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D741FED

CMS CSC Cathode Front End Board Control Logic

SCA, Mux and Fast data transfer control

FEBCNTRL

ELECTRONICSLAB
PHYSICS DEPARTMENT
THE OHIO STATE UNIVERSITY
174 WEST 18TH AVE
COLUMBUS OHIO 43210
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D741FEB: VIRTEX version, which combined the functions of SCA FPGA, MUX FPGA and CPLI

Design goal: CFEB control, SCA addressing, Data transfer COMMENT:
Revision history: Mar. 7, 2000: Combined the logic D741F(X C9536XL), D741G(XCS30X L) and D741H(XCS30XL) together ~ RESET must last 800ns or longer
Apr. 20, 2000, Refine the timing, logic for production version MUX150 must synchronize with OE[6:1]

Apr. 25, 2000, Modify PREBLKEND logic

June 12, 2000, Modify LCT and GTRG synch logic to accept 50ns signal

June 20, 2000, Using VOTE logic to mitigate the radiation SEU

July 14, 2000, Modified the MUX part to disable OE by DATALOAD

Aug. 2, 2000, Modified the timing for 40MHz, 20MHz hybrid

Aug. 8, 2000, Modified the ADC Clock, SCA write clock, so the external delay can be minimized, only one 1ns step delay needed
Oct. 10, 2000, Add the Comparator Reset and Double the Comparator clock, re-arrange the pinout

ELECTRONICSLAB
PHYSICS DEPARTMENT
THE OHIO STATE UNIVERSITY
174 WEST 18TH AVE
COLUMBUS OHIO 43210
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SCA Master Controller

The standard output setting ar
For other setting, there may be extra delay

e Fast 12mA.

P40
BLKSCAM
S
SCAMCLK | cLk SYNC RST Lo oo J OFD
RDENA{
SCAMIZONS | CLK150NS PUSH RDENA o Q ROEN om0 Puss
PUSH—————=
Lct
pm| 1PAD RAWLCTIN MGVERLAR] MOVLAP 169 GLIZSNS c
| e[ o GTRG RAWGTRIG DATAAVAILL—DPATAAVAIL (™0, s
RSTCPLD] LOCAL RST
LASTWORD
- — GLOBAL_RST [~ GRST LASTWORD)
TBUF GRS XLOAD! DATALOAD
CLK25NS CRCCHECK
[ CLK25NS XCHECK]
OECRCMUX|__ OECRCMUX
DATA[15:0]
DATAOUT[15:0h— i —
[ } CHADR([3:0]
AD[3:0]
CHADR3 10PAD P201
CHADR2 10PAD P202
RADR[6:0] CHADR1
ADR[GO} 10PAD >P203
CHADRO 10PAD P205
- RADRO RADO oPAD P192
RADRL QBUF RADL oPAD P193
RADR2 QBUF RAD2 oPAD P194
RADR3 QBUF RAD3 oPAD P173
RADR4 QBUF RAD4. oPAD P174
RADR5 OBUF RADS oPAD P175
L RADR6 QBUF RADB OPAD P176
WADR[6:0] OBUF
OWADR[6:0H
WADRO 10PAD P200
WADR1 10PAD P199
WADR2 10PAD P195
WADR3 10PAD P189
WADR4 10PAD P191
WADRS 10PAD P187
- WADR6 10PAD P188
Y ARENT PAGE OJECT
THE OHIQ STATE UNIVERSITY e Top Level VKS r 0 D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB SCA Controller A 0000 8 e rAGE 10
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics = FEBCNTRL 1
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A | B I C 1

DATA transfer controller

P20
PERIOD=20NS BLKCPLD
Poa[ e CMSCLK ~_  CLKIN CLKIN LK CLK25NS I CLK2 | Psa
IBUFG OBUF
LOCAL_RST | RST SCAWCLK SCACLK
PUSH . : SCAM1 SCAM150NS
LASTWORD LASTWORD csom%
OE[6:1]
DATALOAD XLOAD OEN[6: 1}— ——
CRCCHECK SENDCHECK TPUSH LPUSH oo > P171
SYNC RST SYNC_RST EN ENDWORD oo | P170
PERIOD=20NS
P213[mo MPELE CMPCLKIN SCAWRIT scavate Gr 0| P215
ADCCL K{—APCISONS oo | P232
ADC CLOCK
SENDCHECK isahand-wired positive logic signal from SCAM.
THE OHIQ STATE UNIVERSITY e Top Level "IRGTTT 0 = D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB DATA Transfer Controller pATE r e AGE
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CMS Electronics 10-10-2000_9:39 FEBCNTRL .2 r 10A




Device virtex verson

PBS!

Pg4| IPAD

P82, IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

IPAD

P7 \PAD ADC1B1
ADC1B2

P D ADC1B3
ADC1B4

P3 D ADC1B5
ADC1B6

P237 PAD ADC1B7

P236 D _ADCiBB

P235 D —ADC159
ADC1B10

P231 D ADC1B11
ADC1B12

IPAD

P4 1PAD

IPAD

p234 1PAD

P30

FPGA Multiplexer
The Six ADC inputs latched by 150ns clock,
Output latched by 25ns clock

ADC1B[12:0]

ADC28[12:0]

ADC38[12:0]

ADC4B[12:0]

ADC6B[12:0]

ADC5B[12:0]

BLKMUX

K1ADC[12:0]
K2ADC[12:0]
K3ADC[12:0]
K4ADC[12:0]
K6ADC[12:0]

OVERLAP

OUT[15:0]

OVERLAP

OUT[15:0]

ouTo

OouT1
ouT2 oPAD
ouT3 oAb Piss

OPAD rlﬁs

162

OPAD  [p161

160

. KsaDC{120] o Y
P130 IPAD ADCSB0 DATA[15:0] ouT4 OPAD P155
Ps | o0 ] o | A TA[15:0] ouTs Lo
P i — P127, DATALOAD t DLOAD ouT6 153
ADCEB3
_ 125 \PAD ADC5B4 OE[6:1] ouT8 oPAD prao
P100 1PAD ADCGBE _ SCAMISONS. } CLK150 ouT10
po1|  1PaD o N s pcikasns  IDCLK25 ouT11 poovans
e — < oess | ouT12
_ pus|  1PaD ADCSBS s ISTART oPAD  |praz
pros[  ipa0 ADCEES ouT13
O pus| M0 C ocon | ouT1a Rl
ADC4B12 P109 ADC6B12 _
P110. ADC5B12
THE OHIO STATE UNIVERSITY e Top Level i AT 0 T D741FEB
: . UG& GU
PHY SICS DEPARTMENT ELECTRONICS LAB Front End Board Output Multiplexer & CRC — b o
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics 10-10-2000_B:d4 FEBCNTRL 3 r 108




CLKDLL CLKDLL
cukax - |,> CMEMUX oPAD ong e '_DBUFG%'
awov | — oy 4— CHECKPUSH is controlled by OE2 at 150ns
e Looken — — vocked 1— Checksum must be on the bus during OE3 (OE2 in MUX).
SENDCHECK goes true during OES5 after PUSH goes low.
ADCCLK goes high when OE2 goes true here (also OE1 goes true in MUX).
FDC FDC FDCE ADCCLK goeslow when OES5 goes true here (also OE4 goes true in MUX).
8 t D D LOAD D
: ) T PENA | ) OEN2
XLOAD CLK | CLK | . SENDCHECK _\) CHECKPUSH )
RST AND2 é I
LA L — | LOAD orzL RST FDP
.—l I
RsT l—‘ ’—‘ BUSh RST FbPE RST FDPE
§RBE1 DIN o PRE PUSH 1 o PRE | PUSH 2 1D TRUE Q1
Z -—Oj—\OE'\'6 PENA | ¢ . ¢ v oLk
. OEN1 '
Assume that RST from FPGA comes (or goes) when C50NS goes high. ——D—
RSTCLK
FDP ] FDP ] FDP FDP FDP
]—l FDC 1 1 OEN[6:1]
.~ ] OEN1[ J OEN2 [~ = ] OEN3[ = ] OEN4[ = _] OEN5[ = | OEN6 OENT
L —
CLK
FDC
g | R LXLOAD FDC FDC
. ‘" LASTWORD Xt:SS; PREEND [ . . ~__ END
M,. c AND2 LGaur
IF_zIé$USH YRST CLK | CLK |
RST RST
FDCE FDC
! LASTWORD > o o o o
OEN1 t ce
OEN6 e SN I C s TR
NAND2 RST T RST T
THE OHIQ STATE UNIVERSITY e ADC and Clock Control RG&ECU ™ 10A % D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB Cathode Front End Board po é 3 o
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics 10-10-2000_8:43 BLKCPLD .1 r 20




