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TTCsr specifications

PM C module (M ezzanine Card for PCI in VME).

3 FIFOs: Bunch and event counters, individually addressed
commands and broadcast commands/data.

FIFOs data available from PCI.

Main timing and control signals available on the front panel as
ECL differential signals.

Optical Input on the front panel.

BUNCHMo. _
EYENTNo.

OPTICAL |>_. ITCrx ADDRESSED ™ tro3

FIFO 1

ASIC CHIDIA TA
P + BROADCAST
Preamp -
CMINDATA FIFo 3
PCI1 BUS
NTERFACE
Clock 40 —=8—
Clock40Des] -=—— | SR I
Clock A0Dec? -=i—
L1Acoept -=— MOS
EvCmBec -—=8— TTCr=ADDR
BrostSarl  -=i—
BrostSa?  —=8—
Brost<7. 2> -=-8—

PMC Module
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Data Distribution into the FIFOs

FIFO1

Event and Bunch Counters

Option 1 Event Counter Low (12 bits)
Event Counter High (12 bits)
Bunch Counter Identifier (12 bits)
Option 2 Bunch Counter Identifier (12 bits)
Option 3 Event Counter Low (12 bits)
Event Counter High (12 bits)
Option 4 Event Counter Low (12 bits)
FIFO2
Subaddress/Data cycles
D<0..7> D<8..15>
Subaddress Data

FIFO3

Broadcast Commands and dataissued in response

D<0..1> D<2..5>

User Commands System Commands

DQ Data bus content

0001 Single Bit Error Counter High
0010 Single Bit Error Counter Low
0011 Double Bit Error Counter High
0100 Double Bit Error Counter Low

DQ Data bus content
0101 Fine Delay register 1
0110 Fine Delay reqgister 2
0111 Coarse Delay register
1000 Control reqgister
1001 Configuration register bit <7:0>
1010 Configuration register bit <15:8>
1011 Configuration register bit <23:16>
1100 Configuration reqgister bit <31:24>
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Timing Receiver (TTCrx) ASIC

ANALOG
TEST
ACCESS
PORT

it

N —
COUT -

y
il

i3

i-l-

TEST TS —=
ACCESS 1D -t
FORT T | ——=

RESET —=]

AMPM FICATION, AGC
€1 OCK RECOYERY
DESKEWNG
DECODNG
DEML TIFLEXING
FHASE COUNTER AND SW ITCH
BUNCH COUNTER
EYENT COUNTER
DESERIA FATION
ADDRESS COMPARISON
BUFFERNG

FEGALTGEF FACKAGE 757 - Bt

12h

= 40.08 MMHz CLOCK
= DESKEWED CLOCK
F——————= L1 TR K5 ACCEFT
= BUMNCH CTR RST
——= EYEMNT TR KST
= SRL ADDRIDATA
= BUMNCH No. STROEE

= EY Mo.STROBE [LS)
= EY Mo.STROEE [MS)

BUMNCH MNao.

EVEMT Mo. [LS)

EYENT Mo. [h5)

= STRE [DSKW 1)

} BCAST ChDSDATA

= STRE [DSKW 2]

> BCAST TEST CMDS

SUBADDRESS

= ADDR/DATA STROEE

DA TA

14b LOCAL ADDARESS
CONFKE PARAMETERS

= ERFROR
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B Channd Data Format

Genaral frame

:] DLE [START| PMT | DATA CHCK STOP

Broadcast commandioala

[ofo] sbowomaTA | SbcHCK |1
DSK  DESKEW

2 1
| |— BUNCH COUNTER BRST
EYENT COUNTER RST
COMMLNDDATA O
COMMLNDDATA 1

COMMLNDDATA 2
COMMLNDDATA 3

TEST COMMAND O
TEST COMMAND 1

Addressed commandidala

[o]1] 14b TTCr= ADDR |[E[1] sbsuespDR b DATA b CHCK 1]

16k TIMIMG RECE WER ASICs 2 w236 REGETERS
FPER D ETREUTICOMN GROLUP PER ASIC

0 INTERMAL
1 EXTERNAL
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PCI bus properties

Typical PCI architecture

Cache CPU MEM
| |
PCI chip
PCI bus
- — . — - — =L— PCI connectors
LAN SCSI Video

PCI cards

Note: PCI devicescan communicate across PCI
A single PCI buscan handleup to 5 dotsonly:

Load/Length limitation: unterminated reflected wave technology

[ ~80-100 OHM drive (6 mA) Extension D

| | | i f
E 11O|E equiv.

