‘3 22 FFTINIT\ 35 SIN/COS23 REGISTER CLOCK. CRSPYCLK 1 PIN
2% VEE 22 EH VEE DOUBLE BUFFER STROBE. CRSTE CRETE
SIN/CcOs24 SIN/COS25 SIN/COS26 3 PINS
29 vcc 29 vy 29 u43
30 f— 30 f— 30 b— -
31 [ sin/cosz27 31 [ sIn/coszs 31 [_sin/cos29 NIT FPTINIT\
GND GND GND STAGGERED FFT TIMING SIGNALS NIT\3 " T
32 f— 32 f— 32 L2 o INIT\3
S 4 PINS NITNS INIT\4®
DIN DIN DIN N INIT\5"
P3A P3B p3c
1 1 GND 1 GND
2 FRLOAD\ Y FRRW\ 3 SIN/COS10
2 cc 2 vee 3 vce
H AOC31 2 AOC30 i A0C21 uaz 0Co 10 AOCO[O. .1
s AOC3\1 s AOC3\0 s A0C2\1 " Alcorol 1
2 A0C20 2 AOC11 2 AOC10 Lt L I
5 A0C2\0 5 AOC1\1 M AOCI\O s Ascoigl T
& A0C01 K A0CO00 K SIN/COS11 .
b4 AOCO\1 5 A0CO\O 5 SIN/COS12 ocifo, 1 AOCL[O. .1
10 AlC31 10 [——a1c3o 19 Alc21i T FerR L0
17 AlC3\1 11 [——a1c3No 1 Alc2\1 AZclfo. .1
a1c20 Alcii Aicio
12 f— 12 e 12 f—o A3C1[0..1
13 [—alcavo 13 Alci\i 13 [—aicino
12 [—_alco1 12 [—alcoo 12 [ siN/cosi3 0c2 10 A0C2[0. .1
15 [_alco\1 15 [_aicovo 15 [ sIn/cosia T AlCa (0. 1
12 [—azc31 12 [—az2c3o0 1e [—azc21 A3catol 1
A2C3\1 A2C3\0 A2C2\1 1
17 17 17 A3C2[0..1
13 A2C20 14 A2C11 1 A2C10
Is A2C2\0 1s A2C1\1 15 A2C1\0 calo 200310, .1
20 A2C01 20 A2C00 EH SIN/COS15 ateato 1
A2C0\1 SIN/COS16 v
21 a3c31 21 asc21 .t A2C3[0..1
22— 22 A3C3[0..1
22 [—a3sc3\1 23 [—ascz\aa
22 [——a3c2o0 22 [——a3c1o FFT DATA INPUT SIGNALS
25 [_a3cavo 22 [—a3civo 4 SETS OF 4 DIFFERENTIA QCONT0 AOCON[O. .1
22 [—a3co1 22 [—sIn/cosi7 ECL INPUTS e et N I
A3CO\1 SIN/cos18 64 PINS 2z -
27 —&22 27 —Sip % A2CO\[0. .1
28 ——rpssIA 28 ——sIN/COs19 A3CON[O. .1
29 ——vyce 29 ——vcce oC 0
30 —FsS1e 30 — < AOCIN[O0..1
31 —¢&no 31— AlCI\[O0..1
32— 32 |—o A2c1§ 0.1
=5 A3Cl ..
N DIN
o N AOCIN (0. .1 BACK PLANE BUFFER SIGNALS
! AlC2\[0..1
< A2C2\[0..1 CRSI
a3ca\(0: 1 CRSTB
0c3N [0
ites ggga 9--1 FRST
LOGIC ANALYZER PORT —t FCEEN IR RAMCLK
P4 o
GND > . GND A3C3\[0..1
NCO OUTPUTS. ADRYO 3 A RST'.T
uUi1ll CRSO 2 H CLK.T
.TO a1 v1 |18 H s DIN.TO
N 7 DIN.T1
R a2 vz 9 10—
N DIN.T2
A3 v3 11 12 DIN T3
=52 AL Y4 13 14 ——o . DINVALID([O..3]
FSC. DIN.T4
= A5 Y5 15 16
FSC.TL 3 DIN.TS
= < A6 Y6 |3 17 18 p—
FSC. T2 2 DIN.T6
Fsc.T3 A7 ¥7 19 20 DIN.T7
Esc. A8 v8 21 22 — QX
23 24—rpp 10 T002D02 . SCH
G1 25 26—
DB.T1
G2 27 28 BB T2
29 30 |—-DB.
TAF54T DB.T3
31 32 f—
DB.T4
33 34—
DB.T5
35 36 BB T
37 3gp——DB-
DB.T7
32 49—pmiTs SHEET 39 (LL0O02D39.SCH) PROVIDES ENTRY POINTS FOR BLOCK DIAGRAMS,
DB.T9
43 44 VLBA CORRELATOR PROJECT
DB.T10
45 46 |—
47 4s[—ps.T11 PALS, LAYOUT, CHANGES TO PROTOTYPE, TIMING DIAGRAMS NATIONAL RADIO ASTRONOMY OBSERVATORY
49 50 |— CHARLOTTESVILLE, VA
3M50 AND ALTERNATE ENTRY TO THE LO002Dxx.SCH SHEETS Title
FFT CARD OUTPUT PIN CONNECTIONS
Size|Document Number REV]
c 56000L002 (L002D01 . SCH)
Date: May 6, 1997[Sheet 1 of 41]




PLAYBACK INTERFACE INPUT SPARES vCcC NOT CONNECTED
FSSRCLK’ ~ ADRO 1 2 DT O
TsIon e ~, A0CO[0..1 MSBs OF COUNT TO WINDOW RAM. Y Erzsrermo i CRSFTCLKA * ADRELO DT0. . 111
0co10 Za1cofo. 1 vee GND THEY NEED THE EXTRA DELAY. 1K CRSFTCLKB * U140A  ADR\O & ADR\1 OUTPUTS NOT USED. DINIQ. 111
15012 JA2c0[0. 1 FROM BUFFER BOARDTRET FRSI’ 74ALS04 PTMO. . 111]
28919 Za3co(o. 1 U32D SL 2 FSSIA‘ U140D ON SHT.6 DELQ DR
AOCL[O..1 l;;]{ I FggIB' U1l40B U140E SPARE =
= .. [B > 2.
2OCH JA1cifo. 1 < FSstD- ADR1 3 4 11 10 BB el RN O T1T]
p1cilo SAzclio: :{ R1 D SARBs 2 O——<ADRXT]
A3C1[0O > . DIN.T[O..7]
AoC2 [0 1 U130 74ALS04 74aLS04 DIN.T[O..7]]
AOCZ2 [0 1] > .-
ATes oI SALS2 0.1 STAGES 0 - 3 SHT. 3 STAGES 4 & 5 SHT. 4 135
AZC2[0. .11 > - , ANGCEB\ GC R | =
AsC2l0. 1] SA3C200..1 REGISTERS AND 4 TO 1 MUXES. DIN’[0..7] ANGCEC\ ANGOBO\ ROMSE B B SWRSELD
TS 2082 [0 1 INTT\[0..2] FROM RAM. T [ 2] ANGCED\ EANGCED\ LWRSEL] 23 Y3 e CIK T
oS- i INIT\3 FROM OFF CARD, 0.. Diafo 171 DA[0..11] * FCLKD [ 6] TK320 *TO RAM CTR
AZC3 10 Sa2c3(0..1 BUFFERED BY A REGISTER. %&%’g\[g " D14([0..17] D14(0..17] DA[O..11] FROM B.Bp=gsTE R =
ASC3[0.- S = D24(0..17] L2410l L D24[0..17] DBB(O0..11]pPBBLO. -11] - oRaelBA Bl a7
EXLOUNL0 Bl EXTOUN [0 . 8] 53410 171 DCro. .111 < 21 as SELAYED CLOCK
AOCON[O. .1 e a1 D34[0..17] D34(0..17] DC[0..11] .- R? LA
D S PN SR EXTOL\ [0. . 8] c1 FOR QUTPUT REG
B S NI =REIEA RS D44(0..17] BALL Qovmecdlo D44(0..17] ppro..111pPPLO--11] Add 12/14598 2 a2 & EXTSADR REG
< RSTBE
>A3CO\ 0..1 CK A 4 K3I2A CRSTB FROM STGS5 Squares CK32F 74ACTQ245 with pin 1 pulled up
— Aoc . SR328 K32B CRSOO| CRSTO
\g: NS gAlCit g. i < 2 K32D CRST1 GRSO1 TO LOGIC ANALYZER PORT
CIND. A2CIN[O0. 1 ul4oc CRSFTCLEAR chazs, SRsoZ CRSZ2
A2 - §A3C1\ 0..1 FROM BUFFER BOARD CRSFTCLKB R SRSFTCLKA CRSI3SICRSO CRSO3 FSC.T(0. . 3] OES S el TR T I Bl Qe Ll T {01971 ]
= A0C2\[0..1 [CRSIN > £ ST R CRST FRso | FRSO’ > CRSFTCLK B — LBl Ol Ll B 710 117 ]
S5t AlC2\[0..1 .
TeoN(0 I oa3S2N g 2 FOR FO____STBN' EsTB\’ EXPOF\ (0. .3]1{EXEQFN [0 3] CK32F
e TS .- 74aLs04 TRI-STATE OUTPUTS.
FErEN T [FRLOADL> S FRLOAD\ CK32G
Seanfo.11 > - FESECEEE D FRSRCLKA! CK32H EXPOF\ [0. .3] ¢ EXPOF\ 0. .3] o PULLDOWNS
. = ECL DIFFERENTIAL
= AOC3\[0..1 FrRs1 R LRSRCLKB FR.TIQ. 3] CK32M
5ETTD ~ iyt . 1 SELECTS A2B2C2D2 DRIVER sIP
OC3XTO JATEN 001 ST FR.T[O..3]¢) — FR.TI0O_ 31> CK32N 1 SErECTS BolER
NG N cxazz o L rscen 444 NUMBER 16 TO 32 MHz MUX jﬁ@ VEE U122
pEES) . REAL3 _DAO 321 oAl2 DI.TO 5[y 55}l 4 DT\O 2} oM
CK32L FRLOAD\ 2 * @ FRUOAD\ 2 =B L0 Bl EX TS5\ [0. . 8] -DBBO a2 00 |—2-RI0Q R2
REAL4 DAL 7 DT.T1 7 e DT\I 2
DIFFERENTIAL ECL N FSSIA- DBBT Bl B ool 1 R3
RENTIA STN/COSI[0.-0] 3 SIN/COS1[0..9] —ESSIa’ B rssiac I B2 ol D R4
10125 STN/COS2 (0. .01 SIN/COS2[0. .9] —ESSIB’ BpssIB’ REALS DAZ cl ocpdQ DT.T2 10} :, 57 2 RS
[EIN/CO83010.~ o —ESsSIc . DEBZ 2
e 2% N 16 1 at SIN/COS3U[0..9] —Brss1ic I c2 o2 DT R6
U1 S Z BN [SIN/COS3T10..9] SIN/COS3L[0..9] OVSAMP\ —ESSID’ BrssIp- REALG DA3 p1 op A2 PL.T3 1173 53 ] R7
AOCONO 2 4 VEE - PIN 8 OVSAMP\| b AR - D2 Gos3 = = R8
5 < 1IN o1 LDRAM" * (0. .41¢RAMLD (0. .4 EULSARTO. 3> 2SO B PULSAR[O. .3] LWRSELD 11 ws BL 6 1cf souES] RO
30021E030 Iz 02 = SELECT ANTENNA, s 4553 FFTINIT\’ EXTSLDN [0 18] X Taxlio-8l INITAS B 1NIT\4 i 3 4310R-101
et 12 e FRRWA\ * RADIX[0..7] 7] [INITA5 P INIT\5* 74F399 470 OHM
So32 4% I3N o3 §2t—— 7 pmwo ERRWB\ * FTSCLOAD FSCLOAD\
CO\O 13 ~ — _Ulo0
S+ Ian o4 2] ic1 LSB A32B [SIN/COSAU[0 SIS SIN/COS4U[0. .9] 103 v1o4 VEE  ULOS
14 S~ 4 1c2 ca32G [EIN/Sos4nT0 SIN/COS4L[0. 9] IMAG3 DA L2 2 DT.TA MC10124 o\i—a] coM
CHANNEL 0 5T 3] ca32p bad 2la1 oa - 10 GO DT} R1
u2 0 [SC5-2K[0. . 7] Syt SC5-2K[0..7] IMAG4 DAS A2 7 DT.TS 7 o0 5T 5 R2
ocont 2] T o1 . 9 SCEIR[0. BT Semni SC5<1K[0..8] Pas. B1 oB - 11 o1 [—5-2% R3
300 A0C0L 3 ‘ 12 RCLKC IMAGS DA B2 10 DT.T6 10 o1 DT\ & R4
300A1C }1 gﬂ IZN o2 |5 S 3 “DEES g% Qc - 12 gg 2 5 gg
c * 2D03 . SC 6 I - == DT
CONT 104 I3N o3 |12 CK32P 11§ ADRO 14 N’O0 DIN.TO mmacs pals D1 op|[A2-DL.T7 1l 13 o3 147 & R7
\3C01 17, ADRI 2 DTN 1 DIN.T1 TwrsELD 1] D2 R1 6 §°3 1o RE
ASCON T 14] Ian oa |13 DIN’ 2 DIN.T2 CX3oF o WS L I¢ BOURNS |_R2.
A3C0T Is TAF574 DIN” DIN.T3 CLK 4310R-10
N DIN.T4
L 10135 DIN” DIN.TS 7aF39s ¢ 470 omM
u DTN DIN.T6
so—20C180 2 {11y o1 |4 D DIN- DIN.T7 DINVALID [0..3] U101 VEE U102
So0.ALCINO & I s CK32p 11 a 2100 Me10129 ] S
cIo 7 3V ©2 e mxpo pas R e R s
CIND 12 u3o EXP1 DAS a 7 DT.TO 7 20 DT\T R2
CI0 11 I3N o3 s u29 §Mico 1v |2 pm2  TIALSS74 DBED Bl oB o BT R
A3C | 19 Changing to ALS574 u4s L002D04 . S 2.5 - 6.5 ns EXP2 DA1O 10 DT.T10 10 &5 DT\10
ey IgN o4 B SIS LSB eliminated errors in c3zEcL 2{7T1in o1 FOLKE  BAST CLOCKS 60/90 ma DBE1O &3 < Iz 02 IS FmMD RS
CHANNEL 1 TOTZ5_ B SiIe— 1es3 ¢ FR ROMS. R14 =] I ues o T crase BRI bi oo 12 PL.T11 11] 13 o3 17 BT R7
4 0 o DIN3 100 T7CK32D LWRSELD Rl 6 g
AOCINL  2{ o oT] 4 5 82 1] 259 2¥ ADDRESS Y2 Te cr32E ~ CR32FOL 0 = BouRNS | 22
T00_aocl 1 T7 . | o5 85 2] 253 MSB FROM PROGRAM WORD 15 NS c32ECL I Y3 [A5-ck32c CLK 4310R-101
3004181, I2n 02 I = D8 Qs 31 2c3 aa 4 ys (14-cK32H 74F399 & 470 OHM
CINI d I3n o3 |12 CK32P 11 b~y x ADRO 14| RR Y& 'I2-RrCLKB
ASCI1 119 13 L ADRI 2] A 10 Y7 A1~ RrCLKC 0 VEE us1
ASCINT 14 Tan oa |33 o S oo ma o 2 BIT BUSSES o * ¥ u79 MC10124 Mool
C I4 2G , DIN1, _%C TIN O1 4 FCLKD MDLDL-TTL-5 = G1 Egg 31a1 oal 2 _DB.TO 10 OO0 4 DEOO R1
L 10125 74ALSI53 01 INS,1  o— oz ls * G2 STekN a2 el zoem 7., 8% BT R2
. TARCTO245 BT
so—R%e2v0 2o |4 10 1IN6,2 od T2 03 12 = RESISTOR IN A  with pin 1 pulled up  DC2 B2 ocltompe.r2 10l., 82 DENZ 6] Na
c M I 9 I3 DELAY SOCKET CLKA DISTRIBUTION DD2 el oz DBZ RS
300AIC2N\0 6] I3 | 5 11 IN7,3 13 = 1 8 ygg 5 ugs bC 15 DB.T3 11 Q2 DE\3
120 12 —y IaN o4 vee ¥ 2 18 ca32a bl oo 3,03 B3 9] R7
A2C2\0 I2¢ o3 |22 usl SHT. 5 I vee T 3721 Y3 [E7-caszs b2 rR1 6| FO3 Rs
A2C20 11 13 U30 6 7_DIN4 COUNTER & S __SINGLE WINDOW? UL40F 10125 4.3K [16_ca32c I BOURNS | B
S20- o 1c0 1v — 23 Y3 CLK S
3¢ 1] 134 oa |23 b1 o1 ke ——51189 * CK320 5 > [I5-ca3zp 4310R-101
cz0 1% 1% 2 ¥ LSB * FPTINTITN\’" 12 FCLKE 6] 224 YiITa-ck32a 74F309 &
gB Qg ,—-,—/,——-33 1c2 o 470 AS Y5 pa-op3sh 470 OHM
CHANNEL 2 ToI25_ 54 34 Te—— 1c3 FROM STG3 NCO. L"‘E: 26 Y% M2 FRSRCLKA®
aocan1 222 . D5 ©5 91 2co 2y 2 DINS 0 RAMLD [0. . 4] * 74ALS04  [FRSRETR> I 9128 ys | L1 FRSRCLKB’ 57 8 VEE U539
2 11N o1 4] D6 06 2c1 i Mc10124
300 __aocal T 1 I g1 p5 25 121 252 MSB EXTOUN [0. .51 EXTOUN[0. .8] FRINGE ROTATOR STORES 1 Al oA |2 DB.T4 o 50 |4 DB\Z o™
300.A1C I8 02 |5 5107 97z 5 * EXTOL\ [0..8] IDENTICAL OUTPUTS. 330 B2
c31 I2 = Q 2c3 EXTOLN[O..81€pyr5\ (0. .8] TWO USED FOR FANOUT. G2 74ACTQ245 a2 7 DB.TS 7 el DENS R2
CZ\T I24 o3 |12 ck32p 11| o apro 14l . L oran T RAM* * U137 with pin T pulled up. Bl o= m o1 B5 R3
AZc21 119 13 — ADRI 2124 FROM BUFFER BOARD B 2 _ST\O’ OFFSET CLOCK FOR 10 DB.T6 10 Ol —>a\e R4
S231 14 14N oa (23 B RAMCLK ST\O p1 o1 —&-5T\Y. s - c1 qc I2 02 (¢ poe R5
A3C21 Is TAF574 5] 38 UPRMEM STAL D2 Q2 5= g7a\ - uid cz2 15 DB.T7 11 92 MT3PE\T RE
FSCE\ [I113; &3 [To-sTe\~ FCLKF, 2,7 w1 18 CK32I b1 op I3 .03 SEV) Rz
T0135_ TIALSI53 co v I 13] D5 S&[iz_apra 5141 Y127 ck32J LWRSELD 1] 42 R1 6 ﬁo 10
u7 PAL EMULATION T 15 ADRB 16 CK32K CR32F Ic sLR?
,0C3\0 2] 4 Cl  OF 74F153 D6 Q& A3 ¥3 IMe-cK32L CLK Bote
300 A0C30 39 IiN o1 A cK32c 9 Al Y4 7 CK32 43LoR-10L
S I B b CLK €las ys [+4-CK32M 74F399 470 OHM
300A1CN0 & 12 oo |5 uo FRLOAD\3 —Ro& SR A% Y313 ck3aN
\IC30 1 I _ w3 6 1o 1v |7 DING FROM BELOW * Ae YEIT2 CK32p *
A2C 0] O, I3N o3 12 20 p1 o1 &S 5 1c1 SHT. 32 L002D05.SCH 4F174 * RCLKSRC 9 | 9 28 vs 11 RCLKD * us5 VEE use
A2C30 17 13 31p2 o2 (I8~ 21153 LSB FROM NCO STORE Us4 MCc10124 )
N1 Iaw og 13 83 BIar——3=1153 CTRL REG MUX ADDRESS GENERATOR R15 c1 a1 oA|—2 DB.T8 5[ " o5 B\E—2] oM
14 6] D¢ Q4 e ) 9 DIN7 ADDRA By veed ¥ G2 74ACTQ245 a2 7 DB.TO 7 00 2R3 R2
CHANNEL 3 T0125_ oS gg 1] 289 2¥ RADIX[O0..7] ADDRB'B with pin I pulled up BT B * 1 ol DBD R3
. o1 R4
el 2 ‘;iN — l g b7 87 F 21283 MSB o SISAMEAD oy ampy PIPELINE TO DEGLITCH & gclio pe.Tio 10l ,, S3[TZ DBUITERS
300 oc31 — 39 IT = Q 2c3 FFTINIT\ 12Ns c2 15 DB.T11 11 92 S pe\iTe] RS
300ALC\T voz |5 cKk32p 13 | 1o ADRO 141 5 THE 0 HOLD TIME OF THE 174 IS NEEDED. b oo I3 .03 i pmat o] BF
c ADR Rl 6/ N
ST 2 laa c B ws R1.6 IC§ BouRNSLR2 |
2el 10 13 1s TAFSTA 153 38 L002D32.8cH __ U3 23 DINVALID'O CLX n 4310R-101
5¢ D D VL SEEE]
13631 159 14N o4 Ve o5 Re 74ALSI53 vee R13 DIy LIDL b 832z pIwvaLID'1 470 oM
TsTs RS R6 R7 RS Q DINVALIDZ B2 8221l pmnvaLip'2 * = A NEW ADDITION.
1K Riz DINVALID3 D i [2o pmwvaLin‘3 TORE AFTER LOAD DURING PAUSE. EXBQEN10. 31 st
MAKE FRLOAD\3 SYNCHRONOUS . b+ Fem b 0% Lz ERmwA\Y a3 VALUE WILL BE REWOUND TG AT FFT START. -
T8 FRI . SHT.
ASIC . . D6 Q6 .
e R e ZERRE o et ey . e _HE gormne et e s e rmows LI iR ComRaon praTier
PoR A 30 SPTOAD. ‘THIS GIVES A LPIINIT b2 02 PRLoNTTS | | oormz—>—+3{ps es AN RAM NATIONAL RADIO ASTRONOMY OBSERVATORY
30 NS RC TIME CONSTANT FOR THE porNi__11] 02 932 [0 EXPOF\‘1 ESsST y T1] B2, 92 [Z2_Fsrw\~ CHARLOTTESVILLE, VA
RISING EDGE. 2T D& 8 [Iz_Exror\‘2 FSRW D10 Q10 T.002D33.SCH FRLOAD3‘ -> STA\ "’ f Title
BOF\ [T5" EXPOF\-3 GND
D6 Q6 roiReTH - NEEDS TO BE DELAYED 1 CYCLE, NEW FFT CARD INTERNALS
DINVALID(O..3] vVeC R16 CK32¢ 9 1y a— . SQ THAT LOADED DATA IS AVALABLE TO STORE. Size|Document Number REV
DINVALID[O. 31> - CLR 7482 2 LE CREMENTED VALUE. c 560001002 (L002D02 . SCH)
1K IFI74 RAY SHOULD USE A SLOWER PAL FOR DINVALID[O..3) Date: May 6, 1997Shest 2 of 7]