SCAWCLK FDC FDC FDC
SCAM150
FDC LW ° e ° ° e D
{>C R o N C50NS
NV %FG ons ¢ CLR ¢ CLR CLR
oK L. CLK = = 7
RSTCLK RSTCLK
vee FDC FD
—l_ o Q o Q RSTCLK
SYNC RST | CLK |
Reset the clock to synchrounize the CLK50 with Motherboard CLK50
ADC clock generator
25ns delay 25ns delay 6ns delay
7 FD FD OFD_1
SCAM150 5nS del ay AbceLk
20NS ™ ° Q ° Q ° 1
cLK Nc CLK b cLRINg Yy ¢
SCA Write clock generator
D 1 | FD FD OFD_1
CEONS } ] ) > o o o . scwmre
CLK woizs b pozs e eSS
THE OHIQ STATE UNIVERSITY e ADC and Clock Control Y GU rmw e 10A = D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB Cathode Front End Board pATE i3 AGE
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics 8-8-2000 8:26 BLKCPLD .2 r 20A




A T B | I D
DLOAD FD
OE1 ( \ OEN1
e ’ FD13CE BUFT13 OFD13
OR3B1 c K1ADC[12:0] D12:0] ADC1B[12:0] > INT[12:0] D[12:0] OUT[12:0] OUT[15:0]
Q[12:0] Q[12:0]
CLK150 DCLK25
DLOAD FD ¢
= ° = BUFT13
oscHECK OL/ FD13CE T
OR3B1 K2ADC[12:0] ADC2B[12:0]
[} D[12:0] oz >
FD_1
DATA13
FD ) ° @
= ) ° = BUFT13 4
OECHECK FD 13CE T
OR3B1 K3ADC[12:0] D[12:0] ADC3B[12:0]
¢ Q[12:0] >
FD_1
DLOAD FD ¢ b Q
OE4. b OEN4.
o of— FD13CE BUFT13 e |
OR3B1 c K4ADC[12:0] D[12:0] ADC4B[12:0]
Q[12:0] > ECHECK
INV/
DLOAD FD © FD
'ﬁ ~N OFD
OE5 b OENS b Q T
OECHECK OL/ FD13CE TBU FT13 & DT13 |, 0 ouT13
OR3B1 c K5ADC[12:0] D[12:0] ADCSB[12:0] > DCLK25 Nc BUFT
QU12:0]
c
FD FD_1 . OFD
OF6 D OFNG DATA14 | l\j\ DT14 ouT14
OE[6:1] OECHECK. OL/ FD13CE TBU FT13 ° ° | ° °
OR3B1 K6ADC[12:0] ADC6B[12:0]
c D[12:0] ottzol > CLK150 C
b c FD_1 OFD
DATA15 o Q o Q ouT15
FD
CLK150 C
DLOAD OEN7
>0 ° BUFT13
| . OFD
oecs ¢ Removable, but be careful! DTSR
1 - OVERLAP
It won't hurt to keepit... ° ¢ -
DATA[15:0]
ITLE g . Y ARENT PAGE OJECT
THE OHIOQ STATE UNIVERSITY Multiplexer Logic IB&GU[ 10B D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB Front End Board Output ATE Fie AGE
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CRC-15 check, Primitive Polynomial: X"15+X+1

For CRC-15 correctable logic, see this page

OECHECK.

FD FD

OECRCS DO o o o °
W CRC[13:1] INT[12:0]

DCLK25

Nc CLK25 Nc

CRC14 :L D13
CRC15 1 DT14
Lz

CRC[15:1]

P35

FD13 CHECKCRC

ADCIN[12:0]

ADCBIT[12:0]
CRC[15:1]

CHECKB[15:1] CHKBITS[151]

PRECHK[15:1] g |

DCLK25

START c - ENS e .
’—l S
FD FD 1

e {>O o 0 o Q
INV

DCLK25 c '

THE OHIQ STATE UNIVERSITY " CRC dataout logic 'GU rmw " 108 = D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB Front End Board Output e b s
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics 4-21-2000_11:26 BLKMUX . 2 r 30A




A 1 B C D
. C 1 WA
CRC-15 Primitive Polynomial: X"15+X+1
ADCBIT[12:0] P ——
’ CHECKB1
XOR2
ADCBITO
’ CHECKB2
XOR4
ADCBIT1
’ CHECKB3
XOR4
ADCBIT2
’ CHECKB4
XOR4
CHECKB10
ADCBIT3
CHECKBS
PRECHK[15:1] XOR4
XOR4 CHECKB11
ADCBIT4
’ CHECKB6
XOR4
XOR4 CHECKB12
ADCBITS
ADCBIT6 L
CHECKB7
PRECHK8 ’ XOR4
PRECHK9
XOR4
ADCBITS CHECKB13
CHECKB8
XOR4
ADCBIT12
XOR4 N\
ADCBIT? PRECHK15 CHECKB14
PRECHK1
) CHECKBY XOR3
PRECHK2 NN CHECKB15
L5
XOR4
THE OHIQ STATE UNIVERSITY i CRC-15 Logic "GU rmw " 30A = D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB Front End Board Output ATE Fie AGE 5
. 3-82000_11:20
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>

P70S
RDCNTRL

P60 P55 STATES P80s
p STATES | ockSEL LOADPBLK3
NBADR FrS8uT30) AR DIN[3:0] | cstatzy CLK T DEFLG
ENAREG NENAREG )  CSTAT[2:1)] . rC50 DEFLG—————a
OVERWR OVERWR CLK150NS PUSH
. DCLKSTAT P pCLK PUSHb—PUSH
LCTADR[3:0] DATAOUTO} CLKZ5NS MOVLP. MOVERLAP NEXTRD
RSTA[3.0] WADRIG:0] pDIN[3:0] bCLK25NS t LouUTrH0) bDOREAD DDONE TRGDONE
: WADR[6:0] ) : : —_— "
' GTRG[3:0] NADR[30] NGDATA BNGDATA (3] SLICEED DELKSTAT BLCLKSTAT LOUT(7:0] »— > CTBIN[7:0] RpEnAb_ RDENA
BADR[3:0] NADR[3:0]  p— ENAFR N SELPATHA N RADR[3:0]
N PNGTRG{3:0] NGDATA — R o A DOUTISO) A DR(30)] BUSHp—2Y

SELPATHA beaTHASEL  NGDATA $—om o e FULL 1 b ALMOSTFUL b LCT NXTRDL  NEXTRD EFLG . DIGIDONH DIGIDONE
aSELPATHB ~ Konrhpsel Q30 >— meseeessssssw =-CYENA  hpusH GTRIG b GTRG PRIFOL RST q LASTWORDD

SELPATHC PATHOSEL PEIFOL EMPT- EMPTY- BUSY PFIFOY —RsT LASTWORDy
N LCTADR[3:0] pPOP 1 w—————————— RDBUSY FULL FULL3 XLOAD ERRLOAD

LCTADR[3:0] P ] o XLOAD | — =

WRENA N [3:0] LCLKSTAT M CLKSTAT gL FULLL TRGDONE \ TRGDONE bxLOAD  ERRLOAD

REN ) snmmme—— .

RST Casr OWADR[6:0] RST Lrsr ENAFR L cer EFLG}  EFLG CSTAT[2:1] CSTAT[21] XCHECKb— XCHECK
"CLK w0 > " OVERWR NOGTRG I : DATAOUT[15:0]
— Baik o CLK hcLk  OVERWR wENARW L cew NOGTRG »— T USIE] S50l s(3:0] PATAOUT(15:0}— n—

PREBLKEND PREBLKEND  QI30] — : AD[3:0]
I OECRCMUX ADO[3:0h— I
Lok Lak DAV} DATAAVAIL j XCHIK ADR[6:0]
A _
LR LRer TEMPTY $— TEMPTY STATUS[3:0] ADRIEO RSTA[3:0]
| FO1Q[3:0] RSTA[3:01— ————
P50
P90
SCAMCNTRL
P58 JTAG
T bicr TEMP2 STATUS[3:0] 0 LOADPBLK([3:0]
LCTYENA LOADPBLK([3:0
LCTYENA FULLL N STATUSA
o+ JRGDONE | poNE LLCT LLCT |
STATUS[8:5
DEFLG SELPATHA WADR[6:3] =L STATUS[20:0] LOADPBLK3
b DEFLG SELA p SELPATHA WADR]3:0] ISTATUS(20:0]
LB SELPATHB RADR[3:0]
OVERWR | overwr — RADR[3.0] TRBLOUT FULL3 STATUSY
sELC | SELPATHC pr— TRBLOUT
RDENA L RDENA- EMPTY- [
RST TEMPTY [
WRENA — RSt ARt o TEMPLY.
WRENA 4 PFIFO1 8UF STATUSI2 JTAGRST RST
STATEOUT STATES PUSH )
EFLG & STATUS14
ENAREG { ENAREG BUSY )
ENAFIFOW p— ENAFW
ENAFR
NGDATA L noDATRVAFIFOR SO
FD
NOGTRG '
b NOGTRG S0, S[3:0] CLK R o|_Lotkstat
LOADPBLK[3:0] ! EBEC FD
LOADPBLK([3:0] PREBLKEND g1 . 5 LcT R
PREBLKEND { S ° °
RAWLCTIN Ny . CLK25NS L e
1BUF CLR
SYNC_RST RSt — |
"
Rt | rer SYNC_RST o - EBEC FD GTRIG
—CGRT__ M GRST  RSTCPLD { 5 ° ¢ ° ‘1
RST1 N RST
aLK RST a0 RAWGTRIG Ny . CLK25NS
—CtK bk NOLCT .
NoLeT Y 1BUF CLR
GTRIG
THE OHIQ STATE UNIVERSITY " Block Diagram " Ges rmw " 10 - D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB SCA CONTROLLER ATE e BLKSCAM 1= 0
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STATUS[19:0]

STATUS3 1

BUFE4

XLOAD E

DATAOUT[15:0]

DATAOUT3

STATUS?