Dataisclocked when reflected waveisreceived: higher threshold Voltage

A:OQutput drive/ * 15V I
first passwave e ~_

t

-
| |
B: Reflected wave f 15V t
- | Q—/ — | - T »
Wave at input | |
A+B ? 3V
| |

Clock /_
Careful with PCI load : overloaded PCI buses don’'t work
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PCIl address space
CPU address

Page 7

PCIl address
) Memory Space read=write
/O Space | Functions, bits
. | Config Space | pjyge play
) configuration
registers

PCIl bustransactions (r/w bursts)

M B/s
120

100
80

60
40
20

Transaction N

ADDRESS

DATA (BURST)

Transaction N+[L

LT T

ata
ata

data

I
T
o

T O

30 (60) ns

n* 30ns

ress

add
data

M ax

peak bandwidth:

PCI performance

Pentium PCI m

m«e/s

4 byte @ 33 MHz => 13

ory throughput

pr

tical |

|28

56 512 1024

BURST LENGTH
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PCl in VME
|EEE P1386.1 mezzanines (PMC’s)

Fast Ethernet
FDDI
Memory Ext.
SCSl

HIPPI
Fiber Chann
SCl

ATM
special (TTC)
DSP

| O processor ..
..all may be used
on any VME host

VME host system
with oneor two
PM C dots

IR L

PCI
connector

For afull list of VITA compliant mezzanines see the Mezzanine Module Product
directory on http://www.vita.com/mezzprod/mezzdirindex.html

SomeVME CPU’s:

Power PC:
CESRTPC 8067: (1 PMC), CESRIO 8061: (2PMC)
Radstone ( + CETIA ) PPC604/603 (2 PMC) + (2 PMC)
MotorolaMVME1603-1 (1 PMC), MVME-1300 (2 PMC)
Themis Power 3/64 (1 PMC)

Force CPU-603RT (1 PMC), ForceBC-603 (2 PMC)
(manufactured by CES)

VI Computer Corporation Power 3eC ( 1 PMC)
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PMC mezzanines detailsfor VM E

Receptacle Series
52763-0649 or 52795-0648

Robust “Leaf" UL 94V-0
Contact System Glass Filled
Resists Damage LCP Housings
|
Hard Metric
L | ‘ 1.0mm Pitch
[DAUGHTER BOARD ’ [ BACKPLANE Design
j
Contacts:
| Gold Over Nickel
‘ Underplate; Close Parallel
Phosphor Bronze Stacking

Base Material

@

7

© ©C ©

Plug Series
53483-0649 or 53508-0648

16-pin Connector (ECL Signals)

A Tro.r;t pand_connector e roo
I 1 1 1 |Connectorsonthe
I 1 backside (Side 1
) P11 P11 Molex Plug 53508-0648
I 16-pin connector L1 o1
1
63 364 8 &
74 1mMm I Mezzanine Side 2 _ '_lfo holgt -
o (top view on plugged mezzani ne? o
ol -y _ IPn3  IPnd
Optical connector | | optional
v o == o L o4 Lo
| 149 mm

i imi Molex Plug 534-83-0649
ahlfgchg%ﬂﬁ onent height Imﬂ% mm 4.7 mm components on PMC side 1
side 1 component height: ~ 4.70 mm on host card

side 2 component height:  4.70 mm (- PCB thickness)
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Architecture of the TTCsr PMC module

32

< | » PCI primary
Flash PCI-PCI bridge

PCI Slave 32 PCI secondary
(PCI master) < >
CSR Regist
(DPM ar??érf)grci < 32 DPM bU:
Interrupts

DPM | FIFO1 | FIFO2 FIFO3| | REGS

« | .,
16

FPGA 2 | ‘
TTC FIFOsrouter | 16 v

Pointershandling
BCnt Bus 12

A A

TTCrX ——p TIL

Addr/Cmd Bus 8*8 I s

ECL ECL
T Outputs

I
Optical Input

BGA TTCrx package.
FIFOs implemented on DPM allow PCI burst transfers.