Vca FRINGE ROTATOR REWIND GOES OFF THE CARD, FOR POSSIBLE USE IN MARK IIT MODE.
CRSTBA CRSTBA NOTE NCO’'S SWAPPED IN STAGES O & 1. NCO FRINGE STORE COUNT RADIX FOR OVERLAPPING.
CREIBA JCRSTEB CONTROL WORD DESCRIBED IN CTRLWRD.TXT. FROM CONTROL, BITS %0
R3 CRSFTCLKA > CRSFTCLKA <RADIXI0. .71
1K R SERS S CRSFTCLKB o, CA32A
- e cxsar S Scaszs ST LINES STORE THE ACCUMULATOR IN THE THE EXTRA NCO REG.
= = CASSe < C G RW LINES REWIND THE ACCUMULATOR BACK TO THE STORED VALUE. [ 2.4 =0} AN M e Ic R |
= ;gcan CR221 gcxzza CA32G gCABZD EXBOF 03>
[SX32B 2 cr32p [SRS2d < CK32K CA3Z
Sk Zcxa2Ee [EE32K 2 CR32L  CARD CONTROL WORD SCATTERED SEPARATE FR RW LINE ALLOWS THERE TO BE ER,TI0. 3] 3
WIS WIND 0. .71 (€ € AMONG ASIC CRBIT'S. NG RW WHEN THERE IS A NCO LOAD. FR.T[0..3] >
- FRRWA\ ©
=— EXTOU\ [0. .8] - DIN’ [0..7] FRRWALN * > nopwB\ - FOR STAGES 1,2,3, SHEETS 9, 18-28
[0..8T> DIN L > FRRWE ARE IDENTICAL, EXCEPT FOR THE U NUMBERS .
ERTOT 08> EXTOLA (0. .8]  rmrmeera—a7—, INIT\ [0. . 2] STG3 R2CNTO IN PHASE WITH STGS.
NCOFRZ DISABLES THE NCO CLOCK FOR RAM LOADING.
- o o PRINGE RO < ASIC - STAGE OA _SHT. 8 ASTC - STAGE 1A  SHT. IC - STAGE 2A SHT. 21 ASTC - STAGE 3A SHT. 25
U107 ROTATOR RoM uios CRSI > =RSFTCLEA I CRS CREFTCLEA z CRS CRSFTCLEA RST CRS CRSFTCLKE R GRSl CRS CRSO0
ANGLEA 9 ROTAO ANGLEAO 8 9 _ROTAS CRSTEA CRSFTCL CRSTEA SRSFTCLK CRSTEA GRSFICL CRSTEB SRSFTCLK D14(0..17]
ANGLEA A0 00 |g2-ROTAO  ANGLEAO | a0 oo | 2-ROTAS CRSTB__ DATAOUT([0..17] CRSTB  DATAOUT[O..17] CRSTB _ DATAOUT[O..17] CRSTB  DATAOUTI[O0..17] -
ANCLER A1 ol ROTAZ  ANGLEA a1 o1 RoTRgs NDATAIN(O. . 15] NDATAIN([O..17] NDATAIN(O..17] NDATAIN([O..17] DI4[0..17
ANGLEA! A4 O4 MP-ROTAS  ANGLEA A4 04 M5 RoTall WINDOW[O. .71 TWIDLO..9] FR.TO LDRAM’ fTRTWIDLO..9] TWIDLO..9]
ANGLEA 2| 2% G2 [TIe RroTA6  ANGLEA 2142 S92 [Te RroTAl4 EXTADD\[0..8) NCOSIT CA3ZA T ENCOSO ANGLE. T TCaszAf RNCOOE Ca326 R NCOOE
£ e CA32AR Berka CA32A Y BCIRA CLKA
pvein v ROTA7  ANGLEA7 11329 §F [17 RoTals cr32n ROIX Cr32Bf RCIK CR32D I B cK32E B oK
Z e e FFTINTTL>-FETLNIT INTTNL ] INTTNS ] INIF Ncosoa
N’ 22 IN O 2 Drav . RRSTA soa RSTA SoA RSTA RSTS Neos
T 54 a0 TN 54 a9, T.DRAM” TWIDOE Ncos NCOST NCOST NCosO| NCOSI
oC NCOCT NCOCO NCOCT. NCOCO
FRLOAD\2
P G P B Brcoronn N | s 1 J N &
RL 204 InTT BL 29 inIT , NCOSRCLK > NCOSRCLK ~ ANGLE[O. .8] - NCOSRCLK NCOSRCLK
ENA 129 Ena FRRWA\ NCORW\ NcocT FRRWAN NCORW\ FRRWB N B NCORW\ RAMLD[O..41¢= ., l;FFXﬁ?F’OB '4] NCORW\ EXTSLD\ [O. . 8] @y EXTSLD\ [0. 8]
7CZ45A-18 2x x o nons TC245A-18 FRSRCLKA* | 1.002D09 . SCH T.002D21 . SCH L002D25 . SCH EXTOLD\
$15 - PC, $19 - WC kRAMLDEo..Aj >
COULD NOT USE AMD 63RS1681 OR FUJI’I‘SU MB7238RA- Y 6WKS . DEL
CHANNEL 1 20 NS ACCESS, 40 NS 100 QUAN. ASIC - STAGE OB SHT. 15 ASIC - STAGE 2B SHT. 22 ASIC - STAGE 3B SHT. 26 CRSI
us4a uss CRSFTCLKA b (popreni CRST CRSFTCLEA CRSFICLEA gRngcL CRST CRSFICLKE R SoTCLK CRST
ANGLEBO __S1a0 o0 | r2-ROTBO  ANGLEBO 2120 oo |3-ROTBE CRSTBA CRSTB_ DATAOUTI[O. .17 B, ,holBA CRSTB _ DATAOUT[O..17] CRSTBA TB  DATACUT[O..17] CRSTBB CRSTB _ DATAOUTI[O..17]pmgP24[0--17]
r Al o1 ANGL a1 o1 [Z0 NDATAIN(O..15] NDATAINI[O..17] 2oLl o L7l NDATAIN[O 71 2310 el NDATAIN(O..17] D240 17
“ANGLEB. 2% S3[@i-roTB2  ANGLEB 21 Sl [Ei-roTml0 oRiNroLeisl -
P S lles aE - SRS 5 T sromamrony [
£LNSLEB A4 oa (4 ROTBI  ANGLEBZ A2 o4 ROTB12 INDOW (0. .7] TWID[O0..9] FR.TL =9 TWID[O..9] RaD B TWID[O..9]
ANGLEB6 A% O3 [ic-RroTB6 ANGLEERG 2] 22 S2 [ZT6_roTB1a eXRapph Lo -8 oSS RADTX4 CA3ZE NCOSO ANGLE . RADIXS ca324 CRBT ®casze
g E CRBT CLKA LKA La326 | cLKA R2CNTORK ANGCEE
ANGLEB7 a7 Of [ roTs7  ANGLEET 1129 §f [A7 moTsils LK cK3sB SLE K350 LK CR32E SEE
ANGLEBS 231 a8 ANGLEBS 231 a8 RST\ AN L H-PRsT NTE RST\ INITAS RST\ crRerTR RADIX7
51129, DS 54 a2, NCOOE Ncosop|SCB  NCosea § Encost SOB NCOST NCOSO| NCOST
RCLK 18 RCLK 18 NCOLDIN\ neoe stav: NEOLBIN cran NEGOLOINA Neeet sTay - NEoLoTNA Ncosogy NCOSOB
~—R1i 207 §§¥T “Ri 207 §§¥T FRSRCLEAZ ﬁgggﬁéﬁx NCOSTA\ to. .81 NCOSTA\ NCOSTA\
BL 25 BL 2 NCOSRCLK ~ ANGLE[O. . . NCOSRCLK - NCOSRCLK
ﬁc ENA ;o ENA ERRWAN 7] NCORW\ NcocT FRRWAN' NCORW\ ERRWBY NCORW\ FRRWBY NCORW\
7CZ45A-18 7CZ45A-18 CRSO LO0ZDI8. SCH L.002D22. SCH L002D26 . SCH
ALNGLERIO... 8
CHANNEL 2
us3 ASIC - STAGE 0OC _ SHT. 16 ASIC - STAGE 1C SHT. 19 ASTIC - STAGE 2C  SHT. 23 ASIC - STAGE 3C__ SHT. 27
ANGLECO 8,0 oo -2 ROTCO ANGLECO 8 P
“ANGLEC 718082 Tll RoTC1 ANGLEC 7 CR CRSFTICLEA CR CREFTCLEA 'f-gg%"rcr..x CRSFTCLKE
E A2 o2 DATAOUT[O. (S T579-T.N CRSTB__ DATAOUT([O..17 1B} CRSTBA EcrsTE  pATAOUT(O..17) CRSTBE TB_ DATAOUT[O.
ANGLEC ANGE 70 .- .- 31017
SNerEs 23 o3 15 ROTca  ANGhEC a3 o3 BroaTAIN O, . 15] Dol O] NDATAIN([O..17] ISP AR NN L 1 <0 A NDATAINIO 171
ANGLEC 24 Siras"rorcs  aNGLEC A o4 IF5-roTCI3 = - EXPOF\ ¢ EXPOF\2 EXPOF\ EXPOF\
ANGLEC 16 ROTC6 ANGLEC 16 ROTC14 2.1
ANSLEC Ae o6 [+5 ROTCE  ANGLEC ae o6 (L5 ROTC14 WINDOW([O. .7] TWID[O..9] o TWID[O..9] @ TWID[O..9]
P a7 o7 - . a7 o7 EXTADD\ [0 . 8] NCOSO ANGLE. T@ ER-T: CRBI CRBI
ANGLECS 231 a8 ANGLECS 231 2g CcLKA §RADIX3 CA32% CLKA CRBITR RADIX2 CA32% LKA LKA RZCNTOR
TIN5 51 A2 IN'S 23 a9 CLK et CLK rees MR LK LK
alo al1o0 ANITAL L B RSty AY RST\ RST\ Ncosopy NCOSoc
socC NCOSOH SOC
RCLK 18 RCLK 18 NCOST NCOST Ncosof NCOST
S ) CLK RELK 18 hoLk NCOCT NCOCO NCOCT NCOCO
1 20f InIT BL 24 INTT sy - P NCOLDIN\ STB\ ’ NCOLDIN\ STB\ ¢ NCOLDIN\
gc ENA ENA NCOSTA\ to BrcosTay STB\' ] NCOSTA\
4 1 - NCOSRCLK ~ ANGLE([O. . 8] @ - NCOSRCLK - NCOSRCLK
7C245A-18 7CZ45A-18 FRRWAY NCORW\ FRRWBY ‘NCORW\ M’: NCORWN
! L.002D19.5CH 1002023 . S5CH T.002D27 . SCH
NS e E NI .
a1 vaz ASIC - STAGE 1D SHT. 20 ASIC - STAGE 2D _SHT. 24 ASIC - STAGE 3D SHT. 28 CRSI3
8 9 _ROTDO 9 ROTDS CRSFTCLKA CRSFICLEA CREFTCLEA CRSETCLEE = CRST
A0 00 -2 A0 00 K CRSFTCLEB] CRSFTCLK
a1 o1 (L2-RSIDL a1 o1 (#2-ROTHS CRETBA CRSTBA _ DATAOUT[0. ~RSTBA STB  DATAOUTI[0..17] CRSTEE CRSTB__ DATAOUT([O..17]BmD44(0--17]
$22 oz H43-R5T03 a2 oz H3-ROTRTY NOATAIN[O 7] NDATAIN[O 171 NDATAIN[O. .17] o) 17
23 T‘ﬂ_go'mg 2% 14 roTp12 AUXIN{O..15] EXPOF\ ¢ EXPOF\3 Expor ¢ EXPOF\3 ExPOF ¢ EXPOF\3
3 a5 os 2-R9TD3 a5 os [+2-ROTD13 ) WINDOW [0. . 7] TWID[O..9] TWID[O0..9] Gl n2do TTD (0. . 9]
A6 o6 [15- S a6 o6 [F5- » EXTADD\ [0 . . 8] NCOST oS : CRBITBIK GVSAMD
a7 o7 (AL ROTD a7 o7 (£ ROTD15 8528 BoLka CRBT ADRO ] ~—232E < ADRT] 232 CLKA CA3P2D B crrA R2CNTORK ANGCED
¥ z : CK321 CK329 CK32K CK3Z2L,
221 2 FETINITL - R GLK INITN1 INITN\Z CLK INIT 3 LK
a9 221 a9 >RST\ AN L RST\ RST\
al0 alo NCOSO NCosogd SOD NCOST NCOSO: NCOST NCoS FREG”
3 W RCLK 181 0 oo FRLOAD\2 y NCOLDIN\ Neoco FRLOADNS FROOADNL N CoroTN NeocT FRLOADN O NCOrDINy
“R1 _20] T R1 20] 7
=y e R (A fo. .81 = fRucosTay - ——gncosTa)
FRRWAN * 4 FRRWANT NCOSRCLK ~ ANGLE([O. . FRRWE\® NCOSRCLK FRRWB\T COSRCLK
go AR 18 ey e S NCORW\ NcocT —% NCORW\ NCORW\
FRSRCLKB' CH ' L002D20.SCH 1002024 . SCH T.002D28 . SCH
NG LED L S el
ECRE— RCLKC
RCLK
SIN/COS1‘[0..9] SIN/COS2’[0..9] STR/CoSSOTo 5> SIN/COS3U[0. . 9]
DELAYED CLOCK FOR REGISTERS STN7COSTT0—9 SIN/COS1[0..9] —
THAT OUTPUT TO ASICS. STR/CosTTo——5T> SIN/COS21[0. .91 ETRToSSETo—T> SIN/COos3L{o0. . 9]
vl u1s
N/COS10 b1 o1 |23 SIN/COS1'0 SIN/COS20 21 o1 }-23-SIN/cOS20 ule U17
u1o N/COS D3 832z sin/cosi‘i N/COS D3 93 [Zz-sin/cosz’i N/COS3U0 b1 o1 |23 Sc3u’o N 0 2[h; o1 l23.SC3L0
[FREOAD 2[5 o1 L9 FRLOAD\O IN/COS1z B2  83[E1isin/cosi‘z IN/COS D% SZ[Zi-sinvcosz 2 N/COS3U0 B:  S3[zz_scau1 N # D 9i[Zz_scan1
LOADNO 51 pt 81 FRLOAD\O * N/CoS 03 % SIN/COS1‘3 N/COS D2 S5i[Z0-sin/cosz'3 N/COS30 52  8i[Ziscauz N B2 g8ilziscanz
"RLOADNO 17 FRLOAD\1 N/COS 14 10 SIN/COS1‘4 N/COS 1o sTN/cos2-4 N/COS3U 20 sC3U‘3 N/ L 20 SC3L‘3
D3 03 D5 Q5 D5 @5 D4 04 D4 04
OAD\I & FRLOAD\1’ N/COSTE SIN/COS1‘S N/COS T8 SIN/COS2’5 N/COS3U sSc3u-’4 N " To~sc3n-a
D4 04 D6 Q6 [EE2- D6 06 [+E- D5 05 D5 05
"RLOADNI” 6] D2 9% [[I5_ FRLOAD\2 N/COS 5] B¢ ¢ [L7_sIn/cosi‘é N/COS2 25 S5 [z sin/cosz:ée N/COS30 D 82[EE_sc3u’s N/COS D Se[xE—scan's
OAD\2 pe o8 [ L4 FRLOAD\2: < FRTOADNZT] N/COS 51 ps Qs 16 SIN/COS1'7 N/COS 91 pg g8 SIN/COS2'7 N/COS30 D7 o7 [EL_sc3u’e N/COS3L D7 o7 [AL-SC3L’é
OAD\Z~ 55 85 [I3_FrLOAD\3 <ERLOADAZ] IN/COS T0] D5 95 [Z5_sin/cosi‘s IN/COS2 I0]1 D5 S5 [I5_sin/cos2's N/cos3u7 o] B7 5 [Ie_sc3u’7 N/Cos 51D4 o4 [Ze-sc3Le7
T —>—2|pe a8 INIT\3 N/COS Dlo oio | Z4_SIN/COS1'9 N/COS209 111 pjo oio |24 SIN/cOs2’9 N/COS3U8 10] g 8 15 sc3u-s N/COS 101 pg  go [L5_SC3L’8
[INITAS T TO GENERATE STORE N/COS3U9 11 sc3u‘e N/COS T1 14 SC3L’9
ROLKC 11 D10 Qio D10 Qio
o RCLRC 139, 00 x RCLRC 13% o1k oc oc
DELAY NCO LOAD PULSES. RELRE 139,25, RELKC T, 2«
TAFS74 STAGGERED 2 CYCLES . TAFEIL TAFBZL
TAFEST TAFEZL
VLBA CORRELATOR PROJECT
SRR FRSRCLKA - NATIONAL RADIO ASTRONOMY OBSERVATORY
FRSRCLKB’ > F RSRCLKB’ CHARLOTTESVILLE, VA
Title
FFT STAGES 0 TO 3
FRINGE ROTATOR SHIFT REGTISTER CLOCKS Size|Document Number REV
c 56000L002 (LO02D03 . SCH)
Date: May 6, 1997[Sheet 3 of 41]




FSC ROMS INCLUDED IN STAGE 4 ASIC SHEETS.