<C

DATAOUT2

STATUSL

<C

DATAOUT1

STATUSO

<C

DATAOUTO

FULLLOAD &

STATUS8

BUFE4

DATAOQUT?

STATUS?

DATAOQUT6

STATUSS

DATAOUT5

STATUSS

DATAOUT4

DATAOQUT12
DATAOUT13
DATAOUT15

» DATAOUT11
> DATAOUT14

FULLLOAD
XLOAD
ERRLOAD LASTWORD
LASTWORDD
OR2

OR2

THE OHIO STATE UNIVERSITY e Block Diagram v s SARENT PAGE ST
) G, 10 D741FEB

PHY SICS DEPARTMENT ELECTRONICS LAB SCA CONTROLLER e r - =
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A I

Bus §[2:0] isthe primary state machine of the device.
PREBLOCKEND is the reference used to determine which blocks belong to the LCT.
It isalso used in READCONTROL to determine which blocks are saved for digitization.

F2

LLCT
FDCE FDCE
F2 OR3
= STATES - STATES o
CLK L. CLK L.
CLR CLR
FDCE FDCE FDC FDC 1 LS — IS —
—I__' ) . P ) . - ) . - ) . LCTYENA
P2
'—DO—LCF 1= 4 1 M&R Current Adr BUSY
———pc¢ c c — ar s } SELA
C CLR CLR CLR
T T I 2
RST AND3B2
e 6
OR2 —
_<Z— /_P s )} ENAFIFOW X Mark NoLCT adr FREE
LRST1 L/ LLCT NOLCT
S VS }
STATES pN— AND3BL NGDATA
LK © 2 AND3B2
vce
FDCE FDCE FDC FDC 1 '3) —\ Mark YesGTRG adr FREE after Readout
L» D Q SAL D Q 52 D Q 3 o} Q - S C—/ / SELE
F2 { CE L— CE AND3B1 AND2
ler | ] ] . L DONE Enable the NBADR memory
cLRr cLRr cLRr AR w WRENA
] ] ] ] AND2B1
RST l NOGTRG 3 .
| Mark NoGTRG adr FREE
D \ N SELB
—q_ LRST2 Lor
{ 2 L/
OVERWR S
% FDC ANDSB2
D STATES |, N STATEOUT
B Do not free addresses on EFLG!!
AND3B2
£ 0
s ) ENAREG
2 c
CB4CE S[3:0] S
LOADPBLKO ol ® o 7
a2 " — ENAFIFOR
LOADPBLK1 =2 ; h
8 |_‘_ ol S 207
> AND3
LOADPBLK?2 oLk [ =T
LOADPBLK([3:0] e e ] s
R | — | =
CLK
THE OHIO STATE UNIVERSITY " Control " VKS rmw " a0 - D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB SCA Controller ATE e AGE
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A : B I C I
RAMB4_S16_S16 o
¥ X DATAQUTO
DoVOTE ol OVERWR
CE_WR
) — D1
9 |
3 ENA
; 0 DOUT(3:0]
RSTA
ooarssol il
CBSCE ok | A
whl) WA[7:0]
i ADDRA[7:0] .
o DATAIN[15:0] DIA[15:0] -
CLK
= L LVOTE | cam
oND ” :
GND e
D2
RSTB. DATAOUT[15:0]
DOB(15:0]
CB5CE CLK poLks S -
rata0] RA[7:0] |
” ADDRB[7:0] .
DATAIN[15:0]
DIB[15:0]
CE_RD, Dz
ot RDU
| " VOTE ol DouT3
NEONDOND :
D2

Q[3:0]
CB4vJ
0
o w e FDP
DL Q Q1 1
@ PRE.
gl . @ Q2 R o EMPTY
3
03 @ Q AND2B1
AND4B3 c
. CE RD
CE WR
CE WR . EMPT-
5 N\ CE CEO 4—— AND3B2 FDC INV
CLK N
c TC +—
RST T
AND2
DIN[3:0] DATAIN[15:0] "~ ors c
CLR
NGDATA DATAIN1S \ 1]
DIN3 BuF DATAIN14 _/ AND3B1
DIN2 BuF DATAIN13 :
BUF AND4B1
DINL DATAIN12
DINO BuF DATAIN11 CE WR | FDC
| BuF DATAIN9 OR2
BUF AND2 CE RD AND2B1
DATAINS c
& DATAINT CLK R
BUF 1]
DATAING
&R DATAINS PUSH
— CE WR FULL 1
BUF DATAIN4. FULL
Sor LLER 00000
AND2B1
> DATAIN3 POP —\‘ CE RD
> DATAIN2 EMPTY J
DATAINL :
AND3B1
BUF
LCLKSTAT DATAINO
THE OHIQ STATE UNIVERSITY " Local Trigger Storage " VKS rmw " 40 - D741FEB
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WADRI[3:0]

WADRO
RADRO

WADR1

XOR2

XOR2

FDC

8 )
>

D | Thiswill test if thereis awrite during read in the same block.

TRBLOUT

RADR[3.0] WADR2 WHOOPS TROUBLE
RADR2 > ¢
CLR
XOR2 AND2B1 RST
NOR4
WADR3
XOR2
THE OHIQ STATE UNIVERSITY i Temporary For Trouble shooting Only, again! " RG rmw " - D741FEB
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B I
Current Block Address WADR[6:0]

P63

P62s

P61

MULTIPEX NBASELVS
WADR6:3]
URR[3:0] A
NGTRG[3:0] WADR[6:3]
IGTRG[3:0] B RDADR[3:0] A
YGTRG[3:0] —
e c WRADR[3:0] NADR[3:0]
LCTADR[3:0] O — > 0FL] Q[3:0]
IOLCT[3:0] :
PATHASEL oner Qs LCTADR[3:0
. PATHASEL L —
PATHBSEL . WRENA NBC. LCTADR3
PATHCSEL . ST nec-
- LCTADR2
CLK - DATA
DATA 1
LCTADR1

Choose NBASELV Sfor Vijay's Proirity scheme.
Choose NBASELEBR for Ben's Proirity scheme.

LCTADRO

NBC-
-—fRVO—' NGDATA P64
3} Q4
FDCE FDCE ENAREG | .. "
—_— GCOUNT3
D Q D Q4—4 CLK b
ENAREG | e ENAREG | o ar
[ C N S s —CEK  Ke —
RST C:R RST C|LR RST LED8 I OPAD Fm
lﬁUF
NOR2
\
WADR[6:0] ToLED'S RST
—sr

WADRG OPAD  fp13a -—RST

OBUF CLK cLk ENA T
WADRS OPAD 138
WADR4 S OPAD P145
WADR3 0 OPAD P156
WADR2 Qeur o s

OBUF
WADR1 OPAD P167
WADROQ Sl o0 i

OBUF

THE OHIQ STATE UNIVERSITY " Next Block Address Generator "VKS rmw " a0 - D741FEB
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A I B I 9 | )
FDCE FDCE FDCE FDCE FDCE FDCE FDCE
WADR4 | b Q X1 D X2 D Q X3 D Q X4 D Q X5 D Q X6 D o X7
ENAREG ENB | ce ENB lce ENB | ce ENB ce ENB | ce ENB | ce ENB lce
=TS WS =TS . =TS W w b =TS W [RTS =TS .
CLR CLR CLR CLR CLR CLR
RST T RST T RST RST T RST T RST T RST T
FDCE FDCE FDCE FDCE FDCE FDCE FDCE
WADR3 D Q Y1 D Y2 D Q Y3 D Q Y4 D Q Y5 D Q Y6 D o Y7
ENB | ce ENB | ce ENB cE ENB | ce ENB | ce ENB | ce ENB | ce
CLK h o cLK e CLK > cLK c cLK b c cLK c cLK e
CLR CLR CLR CLR CLR CLR
RST T RST T RST RST T RST T RST T RST T
WADR4
" XOR2 X1 FD
XOR2
XOR2
X2 WADRS NOR2
CLK.
XOR2 OR4 XOR2
X3
REVERT
XOR2 lp Q REVERTED
WADR3 o CHECKENB
t AND2
Y4
::]D T
XOR2
Y1
:vs ) FDC
o= CBSCE COUNT6
2 ] COUNT([7:0] § i D Q CHECKENB
= OR4 8
XOR2 > COUNT6 c
Y3 CLR
XOR2
THE OHIQ STATE UNIVERSITY e Next Block Address Generator Y VKS rmw e 40 o D741FEB
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NOLCT[3:0] NGTRG[3:0] CURR[3:0]