DPM communication buffers between FPGASs for
keeping the number of data received.

PCI FPGA aready designed and tested.
Possibility of afuture use of PCI Master.
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PCI-SCI adapters

PMC and PCI card from RD24 / CERN : FPGA based design to
allow implementation of DAQ specific functions (from VHDL).
Driversfor Linux, LynxOS and Alpha OS/F

Architecture of the CERN PCI-SCI bridge

PCIl primary

PCI master
CSR Registers

FPGA 1 Flash
PCI S| .
et Eprom PCI-PCI bridge
DPM interface
Interrupts
Command Fifo mﬁcm;z bus gg PCI secondary
I

Buffer Ctl
_eb Dual Port | [Mem.] | 128K

Buffer Ctl

fpga
us

' B Blink
- SCT Link Chip|

FPGA 2.
DMA

BLINK Sequencer
Packet manager
Transparent transactiorfs

16@100MHz SCI link

PMC (75* 150 mm)

~ AEEDRYEC ECLIEAEREED
“n i L.-_._g f::::{:ﬂﬂ:hﬂim

IR

s e R b

SCI Link Controller PCI-PCI bridge chip

SCI Connector PCI-FPGA PCI-Connectors

WEB page: http://sunshine.cern.ch:8080/PCIl/PM Cdesign
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2)

3)