SHTS. 14, 29-31 IDENTICAL,

S SHTS. 10-13 IDENTICAL, EXCEPT FOR U NUMBERS. EXCEPT FOR U NUMBERS.
XPO Q - Wi
& >CK§§G R ASIC - STAGE 4a U113 ASIC - STAGE 5A U119 <EXPOF\[O..37> MUX FSC ROM OUTPUTS. 10NS SsU
c SCK32H  [eRErTerR> © [CRSI0 >spsrrerr—PCORST CrsOl S RST g <FSC.T[03T > 4-5NS Sy UL1s 2 scao
c CRSFICLK B CRSFTCLK CRSFTCLK a1l oa
CR3oN S CK32N CRETE S CRSTB DATAOUT[0. .17] DATAOUT [0. . 11 ]BHRALI < DA[0--11]] a2
DIA[0. .17 O NDATAIN([O..17] NDATAIN(O..17] 1 SELECTS A2B2C2D2 Bl oB|—L-SCALl
.- cosalo. .4 N Neo.. 1 SELECTS SMALL ROM. ACCSEL 5 Q
DAUXIN[O .17] SINAEOA 14 Rern 0ot &3 10 scaz
ca32c °1 cosB[0..4] TWID[O..9] EXPOF\0 1 SELECTS X2 Blhsan e 1 LA 15 sca3s
Sa3ss SINB[O..4] LKA EXPOF\ @ \ TS e 2rca . oSS D1 oD
ERA3SD < EXTADDA\ [0. .8] 21Dl ol — ROMSELD 1] 02
EXPOF\ LK D2 02 1SELD Ll ws
RCLKB FSC. T RST\ D3 Q3 CLK 74F399
RCLKB > ~oLKB NCOSO| NCOST D4 Q4
NCocT NCOCO 21ps &5 uos
pcnrTo NCOLDIN\ D6 06 L2 5 scaa
CNT! NCOSTA\ R2CNTO TWRSEL D7 ©7 Al oa
\ Neomie 2N TR FscoNLYY cLx FROM 5] D¢ 9% [ ACGSEA 22  sons
-81 FSSRCLKC NCOCEN STG4 R2CNTO R2CNTA 11 ASTNEO 5| o1 9B
e STt crson SRR o ZIE B 7 (e scae
L002D10.SCH 3 MA LOAD asinel 12 1 @
TO FSTC ROM MUX TAFZT3 §2 oplis sca7
T.002D14 . SCH ASING o
ASIC - STAGE 4B uol - ASIC - STAGE 5B U99 ROMSELD 1] 02
CRSO CRSI CRSO CRSI. RCLKB 9} Cry 74F399
POLSAR[0 3> PULSARIO. .31 B i CRSFTCLK D250 17] R T ih CRSFTCLK Q A& BS
TNIT\Z o4 o LE RSTB DATAOUT[0. .17] CRSTB CRSTE_ DATAOUTI[O..111B DEB[0. .11 & HARE THIS CHIP.
[O2470. .17] NDATAIN([O..17] BCOSA[O..4] m NDATAIN[O..17] 2 scaAs
Ao 17 cosafo..41pBSORAI0- - 4] AUXIN[O..17] = —2{a1 oa
FSRW\ * I AUXIN[O. 17] SINALO..-41@BcosBl0. - 4] B0, 0] SINE a2 7_sca9
Ty TWID[O. .9] coselo..41BBEINEI0 (4] L Gy RIWID(O..9] EXPOF\1 A STRET Bl QB
FSST\ / FSRW NCOSTAN SINB[O..4] o ExT5N [0 TEIR EXPOF\ @ B2 10 _sceo
SR35G NCORW\ EXPOF\ 1 PRI EXTADD\[O .8] ECOSE0 cl QcC
INITN\A SN R Fsc 1 _INTTNE ] SN U133 ———— 12 _,las sce1
DINVALID' [0..3] [ESSIB Srem NCOST NCOSO| NCOST ASINAS 2{p1 o1 |2 BeOSBL B ©
DINVALID” 3 - LKA NCOCT INCOCO ASINA4 D2 @2 ROMSELD L] 135
FSCEA\ NCOLDIN\ R2CNTB FSST\ NCOLDIN\ Boosal D3 Q3 RCLKB 9} opx 74F399
DINVALID ALLOWS SETTING THE FSSRCLEA NS Lk R2CNTO FSRW Neomwx | RaenTo ROMSEL BCo D5 85 [
FFT DATA INVALID IF THERE WAS 10, 51 v eosko. a1 FSCE\ eoRm ROMSELD> ROMSELD BCOSA3 14107 oSe u9ge
A TAPE ERROR. ALIDT sIN/costo- - FSSRCLEC NCoSEN LK BCOSAA 3¢ &8 3[21 on 2 ScB2
SET THE PGENBL BIT IN THE PGB | THRU 2 U135, 541 SECTIONS. _BSINAO 18 1 BCOSBZ
STAGE 4 CONTROL WORDS . L002D11.SCH DATAENBL\ D8 Q8 == a2 7 scB3
L002D29 - SCH R2CNTB 11 BCGSE3 Bl QB
FSCONT.Y. P CLK B2 10 scBa
vee CLR ScosEi—2] €1 oc
ASIC - STAGE 4cC u70 ASIC - STAGE 5C  u78 TAFZ73 3] 5% p |15 sces
BSTNBO
R17 [CRsSTZ CREFTICIK RS FTCLK CRS CRSFTCLK] I 1 SELECTS DD ROMSELD 1] D2
1K CRSTB < D3s{0. 171 — CRSTH] CRSFTCLK DCIQ RCLKB 0| WS
T o—T7T 3470 17 "gzs\%inq[o 171 DATAOUT (0. .17] =R=al CRSTB DATAOUT [0. .11 1B <DC[0..117] CLK 74F399
R1 .- .- m NDATAIN{O..17]
EXT5\ [0. .8] 410, 17 cosato..41BEEORR0 1 7] AUXIN[O..17] uos
e - AUXIN(O..17] siNafo. a]QSSIRAIO- -2 10 91
TWID[O. .9] COSB[0..4] fo.-41 L= TWID (0. .9] Al oa[—2 SCB6
SEE EXTS.TIM oy CSINB(O..4] TRTOD EXPOF\2 BSINEL Q
3 ez NCOSTAN SINB[O..4] .- o EXPOF\ @ a2 o scm7
T5\0 |_2 EXTS\‘0 CK3zM NCORW\ EXPOF\2 CRION EXTADD\[O 8] BETINEZ Bl o8B
T5\1 Dl Q1 8- mxT5\1 INIT\4 LK EXPOFN@ FsC. T2 TNIT\H B2
2 D2 Q2 |[—=— 3 RST\ FSC. T . ReT\ cl oc |9 sces
2 D3 3 EXT5\ FSSTCT N BSINB3
T T Q3 % F.‘XTS\'B [ESSIC” >=7555 COST Neos NCosT uo2 c2 5_scBo
TENa 13| D4 24 N LKA NCOCT: NCOCO K EETNER D1 oD |+3-SC¢
TE\5 14] D2 5\’5 NCOLDIN\ R2CNTC FSST NCOLDINY D1 Q1 — RoMsELD 1] D2
FSSROLKE R2CNTO| rest NCOSTA\ D2 02 ISELD L1 ws
CK32F 9 Feerae NCOSRCLK “FSCHY NCORW\ D3 Q3 CLK 74F399
TP CLK NCOCE\ Fosmma NCOCE\ cRsoBY D4 Q4
CLR SIN/COS[O..8] ESSRCLKD] NCOSRCLK 21ps @5 uoa
—FTTT SLEALID 2] DINVALID = DATAENBLA\ D6 Q6 | 2 scco
T.002D12.SCH T002D30.SCH D7 Q7 IMT5— ccosso 4| 21 @A
D8 Q8 a2 7 sce1
R2eNTC 13| (0o CCOSBL BL o=
FSEONLYY 1 10 scc2
ASIC - STAGE 4D u47 CLR ccosez 12] o3 °°
CRSFTCLK R SoTCLK crs1q CRSFTCLK, TaF=Ts CoTET I Dz kP 13 sce3
S— CRETB . 17 DATAOUT (0. .17] Dol CRSTB DATAOUT (0. . ROMSELD 1 ws 7aF399
— .. NDATAIN([O..17] CLK
DCOSA[O0. .4] D25 10 171
NEED AN F FOR THE 4 NS SU. 410 17 AUXIN[O 171 Z?Eﬁ%g"ﬁ} DSINA[O..4] EAUXIN[O. .17]
U142 T 8053 SoeAlg--41BpcosB o 4] SSpio. o1 pruIpo. .9) uo3
EXTS5\6 D1 o1 |2 EXTS\'6 uy RIS ASN Sonelo--41BDsINB (0. 4] o2:%; . EXPOF\3 2_scca
EXTE\7 EXT5\ * 7 TSRW [0..4] e o EXPOF\ @ ccosea Al oA
EXT5\8 D2 Q2 EXT5\ ‘8 CR32M NCORW\ EXPOF\3 RSN EXTADD\[O -81 A2 7_sccs
${ D3 @3 SN erE I LK EXPOF\ 2 Bl 0B
FEee > 5 FsC.T3 INTTNG CSTNEO
FSCE T3 D4 04 I psomay RST\ FsC.T ANITAD N £SINBO 2] B2 10 scce
Ll DS 95 IFSSID' =TT NCOST NCOSO| NCOST — c1 oc
FSCLOADN / * NeocT FSCLOAD\ " NCoco u7e 1] €2 15 scc7
CK32F 9 WAS PROM FECLARBT T NCOLDINY R2CNTD FSST NCOLDINY ccosas 3 2 CSINE D1 oD
RE1p SLK NCOSROLK R2CNTO| MUK NCOSTAN ccosad 2pb1i o1 csinp2 131 b2
S NCORW\ & D2 ws
T NCOCE\ crBITR| STZE\L NCOCE\ SEIN 2] b3 RCLEB 9}, crx 74F399
SIN/COS([0..8] NCOSRCLK SSINAZ D4
EXTERNAL ADDRESS 5 IS LOADED DINVALID DATAENBEL\ CsTNA4 1a] D% u77
INTO RAM FROM NCO 3A. T002D13 . SCH T.002D31. SCH oS 2 sccs
THE REGISTER BREAKS UP THE LONG PATH Dcosai 18] 57 CETNES Al oa
AND PROVIDES FANOUT TO THE 4 ASICS. = D8 a2 |7 scco
R2eNTC 11§ (e CSINEZ Bt @
CAN BE SLOWER REG. ALL STGS5 R2CNTO'S ARE IN PHASE. FSCONLY, Sox B2 oclzo scoo
LWR’'S ARE DELAYED 1 CYCLE BY DELAYING INIT. BCOEB0 el
RACNTO IS USED TO THEN CORRECT THE PHASE TAFZT3 $2 oplis sco1
THE PIGGYBACK BUFFER GETS RID OF SIN/COS4U[0. LR A e PR LAY Y BeweBrs 3] D2
THE PIGGYBACK BUFE T SINCE THERE IS AN 11 CLOCK DELAY / STAGE, ROMSELD 1] 33
. e STAGE 3 R2CNTO IS IN PHASE WITH STGS. LK 74F399
GYBACK u1s
18 FSSRCLKA N/COS4U0 23 scau’o
17 FSSRCLKB N/COS4U1 o2 g% SHT 6 WITH SHT 7 INSIDE IT.
16 FSSRCLKC N/COSAU 0z g2 TO FSTC ROMS DCOSEZ
15 FSSRCLKD N/COS4U ANGLE MUX
T N/COS4U pi g‘é DCOSES
13 IN/COS4U PT ANGLES
12 [N/COS4U pe Q¢ 1267502 BT ANGLES SC5-2K[0..71] DCOSEA
12 759 D7 &7 SC5<1K(0..8] uU3s
CQS4U D8 Q8 S 4
IN/COSAU8 10 ANGA[O..8 DCOSA2 3 DSINEO
N/cosauo 11] 22, 2 RCLKD >BCLK ANGA (0. .81 ANGB{O 8% cosas 4] DL Q1 [—5- ROMSELD 1]
15 S D10 Q10 FROM ANGBLO. .81 aNGc (0. 8] COSAZ D2 Q2 RCLKB 0| WS
G2 R2CNTO 3C BrANGCEB\ B ANGCEB\ ANGC[0. . 8187 Ncr(o. [ 8] BeTin D3 Q3 CLK 74F399
e relr s RETRS oc 3CIANGCEC\ B ANGCEC ANGD[O..8] - RSINAQ D4 04
U20 =225 CLK ANGCED\ ANGCED\ DSINAZ 14 gg Qg | us2
] oo S
PULSARO 2 [y o7 |19 PGA 7AFSST DSINAS 3% 85 AL on |2 Scps
ULSARL 3] D S5 [18”rcB u19 DSINA4 D7 97 [ DSINBL a
ULSAR2 41 B2 22 [17-pcc N/COS4LO vy Tl23 scan‘o FROM CONTROL WORD4D _SIZE\] Q 7_scp7
PULSAR3 Q3 M pGp N/COSA4L el M2 scan1 PpSTZENL R2CNTD 11 DSINBZ Bl 0B
ns gg 15~ FSCLOAD\‘’ STG 5 N/COSAL D2 g'g’ —21.SC4L’2 FSCONLYY_ 1] SPK B2 c |20 scos
FSCLOADN” EE Z FSCLOAD\’* STG 4 N/COS Di  Si[Zo-scan's L002D06 . SCH DSINE3 S @
88 N/COSA4L. D4  Silio-scarvsa TAFZT3 ¢2 plas scos
bFY § INIT\S N/COS4L e Se[zs_scan's DSINBA D1 ¢
N/COS g1 DS 85 [i7_scavs ROMSELD 1] D2
RCLKC 11 o N/COSILT_o1ps g6 16 scaL:7 RCLKB 0 WS, 74F399
c N/COS 11] D30 ofo [Za_scar’s
TAFSTA
oc
RCLKC 134 ~rg
FSCLOAD\ LOADS STAGGERED BY 1 CYCLE. TAFE21 VLBA CORRELATOR PROJECT
SEE TIMING IN CETIM.SCH
NATIONAL RADIO ASTRONOMY OBSERVATORY
FSST\ (FSTC STORE\) AND FSRW\ ARE CHARLOTTESVILLE, VA
OUTPUT OFF CARD JUST IN CASE NEEDED. Title
NORMALLY TIE PINS HIGH. FPT STAGES 4 & S
Size|Document Number REV]
c 56000L002 (LO02D04.SCH)
Date: May 6, 1997[Sheet 4 of 41
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ELIMINATED 541,

< RAMLD[O.

PERFORMANCE PAC116-15PC §22.32, 280 QUAN, 12-15WKS 300 MIL, 24 PIN ADDR PINOUT SCRAMBLED.
CY7C128-20PC, 100 QUAN, $9  1WK U125 Ul4d1l 0150
FOR OVERLAP MODE 2 FRST SCHEDULES Q0  8[,0© 5o .9 _EXTOUNO Q0 8l . 5o |2 EXT5\0
ARE NEEDED. UPRMEM ALLOWS AN ALTERNATE o1 7] 27 DY [fo-exTouni o1 7129 DY [Io-ExT5\1
SCHEDULE. NOTE THE REST OF THE RAM SRR e Dy [IimxToUu\2 02 6|22 D% [I1_ExT5\2 LOW SPEED.
U136 VALUES WOULD HAVE TO BE DUPLICATED. 93 5142 D3 [I3 ExTOUN3 Q3 5122 D% [A3_ExT5\3 TO ENABLE NCO OUTPUTS
COULD BE PATCHED THROUGH. U123 TWO CONFIGURATIONS COULD BE IN MEMORY . oz 2|23 D2 [I4_ExTouna Qa4 223 D 14 ExT5\4 FOR LOADING RAM.
QO 8 20 DO _ 9 WINDO 5 ; AS D5 ;.5 EXTOU\S 95 3 AsS DS 5.5 EXT5\5 Mm
o1 7 21 D1 10 WIND1 ulz4 Q6 21 %76 D6 16 EXTOU\G6 Q6 2 26 D6 16 EXT5\6
02 6153 D [IiwinDz Q0 8[,¢ Do |9 _EXTOU\8 o7 1129 DS [IZ_ExTOoUN7 Q7 1125 DS [A7_ExXT5\7
o3 5122 D [I3winp3 o1 __7]1%7 B3 [Zo_ExTOL\O Qs 23 27 o8 23 27 WINDIO. 7]  ~wRBTo 71>
ey v D[4 winba Q2 6] %23 D5 [I1_ExTorL\1 Q9 221 25 Qo 22 25 -
o5 3 2% DS [Is_winps 3 51%% D2 [I3_ExTOL\2 UPRMEM- 19 27 UPRMEM- 19| 27,
252 ac D6 15— WINDS 8‘5l 5 24 TR 18| == 18| == INTT\ [0, 2]
o8 23147 D7 = 06 2142 D2 [16_ExTOL\5 LDRAM™ -~ 20| <= LORAM "~ 20| <& * INITN[O..2] >
09 22 7 1 17 EXTOL\6 WE -’ \ 21| 8E WE” \ 21 EXTOU\[0..8]
221 a9 2 L a7 D7 WE WE X EXTOUN[0..81>
UPRMEM‘ alo 2551 28 vee CY7C138A-20PC CY7CI128A—20PC TOI\ [0, . 8]
A9 EXTOLN\ [0 8] >
18 | =8 UPRMEM' 19 | 279 uliss —
TDRAN © 20| E& 00 8 9 EXTOL\7 EXT5\[0. .81
WE’ X 1] QE 18| == R11 o1 7| 20 DO 5~ EXTOL\8 EXTS5N\[0..8] >
WE LDRAM ©_20 % 1K 52 6 2% g% I1_EXT5\8
cy7C128A-20PC N/ WE’\ 21| 9 Q3 5] 22 D2 [I3~ RaMLDO  INIT\1
47— RAMLD[0. 4] R1 Q4 2|27 D2 [I2 _RaMLDI __INIT\2
: CY7C128A-20PC Q5 3 2% Dt [I5 RramMLD2 FECEN
FROM NCO. FOR LOADING RAM. 06 2 16 RAMLDS3 >——Q
07 1 ig gg 17 RAMLDA4 ggsg <
DELAY SO ENOUGH HOLD TIME TO TWIDDLE CEREH A
SEE DRAMTWID.TIM 09 22 HAVE INIT\3, 4, AND 5
SEE RAMEXTA.TIM FOR RAM TO EXTERNAL ADDRESS TIMING UPRMEM- 19 27 SYSTEM WIDE CARD INPUTS
SEE RAMFSCE.TIM FOR RAM TO FSCE TIMING.
SEE ST.TIM FOR RAM TO REG FOR STORE TIMING. 18| =5
+ TDRAM 7~ 20| SE SEE L002D34.SCH FOR A
% WE ‘" \ 21 %g DESCRIPTION OF BOTH PALS.
6.5 NS CLK TO OUTPUT

HAVE THE RAM WIDE WORD OUTPUT VIA THE NCO'S.

CLR\

U

CLR\

U
RAMCLK * 1 | NORMALLY LOW

(LDRAM’ " *LDRAM’ * " \) \

CLEARS COUNTER

CLEARS COUNTER

HAVE RAMCLK GIVE A NEGATIVE PULSE.
THIS GIVES THE WE\

IT THEN INCREMENTS THE COUNTER.
HAVE THE NCO’S OUTPUT THE NEXT WORD.

AND CARD LEVEL LDRAMS.

THERE CAN BE A SINGLE SYSTEM WIDE RAMCLK SIGNAL,

CY7C128A-20PC

10 BIT COUNTER

IN CTRLSB.PDS

U126 MUX OUTPUT
HALF OF PAL EMULATES A 74F153 2 |19
C2 & C3 ASSUMED LOGIC 1 €9 3113 92 Bisoo<* >
LOAD RAM WITH ALL 1S EXCEPT 0°S AT: G INSTEAD OF G\ 2 17 01
v A I3 03 b=l
INIT\1 = PT 8 2 5112 91BIe_oz
INIT\2 = PT 19 11 SPACING Y=G*/B*/A*CO + B 61 1: St pBis_o3
INIT\3 = PT 30 G*/B*A*C1l + NC 71 12 92 BiZ_oa
INIT\4 = PT 41 G*B*/A + CLEAR 8] 15 95 BIz"os
INIT\5 = PT 52 G*B*A COUNT ENABLE o] 75 5§ BIZ_Rco\ carrY ouT\
CLK_ 1
SLk 1) crx
11| <k
10 NS KT 16R6-7PC
U128 RST\ . T
RST\ 3 2 RST\’
4 gé g% 5 UDRMEM’ AN IN CTRMSE.DPDS
WE'N 6] D3 o3 [_Z_WE'’\ U127
11 10 LDRAM’ 2 .19 CLR”
(LDRAM >+reay 713 os 8‘51 12 LDRAM’ * ramcrk” 3| 11 Ol BT cR-
[RAMCLE 14] o6 o6 15 RAMCLK’ LDRAM’ ’ 41 73 o3 k17 LDRAM’ ‘ ‘' \
FROM EXTERNAL FF wE N 5112 972 BIe we\
CLK 9 RST\__ 6 PT5 o6
[CLR >=EE——2bCcLK RSTN 61715 05 pd
RL 14 cLr Ne 7116 O6 it 97
CK32Q IN NC 5] 15 SSBiz-os ~+
7aF174 NC ol Iz S PBIz—oo ~+
ALSO TO U140 11, INVERTER TO TEST CONN.
cLx| 1
CLK
11| &
NV 16R8-7PC
LDRAM' I USE LDRAM TO DISABLE OUTPUT WHEN SHIFTING ASIC CTRL WORD
TO PREVENT BUS CONTENTION FROM NCO OUTPUTS . 08 & Q9 TO BE DELAYED FOR WINDOW RAM.
LDRAM" [ DISABLE OUTBUTS. 1 TO LOAD RAMS,
HAVE LDRAM HIGH. CLEAR CLR’: = RST + LDRAM’ ‘*LDRAM- ‘ ‘\
LDRAM‘ © * \ 1 I THIS INITIALLY CLEARS THE COUNTER. COUNT ENABLE CE’ := ( LDRAM’‘ * (WE’\*WE‘‘)\ )\

WEN\ l I l I (RAMCLK’ *LDRAM"’ “ ) \
VLBA CORRELATOR PROJECT
wWE "’ l I '
\ NATIONAL RADIO ASTRONOMY OBSERVATORY
WE"’ “ [ I ENABLED ALL THE TIME WHEN NOT LOADING RAM. CHARLOTTESVILLE, VA
COUNT Title
ENABLE CE WE’'\*WE’ "’ + LDRAM’ "\
| 1 | l_._= B e e - e LD NN COUNTER, WINDOW RAMS, INIT RAM
cE’ T ] M Size|Document Number REV
COUNT ENABLE
COUNT lo I 2 B 560001.002 (LL0O02D05 . SCH)
Date: May 6, 1997[Sheet S of 41