OUT[3:0]

YGTRG[3:0]

M2_1
NOLCT3 \_I M2 1
i NGTRG3 o1 ,\' ° pp—
NOLCT2 %I M2 1
YGTRG2 o e, . . —
NOLCT1 0o %‘ M2 1
YGTRGL o NoTROL . . —
NOLCTO oo %‘ M2 1
SELC e . /|) NETRED = s CURRD
—= SELB © /|) .
NOTE: LOW ON SEL WILL PASS THROUGH DO
THE OHIQ STATE UNIVERSITY e Multiplexer " VKS rmw ™ 60 = D741FEB
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A | = T _ I D

‘;\Zl
c
c
c
c
c

5
u u

,MD ENA RAM16X1D  serF ;ﬁ;;g:‘)l Low Enables TBUFS
M2 1 .

d LY P LY PLY PLY P
OR2 DATA e UP BLOCKS 0,3,5,6,A,C L L L L
Q D sPO +— .
DOWN BLOCKS: 1,2,4,7,8,E
WRADR[3:0] peLk ouTo
t AO DPO 4
1 BUFT4 NADR[3:0]
- t Al
NG ., PRIOO T
SELA | RDADRO {>O N NADRO
INV/
Low on SEL Selects DO RDADRO - RDADR1 KC NADRL
RDADRL NV RDADR2 <l: NADR2
LRST DPRA1 (
RDADR2 a2 RDADR[3:0] RDADR3 NADR3
RST RDADR[3:0] RDADR3 oPRAZ
RAM16X1D S5FF cdoeid eid eid e
FD CB4VJ u U u uu uu u
ENA VKSL P E P E P E P E
o o 00 . ADRO —  lwE
o1 o ADR1 D SPO +——
CLK
ADR2 BWCLK
02 @f—ADRZ . WRADR[30] —
N N ADR3 WRADRO o ool OUTL | NADREZ)
WRADR] n BUFT4 :
WRADR2 | o PRIO1 T
up
WRADR3 | RDADRO N NADRO
L
RDADRO RDADR1 k( NADR1L
CE CEO 4= DPRAO %)
aLK RDADR1L {>C _— RDADR2 k( NADR2
TC 4
INV/
ar RDADR?2 . RDADR[3:0] RDADR3 KC NADR3
RST {>o I RDADR3
(N RDADR[3:0] DPRA3
RAMI6XID oot
ADRO WRADR[3:0]
ENA VKSL
—_— - lWE
D SPO 4
CLK
WRADRI[3:0 | S — A
— WRADRO | o oro] ouT2
WRADR1 | a BUFT4 NADR[3:0]
WRADR?2
A2 PRIO2 T
WRADR3
P65 .y A3 RDADRO NADRO
DPRAO RDADRL k(. NADRL
PRENCDVS RDADR1L i
oUTo OADR? RDADR2 >o <C NADR2
~ouTo |
ouTL | o L Prico P Pt oFRA2 ROADRI(] RDADR3 i <C NADR3
BADRI3] s 17 oot rosonisg S :
—_— T
ouT4 e 2 PRIO3 I NBC-
"ouTs |~ = 1_prO&z " 8 | 00 @ e
"ouTs | o [__Pros " > o Y
"out? PRIO6 2 PRIOF BUFT4
ouTs |~ * T__Prio7 51} o2 @1 T .
— 18 P —m
—UT L m | DRIOB B @1 o RDADRO NADRO
OUTA PRIO9
—SoTs ™ ® T rioa ™ RDADRL K NADRL
1 AB PA  —— ] DATA uP
ouTC | - PRIOB w e RDADR2 KC NADR?2
OuUTD PRIOC s
i o —mion " 1 W RDADR[3:0] [|_RDADR3 KC NADR3
1 AE P @ t CE CEQ +—
e | PRICE oo Lo el
o PRIOF o) AND2B1 ar
DATA % | Blocks 9,11,13,15 are always marked busy.
THE OHIQ STATE UNIVERSITY " "Sdect Next Block Address vV KEfAREM e 60 o D741FEB
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55FF

RAM16X1D
Ena | ke
DATA R ol
CLK
WRADRI[3:0 v E—
(30 WRADRO o v ouT3
Al
A2
A3
RDADRO oPRAD
RDADR1 oPRAL
RDADR2 oPRA RDADR[3:0]
RDADRI[3:0] RDADRS {}p orRAS
INY
RAM16X1D
W ENA VRS
DATA o sot—
CLK
WRADRI[3:0 v eeee—
(30 WRADRO o orol ouT4
Al
A2
A3
RDADRO oPRAD
RDADRL L DPRAL
INV/
RDADR2 oPRA2 RDADR[3:0]
RDADR[Z0] RDADR3 oPRA3
55FF
RAM16X1D
Ena | ke
DATA R sol—
CLK
WRADR[3:0 e — pleL
50 WRADRO o orol OuTS
Al
A2
A3
RDADRO DO DPRAO
RDADR1 il oPRAL
RDADR2 {>O oPRA2 RDADR[3:0]
RDADR3 il
RDADR[3:0] DPRAZ
55FF

BUFT4
PRIO3 N
RDADRO NADRO
RDADRL KC NADRL
RDADR2 KC NADR2
RDADR3 {>O K NADR3
INV/
BUFT4
PRIO4 N
RDADRO NADRO
RDADRL i k( NADRL
RDADR2 W KC NADR2
RDADR3 k( NADR3
BUFT4
PRIO5 N
RDADRO NADRO
RDADRL NADR1
RDADR2 {>C <C NADR?2
RDADR3 v K NADR3

NADR[3:0]

NADR[3:0]

NADR[3:0]

THE OHIQ STATE UNIVERSITY
PHYSICS DEPARTMENT ELECTRONICSLAB
174 WEST 18TH AVE, COLUMBUS OH 43210
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RAM16X1D

ENA | VKSL
e ENA
DATA o ol
CLK PWCLK
. —_—
WRADR[3:0] WRADRD - oro OouT6 NADR[3:0]
BUFT4
1 PRIO6 .
| RDADRO NADRO
t A3
RDADRL KC NADRL
RDADRO DPRAD pp— > C NADRD
RDADRL oreaL RDADR3 o K( NADR3
RDADR2 g DPrRA2 RDADRI[3:0]
RDADR3 il oPRAS
RDADR[3:0]
55FF
RAM16X1D
ENA WS
o ENA
DATA o sol
CLK PWCLK
. | ——
WRADR[3:0] WRADRO o ol ouT7 NADR[30]
WRADRIL " prio7  BUFT4
WRADR?2
WRADR3 " RDADRO {>§3 NADRO
A3
RDADRL N K( NADRL
RDADRO {>§3 DPRAO RDADRD ( NADRZ
INy
RDADRL ores RDADR3 <C NADR3
RDADR2 oPRAZ RDADR[3:0] {RVC
RDADR3 {>@ oPRAS
RDADR[3:0] ot
55FF
RAM16X1D
ENA WS
ENA
DATA R sol—
CLK SWCLK
. | —
WRADR[3:0] WRADRO © ol ouT8 NADR[30]
BUFT4
" PRIOS
A2
RDADRO NADRO
" RDADRL {>C KC NADRL
RDADRO DPRAO RDADR2 v <( NADR2
ADR1 DPRAL
- {Rp ' RDADR3 {>O ( NADR3
RDADR2 oPRA2 RDADR[3:0] >(
RDADR3 DPRAS
RDADR[3:0] {R@
55FF
Y ARENT PAGE OJECT
e Select Next Block Address VKSr 60 D741FEB
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RAM16X1D