F1FOs Operation with DPM

DPM
TTC (counter i ) PCI
FPGA poinﬂé 0 coune | 0. PointerB FPGA
FIFOI
N N
|nitial condition:
pointerA = pointerB = counter i = 0
DPM
TIC PCl
FPGA 0 0 pointerB FPGA
pointerA
—» " FIFO]
N N
after k data words into FIFO:
pointerA = k; pointerB = O; counter i = k
c DPM
T «—»| PCl
FPGA 0 0 FPGA
pointiﬁ; K k| (PointerB :
FlEoi < —
N N
after PClI FPGA reads data
pointerA = k; pointerB = k; counteri=0
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ORCA FPGAs
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’ couTt
CARRY
J'V p— V! .
— s N ™ . Four 16-bit look-
QLUT3
A2 Fa
A3 —»—¢ Al C
= = up tables and four
—
A2 wD3 REG3
Al CARRY
PSR EN
e o ches per
A2 PFU_NAND ¢ —I 04 .
Ay QLUT2 = JEIN
D2 Q2
A0 —»—— A0 A4 > P——o03 .
= Recz . external In
C
T il ,j/ +—p sR_EN —02
* o — ot and six output
—183 PFU_MUX Ll JUEREN [ | pu S
B2 QLUT1 _J o1 al
C 1 ——00
B3 —»—¢ B1 Wo1 REG1 er PFl '
B2 ’> - "
B1 CARRY L 1 SA_EN
PFU_XOR \
T8 ol [T .
B2 c MERE % . onriguraple to
B1 QLuTo |
B4 WDo REGO
B0 —+——|BO b b . .
; A T b e operatein difterent
CIN c
c b m
LSR ~N ‘)_\ O eS.
GSR J_/
C
WDI[3:0]
cK /¢ \
CKEN - [
TRI
400/ P C -T2 | P13 [ P14 | Prs | Pre | P17 | eTe | o [P0 TMID [ T T PTi2 [ PTia [ PTia] PTis| PTi6 [ PTi7 | PT1s | PT19| PT20
B 2| mict | RIC C3 | AIca | RICS | RICE | R1CT | RICE | RiCS |RI1CIO aicn| riciz| Rrcis| Aicia| Aicis| R1Gts| Ric17| Aicte| AICIe| R1C20| B
- [
A = S| mect | mece | Rec3 | macs | mece | mec7 | mecs | Rece |Recto] v | macts| mecrz| Recial mecia| Rects| Rects| Rect7| R2cis| Recie| Recoo | B
L] = I
H 3| mact | mace | maca | Asca | Racs | Race | Rac7 | Racs | ACY |RICTO Rac1| Rsci2| Racia| Racia| Racis|R1ac1g RacH? | Racts | Rcte| A3c2o | B
P CS wrroundm by 3| mect | Rece | Raca | Racs | R4CS | RaCs | R4CT | R4CB | R4CH |R4CIO ReC11| R4C12| RAC13| R4C14| Réc1s | Racs| Ract7| Racrs| Ructs [ Raceo| B
. I :
2| msc1 | Rsca | Rscs | Rsca | Ascs | Rscs | RSC7 | Rece | RsCo [RSC10 Rsc11| RsCiz| AsCta| RSC1a| RSC1s | ASC1s| RSC17 | RsC1e | RsC1e| ASC20 | B
I rogramabl e I nput/ 5| Rect | mecz | Reca | mece | mecs | ReCs | ReC7 | Recs | Reco |ReCTo Rec1| Aeci2| mecta| AeCia| Rects | Rects| Rec17 | Ascta| ReC1e| Recao| B
Out t Cel | PI C i S| a7o1 | m7ce | A7ea | R7Ca | R7CS | R7CS | RTCT | R7CS | R7CY |R7C10 aren | rciz| mrcisl Rrcia| r7cis | Ricis| R7e17| Arcis| RiGte! Azcao | 3
pu s (PICs). n
S| Rect | Recz | 3 | Reca | ReCs | ReCe | REC7 | AsCs | Recs |ReC10 Rect1| ReC12| R8C1a| ReC14| ReC1s| Rec1s| ReC17| Rec1s | Reci9| Reczo| 2
- I 't t . 21 msci | Rocz | ReCa | ReCa | ReCs | R9CE | RSCT | RICS | AICH |A9CIO \n@cn Roci2| Recia| RaC14| RSC1s| RICTS| ReCI7| ReCis| RIS | Asce0 | 3
. Ablly O compine - [ .
21 Rwoct |R1oc2 | Atoca | Rioce | R1ocs | Atocs | R10c7 | Riocs | Riocs |R1oc1g [R10C1{ R10C14 R10C13 R1GCI14R10C 1S R10C16{ R10C17| R10C18lRT0C 8| R10C20] 2
IS 3
I A
PFUsto create Iarger i -
2 &
- EY
i 2 | R11CT{R11C2 |R11C3 | R1104 [R11C5 | R11C6 | A1ICT | R11CE | R11CY R11CT LH‘C\*RHC\EH\\C!BRHCMHHC\{; R11C16|R11C17|RT1CIBR11CTS|R11C20| 2
| z
~ B
qrlJCtlJreS- 2| Arect | mrace |Rizos | Ar2cs R12C6 | R12C7 | R12C8 | A12C9 R12CH }mzcvmzcxz A12C13|R12C14|R12C15|R12C16|R12C17|R12C18{R12C19]R12C20| B
3
o Y
i 21 a3ct [ar1ace |R1aca [Riacs | R13cs |R130s | R13CT | R15C8 | R13CE [R13CH0 136 11313C12|R13C13[R13C14/R13C15|R13C16{R13C17| R1aC 18| R13CT9(R13C20] 2
& H
- i r ]
. 0.35 l I I I l CM O: ; | 2| mact |R14Ca |R14ca | R14c4 | R14Cs | R1aCs [R14C7 | R14C8 | R14C8 [R14CTO R14C11{R15C12{R14C13|R14C14|R14C15|R14C16{R14C17| R14C18 R14C19|R14C20|
g z
t h | i g R15C1 | R15C2 | R15C3 | R15C4 R15C7 | R15C8 { R15C8 |R15C1 R15C11|A15C12|R15C13|R15C14|R15C15|R15C16{R15C17|R15C18|R15C19] P'SCZO;
echnology. - :
= R16C1 | R16C2 | R16C3 | R16C4 | R16C5 | R16C6 | R16C7 | R16C8 | R16CY |R16C1 R16C11|R16C12|R16C13|R16C14|R16C15|R16C16|R16C17|R16C18R16C19|R16C20) 2
5
~ B
= | et | Rizcz |Ai7ca | Ai7cs | Ri7Cs | 1708 | R17CT | R17C8 | RI7Co (A17C1 R17C1|R17C12|R17C13| R17C14|R17C15|R17C16|R17G17|R17C 18 R17C 19| A17C20| B
2| ~
& R18C1 | R18C2 | R18C3 [ R18C4 | R18CS | R18C6 | R18C7 | R18C8 | R18C9 [R18C1Q R18C*1|R18C12|R18C13[R18C14|R18C15|A18C16/R18C17|R18C18|R18C19|R18C20| -
H
4 il
2| misct| miscz |aiaca | Atecs R1acs |Rracs |R19CT | Risca | R1eCe (A1sCt A19C11|A16C12|R19C13|R19G14|R19C15|R19C16|{R19C17|R19C18|R19C19|R19C20| 2
2
° B
& | Aeoct |Raocz | Rz0ca | Raocs | Reocs | Reoos | Ro0G7 | ReoCs | Reacs [Rz0ct reoct | Re0c12|R20C13|R20C 14| R20C 15 R20C 16| R20C 17| R20C 18 R20C 19|R20C20] B
5
Pa1 | pez | PB | Pas | pes | pes | PB7 | Pas | Pes | Pero| wiD | Pe1i | Pe12 | PB13 | PB1e | PBIS | PBis | PBI7 | PBIS | PBIS | PB20
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CIN