2048 EVEN AND ODD REG D WIRE ORED TOGETHER REG Y SIGN MAGNITUDE ANGLES

2K[0..7] 128 OR 512 PTS OUT 2K PTS OUT ANGAIOQ. .8l  —woert5 5T
[EC5—32K[0..71> vee O34 K ANGATO. .81
128 UPPER AND 512 LOWER CcO 2 23 ANGAO [e{e)>]0] 2 23 ANGAO RO COsO0 = B[O 8 ——
(SeS=IRTo——8T><1K[0. -8] €1 _31p3 Si[22-aNGal 11 Ns cosi 31 p% 9152 ancal r1 ANGB[O0..8)
2 RO c2a|p3 &3 [21 anca2 cosz 4] pZ 22121 anca2 R2 0-510 EVEN 2 0. .8
1K Cj 2 Da o2 [20 anca3 cos3 5137 o, [20 anca3 R3 cos3 -
CLK c 19 ANGA4 6 19 ANGA4 R4 COS SIGN ANGD[OQ. .8
R1 c5 7] De 22 [I8_ancas SINO 7| D2 2218 ANGA5 RO SINO ANGD[0..8]
RCLK INPUT c6 s pS 2517 ancas N7 Sini__8]|B5S 87 17 ANGA6 R1
c7 ol o4 Sl [Le anca7 sinz o] pl 2716 anca7 Rr2
C8 10119 o [15 ANGAS SIN3 10| ps g | L5_ANGA8 R3 SIN3
cLr 131022 CLK __13 L rx THE ORIGINAL SINES AND COSINES TO THE FSTC ROMS
6NS SU  ANGCEDNI14] STR o ANGCEDN14Y SR HAVE BEEN REPLACED WITH A FIVE BIT ANGLE INDEX .
stzel 19 ST SIzenT 17 SC THE FOUR LSB’'S ARE SENT TWICE.
R1 11 RL 11 THE MSB IS SENT ONCE.
RL 114 cir RlL 114 cir
U140D THE MSB REPRESENTS 90 DEGREES.
FROM 4D 74823 74F823 THE BUS IS SHOWN AS RI[O..4].
ETZE~T >SIZE\1 9 8 SIZE1 u22 u27
D1 o1 |23 ANGEO cos'0 2. o7 |23 ANGBO RO COSO
D3 o5 [22_anGE1 cos’1 51p; o3[22 aNGBl R1 1 - 511 oDD
74ALS04 USED TO BE AN F B3 o3 [21_ancs2 cos’z _4|p3 S5[21 aNeB2 R2
INVERTER PREVENTS BUS CONTENTION . Da oa |20 ancB3 Cos”3 _51p; o, [20 aNGB3 R3 coss 0 TO 90 DEGREES
D5 o5 [[19_ancB4 6] D5 o5 [19_ANGB4 R4 COS SIGN R4 = O
be oc |18 _ances SIN'0 7] p2 g [18_ANGB5 RO SINO
by of [17_ances N sin‘i_s]pS 85[I7 ancBé R1
b o [16_ancB7 sin‘2 o pl S][16 ANGB7 R2
DS os [15_aNGB8 SIN’3 10| pDg g [ 15 ANGBE8 R3 SIN3
eIt
823 HAS 3NS SU ggKEN STzENT 19 SoFEN
FROM 3D R2CNTO RL 119
ANGCED\ B _1l4 cir d cLr
TAF823 T4F823
THESE TWO ARE IDENTICAL, U3s u37
USED FOR FANOUT. co 2[,7 41lis SINO  2[ 77 o7 |23 ANGCO RO  COSO
FROM 3B R2CNTO c1 3|22 Il[17 SINL 3] p3 95 [22 ancci R1 512 - 1022 EVEN
ANGCEB\ Cc2 4 A3 ¥3 16 SIN2 4 D3 o3 21 ANGC2 R2
c3 5182 3075 SIN3 5] p7 87 [20 anccs R3  COS3
c5 6| Rt Ji[14 46| ps S [19 ancca R4 COS SIGN
ce 7|22 Y23 |__co50 7152 82 [[LI8_anccs RO  SINO 90 TO 180 DEGREES
c7 8|25 Yo [To 1 cos1 8] Dy oF [1Z7_ANGCE R1 R4 = 1
Cc8 91 aAs vs |[-L1 1 COS2 9 D8 08 16 ANGC7 R2
1 COS3 10 Do 09 15 ANGCS R3 SIN3
SIZEL 1d e1 CLK 13127
t 192 s ANGCEB\.._%_C Srken | €4 HELD HIGH BY BELOW PU.
oc
7AFS4AT | R1 119
REG C MAKE R4=1 TO ADD 90 DEGREES q CLR
U21 vee 74F823
<1k0 2[.° -] 23 o u2s
=ikl 51p3 231322 c1 CO__SIN’O 251 o1 123 _ANGDO RO COSO
<ikz 4]p3 S93[21 c2 R10 Cl SIN'1 31 D3 o3 [22_aANGDL R1 513 - 1023 ODD
<1k3 5] p7 971320 ca 2.2K €2 SIN'2 4] D3 9% [21_anep2 R2
<1Kd 6] p5 o%[19 c4 C3 SIN'3 5] D2 o[ 20 ANGD3 R3 COS3 C= -SIN’
<1k5 71p2 &2[18 c5 vee 4 6] pa o5 [19_ANGDZ R4 COS SIGN S= +COS”
<1Ke 8] p5 S5[17 cé C5 _COS'0 7] De o [LBE_ANGDS RO SINO
<ik7 o] Bl 9716 c7 C6_Ccos’1 8] p5 o5 [IZ_aNGDE R1
FROM 3C <1K8 10] pg of [15 ce R18 C7_Ccos’2 5] D o4 [16_ANGD7 R2
R2CNTO CLK 13 M-Ik 820 C8 COS’3  10] fgo 09 L5 ANGDS R3 SIN3
4] CLK 13
[ANGCEC\ STZET 1] géKEN ANGCEB\ 14 SEEEN SHARE INPUTS OF LAST CHIP HERE.
r1 11] 3 ADDED UNDER BOARD TO FIX 1 Se
CLKEN ERRORS IN 128 PT MODE RI 113 25,
3NS SuU 74F823 i;
ONS HT 2NS DATA HT TAF823
2K EVEN/ODD IN REG W ODD REG X
u23 U26
2K0  2[ " o] 19 cos0 2[) o7 |19 COS’0
2K1 3| D5 27 [18 cosi 3]p; 85[18 cos‘1
2K2 4| D2 9277 CoS2 4 17 _Ccos’2
K3 5 Q3 75 coss 5] D3 Q3 1Tg cos‘3
= D4 Q4 (= D4 Q4 = ,
USE R2COINV IN ASIC CONTROL WORDS . 2r4 6| p2 22005 SINO 6] pi 95 [2I5 SIN'O
THIS INVERTS THE PHASE OF THE R2CNTO, 2K5 7| D2 92 [14 SINI 7] D2 82 [14 sIiN‘1 SHT 7
16 MHz SIGNAL FOR THE ASIC. 5K6 8 Q6 73 SINZ 8 Q6 MT3 SIN’2 BLK DIA & TIMING
2 D7 Q7 =3 D7 Q7 3 .
333 2k7 9] ol 21[12 SINs o] pl 8412 siN'3
bBC CLK 11 CLK 11 L002D07 .SCH
K ;
RRR STZENT 1 ggx STZENL 1 géK
222 9
cce TAF574 7AF574
S6060 VLBA CORRELATOR PROJECT
%I:ETI:ETI%I - NATIONAL RADIO ASTRONOMY OBSERVATORY
EVVV CHARLOTTESVILLE, VA
1 Title
0110 512 PT RADIX 2 HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y. MUX FSTC ANGLES
0111 128 PT RADIX 2 HAVE ANGCEC\ IN PHASE WITH ANGCE\ TO REG D & Y. Size|Document Number REV
1110 2048 PT RADIX 2 HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y. B 560005002 (LOO2D06 . SCH)
Date: December 10, 1997[Sheet 6 of 41




2048 RADIX 2

EVEN OR ODD SELECT

ANGCE = R2CNTO FROM STG3 ANGCE | ] | ] J
WITH R2COINV = 0
ANGCE\ ] J ]
2K DATA IN o1 |E1 o2 |E2 |03 |E3 |
* = 2K MODE REGISTERS
REG W lol1 |E1 |02 |E2 |03 |E3 | 0 - 510 EVEN & 1 - 510 ODD
CE\ ARE DEMULTIPLEXED FROM DATA STREAM.
EVEN REG Y |lE1 |1E2 |E3 ANGCE\ 512 - 1022 EVEN AND 513 - 1023 ODD
ARE OBTAINED BY SWITCHING SIN AND COSINE
ODD REG X lol1 |E1 |02 |E2 |03 |E3 | AND INVERTING SIN’S SIGN.
NOT USED
ODD REG Y lo1 |o2 |03 ANGCE\ # = 128 OR 512 POINT REGISTERS.
PHASE OF ANGCEC TO REG C
USE R2COINV IN ASIC CONTROL WORDS. 128 OR 512 RADIX 2 LABEL 128 PTS A, 512 PTS B. DETERMINES WHETHER 128 OR 512 IS CHOSEN.
THIS INVERTS THE PHASE OF THE R2CNTO, 128/512 IN a1 |B1 |a2 |B2 | REG D DESTAGGERS.
16 MHz SIGNAL FOR THE ASIC.
333 3C R2COINV = 1 128 REG C a1 |a2 ANGCE\
DBC IN FSC ONLY MODE, THE OUTPUT OF THE BIG
4 3C R2COINV = 0 512 REG C |B1 |B2 ANGCE ROM IS ZEROED IN THE SUBSEQUENT 273 REGISTER.
DRRR THUS, IT DOES NOT MATTER WHAT ANGLE COMES OUT
222 128 REG D |a1 |a2 ANGCE\ OF THIS ANGLE MUX.
sccc
T0O0O 512 REG D - Bl |B2 ANGCE\
ZITT ELIMINATE STAGGER.
ENNN NOTE Al,B1,0l1, AND El ALL LINE UP.
1VVVv
0110 512 PT RADIX 2 HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.
0111 128 PT RADIX 2 HAVE ANGCEC\ IN PHASE WITH ANGCE\ TO REG D & Y.
1110 2048 PT RADIX 2 HAVE ANCCEC\ OUT OF PHASE WITH ANGCE\ TO REG D & Y.
AS823 CE, TRI-STATE REG
THE 5 BIT ANGLE INDEX IS ENCODED IN THE 9 BIT BUS.
THE 4 LSB’S ARE GIVEN TWICE.
SIZEl TO OC\s REG Y THE MSB IS GIVEN ONCE.
uU34 WIRE TRI STATE OUTPUTS TOGETHER. EVEN
u24
*
#
FOR 2K MODE
0 - 510 EVEN 9 0 - 510 EVEN
PIPELINES O AND 1
CE\ CE\ 0 TO 90 DEGREES
3D 3D MSB OF 5 BIT INDEX = O
ODD
u22 u27
*
#
FCLKC IN 1 - 511 ODD 1 - 511 ODD
3B=3C=ANGCE\ CE\ CE\
FROM R2CNTO 3D 3B
GND ANGCE\
u37 [0C\ PIPELINES 2 AND 3
* 90 TO 180 DEGREES
U36 # MSB OF 5 BIT INDEX = 1
I 512 - 1022 EVEN 512 - 1022 EVEN
(/ CE\ REG W NOT NEED TO TRISTATE LAST 2 CHIPS
3B * REG X
REG C EVEN OoDD
u21 GND u23 u26
U25[0C\|] HAVE SIGN OF SIN W PU. * * DETAILED LOGIC ON SHT 6
# *
128/512 IN # 2K EVEN/ODD IN
SIZE1\ TO OC\s VLBA CORRELATOR PROJECT
ODD
9 # 513 - 1023 ODD 8 8 513 - 1023 ODD NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA
CE\ CE\ Title
3B
ANGCE\ FOR FANOUT FSTC INPUT MUX BLOCK DIAGRAM AND TIMING
ANGCEC\ DESTAGGER Size|Document Number REV
*
3¢ B 56000L002 (L002D07 . SCH)
Date: December 10, 1997|Sheet 7 of 41




A

M

]

1oe STAGE OA DATAQUT[0. .17] SATAGTTTo——T7T]
[CRST >N19 crsz ouTo g::%gﬁgﬁgggg
[CRSFTCLK 10 CRSFTCLK OUTL 575 DATAGUTS
CLK [CRSTB >373 CRSTB OUT2 mET3 DATAOUT3
[CTK CLK ours &+
57 Reork gurs [FIipaTacuTa
WINDOW [0 . L7 ] e WINDOWLO . . 7] %Z_,) CLKA ouUTS5 g:-%gﬁgﬁgggg
[RST\ > RST ouT6 =
WINDOWO H3 J metpo guTS [G13paTacuT?
WINDOWL o [REARSS S Oumg [I12paTacuTs
POSITIVE REAL  WINDOW2 J2 | tins
5,0,4 REAL NUMBER. WINDOW3 K TWIDS ouTo K13 DATAOUTY
e T ] o333 i e
WINDOWS L1 | TWIDS OUT1l 73 DATAOUTL2
EXP WINDOWG M1 | TWIDS OUT12 M 75 bATAOUTL 3
W 1 | rwiD7 ouri3 =L
MSE WINDOW?Y K3 | Tiing SumIa [KIiparacuria
IMAG SIGN M2 | T TDe oo & [MI3DATAOUT1S
ouTIe [MIzpaTacuTis
A4 oUTIS [LiipaTacuT1?
NDATAINI[O. .15] FOR VIEWING ASYMETRICAL RAM WE PULSE.
[NDATAINTO..15] >=""\pAmaATNO Cl | NDATATNO HAVE WEOUT BIT SET IN THE CONTROL WORD.
NDATAIN1 D3 GET WE\ OUT = CLK * CLKA
—NDATAINI NDATAINL
T NDATAIN 52| NDATATNZ N1t PROBE TEST POINT
_\TD‘%'"‘J%II\Z =5 NDATAIN3 CRSO le
—\ID‘V,‘HB = ‘3: NDATAIN4 CRBIT il
“NDATAING Ad | NDATAINS TEKTRC:)LN:,]::LX 4244-00 N
FROM FRINGE ROTATOR ROM T NDATAINT A5 ggﬁgi%gg B -
DATAINS 56 | N e R2CeNTO L2 ACTUALLY CONSISTS OF A CENTER SIGNAL PIN
772 # DATAINO A8 | N e AND 4 SURROUNDING GROUND PINS
BATAINT? B9 | NDATAINIO
_NDATAINL2 co | NDATAINT S
DATAINLS3 ALL M9
T NDATAIN1Z c1i0 ggﬁgi%g}i EXPOF D
NDATAINLS gg% NOATAINT
r D1 NDATAINIG
AUXINO D2 | NDATAINLY
GROUND 2 MSB’S OF EXPONENT. YT7 AUXINL c2 igﬁ%gg
AUXIN[O. .15] AUXINZ B
[AUXIN[O. .15] > =3 AUXIN2
AUXIN3 C+
AUXINA 3 | AUXIN3
AUXINS cs ﬁgﬁigg
AUXING B5 | AU
FROM FRINGE ROTATOR ROM AUXINT c6 | AuXINe
AUXINS A6 AUXINS
AUXINO B8 | AUXINe
AUXINLO A0 10
AUXINLL alo | AUXIN
AUXINL2 510 AUXIN:L%
AUXINL3 511 igiigj:b CAN OUTPUT NCO DATA TO LOAD RAM.
AUXINIZ ALD
XIN 12 ) aAuxIN1ia
s 4 AUXINLS C12] AuxINis EXTADDNIO. .81 swrreoTo BT >
I 131 AUXIN16
AUXIN17 ExTADD 0 LE3_EXTADD\O
T ADD-0 'DI_ExTaADD\1
EXTADD_] [E2_EXTADD\2
M3 2 "E1  EXTADD\3
M3 | NCOOE EXTADD_3 [ 23— paranD. 4
TWIDOE TWIDOE EXTADD_4 (£3—EXTADEE
EXTADD_5
T D2 [FL_EXTADD\6
T ADD_C [G2_EXTADD\7
CLK J3 —/ "H1 EXTADD\S8
va | NCOCLK EXTADD_8 5 PIN 9 NCO ONLY
M2 J ncocE NCODOUT9
d DATAENBL
NCOSI >N2 | NcosT NCOosO I3 < NE6S0
NCOC T <N 2 1 NcocI NCOCO NCOCO
NCOLDIN\ >re—0 NCOLDIN
NCOSRCLK Ng NCOSRCLK
NCOSTA\ >1>-q NCOSTA
NCORW d NCORW
Lg d wEINA
2 WEINB
NS | ExTasEL
EXTBSEL
4 VLBA CORRELATOR PROJECT
AsIC NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA
Title
STAGE OA ASIC HOOKUP
Size|Document Number REV]
B S6000L002 (L002D08 . SCH)
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<gwipro. .1 >""IPLo- -2l

550 #

STAGE 1A

— DATAQUTI[O. 17]

[NDATAIN[OQ. .17] >w=

NDATAINI[O..17]

Ol 00|N|ay|U|id|WIN[F 1O

EY PIRY PURY PR PN O

(W N [l g

(eXe]

)

O

U109
CRST ooro LELLDATAOCUTO
3 DATAOUT1
CRSFTCLK ouTl
2 DATAOUT?2
CRSTB our2 (EI
E13 DATAOUT3
CLK ours &1
F11DATAOUTA
FCLK oura (E11
F12DATAOUTS
CLKA ours E3
F13 DATAOUT6G
RST ouTe6 &3
G13DATAOUT7
TWIDO OUT7 -5T12 DATAOUTS
TWID1 ours L
TWID2 K13 DATAOUTO
TWID3 ouro X
711DATAOUT1O0
TWID4 ouT10 1
2 DATAOUT11
TWIDS ouT11l 2
3 DATAOUT12
TWID6 ouT12 3
L12 DATAOUT1 3
TWID7 ouTi3 &
K11DATAOUT14
TWIDS ourld 3 DATAOUTLS
TWID9 ouT15
ourie |24
U IS [LiipaTAcUT17
NDATAINO
NDATAINI
NDATAIN?2 N11
NDATAIN3 crso HR42<CRSO
NDATATIN4 crRBIT |FNi2
NDATAINS
NDATAING
NDATATINTY Lo
NDATATINS R2CNTO &2
NDATAINO
NDATATIN1O
NDATAIN11
NDATATINIZ MO
NDATAINL3 EXPOF
NDATATIN1Z
NDATAIN1S
NDATAIN16
NDATAINL7
AUXINO
AUXIN1
AUXIN2
AUXIN3
AUXIN4
AUXINS
AUXING
AUXIN7
AUXINS
AUXINO
AUXIN1O
AUXINI11
AUXIN12
AUXINIL3
AUXIN1A4
AUXIN1S
AUXIN1G6
AUXIN17 =3
< ANGLE.T >
EXTADD_O 5T ANGLEO
EXTADD_ 1
E2 ANGLEL
EXTADD_2 7 ANGLEZ2
M3 | NCOOE EXTADD_3 [ ANCTEZ
TWIDOE EXTADD_ 4
F2_ ANGLE4
EXTADD_ 5
Fl_ ANGLES5
EXTADD_ 6
G2 _ANGLE6
EXTADD_7 57— ANGLE7
NCOCLK EXTADD_8 Hi—ANCGTEY
NCOCE NCODOUT9
DATAENBL
NCOSTI ncoso HI2 < Ncoso
NCOCT NCOCO
NCOLDIN
NCOSRCLK
NCOSTA
NCORW
WEINA
WEINB
EXTASEL
EXTBSEL
ASIC

DATAOUT[O0. .1717 ]

ANGLE[O

81

ANGLE[O0..8] >

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title
STAGES 1 ASIC HOOKUP

Size|Document Number
B 56000L002 (L002D09.SCH)
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F823 9.5 NS OUT MAX.
<ZWib[o.. o7 >TWPLO- -2
[NDATAIN[O . L 17] Sw=NPATAIN[O. .17]
AUXIN[O..17]
[AUXIN[O. . 177 > STAGE 4A
U113
[cRsT >N19) crs: ouTo £33 DATACUTO
[CRSETCLK =2+ CRSFTCLK our1 (233 DATACUTY
[CRSTB CRSTB our2 |E12
CLK _~H13 E13 DATAOUT3
[CLK 57 { CLK OUT3 517 pATAOUTA
550 # a7 R ECLK OUT4 715 DATAOUTS
[CLKA >575p CLKA OUTS F13 DATAOUT6
. [RST\ > RST ouTe ==
TWIDO H3 G13 DATAOUT7
e TWIDO our7 FE13
TWIDL TL 4 [[I12DaTAOUTS
iDL 5 TwIDl ouT
TWID3 K1 ga%gg ouT9 | K13 DATACUT
TWID4 L7 | TWID3 o010 [-Z11DATACUT1O
T > 7]

WIDS K2 K12 DATAOUT11
TWID6 L1 | IWID5 OUT11l 95 paracUuT12
TWID7 M1 | TWID6 OUT12 95 DATAOUT 3
TWIDS K3 | TWID7 OUT13 97 paraOUTL4
LW TWIDS ourla (EL

WNIDO Mz | TWIDS ST Is [M13pAaTACUT1S

oUTle [MizpaTacuTie
SUr IS [TiipaTaouT1?
NDATAINO c1
NDATAINL D3 ggﬁgi%gg
NDATAINZ B2 | N AIN
NDATAINS3 B3 N11
ST B3 | NpaTAIN3 CRSO AL CRSO
e 22 | NDATAIN4 CRBIT [N12
NDATAING A4 Egigﬁﬁgg
NDATAINT7 A5 | NDATAINe
ﬁgﬁhiigg gg NDATAINS R2CNTO 22 < RZENTO
NDATATINLO Cg | NDATAINS
NDATAINLL B9 ggﬁ?i%gig
NDATAINLZ co | DA
NDATAINL3 ALL 3 M9
NDATAINTA 10| NDATAINI3 EXPOF
NDATAINLS Bl2
NDATAINLG D11 | NDATAINLS
NDATAINLY C13 | NDATAINILG
AUXINO D2 | NDATAINILY
AUXINL c2 iggigg
AUXINZ B1 | AUXIND
AUXIN3 ca | AUxINZ
AUXINA A3 | AUXING
AUXING c5 | AUXING
AUXING B5 | AUXIN®
AUXINT cé | AUXING
AUXINS A6 | AUXINT
AUXINO B8
AUXINIO A9 | AUXINS
ANy A% AUXIN1O
SLodh ) o AUXINIL
AUXINI3 — Bi1]| AUXIN12
AUXINIZ A1z | AUXINI3
AUXINLS _ C12 1
AUXINLG6  Bi3| AUXIN1S
AUXINL7 Dl | AUXIN1E
L 12 | AUXIN17 =3
EXTADD_0
EXTADD_1 FE5— ANGLEO
M3 EXTADD_2 [RT  ANGLEL
25— NcooE EXTADD_3 [Hs— ANCLEL
TWIDOE EXTADD_4 [-£3—ANGLE2
<57—_ EXTADD_5 'F1 — ANGLE4
EXTADD_6
G2 ANGLES
CLK g3 EXTADD_7 'HT — ANGLE6
o5—Pp NCOCLK EXTADD_8 -2 —ANCGTES
NCOCE\ _>12—q NCOCE NCODOUT9 MSB
DINVALID DATAENBL
N2 M5
NCOST NCOST NCOSO NCOSO
4
&COCI SL4 | ncoct ncoco (46
[NCOLDIN\ ST NCOLDIN
[NCOSRCLK NG NCOSRCLK
[NCOSTAN\ 1.6 NCOSTA
[NCORW\ g NCORW
gg WEINA
2—d WEINB
NS — EXTASEL
EXTBSEL
ASIC

8K X 8 PROM

24 PIN 300 MIL

;EEPPPPP

I T [ W P TN

COsAO0

COSA2

9
0 cosal
1

3 COSA3

L4 COSA4
[

LD

PR [INEY FUREY FRY PO Y O

L7

ALSO MADE BY CYPRESS,

GIM, GOLDSTAR,

i

U130
981 a0 00
1 7ia1 o1
SIN3 5| 22 o2
A3 o3
COsS4 4
41 a2 Y
ANGLEO 3| 32 o2
ANGLEL 2
A6 06
LE2 1
L A7 o7
LE3 23
231 a8
LE4 22
221 a9
LES 21
2117270
LE6 10
Ley 18] 211
al2
20 | &5/vep

COoSA[O. 4]

U129
981 a0 00
5—¢1 AL o1
= = A2 o2
Z—TT A3 o3
GLEO 3] 24 o4
A5 o5
GLEL 2
A6 06
GLE2 1 A7 o7
GLE3 23| %74
GLE4 22
A9
GLES5 21
- = Al0
GLE6 19| 2771
GLE7 18
Al2
20| &5 /vep
<£7 AT27HC642-55DC
ATMEL

COULD USE 2 8K X 8 RAMS (PERFORMANCE P4Cl1l64) . 20 Ns.
INSTEAD OF SWITCHING BETWEEN ROMS.
COULD LOAD RAMS THROUGH NCO AND SIN/COS ANGLES IN.
WOULD NEED TO STAGGER CLKS,

CY7C263
-45PC OR WC
-55PC OR WC

COSA[O. .4]

TO REGISTER, THEN MUX

ICT, WAFERSCALE,

e**—-5j (a+b)

9 SINAO

L0 SINAL

L1l SINAZ2

L3 SINA3

L4 SINA4

PR FYRY FURY FINRY Y PR [YRY

SINA[O. .4]

AT27HC642-55DC

256 X 8 PROM 45 NS

20 PIN, 300 MIL
Uisl
LEO 1 6 COSBO
LEL 2 22 8% 7 _COSB1
LE2 31 25 93 [8 coss2
LE3 4122 02 [9 cose3
LE4 5 11 _COSB4
aa o5 [
LES 17 12
A5 06 |
LE6 18 13
E7 19] 26 O7 737
= A7 08 =
15
El
led g2
635281

COSB[O. .41

6 SINBO
7 SINB1
8 SINB2
9 SINB3

L1 SINB4

2

[3

L 4

SINB[O. 4]

MMT
U132
ANGLEOQO 1
2 ila0 o1
N o
ANGLES 4] 82 03
A3 04
ANGLEZ 5
2124 05
ANGLES 17
L 170 a5 06
ANGLE6 18
ANGLE7 19| 26 097
191 a7 o8
15
E1
led w2
635281

WHEN STAGE 5 IS DOING FSE ONLY
HAVE THE REG FROM THE LARGE PROM CLEARED.
WHEN THE MUX SWITCHES TO IT,

SINA[O. .4]

R2CNTO0 FROM STG4

DELAY ABOVE THRU FF

e**—3b

COSB[O. .4]

TO MUX

SINB([O. .4]

8K X 8 PROM

SINCE ONLY 15 NS AVAILABLE.