ENA | waVKSL
DATA R ol
CLK
WRADR[3:0 etk
) WRADRO o or0 | ouT9
WRADRL NADR[3:0]
AL BUFT4
WRADR2 | o PRIO9 T
WRADR3 | as RDADRO NADRO
RDADRO N RDADRL k( NADRL
RDADRL AL RDADR2 KC NADR2
INV
RDADR2 - RDADR[3:0] RDADR3 ( NADR3
INY Ny
RDADR[3:0] RDADR3 oPRAZ
INV/
SSFF
RAM16X1D
ENA | o VKSL
DATA R ol
CLK
WRADR[3:0] | —
) WRADRO o oro | OUTA
NADR[3:0]
= BUFT4
| o PRIOA
| as RDADRO NADRO
RDADRO oPRAG RDADRL e ( NADRL
RDADRL iy AL RDADR2 Q KC NADR2
INV. INV/
RDADR2 a2 RDADRI3:0] RDADR3 KC NADR3
INV/
RDADR[3:0] RDADR3 DPRA3
SSFF
RAM16X1D
ENA | waVKSL
DATA R ol
CLK
WRADR[3:0 o
) WRADRO o oro | OouTB
NADR[3:0]
AL BUFT4
| o PRIOB T
| as RDADRO NADRO
RDADRO orRAD RDADRL Q KC NADRL
RDADRL I AL RDADR2 iV KC NADR2
INy
RDADR2 I RDADR[3:0] RDADR3 {>§3 ( NADR3
RDADR3 E
RDADR]3:0] DPRA3
£l D0
SSFF
THE OHIQ STATE UNIVERSITY e Select Next Block Address Y, K§ARW ™ 60 > D741FEB
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RAM16X1D

ENA | W VKSL
DATA 5 ol
CLK
WRADR[3:0 — Bwak
) WRADRO | o orol ouTC
WRADRL NADR[3:0]
AL BUFT4
WRADR2 ™ PRIOC T
WRADR3 RDADRO N NADRO
{ A3
RDADRO {>O N RDADRL % <C NADRL
RDADRL iV AL RDADR2 KC NADR2
INV
RDADR2 S RDADRI3:0] RDADR3 K( NADR3
INV. INV/
RDADR[3:0] RDADR3 oPRAZ
INV'
55FF
RAM16X1D
ENA | VKSL
DATA 5 ol
CLK
WRADR[3:0] —_—  bwak
{ AO DPO 4 OUTD
NADR[3:0]
AL BUFT4
- PRIOD .
| ps RDADRO NADRO
RDADRO N RDADRL K NADRL
RDADRL AL RDADR2 QJ <C NADR2
RDADR2 { . RDADRI[3:0] RDADR3 { <C NADR3
INY INy
RDADR[3:0] RDADRS3 DPRA3
INV/
55FF
RAM16X1D
ENA | WVKSL
DATA R wol
CLK
WRADR[3:0 T —
[3:0] WRADRO OUTE
t A0 DPO 1
NADR[3:0]
AL BUFT4
| o PRIOE T
| e RDADRO NADRO
RDADRO . RDADRL { K NADR1
RDADRL N [ RDADR2 'N <( NADR2
INV. INV.
RDADR2 a2 RDADRI3:0] RDADR3 KC NADR3
INV INV/
RDADR[3:0] RDADR3 DPRA3
INy
55FF
THE OHIQ STATE UNIVERSITY e Select Next Block Address iRV, K§Rw ™ 60 Rt D741FEB
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DIO 1

BUFT4

LRST

DI1 KC

7\

DI2 KC

DI3 KC

AvAvd

GND oA

WI[3:0] and DO[3:0] and DDQJ[3:0] go out of block

800ns LCT latency 400nsLCT latency Must be reset to ZERO!
OFDX4T FD4VJ3 FD4VJ1L FD4CE
" o c__ Dpoo N © FBO " © FCo " © DDOO
" ol c__ poi . o FB1 " o Fcl " o DDOL
. ol c Doz - @ FB2 . @ Fc2 . @ DDO2
" © c__ Dpo3 " © FB3 " © Fc3 " © DDO3
CE Clee «CE Cl. LCECle «CE Clg
c c c
R — R — A —
FD
LRST
o Q
CLK
THE OHIQ STATE UNIVERSITY e LCT Latency Register Y vV Kgmw e 60 o D741FEB
PHY SICS DEPARTMENT ELECTRONICS LAB SCA Controller ATE ) e AGE
174 WEST 18TH AVE, COLUMBUS OH 43210 CMS CSC Electronics 4-21-2000_11:57 REG3. 1 r 63




upP
LRST Will count01326754whenupishigh
;’;Cfa = Will count 4576231 0when upislow
coz co1
ANDSBA up W[2:0]
LRST
coo X SPCsL
UP | ANDSB4
co1 R m OFDT
co2 :_/ coo X 51 L
LRST o co2 | |, VOTE | R o Coo0
ANDSB3 CO1 | o1 c
LRST a -
cot L —
co2
LRST
up co1 )
AND4B3 .—COZ t
upP | )
" RST CQO[2:0]
[el0)1)] AND4B1
e 000 L
LRST CD—
—2 0o OFDT
Coo AND4B2 %“ T
co2 !
1) B w con [, VOTE _ o . col
.LRSI'—C _L/ cos | o1
-Co]_—?ND“B? OR3 coic | o
Coo
LRST
AND3B2
o OFDT
Sl
cozn » VOTE o o B CcOo2
o2 o BUF C
Co2C D2 CLK
RS Coo
co1 ANDSBS NADR3 FDCE
coo :3 igi NADR2 ) E > o o D O P
LRST S -UP—CD_ o 7 ENA - N
CO2 AND4B2 -LRSI'—C :: CLK N c co2 ANDA'BS ENAL
coo | — NADRO ar %
AND4B3 XOR2 —_—— o0t AND2B1
LRST S l—' €00 |
AND3B1 RST co1
AND4B1
THE OHIQ STATE UNIVERSITY e GREY COUNTER Y vV K§ e 60 o D741FEB
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LRST
e —r
co1 Co2 co2 | FD
co2 Cco1 coo \ o | SPCS1
ANDSB4 uP — A
LRST T SRS c
CO0 . SPCSL ANDSB2
UP | ANDSB4
co1 N S
co2 :_/ cor FD
LRST ue o 1 sew
—0
ANDSB3 co2
LRST c
ANDSB4
co1
co2
LRST FD
upP LRST D RESET
AND4B3
c
FD
upP L
LRSr , . RST D LRST
co2
—
CO0 AND4B2 e ¢
co2 _.T\
—c2 00000000
UP _/
— 9 YA NADR3 FDCE
LRST upP2
— 0 ors NADR2 j > ly ol >o .
co1 Anpeez XOR2 ENA | e NV
Coo NADR1 xor2 ™
LRST NADRO ) © an
AND3B2 XOR2 l—,
RST
coo CLK
COZ Al ND4'53 ENA. 2
.UP—, .UP— AND2B1
CO1 —\ coz ANDSBS CO0 |
coo co1
—q col - 9
LRST S -UP—C ) | ANDaBL
CO2 AND4B2 -LRSF—C
02 0000000 A
coo —
- [ AND4B3
LRST >
AND3B1
THE OHIQ STATE UNIVERSITY e GREY COUNTER Y VK§ e o D741FEB
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up
LRST
SR
co1 Cco2
co2 Cco1
ANDSB4 up
LRST
Coo . SPCSL
Up | ANDSBA
Cco1 \
Cco2 q _/ Coo .
LRST o Co2 |
ANDSB3 COo1
LRST J
co1 S
Cco2
LRST
uP co1 §
AND4B3 —co2 000
PR |
R
coo AND4B1
—
P 00000 b
Co2 'S
COo0 AND4B2
Co2 _.T\
—_— ~ coic
g J YA
LRST
- O OR3
co1 AND4B2
Coo
LRST
AND3B2
cozc
.
COo1 ANDSBS
1 \ Co2
Coo
—q co1
LRST —
—_——0 uP g
COo2 AND4B2 ——<
et LRST
CO0 ——0
- | AND4B3
LRST 'S
AND3B1

COo0

FDCE
} > o o {>C uP3 w VOTE | uP
INV
on ENA - uP2 o
CLK L. uP1 N
CLR
ANDiB3 ENA3 w VOTE

t s

AND4B1L

AND2B1
ENA1

t D1

THE OHIOQ STATE UNIVERSITY e

PHYSICS DEPARTMENT ELECTRONICS LAB
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GREY COUNTER
SCA Controller
CMS CSC Electronics

v V K qARENT PAGE 60

GIECT

D741FEB

ATE.
6-12-2000_15:44

[FILE

GCOUNT3, 3 [

64B




—( ) AB9AB
—q

— } A0123
—Q

AND4B4

A5
A4

AND2B1

A0 o PO
Al
2o P1
A2
Al P2
AO
A3
A2
Al RS
AO
Ad P4
A0123

P5

A0123

NAND2

A6
A5
EM om | p—Fo—

AND3B2

A7
A6

—r—

A5 ~

A4 -

AND4B3

A0123

NAND2

P7

NAND2

A8
A4567

A0123

A9

A4567

v

NAND3

AND2B1

b

A0123
AA
A9
A8 A4567 ) - PA
AND3B2 A0123 L
PB

AND4B3

AC
AB9AB
A4567
A0123

AD

AB9AB

AND2B1

v

NAND3

ﬁ

NAND4

PD

?