VHDL designing

e O

™

b hDHGTHMDDHS?__N:}Fg
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e
L
=

ot (iR
i —
S rrree— g
et mE s er=CUl
e LN
[ e —— .1 1

W

LT

SO0RCE

.

Ty
_‘D—EL\L —

-

E4DATAULDMR

e R L i —
Sttt i g LT
Srrrre—— 528 RO

-5

s 1

&

1

[i]
ofF
o LAICH

01
e " JED

or

mfi

[ Fdd= FRE
pFSA-F+B
pRIPPLE

CE

CLE

= F0

kol

=

(n]
mFF
T = Eo LATCH

-
e

-

G FE_ENAR o SV

L3R

L SETRET o SYHC
oFE_SELEC

The VHDL code

enkity addrontlhm is
pol:t(u 8 )

sigmal addvs:in shd_lagic ;
sigmal ¢ntdisable:in skd_logic
sigmal dakanl A in std_)ogic ;
sighal eddrCntR cin std_| egic ;
sigmal read o :in std_ogic ;
sigmal dakanl AME:in std_logic ;
sigmal dukanl AME :in skd_logic ;
sigmal busy :in std_logic ;-
sighal CREOKE «in std_Jagic ;
sigmal addrsz M :ouk skd_logic ;
sigmal addroe :out std_|ezic

end addrnkihm ;
aRChites e addFe Rkl b _behiue of addrcntih
sigmal S0 std_|ngic ;
signal A0 Ad A2 AT (sbd e
signal B0 B Bz Bx Bd :std_logic ;
sighal HLWPTR ,HLLPTE : std_| agie ;
bt zin
cog=4";
RO = addrs
A1 <= enbdisable ;
RE 4= dataul 4M ;
AZ <= addrCobE ;
B <= readk ;
El <= dataul dME ;
Ez <= atanldMe ;
EZ {=busyR ;
Fd {= CntOKE ;
HLUTA <= nook [LAD and noek (RL1] ok ok (R
HLITE <= not(Edand (ot (E0) and not (E
ok (B0 and nok (2] and not (E2])

addrizM <= HLUTA ;
addri ¢ <= not [C0 and HLUPTA and HLUTE
#nd addre ntlhm_behane ;

L ogic described in High Level Description Language

(VHDL), easier to modify and export.