—DATAQUT[O. 171

DATAOUT[O. .171 ]

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[O0..4].

SIN/COSTO 8]

[SIN/COST[0. .81

SIGNETICS

SIN/COSO0 COs0 RO
SIN/COS1 cosl R1
SIN/COS2 cos2 R2
SIN/COS3 COS3 R3
SIN/COS4 Ccos4 R4
FROM ANGLE MUX ANGLE a
CLOCKED BY FCLK
SIN/COS5 SINO RO
SIN/COS6 SIN1 R1
SIN/COS7 SIN2 R2
SIN/COS8 SIN3 R3

BIG ROM TIMING
62 NS CYCLE
-3 NS su
-9.5NS ANGLE MUX REG
+2.5NS FCLK TO ANGLE MUX 47 NS PROM REQ.
__+3.9 NS BC DE NCO
55.9 NS PROM REQ. |oNS

S/C FROM ANGLE MUX |9.5NS DLY ANGLE2

CLK BIG ROM REG |1 12 NS DLY 3NS sul2
9.5NS SU MUX WORD SEL | SEL _BIG 1 [ SEL SMALLZ2
399 MUX CLK 4.5 NS SU |CLK SMALL1 |cLK BIG 1 |cLK
SML2

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**—5j (a+b)

(NO RADIX 2),

IT WILL READ O.

SMALL ROM TIMING
62 NS CYCLE

-12 NS SU FROM NCO
-3 NS SsU

5 NS CLK TO Q

UPDATE ANGLE b3.9 NS BC FROM NCO |

FSTC USING RADIX 2 BUTTERFLY
-ib
A X
-3b
e

-ja
E (A+Be )e

B X
-Jj (a+b)
e

- > —

STAGE 4A

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title
STAGE 4 FFTS WITH FSTC ROMS
Size|Document Number REV
B 56000L002 (LLO0O2D10.SCH)
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550 #

[NDATAIN[O. .17] >e=

|AUXIN[O..17]>AUXIN[O"17]

NCOCE\ FROM RAM.
GIVES VARIABLE RATE.

USE FRZNCO IN ASIC CTRL WORD

FOR RAM LOADING.

STAGE 5A
U119
[CRST >N10 crst ouro 1L RO
ICRl‘SFTCLK M10 CRSFTCLK ouT1l = RrR2
CRSTB CRSTB ouT2 L2
[EER~>CLK H13 | onp T2 3DATAOUTO R3
TB7 Rrork Surs [EIiparaourl R4
[CLEA >3 CLKA ouTs I8 D T AoUTs  Re
TWIDO RST\ >932q RST ouTé (=33 RS
TWIDL g1 | IWIDO OUT7 575 I1
TWID2 g2 | IWID1 ouTs -
TWID3 K1 | mWID2 ouTo K13 12
s o333 i pamnouns 13
TWID6 LI | TWID5 OUT1l M5 DATAOUTE IS5
TWID7 M1 | TWID6 OUT12 NF35 DATAOUT7 16
TWID8 K3 | TWID7 OUT13 9T DATAOUTS EO
TWID8 ouria &L
TWID9 Mz | TWIDS SUTis [MI3paraours E1
SvUriz [MIzparaourio E2
OUrlS [LiipaTaouril E3
NDATAINI[O..17]
DATAINO c1
DATAINL D3 ggﬁgi%gg
DATAIN? B2 N
DATAING 53| NDATAIN N11
T NDATAINA 25 | NDATAIN3 CRSO 75 CRSO |
DATALNE 52 NDATAIN4 CRBIT
DATAING A4 ggﬁgﬁ%gg
DATAIN7 A5 | N Ny
DATAINS B6 5 peNTO L2
DATALNE g | NDATAINS R2CNT ROCNT
T NDATAINIO c8 | N A INTO
DATAINLIL B9 | N NS
DATAINLS co 13
DATAINLS3 A1l | NDATAIN M9
DATATNIZ =70 NDATAIN13 EXPOF
T NDATAIN1S B12 | ggigi%gig
DATAINLG DIl | N NTe
DATAINLY cis
~TALNL €13 | npaTaIN1?
AUXINL co | AUXINO
AUXINZ B1 | AUXINI
AUXING3 c2 ﬁgﬁ%g?
AUXIN4 A3 | AUXINa
AUXINS c5 | AuXINe
AUXING B5 | AU Ne
AUXINT c6 | A e
AUXINS A6 | AU
AUXINO 5g | AUXINS
AUXINIO A9 | AUXIND
AUXINIL A10]| AUXINZD
AUXINLZ 510
‘%UV T3 =17 AUXIN12
:AU:_: T AT15] AUXIN13
AUXINIS —clo]| AUXIN14
AUXINLG6 _ B13
XL L3 | AUXIN16
AUXINL7 D12
AUXINLY E3 __ EXTADD\O
EXTADD_O &3 —
X T APD_0 b1 ExTADD\1
—1 B> EXTADD\2
EXTADD_2 &2 —
M3 E1___ EXTADDA\ 3
M3 | NcooE EXTADD_3 (22— pXtADDN
TWIDOE EXTADD_4 [-E3— EXTADD M
EXTADD_5
T ADD—2 [F1__EXTADD\6
R ADD-S [G2  EXTADD\7
CLK ﬂz NCOCLK EXTADD_S-%%%——EXTADD\s
NCOCE\__>15-q NCOCE NCODOUT9 MSE
DATAENBL\ DATAENBL
NCOSI Ncoso 2
NCOCT NCOCO NCOCO
N NCOLDIN
N NCOSRCLK
NCOSTA
NCORW
WEINA
WEINB
EXTASEL
EXTBSEL
ASIC

DATAOUTIO. 111

4,4,4 NUMBER OUT

[EXTADD\ [0. .8]

DATAOUT[0. .11171 ]

EXTADDN [0. .81

STAGE 5A

VLBA CORRELATOR PROJECT
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m

1o STAGE 2a DATAQUTIO. . 17] SETRSTTTO 7T
[cRsT >N10) crst ouTo [-E11DATACUTO
[CRSETCLK =2 b CRSFTCLK ouT1 RT3 DA A T
[CRSTB CRSTB our2 EL
(e CLK CHI3 | STw ouT2 [(E13DATAOUT3
87 Lrork OUTa EL1DATAOUTA
TWIDI[O..9] a7 F12 DATAOUTS
[CLRA >24=p CLKA OouUT5 S DATAOUTE
TWIDO [RST\ >p3~q RST OUT6E ~513 DATAOUTY
TWIDI1 g1 ] TWIDO OUT7 —575 DATAOUTS
wipg 21 Twipl ours [

550 # TWID3 K1 | TWID2 K13 DATAOUTO
TWIDA4 =7 | IWID3 OUTY9 577 bATAOUT10
TWIDE 2 | TwID4 OUT10 75 DATAOUTLL

TWID6 L1 | TWIDS OUT11l T3 paTAOUTL2
TWID7 M1 | LWID6 OUT12 £33 bATAOUTL 3
TWID8 K3 | TwID7 ouTas K11DATAOUTLA
TWIDO M2 | THIDS Sumle [MI3DATAOUT1S
oo le [MizpaTAOUT1G
Sur1S [LiipaTacuT1?
[NDATAINTO . . 17] Sw=NPATAIN[O. .17]
DATAINO Ccl
—N NDATATINO
DATAINL D3
— NDATAINI NDATAINL
DATAINZ B2 NDATATIN2
DATA LN 3 53 N11
e TALD 53 | NDATAIN3 crso L ERSG
DATATNG 57 NDATAIN4 CRBIT
=t 2 = NDATAINS
DATAING Al
—N NDATAING
DATAIN? A5 | N e
T NDATAINS B6 .2
—RNDATAINS 5% | NDATAINS R2CNTO 22—
—_—tl = 2 NDATAINOS
DATAINLO c8
] NDATATIN1O
DATAINLL BO
—N ] NDATATIN11
DATAINLZ c9 N3
T NDATAINL3 a1l | NDATAT M9
—NDATATINIZ =710 NDATAIN13 EXPOF
L2t == = NDATAIN14
DATAINLS Bl2
] 12 | NDATATN1S
NDATAINLG D11 | NN
NDATAINL?Y Ci3
€23 NDATAIN1?
D2 | AuxIno
€2 | AUXINL
B2 | aUxIN2
21 AUXIN3
23 | auxIng
"_E—S_ AUXINS
B2 | aUuxING
=S | AUXIN7
25 | auxINg
B8 | AUXINS
‘A: 5 AUXIN1O
‘B:- 0 AUXIN11
10 ) AuxINi2
B11 FOR LOADING MISCELLANEOUS RAM VALUES .
Bl auxIni3
c:'g AUXIN14
12 ) AUXIN1S
!
B131 AuxINIe RAM FUNCTION
== AUXIN17 EXTADD 0 |E3_RAMLDO  INIT\1 RAMI,D[O. .4] LS To AT >
~ X TADD-9 'DI_RAMLD1  INIT\2 — s
bl [E2 RAMLD2  FSCE\
NCOOE >M3—{ NCooE EXTADD_3 [£1—RAMLDS §$§$
TWIDOE EXTADD_4 53
%_7— EXTADD_5 |52
EXTADD_6 22—
EXTADD_7
CLK I3 _bNCcocLK EXTADD_8 (Hit-
M2 ncocE NCODOUT9
d DATAENBL
[NcosT >N2 | ncosz nNcoso M2 «Ncoeso
1,4 M6
[NCOCT >k NCOCT NCOCO NCOCO
NCOLDIN\ >Ne—d NCOLDIN
COSRCLK NCOSRCLK
NCOSTAN NCOSTA
NCORW\ NCORW
L8 o weINa
24 WEINB
NS | EXTASEL
EXTBSEL
ASIC
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STAGE 3A
U112
[CRET 1504 CRST ouTo T AT OTTY
[CRSFTCLK o2 5b CRSFTCLK ouTl 32 DA
[CRSTB > CRSTB ouT2 ==
[EER>CLK SJHI3 | SrR ours [EI3DaTacuT3
TB7 Kicrk oums [FIipaTacurs
TWID [0..9] A7 CLKA ouUT5 F12 DATAOUTS
RST outre (-£12DATAOUTE
TWIDO H3 J ~oTho oums [GI3paTacuT?
TWIDL J1 | D1 ours [II2DaTACUTS
TWID2 J2 | twIp2
550 # TWID3 K1 | 10iTDs ouTo |LKL3DATAOUT9
TWID4 L7 | Tnina ool o FZIipaTacurio
TWIDS5 K2 | 1iiine SuriS [KIzpaTacuTll
TWID6 L1 | ToTne Sumi3 [Lizparacuri2
TWIDY 1| TID0 Sur1s [LIzZpaTacuTi3s
TWIDS8 K3 | ThIDg Sumia [KIipaTacuria
TWIDO M2 | THIDS Sumls [MI3DATAOUTIS
Surle [MIZpaTacuTie
SuT IS [LiipaTAoOUT1?7
[NDATAIN[O..17] >-ND§£f§§2¥;b'l7] o1
Lol = NDATAINO
T NDATAINI D3 | NDATATNG
_NDATAINZ B2 | NDATATINZ
—NDATAINS B3 | NDATAIN3 crso YL EREG]
T NDATAINA Az | NDATAINS RSO [N1z
T NDATAINS B4 | N e
DATAING A4 | NDATAING
DATAINTY A5 | N A TNG
—NDATAINS Bé | NDATAINS R2CNTO L2
DATAINS A8 NDATATNO
DATAINLO cg | N A N0
DATAINLL B9 | N T
—NDATAINIZ €2 | NDATAINLZ2
— NDATAINLS ALl NDATAINI3 EXPOF
T NDATAINLAZ Cl10| NoA AN 2
T NDATAINLS Biz | NDATAINIE
DATAINI1G6 D11 NDATATINLG
DATAINLY CI3| NS
22 | AUXINO
<2 | AUXINL
BX | auxIin2
2 | AUXIN3
&3 | auxIng
<2 | AUXINS
B3 | AUXING
S0 | AUXINT
2> | AUXINS
B8 | aUxIND
>2 | auxINioO
éro AUXIN11
=121 AUXINI2
B2 AUXINI3
ciz| ApXIN:d EXTSI,D\ [0
grg AUXIN16
AUXIN17 ExTADD 0 LE3_ EXTSLD\O
7 A DD-0 [l _ExTsLD\1
A [E2 EXT5LD\2
NCOOE EXTADD_3 [£1 EXTSLDA3
N3 | TwIDor EXTADD_4 [£3-EXToLDME
%7_— EXTADD_S &
D2 [F1_EXT5LD\6
D5 [G2 EXTSLD\7
CLK I3 | coonK D¢ [H1I ExTSLD\8
g% d NCOCE NCODOUT9 [-E2
d DATAENBL
N2 M5
[mcosT >M2 | ncost NCOSO HI2—<NCGS0 |
L2 | Ncoct NCOCO NCOCO |
ECOLDIN\ == NCOLDIN
NCOSRCLK <NS NCOSRCLK
NCOSTA\ >N2—( NCOSTA
[NCORWN _ >=8 d NCorw
T[\;S d WEINA
N2—d WEINB
o —| EXTASEL
EXTBSEL
- ASIC

DATAOUT[O. .17]

81

DATAQOUT[O0. .177 |

EXTS5LD\[0..8] >

STAGE 3A

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY

CHARLOTTESVILLE, VA
Title
STAGES 3 ASIC HOOKUP WITH RAMLD OUT
Size|Document Number REV|
B 56000L002 (LO02D25.SCH)
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FROM ASIC CONTROL BITS oOoUT RADIX OF 0 CAUSES ONLY FRST\O0O TO BRE USED, AS IN NO OVERLAPPING OR OVERSAMPLING.
[RADIX[0..7] >RAPIXI[0..7]

\Vele: 74F02 D IS A SPARE
FROM ASIC CTRL BITS y32c
ADDRESS
R2 MSB
1K *3C RADIXO0 3
*2C RADIX1 4
R1 *1Cc RADIX2 5
*0C RADIX3 6] [ ob
RGO | L5 _RCO ADDRB' & ADDRA' GO THRU A PIPELINE REG TO A 4 TO 1 MUX
Rle 7! enp
CLOCK ONCE/FFT CYCLE t 1o ENT ADDRA CHOSES BETWEEN :
[FETINTT 2§ ok ST\ ’0 = NORMAIL STORE VALUE FOR SMALL OFFSET.
LOADN 9 [ 0oAD ST\’1l = STORE VALUE FOR LARGE OFFSET AT END OF CYCLE.
Rl 14 cnr
ADDRB CHOSES BETWEEN THE ABOVE OR NO STORES AT ALL.
NEWFRINGE FROM 7JAALS163B NO STORES ARE USED FOR THE EVEN CYCLES, WHEN OVERSAMPLED.
OFF CARD. Ul44
SYNCHRONIZES *0B RADIX4 3 [ - on |14
COUNTER . *1B RADIX5 4| on 13
NEEDS TO BE SYNC *2B RADIX6 5| & oc 12
WITH FFTINIT\'S *3B RADIX7 6| op 11 ADDRESS
TRAILING EDGE. 7 roO L5 AR LSB
U32a t 10 ggg -
2 2 NCLK IT DOES NOT MATTER IF ADDRA' & ADDRB‘
1 LOADN OS4 rSap ARE A CYCLE LATE, SINCE THERE ARE NO
3 R1 d cir FR STORES TILL LATER IN THE FFT CYCLE.
— 9 THE PIPE LINE REGISTER PREVENTS AN

74F02 74A1L,S163B ACCIDENTAL STORE DUE TO A MULTIPLEXER GLITCH.

REWIND COUNTER

RADIX=FC IF NOT OVERSAMPLED HAVE ADDRB=0
IF OVERSAMPLED TOGGLE

CTR STATE RCO LSB ADDRB O=GENERATE STORES
1=NO STORES
FEFTO FC 0 0 1
FFT1 FD 0 1 0 ADDRB INVERTED FROM LSB
FFT2 FE 0 0 1
FFT3 FF 1 1 0
FFTA4 FC 0 0 1
FFT5 FD 0 1 0 WHAT IF RAM INC TO ANOTHER ST AFTER LOAD?
FFT6 FE 0 0 1 PAUSE WILL BE AN INTEGRAL # OF FFT CYCLES.
FET7 FF 1 1 0 HAVE LOAD AT END OF FFT CYCLE.
WITH RADIX = FC:
IF NOT OVERSAMPLED:
IF OVERSAMPLED:
FFTO
FFT1
FEFT2
FFT3
FFT4 VLBA CORRELATOR PROJECT
FFT5S
FFT6 NATIONAL RADIO ASTRONOMY OBSERVATORY
FFT7 CHARLOTTESVILLE, VA
Title
NCO STORE MUX ADDRESS GENERATOR
Size|Document Number REV
*3C REFERS TO A SIGNAIL FROM CRBIT OF COLUMN 3 ROW C. A 56000L002 (1.002D32 . SCH)
Date: May 6, 1997|Sheet 32 of 41




For the Fringe Rotator NCO, the Load pulses between stages are separated
by an extra 32 ns as shown below:

— —
— —

For the FSTC NCO, we can have the load pulses right next to each other
as shown below:

— —
—

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) . SEPARATED LOAD PULSES - 8MHZ
This sheet also shows the closer together load pulses become
essential for 8 MHz operation (256 point ffts) . CLK ||| |||| ]|| | |
Therefore, using the closer together load pulses works for all cases. NCOCE"’ \ | | ] J
FSCLOAD\ ] |
X0 |x0 |x0~
[ele)o] |coo -
CcIil lcx1-
CLOSE TOGETHER LOAD PULSES - 16 MHZ
FSCLOADN\ ‘" ] | 2 CLK DELAY
NCOCE’\ & FSCLOAD\’ IN THIS BLOCK, AFTER AN INTERNAL ASIC PIPELINE. X1 |X1 |X1’
FSCLOAD\ ‘ FSCLOAD\ ’ ABOVE DOES NOT WORK! !!

CI1l’ NEEDED FOR X1’ GENERATION.

_i*ﬂl l?! [cx1] [co0] i%l
NCOCE "’

X0 =INIT X0 PHASE PLUS ONE INCREMENT.

CLOSE TOGETHER LOAD PULSES - 8 MHZ
16 MHz OPERATION cuk T L Ly yd
LDIN OUT OF PHASE WITH CE
NCOCE "’ \ | LT INSIDE ASIC
CLK Luuyuyuyuuyuur
FSCLOAD\ * LT INSIDE ASIC STAGE 5
NCOCE "’ \ | R A
X0 |x0|xo0 " |x0 - STG 5 NCO OUTPUT
FSCLOAD\ ’ L_ [ sTG 5
[ele]) |coo -
X0 |x0|x0" |x0°~
cIl lcxi~
coo |coo- |coo- -
FSCLOAD\ * * [ T INSIDE ASIC STAGE 4
CcI1 |lcz1’ |cT1”
X1 |x1 |x1- STG 4 NCO OUTPUT TO ROMS
FSCLOAD\ * ’ STG 4 [TLDIN HAS PRIORITY OVER NCOCE
U20-12 RST\ TO AsSIC || STG 5
X1 (STG 4) |x1 |1 |x1°- MOVE TOGETHER
NEEDED STG 4 NCO OUTPUT |ANG1l |ANG2 |ANG3 |ANG4 |ANG5
RST\ TO ASIC | STG 5
Ul42-10 NCOCE\ TO ASICS || L
NEEDED STG 4 NCO OUTPUT |ANG1 |ANG2 |ANG3
U20-15 NCOLDIN\O TO ASIC| [ STAGE 5
NCOCE\ TO ASICS L ]
FFTCARD PAL COUNTER | |48]49|50|51|52|53|54|55|56|57|58|59|60|61|62|
FSCLOAD\ TO FFT CARD J (RAM ADDRESS)
Ul42-11 NCOCE\ FROM RAM | L

THIS WORKS.

THUS: HAVE A CONSTANT 1 CLOCK LDIN DELAY.

NEED 1 CLK DELAY BETWEEN LOADINS.