NAND4

PE

“ﬁ

NAND4

A4567
A0123
AE
AD
AC AB9AB
AND382 A4567
A0123
AE
AD
AC AB9AB
AND383 A4567
A0123

PF

f

NAND4

THE OHIQ STATE UNIVERSITY
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Lo
D1 I
D2 ]\ Q
Leom
D2 I
DO 1
Lguer
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A I

B I

C

In TRIGREG: synchronize LCT and GTRG signals. Also pipline LCT for 2400ns GTRG latency and generate MATCH signal (dataavail).
Then determine MATCHed LCT times relative to BLOCKEND and storein LCT Register DLCT[7:0].
Finally, write DLCT and SCA-BLOCKADR in FIFO3 and pop FIFO1. Freetheblock in NBADR if NOGTRG.

FDC FDCE FDCE FDCE L3
L1 L2
BLOCKEND . o 5 o . o L3 . o L4 N\ DbLicr
ANDZB1 BLOCKEND e BLOCKEND | .. BLOCKEND |, L2
NO_MATCH CLK b o CLK b .CLK Nc .—CLK dc oRs
CLR CLR CLR CLR
S — 2 —| A —— | A — |
FDCE
OR2
R o NOGTRG
t 1 PFIFOL
SELA -
anD21 W oLk [
——pc P72
o FIFO3
S — |
FDC GCLKSTAT __ & GCLKSTAT
LCLKSTAT y LCLKSTAT .
PREBLKEND BLOCKEND FDCE LOUT[7:0 LOUT(7:0]
s o1 OVERWR overwr OUTI7:0
YESGTRG ’ DOUT([3:0]
o Q DIN[3:0] DOUT[3:0] [3:0]
—CLK  he ELA L ) D!N[3:0] :
DLCT[7:0]
RST T e e e LCT[7:0] NXTRD ; NXTRD
-—, CLR
RDBUSY
RST ROBUSY 4 Busy e EFLG
- p CER TEMPTY
FD o CEW . CEW EMPTY |
—x o —caksmr DLGTRG e p—— PUSH FULL § FULL
\AL. —2OONE L pop Q301
B MRer Q[3:0] H————
c
CLK CSTAT[2:1]
P OK CoTAT) b p——
P71s
TRIGREG
or2 FDC FDCE FDCE FDCE
F2
Lct LIN BLOCKEND R o F1 R o R o F3 R ol Fa
LCTOUT[7:0] ANDZBL BLOCKEND BLOCKEND BLOCKEND
GTRG GIN LOUT[7:0} e e e #BLOCKEND 1.
CLK e WCLK b WLCLK b WLLK Ke
CLR CLR CLR CLR
RST T RST T RST T RST
CLK25NS MATCH MATCH OFb
b CLK25NS OFD
MISS MATCH MOVLP
MISS MATCH
e S W > MATCH o ol pav
RST |> b RSt NO_MATCHp—NOMATCH o,
BUF CLK
——>Pc
THE OHIOQ STATE UNIVERSITY e Read Control " RG rmw e 40 = D741FEB
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FDCE

FDC MATCH 5
LOOPCONT R 0 o
CLK
CLK CLR
¢ RST | =/
CLR —
RST 1
FDCE
FDC
p—4 D
D Q CE
CLK
CLR
cLRr R 1 — |
1]
FDCE .
FDC Delayed LCT Register.
———1 D
DLCT[7:0
o o e FDACE FDACE [7:01
CLK
CLR DO Q Do Q 4
CLR lﬂ—' b1 Q b1 Q]
I FDCE 02 @ 0 @]
b3 @ D3 @ 4
FDC S ) j— BLOCKEND | e SELA | e
D Q CE CLK b CLK b
CLK cLrR CLR
ar RST T RST T
cLRr R =1 — |
T
FDCE
FDC
—1° _l FDACE FD4CE
D Q CE
CLK 00 @ 00 ]
The position of STATES on this loop R b1 @ o1 o ]
depends on the total GTRG delay relative RST ]
to LCT, that is the total delay length on Clm ks * o2 @
e 71s plus the MATCH del 03 [e3) D3 Qs
page risp & FDCE BLOCKEND o SELA -
FDC o CLK L. CLK L.
CLR CLR
D Q CE RSI. T RSI_ T
CLK
CLR
RT | “——
CLR —
]
FDCE
FDC . .
STATEX R 0 o M2 1
STATES 5
CLK STATES | Q
CLR
RST CLK
CLR — [
]
FDCE
FDC .
N o] LOOPCONT e
SCLK K
CLR
R S — |
CLR
I —
THE OHIQ STATE UNIVERSITY e Read Control QU e = D741FEB
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LCT issynchronized in DAQMB
Global Trigger Synchronized at DAQMB, Matching with pipelined LCT.

LCT REG.

LOUT[7:0]
FDC FD LLOUTO )
§ i o ol NO_MATCH LLOUT1
LLOUT2
LLOUT_1
Nc CLK. N LLOUT3
E ar LLOUT4
FD FD GIN2 AND2B1 NO_MATCH LLOUTS
OR3
GIN__ G| N o an 5 o LLOUT6
LLOUT?
CLK25NS | ¢ CLK25NS | LLOUT8
] A FDC FD LLOUTY
g I > > ol waron LLOUTA
LLOUT_1 C MATCHL LLOUTB
MATCH1 '—IT\ PMATCH . ak K¢ LLouTC
MATCH2 PREMATCH " ae g
AND2 MATCH3 o LLOUTD
ettt ———— LLOUTE
LLOUTO | C OR3 AND2B1
— MATCH2 FDC FD LLOUTF
e OVERLAP 8 |_,., D ST or2
AND2 MATCH DISABLE >
MATO
AND2
MATCH3 AND2B1 PMISS MATCH S be
LLOUT 2 C ar
AND2 MISS MATCH
CB4VvJ
Do Qt+—
%ll o o) OVERLAP
D2 @4+—
J el —
up
CEO 4—
TC +—
THE OHIQ STATE UNIVERSITY i Trigger & LCT Register j?G&G e 70 = D741FEB
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A 1

First part of LCT Pipline, 875ns.

CLK25NS
FDC FDC FDC FDC FDC FDC
LIN D Q D Q D Q D Q +— D Q +— D Q
c c c c c c
CLR CLR CLR CLR CLR CLR
I 1 1 1 1 —_— 1
FDC FDC FDC FDC FDC FDC
o} Q D Q D Q D Q 44— D Q +——rip D Q
c c c c c
CLR CLR CLR CLR CLR CLR
f S — P S — S — S — S —
FDC FDC FDC FDC FDC FDC
D Q D Q D Q D Q +— D Q +— D Q
c c c c c c
CLR CLR CLR CLR CLR CLR
T | S — | S — | S — | J S — | S — |
FDC FDC FDC FDC FDC FDC
D Q D Q D Q D Q +— D Q +— D Q
c c c c c
CLR CLR CLR CLR CLR CLR
T S — | P S — S — | S — S — |
FDC FDC FDC FDC FDC FDC
D Q D Q D Q D Q +— D Q +— D Q
c c c c c
CLR CLR CLR CLR CLR CLR
T S — | P S — S — | S — S — |
FDC FDC FDC FDC FDC
D Q D Q o Q D Q o Q HALFWAY
c c ¢ c ¢
CLR CLR CLR CLR OLR
RST ,l> T . — S — —
BUF
BUF UF BUF
THE OHIQ STATE UNIVERSITY " Trigger & LCT Register " RG rmw " - D741FEB
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A

Second part of LCT Pipline, 1050ns.