Synthesized by means of NeoCad Foundry tools.
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FPGA design and synthesis Flow

Target: ATT's ORCA FPGA

Start Schematic capture ‘ Start VHDL

VHDL EDITOR+

> gnu-EMACS =
‘ VHDL VHDL CONFIGURATION
SCHEMATIC CAPTURE EDITO SOURCE FILE| > LEAPFROG
CADENCE vhd |
CONCEPT | ‘PRE SIMULATION
TRANSLATOR * SYNTHESIZER v * SIMULJATOR+
GXILINX Exemplar/Galileo I’C WAVES

unused

\:nf

/dn (editfile) |
BACKANNOTATED /

POST SIMULATION

|

m
Foundry MAPSH

.ncd

TIMING PARAMETERS |

PREFERENCE FILE

/. SIMULATOR

/

/
/back annotation

/
| /
prf / SCHEMATIC CAPTURE EDITOR
' / CADENCE
Foundg(')liAE RSH v CONCEPT
b
«dl- SIMULATION FILE i
Foundry EPIC Foundry TRAC
- INTERACTIVE EDITOR timing report PACKAGER
* PCB LAYOUT i
. . IB:I(:-I)'léI‘pIgEIXMBC-!I-Ell-\ICIE;FEAI'\I'IO ) ALLEGRO
other bitstream file
bt BITSTREAM FILE
Foundry PROMGE
cambine + generate S-RECORY
SRECORD PClQU; LOADER PCB v
PROM PROGRAMMER 8 Flash EPROM+FPGA =FPGA

J. Ferrer. TTCsr PMC module 30.10.96
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Burst vssingle transfers

P-P Latency test with RIO: Ring 12 us/ Switched System 12.5 us ( including SW)

IFLAG

: SCI 64 byte | | - SCI
THORD all . :

DAFE OAF B I [ 0AFE Ol
FRA_PC : ;

- . {1 PCI burst PC
S 64 byte generation ( 16 PCI frames) ot . RIO

//"” || ” |i|||||| ” ” ” | | | .64 byte
3 3.1 us 1.1 us LZusb :

A

5.5us > ) yD-5us

Factor 4 reduction
possible (SW)

F 3

J. Ferrer. TTCsr PMC module 30.10.96
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Logic Analyser Trace.

PCIl daveresults

Burst transfer is generated by CPU to access the DPM.

( ﬁna]uzer]( Wavefarm MACHINE 1 ] (ch, Enntrnl] (Print ] Run

arf

rﬁl:l:umuhate ]}: * E

)

Center
SCreen

100 ns

CLEQUT
RELZ
GMTZ
FRAME
CBE all
IRDY
TRDY
DEVSEL
sTOF

DPM BEal
DPH HE

: ILI
sec/Div Delay Markers X to 0 Trig to ¥ | JTrig to 0O
| 2,446 us Time 364.0 ns 2,164 us 2.928 us

—

gd

D

Wait state introduced by Host

J. Ferrer. TTCsr PMC module 30.10.96
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PCl master results

Master performance

( Hnalgzer]{ Waveform MACHINE 1 J (ﬁcq. Enntrnlj (Print ]

Fun

CBE

Accumulate }: - E Center
Off [ Hex J0O - E Screen
, s : !l
sec/Div Delay Markers “ to o Trig to ¥ | [Trig to O
200 ns =3.938 us Time 1,968 us -4.,728 us =3.160 us
CCROUT [T
REGZ ! [] Ml
GMT2 [ L i
FRAME | | ]
CEE  al [ U [
IRDY - ,
TRDY o | ]
DEVSEL | | ]
STOP .
X 0

2*64 bytesin 1.568us ->Peak_ Bandwidth=81.6 M Bytes/s
PCI Master Performancefor Write: 81.6M Bytes/s

Host performance when master is activated

( Hna]gzer]{ Hawveform MACHIME 1 ] [ch. Enntrnl] (Print ] [

Fun

Boocumulate [EBE ]H -+ E Center
ort Hex |0 -» E Screen
j ' " ' j i ‘
sec/Div Delay Markers #oto o Trig to ¥| |Trig to @
[ 2.00 uij —238.0 ns Time 13.93 us |—?.QEE us 7,960 us
CLROOT |
REA2 L1 LN 1 [
GNT2 T
FRATE S 1 g e e e
CEE all %_ﬂ]_lr L
IRDY UL
TRDY R
DEVSEL R
STOP ; 1

17*64in 15.93us ->Aver age Bandwidth=68.3M Bytes/s
Host PCI Performance: ~68.5 M Bytes/s
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