VLBA CORRELATOR PROJECT
NATIONAL RADIO ASTRONOMY OBSERVATORY

VA

RST\ TO STG1 8
RST\ TO STG2 19 CHARLOTTESVILLE,
RST\ TO STG3 30 Title

RST\ TO STG4 41

FSTC CE AND LD TIMING

RST\ TO STG5 52

ONLY THE RST\ TO STG5 IS RELEVANT TO THIS DRAWING Size|Document Number REV
CE AND RW MUX AUTOMATICALLY GIVE 1 BIT
DELAY FOR 2K LOWER . B 56000L002 (LLO0O2D38 .SCH)
Date: June 16, 1997|Sheet 38 of 41




VIEW IS OF COMPONENT SIDE

11.01 inches

@)

50 PIN *3M" TYPE CONN, 3433-5303
FOR_TEST POINTS
®
TP1 GROUND TURRET GT7
PROBE TEST POINT by GT1
FOR VIEWING WEN\ . @ o Jl
c14> c1ae -12'+++++++++++++++++++++++i0 *
[RZJ1k E%‘j}{‘g’g“ ‘E‘;EUNTER =5 [©] B e e e e e e e e e e i e e e e e e o o o e o ®
I,_ 163 U144| 163 U14 +47uF Dor2 T 49
+47uF lK
136 c137 c138 c139 c140 c141 c142 c143 c1l44
0137 T U138 MIsc U139 T U140 TUL4L 'O i _ b
NO SOCKET 74F 4 2 N 7C EXTS 74F 74F CTIiLl C3 i 20
Ocrs I:] HERE |:El74 | [}i 7c_128a-20 | ‘ L74HC541 | D,_ ALS04 l D:lZBA—ZO 174 EXT5| |} 174 EXTS 135
c123 ci24 ci25 ci26 7 _COUNTER 8 c129 L‘ﬂ%g a [CiRcx! c135
C7 TU123 TU124 U125 U126 T U127 WUL28 i 24] [ 24 [ 20 i 20 I 1K
l*47uFl N 7C  WINDOW 4 7C _EXTOL 7C__ EXTOU 4 CTRLSB 4 CTRMSB 74F (7129 p13qd P13y pi32) I Ccl -
- 128A-20 . 128A-20 . 128A-20 ~ 16R6-7PC . 16R8-7PC 174 i ZC) - ijus
Cl064—p €107 cios €109 —hciio e Clil ) Cl12 U133 /__!__:I'_____
= 06 &= ) e = & ) 2 = = ) =
UL 3] 052 02 [ vros 5| (G o110 3| B2 (o1 5| (Fuiis 5 s |sur. R &
STG 0 107 prog | sTG 1 STG 2 111 | sTG 3 STG 4 BIG |BIG 55| |e3s STG 5 BO|
ROM 18oM |281| |281] [REG 2
47
263| | 263 @ 74F
—55| | 55| [i 24 E% 273 L
@ J11d p117 —
7¢c | |7¢ E= NI iuL
245/ [245 74F ullg |ull i 12 74F|Q
A A 541 119 399] i M1
Thel |l1s F% U104
L) L~ Z
us9) smi| [smw| [ BIS | BIG E. BO
T ot o1 57} ROM| |RoM| | ROM | ROM s 43
= ue3 5| ES% e 5l (7 ve7 5 Foae z) (Foer =1 |533] 525 | 263 | 254 228 2007 el [
| (3| [Ba i B4 |1 i3] | i3 1 3] |1 i3] |2 281| | 55| [Z55 3 124| (]
STG 0 usa| {uss| | sTG 1 STG 2 STG 3 STG 4 Q% ITh | STG 5 \_Rc [
IR NE 1] ua
vo4| [ues| [ugs| |us7| pos 74F
+47uF 399 i "1
V102
o —
1 20 = BO
us2 74F| |74F| |74F| [74F| |74F piod 43
399] {399 [399] |399] |399] 10 47
092 093 124] |
N 74F 74F ci54
=273 REG .. 399 74F| 5% [fjus
CEa iCeah Ce CT0h st <78 £7ok 399| «cg3|
= 2 =] (= = AN = = = [1 1
| uez 3 {3| [y ves ) ues {3| [y v70 i3| moTe TOTT | U78 i3 Uso
STG 0 v63| |ueal | sTe 1 sTe 2 STG 3 STG 4 74F 74F STG 5 =
~ 273 REG .. 399 u79 BO
T/ 7 43
@ @ F76) a7
I 24 lz..-l 1 2o i 20 [ e 10
u71| |u72| |u73]| |u74] |U75 124 ||
7C 7¢C 74F| CI53 —
245| |245 399| =5 [ijus
255 2o |2 ~
== -18| [-18 SML| |sML i
roM| |rom| |74E L g |uss
Wil [ Wit BIG| |BIG 399 us7
2 63s| |63s| ==
1 1) ROM |ROM |557| | 28T BO
u3s PR -7 E— CaH ¥CZth c151C5% [RIZ]100 _ 50 7c | {7¢c | 1222 CEL: B v, S— 43
& A & & =, & = & & 2 263 263 = &, &
y U40 {3 % % T U4s (3| (7 vase | U46 {3| (7 oa7 (3| | =5] | 55| w5 | Us3 {3 10 47
STG 0 va1| |vaz| | sTe 1 sTG 2 sTG 3 sSTG 4 t 24| i B4 |Y52| | sTG s 74rF| |124] |
SEPL] uso| [us1 399] ci52 ~
aLs| |aLs CLK]| 2o [i 20 —5W [ijus
153] |153 uv4g| |uao SEE|
— 10 74F 2] ]
125 399 us4| [uss
1 2o [i 2o 7c | |7¢ q
u2g| |U29 245| [245 N smr| |smn| | BIC | BIG [iEC BO
rRoM| | rROM| 43
2 A ¥33 roM| |rom| | BOM | BOM w3s 27
-18| [-18 63s| |63s
Ll 263| | 263 74F| | 10
281| |281f | 285 |28 [0 399 [124] |
c31 c3 ) C36 c39
TU34 T U36 <+ U037
47417 74F| W 74F N 74F
. 823 273] (. 541 . 823
Gr6[RI0]2.2k C34 c37 c40
TU25 U026 T 02
[RI1k e gélg 3 74F REG 4'874FANGLE: MUX
c32 = =
TU2L TU22 TUZ3 T U024
N T74F T4F N 74F REG N 74F
-~ 823 . 823 574 . 823
T c35 c3s c41
+47uF
R | | s [ 5
I il I I I I A +47ufF

3 2 1
21098765432109876543210987654321

3 2 1
21098765432109876543210987654321

P2

3 2 1
21098765432109876543210987654321

Pl

o

9U X 280 CARD
14.5 X 11.0 INCHES

14.43 inches

TOP VIEW OF HOLE PATTERN

1234567891111
0123

TOP VIEW OF PLASTIC PACKAGE

SCANBE S-217 INJECTOR/EJECTOR

D

ALL ICs ARE SOCKETED

[©]

bRNS KEYSTONE TURRET #1593-3

lOR-101
P OHM

ALL DIP ICs SOCKETED:
bRNS TI C93xx FAMILY
OR-101

OHM

ALL PGA USE SOCKET PINS:
# KS-121-33TG

DRNS
OR~-101
OHM

URNS
OR-101
OHM

URNS
lOR-101
OHM

URNS
OR-101
D OHM

9U x 280

SEE NRAO DRAWING # 56000M003 FOR
MECHANICAL DETAILS OF CARD.

THIS REPRESENTS MOUNTING PAD FOR

ADVANCED INTERCONNECTIONS

6 TOTAL, EACH CONNECTED TO GROUND

mm EUROCARD

SEE NRAO DRAWING # 56000M003 FOR A esccccee —
MECHANICAL DETAILS OF CARD. B INDEX MARK
THIS SKETCH DETAILS THE APPROXIMATE D
LOCATIONS OF ALL COMPONENTS . E s n/sccs
F IN m:/fft/sch/scC
ALL COMPONENTS WILL BE ON GRID UNLESS OTHERWISE NOTED. <] 1.200 +- .012 SO L aReX EDIT IN j:/orcad/fft
H
NOTE CHIP OUTLINES INCLUDE AN EXTRA 0.1 INCH LENGTH. J
K VLBA CORRELATOR PROJECT
L
BYPASS CAPACITORS TO -5.2V BYPASS CAPACITORS TO +5 VOLTS M , NATIONAL RADIO ASTRONOMY OBSERVATORY
N CHARLOTTESVILLE, VA
5% [ - Title
FFT CARD COMPONENT LAYOUT SKETCH
FOR THE SMALL BYPASS CAPACITORS, PIN 1 IS TO THE TOP OR RIGHT, Size|Document Number REV]
UNLESS MARKED -5V, WHERE PIN 1 IS TO THE BOTTOM OR LEFT. - 560002001 (Z00LDOI..LAY) b
Date: August 8, 1996[Sheet 1 of 1]




6.5 NS CLK TO OUTPUT
10 BIT COUNTER

IN CTRLSB.PDS

Ul2e MUX OUTPUT
HALF OF PAL EMULATES A 74F153 - 2 19 ~—
C2 & C3 ASSUMED LOGIC 1 o 3111 91 Bis—wo [
G INSTEAD OF G\ 2 17 01
A I3 03 pxl-
5 16 02 |
B 2114 o4 P32
)15 Q3
NC G 7 %2 82 b4 o4 I
CLEAR 8117 o7 EZLZ Q5 16R6 U12 6 CTRLSB - PDS
COUNT ENABLE o] I2 94 BIZ_Rco\ carry our\ |
[CLK CLK]j: CLK |
OE |
Kl;_ 16R6-7PC | vgc u?
8li1co 1y 1< >
| =1 1c1
A4 IN CTRMSE.PDS | 3 ig%
U127
2 | 19 CLR’ 10 9
FROM EXTERNAL FF —~_RAMCLK® 3] Il Ol DFe—Cw~ | T1] 2C0 2¥
[RAMCLK T.DRAM '’ 7 7] I2 02 pF= TDRAM” * < \ 151 2C1
[LDRAM e~ =] I3 O3 PIewm-\ | 51 2¢2
[WE’ "\ ®eT\ ] 14 94 PT=—Ge = 2C3
[RST\ N = I5 OS5 Pia—o- I
Is o6 px2Q A
NC 8 I3 08
NG o I7 07 pro—as—<08 | | B
I8 08 p= = < Q9 | I 1G
crk| 31| i 2G
11| S8 | 74F153
T6RE-7PC |
08 & Q9 TO BE DELAYED FOR WINDOW RAM. I
A 6 BIT 163
CLEAR CLR’: = RST + LDRAM’‘*LDRAM’‘‘\ | SYNC CLR
COUNT ENABLE CE’ := ( LDRAM’‘ * (WE’\*WE’‘)\ )\ 5
| 52 . T
A oal= 02
e e e = 2is o3 A <03
C QC = <04
| THRU TO RCO &b op _"é 2 =
| - RCO [+ RCO
A ——{CE "’ 0 ENP
1 REG O EXT [ vee > | ENT
3 —<WE'\+H REc o [CIx 5P CLK
2 \|WE | 1 Loab
[LORAM " * Q 14 cLr
- | 74F163
| A
I
—{CLR" 1 2
—{WE" "\ > REG |
(WE’ + WE’’\) * R R e -
LDRAM” /
irl
N e = y
—a oal3% o6
B oB33 o7
A 2Hc  oc % o8
D oD 5% 59
REG 1 2 5 RCO |-+
[RCO\ > ® ENP
Ve [EmE>—2pcrk
N\ Q __________C9
LDRAM’ * "\ | LOAD
q CLR CTRMSB. PDS
74F163
RST*LDRAM’ * \ + ;
REG CLR’ } 16R8 Ul27
(LDRAM” * *LDRAM" * * \)
[RSTN A
1 2 VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY

CHARLOTTESVILLE, VA
Title
PAL DESCRIPTIONS
Size|Document Number REV]
B 56000L002 (LL0O0O2D34 . SCH)
Date: May 6, 1997|sheet 34 of 41




4 FFT Bin Schematics

Schematics 1025d09.sch, 01, 02,

03,

04,

40,

42,

45,

46

57



®

RACK O

RACK 1

RACK 2

RACK 3

SHT. 14 BELOW
TO THE PLAYBACK DRI

CONTAINS THE RACK CONNECTORS
VES .

RACK 0 T CHANNELS 0 - 3
B_CI

-7
PLAYBACK DRIVES 1
TERFACE BIN S|

6TPED
DUP6TPBD(1..1
DUP1BPBD[1..1
1B:

TO 6
H

RACK 0 STATIONS 0 - 9 OUT
0 -3

PLAYBACK DRIVES 24, 1 - 13 IN

FFT BIN  SHT. 5

OPBD[1..16]

RACK 1 T CHANNELS 0 - 3
B CHANNELS 4 - 7

4

PLAYBACK DRIVES 7 - 12
CE BIN

L025D14.sch

14

VALP[0..47]

VALP712[0..4

1CDLY[0..3
1DDLY (0. .3
LY[O0..17

AN

RACK 2 T CHANNELS 0 - 3
B_CI

ELS 4 - 7
PLAYBACK DRIVES 13 - 1
'BACK I RFACE BIN SHT.

L025D14.sch

g
14

17
6CDLY [0..3
6DDLY {0..3

RACK 3 T CHANNELS 0 - 3
B CHANNELS 4 - 7
PLAYBACK DRIVES 19 - 2
PLAYBACK INTE! S)

'PBD[1. .

67}
DUPETPED(1..1

DUP1BPED(1.
1BPBD[

D
VALP{O..47]
1CDLY[0..3

VALP1924[0..47,

B
6CDLY [0..3
6DDLY (0. .3

L025D14.sch

DI. IAL
FROM DF CARD

GOB([1..96]

12PBD[1

4T[1..961]

] GRP[1..96]
1 11124]
1 1STA[1..24]
1 111241
3STA[1..24])
GRP([1..961BRGIBIL- -
OSTA[1..24
1STA[1. 24
2STA[1. 24
3STA[1..24
GRP([1..96 2T(1..96
OSTA[1..24
1STA(1..24
16DLY[0..17]) 2STA[1..24
712DLY[0..17) 3STA[L..24
R T025D13 .50k
L025D05. SCH ororr saipszaiyf. o6
RACK 1 STATIONS 10 - 19 oUT oSTAf1 134
=5 .
JFLAYBACK DRIVES 12 - 24, 1 IN istaly--2e
3STA[1..24
it
3PED(1: 16] GRP[1..96 3TLY. -96)
3PED[1..16] oSTA[1. 24
4PBD[1..16] 1STA[1. 24
SPBD[1..16] 2STA[1..24
6PED[1..16] 3STA[1..24
7PBD[1..16)
geEDI1. 161
]
6
6
6

]
i
13PBD[1..16]

DIVA(O
DIVB[O.

16DLY[0..17]
712DLY{0..17]
13DLY (0. .3]
ODLY([0..3]
L025D05.SCH

RACK 2 STATIONS 0 - 9 OUT

CHANNELS 4 - 7
PLAYBACK DRIVES 24, 1 - 13 IN
FFT BIN _SHT. 5

GRP(1..96]ppFeBIL- 961
OSTA[1..24]
1STA[1..24]
2STA[1..24])
3STA[1..24]
L025D13.5ch
QTL[1..96]

GRP[1..96
OSTA([1..24

Y

10PBD[1..16]
11PBD[1..16]

GOBL[1..96]

12P]

BD[1..16]
13PBD{1..16]

ARORARARRA BRRRAMRARA

16DLY[0..17]

L025D05.5SCH
RACK 3 STATIONS 10 - 19 OUT
4 -7
PLAYBACK DRIVES 12 - 24, 1 IN
BIN SHT. 5

oDT
1]

DIVD[O..9] 7DB

SINGLE ENDEY soe
TO FFT CARDY

IVB([0..9]
DIVC([0..9] 6DB

2
2
2
2
2
2
2
2
2
2
2
2
2.
2
2
2
2
2
2
-2

§
FHRERRHRRR BRERRERRER

4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4]
4!
4]
4]
4]

16DLY([0..17]
712DLY(0..17]
13DLY[O..3]
ODLY[0..3]
DIFFERENTIAL LO025D05.SCH
FROM FFT CTRL
3M THRU DIN

FROM PBI BINS

G1BL([1 . 1

GRP{1..96 2TL[1..

LO025D13.=sch

GRP[1..96)BRREEL 1

OSTA[1..24]

1STA[1..24]

2STA[1..24]

3STA[L..24]

GRP[1..96 )@ Tt 961
1ll2a

GRP[1..96)pf>4TLIL- 961

BL[1..9

GRP[1..96 4BL[1..96]
OSTA[1..24
1STA[1..24
2STA[1..24
3STA[1..24

L025D13.sch

1

iRl 4 ek et VAL P16 [0 . . 471 VALCLA([1..24]

VALC2A[1..24]

LRl Ol VAT.P712 (0. . 47] VALC3A[1..24]

VALC4A[l..24)

VALRII180. A7) B yaArP1318(0..47] VALCSA{1..24]

VALC6A[1..24])

=ALR1A24 L0 k) P1924[0..47] VALC7A[1..24]
SINGLE ENDED 1025021 .sch

FROM DF CARDS TOTAL CRISS CROSS OF SIGNALS

C BIN C.
EAGERACTIRLINL ey cTRLIN{O . . 2]
OGRP([1..96]
1GRP[1..96]
B2GRP([1..96]
B 3GRP[1..96]

B 4GRP(1..96]

SRRLEOALL 2l AT A (1. . 24]
SALCIALL. 24 8 yALB(1. .24]

CTRLIN([O..2]
OGRP([1..96]
1GRP[1..96]
P 2GRP[1..96)
B3GRP([1..96)

P AGRP[1..96]

bLG2d ot fdy vaTA L1, .24]
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ATCR e TS AIS2N (901 CHARLOTTESVILLE, VA
SEAN O >$ . i
Title
FFT CARD OUTPUT PIN CONNECTIONS
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TWISTED PAIRS pic
~20C0 0. -1 1 GND
$]1ZJaoc1oll1 1
L Zaoczio0l 1 2 [—vce
- A0C3 (0. . FOR DT & DB: H DT2 DT17
- AOCO\ [0 s DT\Z —— DT18
-1l 2aocivfol 1 THE 1ST COLUMN IS COMMENTS s DTS DT19
- AOC2\[0..1 CORRESPONDING TO SIGNAL s DTS5 DT20
L] 2A0c3\(0. 1 NAMES ON THE FFT CARD.- z D
- ~A1C0[0..1 THE 2ND COLUMN IS LABELS .2
A1 1T Jalci(o..1 CORRESPONDING TO PIN NAMES | 9
alcl A1C2([0..1 ON THE 2 CONNECTORS. 1
210 AIC3[0..1 12
~ JA1CON (011 2, 24 PIN CONNECTORS 13
SR AICIN[O. 1 12
are o —QAIC2\[0. 1 12
NP ATC3\[0. .1 1s
18
A2C0[0..1
[22c0 L0 2a2cifo..1 12
25119 a2c2(0..1 20
2621011 >a%c3(o0..1 21
AZCON (0.1 S 23—
2CINTO -1 24—
SCaN [0 25—
263\ (0. 26 [—
27 —o»
: 28—
: 28 vee
5 31 f0—
L 9:-1 33 GND
: 0..1 DIN
e A3C3\[0..1
FRTOAD> FRLOAD\ p2C -
o e
—RSTT~ CRSI\ : PULSAR3
INIT\B . S[—INIT\S: U3
FSSRCLK PULSARO
[ESSRCLK> 5 p—
DINVALIDO
6 p—
FRSRCLK DINVALID1
[FRSRCLK> e
FRERGLK z DINVALID2
[FEST>FRSI s DINVALID3
| %FSSIA 15 FSSRCLK
A rssim 19 LDRAM U121
5 JFsSIc 13 RAMCLK
S FSSID 12 SIN/COS4UD
SIN/COS4Ul
RSFTerE> CRSFTCLK 1& [ sin/cosauz
CRSTB 16 — SN/ eosiua v
17 SIN/COSAUS
o —
SIN/COS4U
FFTINIT\ 20 SIN/COS4U8
5 LDRAM 22 S35Een
EAael 2 RAMCLK 23 SIN/COS20 U43
24 T sIn/cos21
25 SIN/COS22
2¢ STN/COS23
VEE
28 —
PULSAR[O. .3] SIN/COsS26
PULSAR[O. . 37> 'g’g bt vas
39 [~ sin/cos29
INIT\5® GND
TRIT\E" 32—
FSCLOAD\
[FSCLOAD\ T
:‘SCLOAD -
SIN/COS4U[0..9]
STN/COSAUT0. 0T >
SIN/COS4L[O0..9] P3C
STN/COSAL[0..0 > D
— SC5-2K[0..7] —— sIN/cosio
A A0C21
2 A0C2\1
ao0c1o
6
SIN/COS1([0..9] AOCINO
SINseas i3 21 2 sIN/cosz [0 1 9] K SIN/COS11
mereosg [0 SIN/COS3U[0..9] s SIN/COS12
{(STIN co;3L{0:..] )sm/C°S3L[°"9] 10 —?&ggil
11—
DINVALIDI[O..3] alcio
[DINVALID[O. . S
DINVALID[0. .31 > 12 AlCli\o
NEWFR 14 — SINscosia
NEWFR 15 eIty
FRRTT> FRRW\ 1 a2c2\1
a2c
18—
—~ INIT\4' a2c1vo
oIz —
INIT)E 18 [—'sIn/cosis
29 ——sIn/cosie
21 [—a3ca1
22 —a3c2\1
23 a3clo
2¢ ——a3civo
25 T 'sIN/cos17
26 [ sIn/cosis
27 [—vEE
28 [ sin/cosi9
30 | _____Vvcc
31—
3 —enp
BTN

P1B _p1a
| GND 1 GND
g vcc § vcc
H DT1 DT9 H pDTO DT1
e DT\T — DT10 2 DTNO__ DT2
5 5T DTI1 s 3 DT3
e DTNZ  DT12 s DT\3 — DT4
z DT DT13 z 5TE DTS
4 DT\7 — DT14 g DT\E —_ DT6
.2 DTIO DTS . S B—
DT D DT DTS
i1 e — 0] I B0 DB1
12 DE\I __ DB10 12 B\0 — DB2
13 bE4 DBI1 13 B3 DB3
12 PR 12 DE\3— DB4
B DB B DB5
i6 is
DB\7 __ DB14 B\6 __ DB6
17 BYo—Dbpis 1z b5 DB7
18 B\10 _ DB16 1 B9 DBS8
_R_;DR ADRNT
29 SC5-2K2 29 SC5-2K1
21 SC5-2K5 22 scs-2xa
Scal
23 [ scs<iki 23 [ scs5<1ko
= ==
28 [ crso\ 28 T CRSFTCLK VEE
27 ——vEE 27 vEE
29 — 29 f—
22 vee 22 ] vee
3l [——ecnp 3l [——enp
DIN "DIN
P2B p2a
1 GND 1 GND
2 PULSAR2 1 PULSAR1
vee —
3 SIN/COSALO 3 SIN/COSAL3
H SIN/COSAL1l U72 4 T sIn/cosara u72
[ sIN/COs4L2 SIN/COSALS
6 — 6 —
7 ——SIn/cosare 7 P SIN/COS4LY
g SIN/COS3L2 s SIN/COSAL8
.8 SIN/COS3L3 .8 SIN/COS4L9
19 SIN/COS3L4 U45 10 SIN/COS3U0
= iaeenn T | = res
SIN/COS3L7 SIN/COS3U3
14 SIN/COS3L8 14 SIN/COS3U4 U44
1 STIN/COS3L9 12 SIN/COS3U5
1 SIN/COS4U9 U71 is SIN/COS3UE
GND SIN/COS3U
18 FRSI v2a |15 SIN/COS3U8
1 INIT\3" 1 SIN/COS3U9
290 INIT\Z" 29 FSCLOAD\
FRSO
22 FRSRCLK 22
22 NEWFR 23 EXPOF\’0 U17
.
= = ¥
28 FFTINIT\ 28 EXPOF\ * 3
VEE VEE
28 SIN/cos25 28 SIN/cos24
cc v
32 SIN/CcOs28 39 [ sin/cos27
32 GND 32 GND
DIN BTN
P3B p3a
1 GND 1 GND
: FRRW\ : FRLOAD\
cc v
: AOC30 H AOC31
20C3\0 A0C3\1
2 A0C11 2 A0C20
s a0CIN1 € ——aoc2\o0
20C00 ao0col
8 20C0\0 8 AOCO\1
10 aicso 15 [—a1c31
19 Alc3\o 1o AIC3\1
alcii a1c20
BE—nan 13 F—asckve
aic alc
14 A1co\o 18 AlcON1
a2c30 a2c31
1e a2c3\o 1e a2¢3\1
1z a2ci1 1z A2C20
18 A2C1\1 18 226210
A2C00 a2c01
20 a2co\o 20 a2co\1
21 A3C30 21 a3c31
22 a3c3\o 22 A3C3\1
a3cii A3C20
22 a3c1N1 24 23C2\0
23 A3C00 25 a3c01
A3CONO A3CON1
27 asc 27
28 f—

1

620 |

620
I

| _ _ sure on rerMmvaron_ _ _|

FOR USE ONLY
RACK 2 FFT O

RACK 2 FFT 1
RACK 2 FFT 8
RACK 2 FFT

9
RACKS 0 AND 1 DO NOT

RACK
RACK
RACK

ON THE FOLLOWING CARDS:
RACK 3 FFT O

3 FFT 1
3 FFT 8
3 FF

T 9
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.