CLK25NS
FDC FDC FDC FDC FDC FDC FDC
HALFWAY R 5 o N N ol > — ° Q o o t—i
c c c c c c c
CLR CLR CLR CLR CLR CLR CLR
T J S — [ S — j S — S — j S — f S —
FDC FDC FDC FDC FDC FDC FDC
D D Q D D Q 4t D —t D Q D Q i
c c c c c
CLR CLR CLR CLR CLR CLR CLR
1 | S — S — | S — S — | S — j S —
FDC FDC FDC FDC FDC FDC FDC
D D Q D D Q +— D ——1 D Q D Q +—
c c c c c c c
CLR CLR CLR CLR CLR CLR CLR
] | S — [ S — e —1 | S — e —1 | S —
FDC FDC FDC FDC FDC FDC FDC
D D Q D D Q +— D ——1 D Q D Q +—
c c c c c
CLR CLR CLR CLR CLR CLR CLR
] | S — [ S — 4 —1 S — 4 —1 j S —
FDC FDC FDC FDC FDC FDC FDC
D D Q D D Q +— D ——1 D Q D Q +—
c c c c c
CLR CLR CLR CLR CLR CLR CLR
] | S — [ S — 4 —1 S — 4 —1 j S —
FDC FDC FDC FDC FDC FDC FDC
D D Q o D Q o D Q o Q
c c ¢ c ¢
CLR CLR CLR CLR OLR CLR OLR
RSI' ,l> | p —, P! —, .—' —,
BUF
BUF BUF HALFWAY?2 |
ITLE : - Y ARENT PAGE OJECT
THE OHIQ STATE UNIVERSITY Trigger & LCT Register IJRG r 70 D741FEB
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Second part of LCT Pipline, 975ns.

CLK25NS
FDC FDC FDC FDC FDC FDC FDC
HALFWAY?2) R o 5 o o o o LLoyre Q o 0 o Q
c c c c c c
CLR CLR CLR CLR CLR CLR CLR
T S —— [ S — S — S —— S —
| | LLOUTE LLOUTS LLOUT3
FDC FDC L FDC FDC FDC FDC FDC
D Q D D Q D Q 4t Q D Q D Q
c c c c c c
CLR CLR CLR CLR CLR CLR CLR
! — — — ] ———  LiouTy
| | LLOUTD. LLOUT2
FDC FDC L FDC FDC FDC FDC FDC
D Q D D Q D Q +— Q D Q D Q
c c c c c c
CLR CLR CLR CLR CLR CLR CLR
T J S — | | S — S — | J S — j S — | S — |
A A Loure LLOUTSE | LLOUT1
FDC FDC L FDC FDC FDC FDC FDC
D Q D D Q D Q +— Q D Q D Q
c c c c c c
CLR CLR CLR CLR CLR CLR CLR
T S — | [ S — S — | S — f S — | S — |
| | LLouTe LLOUTS)
LLOUTO |
FDC FDC L FDC FDC FDC FDC FOC
o Q o o Q o I o 5 oJLLouT
D Q
c c c c c
CLR CLR CLR CLR CLR CLR c
] ) S — | S — | S — S —| L — on
R R LLOUTA 1
FDC FDC FDC FDC FDC LLOUT L »
FDC
o Q o o Q o Q Q LLoyre
D Q
c c c c
CLR CLR CLR CLR CLR c
RST N T I — ) O — I —| ) O — ar
Lgue RST I ]
I4JF
RST RST LLOUT 2|
%JF UF
THE OHIQ STATE UNIVERSITY " Trigger & LCT Register " RG rmw " - D741FEB
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Fifo3 stores LCT timing & SCA block number
for blocks with matching triggers.

]
RAMBZ4_SI6_SI6

RAMB4 _S16 S16

RAMB4 _S16 S16

CEWR _ Les CEWR |,
8 |
S | ENA 8 | ENA
poalisol RSTA >
CLK | A poapso] S ooansol il
CE_WR ADDRA[7:0]
CLK DIA[15:0]
. L
E) | | WEB.
RSTB DATAA[15:0] e
DOB[15:0] .
CB5CE CLK Lo RsTB sontie mCATABLIS0] o DATAC[15:0]
RA[4:0] RA[7:0] CLK 125:0] CLK pos(15:0]
Q0] ADDRB[7:0] 'RA[7:0]_'“KB e bake
CE _RD ADDRB[7:0] RA[7:0]
DIB[15:0] DATAIN[150] ADDRB[7:0]
DIB[15:0] DATAIN[15:0] oiBis0
GNE@TTB_
CB4VvJ
0
o w 2 FDP
D1 Q QL 1
(o} PRE
&t o @ Q2 R o EMPTY
3
03 @ Q AND2B1
AND4B3
CE_WR " CE_RD
L CE WR D O EMPT-
cE CEO — AND3B2 FDC INV/
XOR2 'CLK -~ e i N\ LAST
CLR D Q
T
AND2
—\ OR3
DATAIN[15:0] CLR
DIN[3:0] N |/ ]
DIN3 DATAIN15| /
AND3B1
DIN2 _ [<BUF DATAIN14| 3
DIN1 K& DATAIN13 AND4B1
DINO _ [<BUF DATAIN12) FDC
OVERWR SuF DATAIN11 CE_WR
LCT[7:0] Sor N . FULL
DATAIN10| LAST CE RD Q
OR2
BUF DATAIN9 AND2 aLK AND2B1
BUF DATAINS EMPT- c an
BUF NXTRD
DATAIN7 BUSY 1
SuF DATAING o
BUF DATAINS CEW ' FULL 1
SuF DATAIN4 PUSH N\ CE_WR
BUF DATAIN3 FULL :_/
coLksTAT &F DATAIN2 CER AND3BL
—CER
utoksar [<F DATAIN1 POP — CE RD
Q BUF
&l DATAINO EMPTY /
BUF :
AND3B1
ITLE Ff03 Y ARENT PAGE OJECT
THE OHIO STATE UNIVERSITY | VKsr 70 D741FEB
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A I B T T
DATAA[15:0] P57 DOUT[3:0]
DATAB[15:0] DATAALS Do VOTE Q DOUT3. DATAA[15:0] LOUT(7:0]
DATAC[15:0]
L DATABIS - DATAALD » VOTE 0
= DATAB10 o1
DATAC10 | o2
» VOTE pour2
1> DATAA9 Do VOTE Q
b2 DATABY -
{ D2
DATAA13 Do VOTE DOUTL
DATAB13 | b1 o VOTE o
DATAC13 | o2 | oo
t D2
DATAA12 Do VOTE DOUTO
1> DATAAT Do VOTE °
[ b2 DATAB7 ~
VOTE DATACT. | po
o o EFLG
1> DATAAG Do VOTE Q
t D2 { D1
CSTAT[2:1]
t D2
» VOTE o CSTAT2
o1 VOTE
DO Q
t D2 { D1
t D2
DATAAL Do VOTE CSTAT1
DATABL | b1 VOTE
DO Q
DATAC1 D2 -
t D2
DATAA3 Do VOTE °
DATAB3 | o1
DATAC3 D2
9 Y ARENT PAGE OJECT
THE OHIQ STATE UNIVERSITY e LCT voting GU r 0 D741FEB
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FDC 1 FDCE
BUSY g LDONE DDONE
— RST FDP g |—"’ Q———————1° =
READ | —_—— LS =R P
PRE fre——
START )O 5 o RDENA {>O RDENA i..c
TC v - cLr
" g LA 1 N |
ERLG ELK c FDC_1 FDC
NANDEE3 R o|_Busy . . BUFE4 DATAOUT[7:4]
E
DOREAD CE5
AND2B1 aLK cLK DATAOQUT?
—O —pc <C DATAOUT6
aR BUSY_1
| FDC RST 1 RST 1 RADR[20] DATAOUT5
FDC g FDC_1 ,
S |7 o Q ADR[6:0]
ANDSB4 o Q1 o o] START DRO ADRS
= " DR1 SF ADR4
ANDZ L0 L . RST cLr aLK DR2 BUF ADRS5
RST START " g aR DR3 SuF ADR6
LA 1 N |
orz P2 B — EDONE Bur FDC 1
DEFLG )j > DONE DONE 1
FDC FDC FDC FDC to Q
AND4B3 AND2
RDENA 5 o PSH-3 |, o PsH-2 |, o] _PsH-1 5 o PSH PUSH or CLK
CLK CLK CLK CLK or2 | RS — |
- CLR o CLR Pe CLR - CLR AND4BZ DEFLG FDCE 1
OR2 : —
G2 AND3B1 N ADR2
RST o °1
G[2:0] ce
FDC FDC FDC FDC 0 O
CLR
LAST |, Q o Q o Q o Q w— AND4BA I
4 GCOUNT2E
CLK CLK CLK CLK o coz FDCE_1
——bHc ———>pc ———>c ———pc
CLR CLR CLR CLR co1 > ol ADR1
l—, l—, l—, l—' coo ce
RST IS
START oz
FDC FDC FDC RADRO = START |
RADRL ) UPSIE P
XLOAD
o |, o o o 0 o ) > D20 R FDCE_1
RADR2 xore ak | ADRO
CLK b CLK & . CLK & RADR3 LK ° Q1
CLR CLR CLR ICE cE
XOR2 BUSY 1 CLK
[—' [—' l—' TC —_— ADR[20]
RST :jREAD > \ GE o -
DEFLG TC1 RST J
OR2B1
FoC FDC e START N\ LE
FDC 1 CTBNO ,L/
PSH PSH 1 TC o o TCc1 ons CB4CEO
— ° Q XCHK o o XCHECK ADO[3:0]
PSH - FDCE Qo)
CLK ——
LSS S -, AND281 cLK L G LCTBO N o Last Qiz0) ADO
RST 9 aR RST TC | ce TC 1 AD1
- RS — CLK Le AND2 AD2
XCHECK causeschecksum to be sent. ' LRoENA | o — ADE
— f RST
It goes true on OE5-==OEN4- in MUX — CLK T Ic

Changed delay time of PUSH and LASTWORD to MBRD E;W
Changed from 16 samplesto 8 samples, needs checked 12/11/98 :) —
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A I

LctOisthefirst time-ordered LCT binin the block. Lct7 isthelast binin ablock.
Serialized bits are written to memory lowest bit first!