L]
W\l 03w

F
e}
G

~NHm
o
L]
Lok ]
W
[N ]
Bl P
H oXlmy

T

RACKS 2 AND 3 ONLY

< DB[1..247]

BUSSES CORRESPONDING TO A

CONNECTOR AND CABLE.

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title

FFT CARD CONNECTOR

Size|Document Number REV]
C 56000L025 (RACKWIRE/LO25D03.SCH)
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Efo IT>A 10 - 1]
Bro-TT>BLO0- - 1]
cto T7>Clo--1]
BroTT>PL0- - 1]

E fo a7 >A\N0- 1]
B (0. .17 >2M 0. - 1]
[exfo..13 > 0 1]
[Oyro..17 >0 1]

SLIP ON FIXTURE
ON FFT CARD CONNECTOR.

AQ R1
A\O 100
Al R2
A\1l 100
BO R3
B\O 100
Bl R4
B\l 100
CcO RS
C\O 100
Ccl R6
C\1 100
DO R7
D\O 100
D1 RS
D\1 100

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY
CHARLOTTESVILLE, VA

Title
100 OHM TERMINATING RESISTORS
Size|Document Number REV
A 56000L025 (LL0O25D04 . SCH)
Date: December 7, 1995[Sheet 4 of




CRSTI\B[O..4] SRET ETO4T] CRST\A[OQ. .4] SRET AT
CRSTBBIO..4] CRETEETO——4T) CRSTBA[Q. . 4] ~RETEATO 4]
RAMCLKBIO. 41 = ereero—aT] RAMCLKAIQ. .41 comeronTo 47
FRSIBIO. . 4] FRSTET0 47 ] RS L FRSIA[0..4] |
ON THE LEFT FFT P1C 20 ON THE RIGHT FFT P2C 12 ON THE LEFT FFT P1C 20 ON THE RIGHT FFT P2C 12
;1 s IO FET CARD U2 TO FFT CARD Ul TO FFT CARD u2 TO FFT CARD
== 2 CRSI\B 5 2 23 RAMCLKEO 5 2 23 CRSI\A4 4 2 23 RAMCLKA4 4
[CRSI\B 3 i; g% 22 CRSI\B1 6 (RAMCLKB 3 2% g% 22 RAMCLKBl 6 CRSI\A 3 i% ;{% 22 CRSI\A3 3 (RAMCLKA 3 ﬁé §%‘ 22 RAMCLKA3 3
] 33 v3 [21 CRSIQB? 7 1] 22 Y2 21 RAMCLKB2 7 7] 22 Y221 crsi\a2 2 1] 22 Y2 [21 RramMCLKA2 2
20 CRSI\B 5 50 RAMCLKB3 8 5 20 CRSI\A1 1 5 20 RAMCLKAl 1
5 N b 19 CRSI\B4 _3 6|22 Y2 [19 RAMCLKB4 _ 9 6|42 Y2 [@9 crsI\AOD _o0 3 g Ye [T9_RAMCLKAO _0
18 CRSTBB 5 7 18 FRSIEO 5 7 18 CRSTBAL 4 7 18 FRSIA4 2
CRSTEBE a6 v6 |- (FRSIB I ve6 M CRSTEA a6 v6 [FRSIA A6 v6 |3
g &8 Z [I7_crsTBB1L 6 CH Yo [17_FRSIB1L 6 5] 28 Ye [I7_crsTea3 3 g 28 Y6 [17 FrsIa3 3
CH i [I6_crsTBBZ 7 CH Y% [16_FrRsIB2 7 5123 Y [I6_crstea2 2 o 27 ¥l [Te rrsiaz 2
101 29 IS [I5_crsTBB3 8 101 &3 {8 [15 FrSIB3 8 10l 23 YS[I5_crsTeal 1 0] 28 Y8 [15 rrsial 1
A%, viol[Efa_crsteBa 9 11129, yio[ZIa rFrsiBa 9 11129, (io[Ea_crstBa0 0 11122, 1o [IZ_FrsTa0 0
1 FFT P2B 19 1 FFT P2B 19
Gl G1 Gl Gl
Eﬁ &3 FFT P1C 27 133 53 133 S FFT P1C 27 13d S5
TABCT2827A 7ABCT2827A 7ABCT2827A 7ABCTE827A

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\LO25\SCCsS

NATIONAL RADIO ASTRONOMY OBSERVATORY
SOCORRO, NM

Title
BACKPLANE BUFFER BOARD
Size|Document Number REV
B 56000L025 (L025D40.SCH)

Date: February 9, 1995[sheet of




FROM FCC

STNS 0,2,4,6,8
P3A-29 PIPEO FSSI-A

Ul

P3B-29 PIPEl FSSI-B

wlool~|oju|inlwlno

i

A

Al
A2
A3
A4
A5
A6
A7
A8

G1
G2

PIRY FURY FRRY FRNY PR PR 1YY P

74HC541

u2

STNs 1,3,5,7,9

P3C-31 PIPEO FSSI-E

P3A-27 PIPEl FSSI-F

\ofool 3ol |wld

|

[y
0

Al
A2
A3
A4
AS5
A6
A7
A8

G1
G2

74HC541

U3

STNS 0,2,4,6,8

P3A-31 PIPE2 FSSI-C

i

L—‘ \O|00f~Jf O UT[is WINY

[
0

l

74HC541

U4

P3B-31 PIPE3 FSSI-D

STNS 1,3,5,7,9

P3B-26 PIPE2 FSSI-G

(Vo] [o0] BNV} o) [§3] 1NN [PN] [N ]

&

|

i
0

Al
A2
A3
A4
AS
A6
A7
A8

G1
G2

74HC541

us

P3B-27 PIPE3 FSSI-H

w|oo|~3|on|unfin]wlno

[y
)

Al
A2
A3
A4
AS5
A6
A7
A8

G1
G2

FRY FIRY 1Y [YRY [V FRY FOY Y

74HC541

FSSIAO0 P3A-29 ue
- )
S At
3122 v2 (&
FSSIAG FSSRCLK-A 4] 22 I3 [@e_rFssrcrLko
FSSIAS 5122 va [I5_FssrcLkl
FSSIBO  P3B-29 51 a5 vys |24
FSSIB2 = 14
A6 Y6 =3
FSSIB4 USB VCC FSSRCLK-B 5| 25 % [I2”FssrcLk2
lcom % 9] A8 vs | L1 FSSRCLK3
R1 1—3 1
R2 2 chjzﬁ Gl
R3 129 c2
R4 |—2
vl A4 74HC541
FSSIB6 e u7
FSSIBS8 8 2 18
FSSTAl  P3a-29 R [o 3122 Y1y
FSSIA3 25 [10 FSSRCLK-C 4| 2% 12 [16 FSSRCLK4
FSSIAS 5127 <2 |[[I5_FSSRCLKS
FSSIA7 9213-10A1-102G FSSRCLK-D 6| 2% vo [ 14 FSSRCLK6
FSSIA9 7142 <2 [[13_FSSRCLK7
FSSIB1  P3B-29 FSSRCLK-E 8| 25 15 [12 FSSRCLKS
o1 &% v4 [A1_FssrcLko
FSSI-H
usa vCC 5] S TO FFT CARDS P2C-10
| 1@
oM 5 FssI-A 74HC541
R1
FSSIB3 RS [[3_FssIi-B
FSSIB5 RS [4_FssI-C
FSSIB7 2 5 Fssi-p
FSSIBY9 Rt [[6_FssI-E
FSSICO0  P3A-31 Re [Z_Fssi-F
FSSIC2 RS [B_Fssi-c
FSSIC4 A
FSSIC6 RS [0
5213-10A1-102G * MEANS THIS WIRE DOES NOT HAVE TO BE A TWISTED PAIR,
6P2A
GND 1
57 TWISTED PAIRS GND 3
6 NOT TWISTED PAIRS vCC 3
FSSICS * 7P2C-6 FSSRCLK-A 2
FSSIDO  P3B-31 63 SIGNALS *7P2C-7 FSSRCLK-B :
FSSID2 * 7P2C~-8 FSSRCLK-C o
FSSID4 * 7P2C~-9 FSSRCLK-D 5
FSSID6 * 7P2C~-10 FSSRCLK-E 5
FSSID8 GND S
FSSIC1l  p3a-31 GND 20
FSSIC3 GND 13
GND 13
7P3A-29 FSSI-A 12
7P3B-29 FSSI-B 1
7P3A-31 FSSI-C 18
7P3B-31 FSSI-D 16 12p3B-31
1p3B-31 FSSIDO 17 2P3B-31
FSSICS 4p3B-31 FSSID3 1a 5p3B-31
FSSIC7 9p3B-31 FSSID6 15 10p3B-31
FSSIC9 1p3Aa-31 FSSICO 20 2p3A-31
FSSID1 Pp3B-31 4p3a-3]1 FSSIc3 23 SP3A-31
FSSID3 9pP3A-31 FSSIC6 23 10p3Aa-31
FSSIDS5 1p3B-29 FSSIBO 23 2p3B-29
FSSID7 4p3BR-29 FSSIB3 22 SP3B-29
FSSID9 9p3B-29 FSSIB6 S< 10pP3B-29
1p3Aa-29 FSSIAOQ 26 2P3A-29
4P3A-29 FSSIA3
VEE 28
9p3A-29 FSSIAG
Voo %0
12p3A-29 FSSIAD
GND 33
SLOT _ CARD DIN

NUMBER REPRESENTS FFT CARD
ABCD REPRESENT PIPELINES 0123

TO FFT CARD

1 FFT O
2 FFT 1
3 FFT 2
4 FFT 3
5 FFT 4
6

7 FCC

8 FFT 5
9 FFT 6
10 FFT 7
11 FFT 8
12 FFT 9

BUFFER BOARD & CABLES TO THE TOP OF FCC

INCLUDE BYPASS CAPACITORS

1 1 1
Ul u2 U3 U4 uUs
7 F 7 F 7 F 7 F 7 F

HD HD HD HD HD
C A CA C A cAal C A
5T 5T 5T 5T 5T
4 A 42 4 A 4 A 4 A

a7
7 F
48
HS
CR
5
41,
1K

P oodE

nhoH®
Wod

1P2C-10

2P2C-10

3 P2C-10

4 P2C-10

e

*5pP2C-10

H

| (M h]luj T

nlnlnlnlnlninlinlnjn

%5 5P3A-29 ]

10p3Aa-29
29 5

12pP3B-29
31 e

6P2B

1

2

3 8 P2C-10
: _

5 9pP2Cc-10
e 10 P2C-10
> 11 P2C-10
& 12 P2C-10
9

10

11

%g 7P3C-31
12 7P3A-27
1s 7P3B-26
le 7P3B-27
17 3p3B-31
18 8pP3B-31
19 11p3B-31
20 3p3a-31
21 8P3A-31
22 11p3Aa-31
33 3pP3B-29
52 8P3B-29
25 11p3B-29
s 3pP3A-29
27 8pP3A-29 ]
28 11p3a-29
gg 12p3Aa-31
32

DIN

SINCE IT IS A SHORT RUN.

8922433758587 8523515°87°54324
6

6P2C
GND 1
GND 5
VCC 3
FSSRCLK5 2
FSSRCLK6 5
FSSRCLK7 6
FSSRCLKS8 7
FSSRCLK9 8
GND o
GND o0
GND 11
GND iz
FSSI-E
FSSI-F 13
FSS 1a
FSST-G

15
ESSI-H 16
FSSID2 17
FSS]

SSIDS

=== 18
FSSID8 19
FSSIC2 20
FSSIcs 29
FSSICS8 22
FSSIB2
= 23
FSSTIBS 22
FSSIBS8 25
FSSTIA2 26
FSSIAS
VEE 27

28
FSSIAS8

29

CcC 30

FSSICO 31
GND 33

DIN

SEE RACKWIRE/FSTC.TXT FOR IMPLEMENTATION STRATEGY |
TO BE MOUNTED ON THE CENTER DIN NEXT TO THE FCC

VLBA CORRELATOR PROJECT

NATIONAL RADIO ASTRONOMY OBSERVATORY

CHARLOTTESVILLE, VA

Title
FSTC BUFFER BOARD
Document Number REV
56000L025 (RACKWIRE/LO025D42.SCH)
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SLIP ON
RESISTORS
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L025D44 . SCH

SCH FOR CABLING BLOCK DIAGRAM

CLOCK DISTRIBUTION SEPARATE DRAWING

CARDS 0O THRU 4
5 FFT CARDS
LDRAMI[O. .4]
RAMCLKI[O. .4]

FRLOAD\B
> FRLOAD\ E
FRRW\ E RRZJ\B
FRERCLK (0" g
FRSRCLK[0. .4] TRET1O0., AT

FSSRCLK[O. .4]
FSSIA[O..4]
ESSIBL0 et rssTR[0. .4]
ESSICIOendla rssTC (0. .4]

ESSIDI0 el rsSID0. . 4]

NEW _FRB

X = SIN/COS1[0..9] i

paeiorE £ SIN/COSZ [0, .9] =

o= SIN/COS3U[0..9] ==

o = SIN/COS3L(0..9] =

= = SIN/COS4U[0..9] =

oo SIN/COS4L[0. .9] et i

T N RN SC5-2K[0..7] =
SC5<1K([0..8]

ROETC] o
CRESTBEATO 41

RULEARAL e, pULSAR [0 . . 3]

CRSI\[0..4]
CRSFTCLKI[O. .4]
P CRSTB[O. .4]

NITA\A B PFTINIT\
INIT\3®

22 B INIT\42® LNITNEE

INIT\5"

]

HE NI EHIo

=

H

p}
(]
p}

HOWER O BINHC

i
>
o
Q
N

CARDS 5 THRU 9
S_FFT CARDS

1
FRSRCLK[O. .4]
FSSRCLK[O0. .4]

B NEWFR

FSCLOAD\Bb pscr.oapy

® PULSAR[O. .3]

oooo

0000 ¢+
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LO025D46 . SCH

LO25D46.SCH

FSTC BUFFER BOARD
RACKS 0 AND 1 ON
SEE LO025D42.SCH FOR SC
J2.

6
TO PIN GND 1
GND 2
Ycc 2
7J2C-6 FSSRCLRS A
732C-7 FSSRCLK- :
732C-8 FSSRCLE-C 2
732C-9 FSSRCLE- s
732C-10 FSSRCLR- 3
GND H
GND %0
GND m—
GND 13
733A-29 FSSI-A 12
733B-29 FSSI- 13
733A-31 FSSI-C 1
7J3B-31 ESSI= 2
1J3B-31 _FSS 17
433B-31FSSID3 17
9J3B-31_FSS 15
173A-31 _ESSICO 20
433n-31FSsic 20
933a-31FSSIC 21
133B-29FSS 22
433B-29 FSSIB3 22
933B-29FSsS 28
133a-29 ESSIA 2
433A-29 FSSIA3 2
EE
og3a-20Fsstae | 28
v a— 1
30
1273A-29 FSSIAD 30
GND 33
DIN
632
GND iy
GND 2
Vee 2
1J2C-10 FSSRCLKO 3
232C-10 FSSRCLKL 2
332C-10 FSSRCLKZ 2
432C-10 FSSRCLK3 ¢
5J2C-10 FSSRCLKZ K
GND s
GND 20
GND 19
GND i1
13
12
12J3B-31 FSSIDS 12
2J3B-31FSsS it
573B-31FSS 12
10J3B-31FSSID 18
2J3A-31FSSIC Z0
533A-31 FSSIC 20
1033a-31FSSIC 22
233B-29 FSSIB 22
573B-29_FSS 22
10J3B-29 FSSIB7 2
233A-29 FSSIAL 235
533A-29 FSSIAL
ESS 27
28
1033A-29 FSSIAT
Vee 29
esre— 30
12J3B-29 FSSIB9 | 31
&sND 135
DIN
632
1
2
3
LIS 2
L 5
L 6
L. 7
LES 8
9
10
11
12
13
= 14
S 15
137
o W— T
co 19
S 20
s 29
11J3A-31 FSSIC8 21
333B-29 FssIpz 1 22
8J3B-29 FSSIB5 2
1133B-29 BS 2s
373a-20 Fssraz 23
8J3a-29 FSSIAS 2
VEE 2
11J53A-29 FSSTAS |
Voo 29
30
1273A-31FSSICY 30
GND 33
DIN

CRSI\A

CRSIMA B oRsT\A CRSI\A[O..4]
CRSINB BCRST\B CRSI\B([O..4]
CRSTBA

—meraa T CRSTBA CRSTBA[O. .4]
CRSTBB B CRSTBB CRSTBB (0. .4]
RAMCL:

RAMCLKA RAMCLKA[O. .41
FRUCLRRRRANCLEE  Ramcrxafe--4)
ERSI2 Brrsia FRSIA[O..4]

FRSIB FRSIB[O0. .4]

FFT CTRL CARD

FFT CTRL CARD

CRSI\A[O. .4
CRSI\B[O. .4
4
4

CRSTBA[O. .
CRSTBBI[O. .

LO25D40.SCH

731C 7318 731A
GND 1 GND 1 GND |
[CE-ENA\ > C16.0 OFF CI16.0 IN| » Cievorr 3
vec VT A c———

- 3 3 - 3
SC5-BIK i bt SC5-BIKL 2
SC5-BIK : : SC5-BoK4 :
SC5-B2K 6 6 SC5— 7 6
SC5-B< < 7 7 SC5-B<1K0 7
SC5-B< 8 8 SC5-B<1lK 8
SC5_B<1K 9 ° S -B<1K 9

7COS-BAT0 E 0 1o 7COS—BAL 2o
/COS-BAUT T COS-BAL
s 11 11 LNZE 11
/COS-B4U 2 /COS-BAL!
c 12 12 < 12
/COS-B4U 13 G0 12 COS—BAL, 1z
COS— U1 COS—B4L
cos-B4Y 12 14 Leess 12
Sos-B4U 15 J 15 —B4L 15
cos-Bal 16 SE 16 /95 -BaL, 16
cos-Bay 17 U 17 —23Y 17
COS-54U 18 S 1s Z 2— 18
SINS SE 19 o 19 1 19
SCH-ASKO 20 20 SC5- 20
< 21 21 21
SCh— ScE=
22 22 22
Sco- SCE=
23 23 23
SCo-A<1KZ SC5—
Se2 24 21 22
—A<1K5 SC5-—.
25 25 25
SC5-A<1KS8 26 26 SCH5~ 26
CRSTBE SIN/COS-B3L3 ST 3T
27 27 2O 27
SIN/COS-B3L6 | 25 STN/Cco5-B3Ls | 28 Sin/cos—B3ta ) 23
vee EXS cC i0 cc %
SIN/COS-B3L0 32 SIN/CoS-B3LE | 39 SIN/COS-B3L7 32
SN 32 SND 13> SN 32
DIN DIN DIN
TO uP CARD
732¢C 7328 732a
PULSARAZ : SARAZ z PULSARAL 1
C Ve
TNITNG A COS-AALO ]| 3 COS-& 3
DuL.sa : COS-A4LL : COS—A4L 2
FESSRCL 6 COS— L2 6 /COS— L. 6
FSSRCL s COS-A3LO | § /COS—A4L s
FSSRCL K COS-ASL g CoS—. g
FSSRCL s COS—ASL s 7COS= H
EFSSRCLK-E 1o C —A3L 10 COS-. [L,S 10
CLEB G N COS-A3U
R 11 sl 11 < 11
AMCLKZ COS—A3LE /COS=A3UL
e i Tasrryvrere 12 e 12 [Eos-AsdL 112
SO U 13 & L 13 & J 13
/COS-A4U1 COS—ASL COS-A3U3
s 14 s 14 o8 >— 12
=2o—As e 15 oo o 15 T i 15
COS-A4U COS-A3L /COS-A3U5 |
oS- 16 S-AsL 16 - ERETRTO 16
£O U 17 < 17 < 17
/COS— U5 COS~-A3U7
<2 18 ¥ 18 COS-AJT 18
£605- 19 d 19 COS-ASY 19
CoS-. 20 20 SIN/COSCA3UI ] 59
COS-A4US SCLOA
& 21 21 ESCLL 21
ECL_CLK3 SCLOAD\
< 22 22 Es 22
EC. 3 INT
L 23 23 23
7COS-220 BULSARBO
S 24 24 24
/COS—A21 B0 B1
S 25 25 25
/COS=A22 B b 3
S 26 26 26
SiIN/COS-A23 27 E A 27 L 3 27
EE 28 | VEE £ 28 VEE 28
EIN/COS-A26 EEO Co5—A25 | SIN/COS-AZ4
29 I/cos-Azg> 159 SIN/COS-A24 )59
yee 30 30 g 30
Sinzcos-aze 39 i7cos-Azs | 39 SIN/cos-AZ7 ] 39
GND GND
32 32 SeND 132
DIN BIN DIN
733C 7338 733A
GND 7] GND 1 GND El
SIN/COS-A10 TRRWY FRLOADNA ]
e e E 2 2 2
3 yee 13 ussl 3
SIN/COS-B10 H RIS 2 ERLOADTE :
— 5 COS-B20 5 T2 5
/COS-B17T H cos-B2 H /COS—B2 :
/COS-B12 s Cos-B s CosS-B2 s
COS-AIL K CoS-B g co5-B2 K
COS-—A12 5 CoS-B 5 /COS-B25 H
p— LD RAMO | 7, | _CRSFTCLKAO CRSFICLKO] 74
11 ID ORAM] 11 CRSF CRSFTCLKL] 77
n/cos-p13— 13 “LDR: LDRAM, 13 CRSFTCLKA2 CRSFICLKZ| 13
N/COS— 12 LDRZ LDRAM 2 CRSFTCLKS RSFTCLK3]| 15
N/COS— 1a LDRAMA4 —LDRAM. 12| XRSFrcLKaZ crsFIC 12
N/COS— 1s LDRAI LDRAM5S | 75 <R. c ) _CRSFTC 1s
1z LD LDRAME | 12| <R 1 CRSFICL 1o
17 _LDRAI LDRAM7 | 1 TR 2 CRSFTCL) 17
N/COS-B15 is “L.DRAI LORAM el <= S CRSFTC 1a
N/COS-Bl6 1s “L.DRJ LDRAM: 15 CRS 4 CRSFTCLK9]| 1
N/COS-ALb B FRSRC FRSRCLES| 55 | _ERSEC FRSRCLKO | 54
N/COS-A16 29 FRSRC "RSRCLK6| 2 | FRSRC RSRC 22
22 RSRC SRCLK7| 52 FRSRC FRSRCLK2 | 55
N/COS-B17 | SRC 3
< 23 23
N/COS-B1E SRC 2
< 24 24
N/COS-B19 25 i 25
N/COS-AL7 22 FSEI-G 22
N/COS-ALS 23 FSSI-F| 55
SIN/COS-A& 28 Fesi-A | 28
Ve 29 ESSI-A 159
Yee_ 130 Yo 130
gﬁgI—E 31 = 31 =8p 31
32 32 LD 135
DIN <;’ DIN DIN
1
1 SLOT __CARD
] 1 FFT 0O
] 2 FFT 1
3 FFT 2
0..4] 2 FFT 3
0..4] 5 FFT 4
6 FSTC
4] 7 FCC SEE LO25D01.SCH FOR RACKS 2 AND 3.
4] 8 FFT 5 SEE L025D05 FOR CABLING TOP LEVEL
9 FFT 6
10 FFT 7
11 FFT 8 VLBA CORRELATOR PROJECT
12 FFT 9
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CRSIN[0.4T > CRSIN(0. - 4]

. CRSTBI[O..4]
CRSTB[O0. .47 > FROM BACKPLANE BUFFER BOARD
[RAMCLR[O 41> RAMCLK [0 - 4]

FRSI[O..4]
RST[O..4] > INPUTS INPUTS INPUTS INPUTS INPUTS
[CORBMIO. 4T > LDRAM([O. .4] FFT CARD 0 OR 5 FFT CARD 1 OR 6 FFT CARD 2 OR 7 FFT CARD 3 OR 8 FFT CARD 4 OR 9
FFT _CARD CONN - SHEET 03 FFT_CARD CONN - SHEET 03 FFT CARD CONN - SHEET 03 FFT CARD CONN - SHEET 03 FFT_CARD CONN - SHEET 03
FRLOAD
FRLOAD
RLOADNZFRRW\
FRERCLEIO 4 FRSRCLK[0. .4] e FRST
ERSRCLKIB LRSRCLK
FSSRCLRI0. 4> FSSRCLK[O. .4]
hast FSSRCLKO B pSSRCLK ESSRCLK1 |
NEWFR NEWFR
NEWFR
[ESSTATO. 4] >FSeTal0. 4]
ESSIAT0..4] > rssIBlO. . 4) FSSIAQ R FSSIAL
[FSSIBEI0._ 41 > o
FSSTIB[O resIC 0 a3 FSSIBO ’FSSIB FSSIB1
o
[FSSTCTo 41> Fsstco  ocorc rssTOL rssTCa
FSSTDI0. 4] > FSSIDLO. . 4] ESsSIc3 g rssic
ESSIDO B pssTD ESSIDI B prssip ESSID3 B pssID
FSCLOAD >ESCLOADN
ESCLOAD\ B pgcr,0aD\ ESCLOAD\ | p5cr,0ADY ESCLOAD\ B pscr,0aD\
STN/COSI[0. .01 o~ et SIN/COS1(0..9] L RS B utmteemnt®, S TN/ COS1 [0 . 9] LS bl ] SIN/COS1[0..9] 1L Qe )l s, SIN/COS1[0..9] i SIN/COS1[0..9]
SIN/COS2[0..0 ! SIN/COS2(0..9] 3 SIN/COS2 (0. .9] X SIN/COS2[0..9] T SIN/COS2[0..9] I SIN/COS2[0..9]
N/COs H SIN/COS3U[0..9] 2 SIN/COS3U[ Z SIN/COS3U[0..9] I SIN/COS3U[0..9] I SIN/COS3U[0..9]
N/COS 2 SIN/COS3L[0..9] 3 SIN/COS3L[ I SIN/COS3L[O0..9] g SIN/COS3L(0..9] I SIN/COS3L[0..9]
N/COS I SIN/COS4U[0. -9] &L SIN/COSaU|[ i SIN/COS4U[0. .9] I SIN/COS4U[0. .9] 1 SIN/COS4U[0. .9]
N/COS2 e - SIN/COSAL[O0. .9] T . SIN/COSAL[ i : SIN/COSAL[0..9] Z STIN/COS4L[0. -9] oy . £ SIN/COS4L[0; .9]
SC5- e el SC5-2K[0..7] TRl SC5-2K [0 EEv AR SC5-2K[0..7] = SC5-2K[0..7] EEYA WA SC5-2K[0..7]
SC5<1 SC5<1K[0..8] SC5<1K (0. . SC5<1K(0..8] SC5<1K (0. .8] SC5<1K(0..8]
PULSAR
[BOLSARIO. 31 bllarmnatcd Bl el PULSAR[O..3] BULSARL et ed®, PULSAR (0. . 3] IAOACIE TS RTINS PULSAR[O..3] PULSAR(O. .3] PULSAR[O..3]
CRSI\O CRSI\1 3
CRST\ CRSINI ____ B CRSI\ CRSTI\ CRSI\ CRSI\
[CRSFICLKI0. .41 > CRSFTCLK[O. .4] SRSFICLKO B CRSFTCLK -SRSEICLKI B CRSFTCLK CRSFTCLK SRSFICLES B CRSFTCLK CRSFTCLK
CRSTB ERSTBL R CRsTB CRSTB CRSTB3 B crsTB CRSTB
[FETINIT T e FFTINIT\ s FFTINIT\ FFTINIT\ T FFTINIT\ FFTINIT\
[INIT\S " >INITA S INIT S INIT\3" T INIT\3" INIT\3" T INIT\3® INIT\3®
[INITNa T S>2NITA L INIT\4® [T INIT\4" INIT\Z" R INIT\4® INIT\4®
[INTTR 5~ INIT\5" INIT\5* INIT\5" INIT\S® INIT\5"
DINVALID[O..3] DINVALIDI[O..3] DINVALIDI[O. .3] B DINVALID[O. .3] DINVALIDI[O. .3]
CARD 0 CARD 1 CARD 2 CARD 3 CARD 4
X 1 el A0CO([O0..1 sl A0CO[0..1 25 A0CO([0..1 28l AO0CO[O. . L) A0CO([0..1
AO -1 AO0C1(0..1 A0C1[0..1 ) AO0C1[0..1 2A0C1[0 A0C1(0..1
0 -1 “ A0C2([0..1 - A0C2[0..1 % A0C2(0..1 < 2A0C2 [0 = Baoczr0.1
AD 53 = A0C3[0..1 < ngc3 0..1 “ a0C3[0..1 % B20c3[0 k1 A0C3[0..1
CiNtmis TN imes N Nies SN NIms AN I BN iz AN
A0C N[0TI > R0ca fo0 11 ok AOCIN[O. .1 = -4 N A0CIN[O. .1 Baoci\ " AOCI\ 1
ISEAN (" FCEEN LI = : 4 A0C2\[0..1 % A0C2\[0. .1 < < AOC2\[0. .1
AOC3\ [0 S AOC3\[0..1 AOC3\[0..1 AOC3\[0..1 AOC3\[0..1
ol AlCcO([0..1 co [0 2C0 [0 3C0[0 cCOl0 o0
T el : asote- 3 i acere: 1 = aeete- 3 : e acore 1
ATC2[0 Salczio..1 A AlC2(0..1 “ AlC2[0..1 Erai alc2(o..1 & it a1c2{o..1
0 Salcsio. .1 1 AIC3[0..1 1 B A1C3[0..1 E1ad, alc3fo..1 Kl ETas AlC3f0..1
ATC SALCONO. . o A1CO\ [O. 4 AI1CON[0..1 C1a{0) AICON[0..1 U i AICON[0..1
ALC T SALCINIO. L e AI1CI\ [0 .1 i AI1CIN[O0. .1 ELaAn Alenforia L - AICIN[O..1
ATC BID ST N LT < AIC2\[0. 1 b A1c2\[0..1 Exat alca\(fo. .1 2 ey ATc2\ [0 [1
c Salesnio. o AlC3\[o0..1 K1 Alc3Nfo..1 ilai TN =1 = A1C3\[0. .1
A2 1 el A2C0([0..1 ekl A2C0[0..1 Celdobd A2C0([0..1 -t el A2C0([0..1
3 1 - Rze3ie: == = ST 2 azeife: -1 == : Mol
= SO O 5 e, > Ree
AZC 9-- " Ba2civio..1 - Lean A2C1\ [0..1 = A2C1IN[O0..1 il & A2C1IN([O0..1
AZC 9..1 BA2C2\ [0, .1 i A2C2\[0..1 < A2C2\[0..1 <. A2C2\[0..1
> 0.. = - 3 - 2 M YK 2 e
AZC A2C3\[0..1 A2C3\[0..1 A2C3\ (0. 1 A2C3\[0..1
L1 3co10 cQ 0 scoro ccoro Zc0 10
X A3CO[0..1 A3C0[0..1 A3CO[0..1 A3CO[0..1
.. 1 1 SC T oC ] T
: - Baciio: z Aot == A3giio. - = - BeLis. 4
-1 ! A3C3(0..1 k! A3C3(0..1 —1%‘ BA3cstol 1 —lﬁJ 2 A3C3([0..1
A3CON > 9--1 = A3CON[O0..1 2 A3CO\N[0..1 - A3CO\[0. 2 5 A3CO\ (0.
ASCINO SA3CINIO. -1 b A3CIN[O. .1 - A3C1N[0. 1 e A3CIN[O..1 BCl = BA3CIN[0. .1
ASCoNTO. .1 Sa352 (0. -1 % A3cz\[o..1 & A3c2\[o. 1 e EN I =tig 2 A3C2\[0..1
AN A3C3\[0..1 xt . “ . xs A3C2\ (0. .1 xs “ -
c 0. > A3C3\ [0..1 A3C3\[0..1 Jumrisc1ed A3C3\ [0..1 . S A3C3\[0..1
R gﬁj’lg?_ 9--1 DT([1..241B DT(1..24] DT[1..241B) DT[1..24]
> <JA4cz0. 1
> <Ja4c3(o. 1
c SAENS: 1 DB[1..24] DB[1..24] DB[1..241B DB[1..24] DB[1..24]
pac Ja4c2a\[0. 11
< JA4C3N (0.1
ASCOT0 - >2§gg g.-i L025D03.SCH L025D03.SCH L025D03.SCH L025D03 . SCH L025D03.SCH
CL[O. g o
= A5C2[0..1
<219 Jas5c3[0.11
< - ZA5coN [0
els —JA5ciN[o. 1
RSNt ascaN[ol 1
L Y CIEN I
A6CO[0..1
(2eso Lo JasC1[0. 1
pocd Lo Jasc2[0.11
oty Ja6c3[0..1
See JA6CON [0
o= <A6CIN[O. 1
s lo Jn6c2a\[0. 11
rese LY —JA6C3N [0
TG ~ A7C0[0..1 SPECIAL VERSION FOR RACKS O AND 1
SS90 Sarciion1 WITH FSTC BUFFER BOARD.
e21g Ja7¢3(0..1 VLBA CORRELATOR PROJECT
s A7CON[O. .
A7CONTO. .11 SA7CIN (0. .1 NATIONAL RADIO ASTRONOMY OBSERVATORY
TC2\ 0 JazczNolll CHARLOTTESVILLE, VA
L <JA7TC3N[0. 1 Title
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5 VLBA1 Gate Array

ASIC Block Diagram k001dOl.sch

VLBAl Pinout k028d03.blk

67



NDATAIN

[ETRE> LR

’774° DATA FORMAT, ‘554‘’ TWIDDLE FACTORS

ODE =
FFT MODE -~

PULS S .
PATH USED IN PULSAR GATE.

PIN SHARED WITH NCO STO
P‘I‘Bm_g'r - Auxov'r SELECT

SETCLE >
SHIFT CLK|

DEN\0 MACWE\ SHARES PIN WITH NCOCE\ _MACWE cLx .
EXTBSEL MAC - ROW\ + COL\ T AUx BAR
TO CONTROL LOGIC MAC\ - 0 TRIUE R
FOR USE IN FFT MODE = | =] 18
P — : <DATA OUTEUT]
I el
USED AS PULSAR GATE. €
USED TO MAC cLK DEN\
| NORMAL I
R
TEIE E
BAR MUXS
FLOATING POINT TO FFT BUTTERFLY
(R1 + JI1) * (R2 + jI2) = FIXED POINT OR OR — _ _ — o
[ (RL * R2) - (I1 * I2) ] + 3 [ (I1 * R2) + (Rl * I2) ] OMMON EXPONENT ACCUMULATOR
BAR]
FOR CONSTANT DELAY ~ CEN\2 = c- Y PA.
| A e AR C33.  CUAL NONPOLARSCHTO & PRTEONT\O)\ (A+C) + (B+D) 1
(a+C) - (B+D) 2
CEN\3 = + (a-C) + (x-2) 3
COMPLEX MULTIPLY DRE\ NTO (a-c) - (x-z) 4
10..14] o mzxa'cmo*m\l n
cL[o..17] CENB\ MAC-POLAR (RADIX4 BIT)
uUl4z2 1o PB4 SENC\ = cENBATL (s‘:‘ﬁ POWER IN MAC MODE) el 0. 19
.. s c - TX4 MODE)\ ) * FIXED POINT DOUT\ [0..17]
MUXS & l MULT MAC POLAR TRUE H PRE\ To
ELSE I TR FLOATING POINT
1c ¥ 25 CEN\
T MAC*CEN2 USUMA
| E GLE 13 NOTE: 16 BIT PATH RQRD IN THE FFT SECTIONS ADDR
e —_— e e — INVERTS SIGN BIT R TO PROVIDE FOR RADIX 2 MODE.
NEGATE IlxI2 12 BIT
pl INPUT/OUTPUT | 1’s_comp
INPT £ g
U141 I 0..15] | s
s H
XOR SIGN BIT WITH MAC H I
FOR COMPLEX CONJUGATE." f=— I F
- or\2’ F T
R41IK2KSTGO - CTO T 5 E
MACPAL - CT\O == IF R
DETERMINED BY UBPER 2 R 16 1’5 ADDER ONSTABLH L
IN CONTROL WORD. . COMP' ADDER OR IF
FROM CTRL REG (I1xI2) a2 MAC MODE.
MAC - 1
ELSE 0. \
BAR 18 RADIX4 - CNT\ ADDS THEN SUBTRACTS O
[{RADIX2 + BYPAS) RADIXZ OR BYBASS - 1 "IN RADEX 3 OR BYPASS.
4 BIT EXPONENT OF RANGE 0-12 = RADIX4 MODE
10..171 k4 DATAIN_[0..17] AMA (SIGN/MAG FORM WITH IMPLIED SIGN BIT=1) M7-0 = MAC + RADIX2 + BYPAS*CNTO +
DECA\ DELAYED 2 CLKS Lt RADIX4_MODE*CNT1 '’
| 1 TRUE SsuM
A kS 3-ST PIN [0..6 ( MAC-POLAR
TRUE MAC-NONBOLARACNTO )\
I oaro..17] oB1O..17] c TK -
a (MACP)
o TX4 7740UT.SCH SPLICES TOGETHER
LEL INPUT CEN\7 I R a  PEX\ C ]
FROM NORM R2EQ2K, R4STGOUPR - CTO E {0..5] a
MAC MODE. R4STGOLWR, MACPAl - CT\O TRUE T BYPAS OR T BAR
RASTG4 - O TRUE maclgr: [} A RADIX4 g? ¢
NOT CARE WHEN NORMIN = 1 x3 R SHIFT 4
6 MACP - CT1‘ R c 1 E
= MACNP - 0 ¥ IF SHIFT DIVIDE BY 2. x
D\ 3 ELSE MAC] P
— —_ T MAC GATING DIFFERENT 24 °
- - - 'OR MANTTI: £1
RMBR E PRE\
o GATING F 4
LR crry - ff 229 DELD MpC
< 1‘S COMPLEMENT #°S TorAMAY (0. .17]
a2 THE_CROSS MULTIPLY | MP
ADJ (0. ., NEG] 5 BIT EXP HERE IS 07Z24. F ADDER shet] 6
3 ‘s _cowmpl TO CALC THE ACC MINUS L0 PEX.
3 4 THE CROSS MULTIPLY,
e THE SS MULTIPL:
. CLR\ = ﬁ THE NEGATIVE OF A 2 MAC-POLAR (RADIX4 BIT) TORAMBY (0. .17]
DATAENBL\ * PGENBL * FROM NCO TRUE ~ COMP, NEGAT: - el
CLRACC\= DR\ [0..14] ACCUM EXP= 3 15
TWID{O ( CLR*MAC) \ r STG1- 6 BIT, RANGE
< TWIDDLEIN - +14 TO -32
C! C]
BITS 0-3.5-8 CcLRACC CLRACC! EXP R BaH SIGN EXTEND 11 BITS TO 12 (BYPAS+CNTO) \ o3
HARED WITH NCO DOUT FFT RADIX2 s 3 3 PINS E
FOR WINDOW RAM LOADING. FFT RADIX4 ROUTE BITS TO: GLK| s
FFT BYPASS RAM A CLR\ MAC MODE 444 # L H
REGISTER RAM B REGISTER STGO POS 504 # s I /
STG1-5 550 # H o F 2
I T
RMAR R T = sy | e
U146 U147 T EaR R
MAaC___ E IF
ATN R ADDER UNSTABLE
l 10..171 s 18 I 16 BIT 1’s OR I
A CoMP ADDER MAC MODE.
RMA[O..17]) RMB(O..17] PA: BY PARAMETRIC NAND TREE OUTPUT. SRR
| JAM TO 0.1111+3Q9 IN BYPASS MODE.
\ —_ — s L(RADIX2 + BYPAS)
b = RADIX4 MODE
I CEN\ 8 I SUBC\
WEA WEB IN NORMAL MAC MODE, DI\ ¥ CNT1’ (8 MHz)
SET TOGCENS. [o..147 T 15, '
MACNP - CNTO THIS GIVES CNTO. I E (W4+Y) + (X+2) 1
MACP - CT1 l ELSE 0 DIM\ R 15 (We¥) - (X+2) 2
- DECA’ MAC\ - DECA\’ ScaNouT [0..12 (W-¥) - (B-D) 3
MUX WITH | (W-¥) + (B-D)
CONTROL BIT DISCINTWE DISCONNECTS 1 CRsO '
INTERNAL WE, THEN USE: FFT MODE J
WEIN\A WEIN\B LOWER STGH RAM IS INPUT. RAM
FROM OFF CHIP. WHEN DECA=1, RAMA=INPUT I
NORMALLY THESE MUST BE 0. RAMB=OUTPUT —_ |
sracE . MAC MODE o RADB(O..8] I
LACE RAM TEST MODE. RDSTG & WRSTG BOTH = O. RGE n
TO GENERATE DECA NOT MATTER. VB ADRG | l LISTING OF MODULES
: RAM WE’S
; [eIE> _ — MULT ul3s8 MULT, SHFT Ul3eé6 SHFT{ ADDR Uul2s
BUFFE! MAIN cHIP C ! Woxs Daaz
amsevio o RADD . BMAR Ulde
SWITCH
EBsIGLo. 2] U123 I * CTRL U143
RAM WE STAGE HET U200
PHASED CLOCK. . LT Ul
SHFT U136
D U123 .
ADRG Uldd & Uld
= ..8) ADDR U125
SHARED WITH NCO DoUT EA | wmace - cti: | CARRY IN NOT CE’D. INPT U141
MU 11 MACNP -~ CNTO CARRY OUT CE’D. NCoO  Ul24
STG1-STG4 - 0 SHARED PIN AT 32 MHz 2 DELAY STAGES. (P NCOSHFT U200
REORDER E6 (STGO) - DECA - DECA\ AT < 32 MHz, ONE DELAY STAGE.
Ee\ ‘15705 "-PBeEtay  Ee\ ‘TEned) -"Beca CPTES + MEANS MODULE IS A SIMPLE HIERARCHY,
o CE XAD\8 AS MSB IN MAC MODE. FASTER CLOCK AUXOUT ulzd SO IT SHOULD NOT BE REANNOTATED
FOR NCO. NUMBER CONTROLLED OSCILLATOR
SHEET r 101
cNTO COUNTER LSB_PHASE SHIFTED BY RA4CNTO. Uz
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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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