FD8CE

LCTBIN[7:0] M8 1E CSTAT[21]
LCTREG CSTAT2
CSTAT1
M2 1
o LCTREG o
SCABLOCK  p1. < DATAOUT[15:0]
AD3 SO DATAOUT[7:4]
FD XLOAD T
5 FL DATAOUT13
Q
L%0er
CLK o
FD N
EFLG > o DEFLG, M8_1E OVERLAP {>C o L DATAOUT14
RSTAQ
e [SLLSS] o SO — | FD FD N 50
RSTA1 DL
¢ o o 0 st
CLR RSTA2 D2
] RSTA3
| ° CLK CLK FD i
CSTAT2 o c po 1
ADRI[6:3] FD4CE RSTA[3:0] L DEFLG o DATAOUT15
: CSTATL s BUFT
ADR6 o "DEFLG o CB4CE
ADR5 o - ol st b
ADR4 o wl
ADR3 . el
§ I s @] EDONE OVERLAP
YES . DEFLG |, ol CB4vJ
CLR c T Do A?\!DSBQ
1 S — {R@ an — ° @ READ
g SR8CLE R RST &l o o ONE
S[3:0] © START " N =
S
LCTBIN[7:0] AND3B2
2 CE5 — orol oR2 —os ®
st )—I
LCTBN[7:0] sy ) M _OVERLAP
AND3B1 QI7:0)
a START N oy
I CEO
2 ) CE6 SR8CE_1R
.SJ_C—/ cE TC I ) I I A
TS Multiple overlap monitor
CLR
GE R e |
START
DONE g
OR2

OR281

BUSY 1

TC 1 F
READ Sl >
DEFLG

AND2B1

AND3B1
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C
C

ANDSB4

C

START

02
01
02
up
RST
COo2 AND5BA4
co1

Will count 01326754 whenupishigh
Will count45762310whenupislow

C100

., VOTE |

Coo0

COo1 ANDSB4

C200

Ci01

C300

2

L VOTE _

Cco1

CO[2:0]

CE

C201
C301

FDCE

2

L D2

C102

Cco2

ENACNT

CLK

CcE

RST

CLR

C202
C302

ENACNT
START

OR2
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C
C

01

02
Up
RST
START

Co2

Cco1

ANDSB4

ANDSB4

FDCE

o

C200

ANDSB4

CcE

FDCE

C201

Cco1
UpP

START

Coo
START
Up

H

AND4B3

ANDSB3

CcE

FDCE

C202

AND3B2

ENACNT

CLK

CcE

RST
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C
C

01

02
Up
RST
START

Co2

Cco1

ANDSB4

ANDSB4

FDCE

o

C300

ANDSB4

CcE

FDCE

C301

Cco1
UpP

START

Coo
START
Up

H

AND4B3

ANDSB3

CcE

FDCE

C302

AND3B2

ENACNT

CLK

CcE

RST
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A I

JTAG Instruction Decode

OpCode

©Co~NOUTR~WNEO

e
()

Function [OpNameJ)
No Operation [NOOP]

SCAM Reset []
Check CFEB status, Capture and shift

Check CFEB status, shift onl
Program Comparator DAC [

Load PRE_ BLOCK_END

Load COMPARATOR mode and time
BUCKEY E mask, default 111111
BUCKEY E shift in/shift out

— |F3

F2

[
DRCK2

STATUS[20:0]

BTDI

—— 1 TDI

——=———1 SEL2

0t ) SHFT

P97

STAT_MON

1 DRCLK TDOF232
———

TDO{

STATUS[20:0]

P94

BTDI |
SEL2 |
DRCK2 |
UPDATE |

JTAGRST

t RST

LOAD_PREBLK

LOADPBLK[3:0]
LOADPREBLK[3:0]

F8
BTDI
SEL2
LSHCK

TDO| TDOF82

UPDATE

BSCAN

TDO2

NORS

F1 N~ JTAGRST

Lgue

DRCK2 1

P91

BTDI

—

DRCK1

SEL1

UPDATE

BTDI

L SHCK

SEL1

UPDATE

INSTRGDC

F[16:0]

RAWO 4

F[16:0]
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= T T c I D
P93
PROGDAC
- DACCLK DACCLK oD s
eror | R DACDAT DACDAT S o oo
————BTDI DACENE. DAC ENB OBUF
.&, SEL2 - OBUE e e
DRCK2 || ek TDO| TDOF42
7 [ e I CDAC RTN_ | cpAC_RTN
1BUF
P98
COMPARATOR
UPDATE | .o 1p  CMODE L ODEY om0 e
- OBUF
o CMODEH CMODEL i
t F9 OBUF
BTDI - CTIME CTIMEO OPAD  fpss
OBUF
SEL2 | sEL2 CTIMEX CTIMEL OPAD  |psg
OBUF
DRCK?2 Lok CTIME: CTIME2 OPAD |57
OBUF
TDOl_TROFE2
JTAGRST | RST AMPCLK1 oPAD s
OBUF
OPAD P31
OBUF
OPAD paz
OBUF
OPAD P39
OBUF
{ OPAD P52
OBUF
OPAD pas
OBUF
P99 oPaD  pas
OBUF
AMPSHIFT OPAD P28
UPDATE | UPDATE OBUF
10 OPAD P41
AMPOUTL - [ FSEL AMPCLK[6:1] AMPINA Q8P oPAD  fpas
po7|  iPAD > w1 ESHFT  AMPCLK[6:1 AVPINS QP
Pag| 1PAD AMPOUT2 BTDI OPAD P50
1BUF =———BTDI AMPIN[6:1] AMPING QuF
o \PAD AMPOUT3 - oPAD a7
oor =2 lgrp AMPIN[6:1] Geur
J% s AMPOUTE JIRLeC o M Y ¥107S
IBUF
Pag IPAD AMPOUTS JTAGRST RST
IBUF
AMPOUTE
P49 IPAD or AMPOUT6:1] O —1DOFAB2
AMPOUT[6:1]
THE OHIO STATE UNIVERSITY i JTAG Sgnds " GU rmw " 40 - D741FEB
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8 Bit Instruction Register

decode first 16 OpCodes (4 hits)

FDCE FD F[16:0]
BTDI R RAW? R D7
SELL ce DO D3
LSHCK c c D1 DO
A Clm F16 D2 Y\ Fo D1 Y\ F8
D3 L/ D2 L/
l FDCE FD D4 D4
1 5 RAW6 5 D6 ANDSB4 Do ANDSES D3 ANDSB
NS o D1 DO |
c c D2 T\ F1 D1 Y\ )
cLrR D3 _/ D2 _/
01 D4 D4
FDCE FD D1 ANDSB4 D3 ANDSB3
° RAWS 0 DS Do D1 |
ce D2 N\ F2 DO N\ F10
c c D3 —/ D2 —/
—Cl‘“ D4 D4
1 DO ANDSB4 ANDSB3
FDCE FD 1 D3
RAW4 D4 DL t Do |
° ° D2 ) F3 D1 Y\ F11
CE D3 _/ D2 _/
© cR © D4 D4
1 D2 ANDSB3 D3 ANDSB2
FDCE FD D1 D2
5 RAW3 5 D3 DO R F4 Do — F12
CE D3 _/ D1 —/
c c D4 D4
| CLR D2 ANDSBA os ANDSB3
FBEE FD DO | D2
5 RAW?2 5 D2 D1 RN F5 Do —\ F13
CE D3 _/ D1 —/
c c D4 D4
CLR ANDSB3 ADSB2
e | D2 D3
FDCE FD D1 D2 |
] RAWL . b1 DO Y\ F6 D1 RN F14
D3 L/ DO |/
CE D4 D4
c c
CLR D2 ANDSB3 D3 ANDS5B2
 Ee— D1 | DO |
FDCE FD DO T\ F7 D1 RN F15
> RAWO > Do D3 |/ D2 L/
CE D4 D4
c or c D[70] ANDSB2 ANDSB1
UPDATE
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