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i IREFEDNRTULBNRADIRIE

= NIN :AEC GREIR+NZEKL) Report TID-
20893

= CAMAC : EUR4100e (1972), IEEE-583-198Z

= VME : IEEE1014-1987
= VXI : VXIbus Consortium

= FASTBUS : IEEE960-1989

= VMEG4x : VITA1-1997. U x 400mm form
factor : VITA] 3-1991

= CompactPCl : PICMGZ. 0
= PCI (-X) : PCI SIG




i VNE/X R fRIBOdili

VME (up to 40MB/s) : IEEE1014-1981

VMEbE (up 1o 80MB/s) : VITA1-1994

DS link (IEEE S+d. 1355-1995) on VMEbus PZ : VITA13-1995
VMEbG4x : VITAL 1-1997

Myrinet-on-VME : VITAZ6-1998

2eSST (up 1o 320MB/s) : VITA1.5-1999

Serial links (10GEthernet, InfiniBand, PCl Express,
Rapidl0) on VMEbus PQ : VXS VITA4]1 (Draft)

= New bus without VMEbus : VITA34 (Draf+)

VITA : VMEbus International Trade Association
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PCl local bus specification, Rev.2.3 : PCI SIG
PMC on PCI : VITA3b

PCI-X Addendum to0 the PCl Local Bus Specification, Rev. 1.0a,
PCI SIG, 2000

PMC on PCI-X : PICMG

Compact PCI, Rev2. 1 : PICMG2. 0, 1997
PMC on CPCI : PICHGZ. 3, 1998

CPCl serial backplane : PICMGZ. 16, 2001

New bus without PCl (Advanced Telecom Computing Architecture,
ATCA) : PICMG3. 0, 2002

ATCA, Ethernet and Fiber channel : PICMG3, 1, 2003
ACTA, InfiniBand : PICMG3. 2, 2003

PCl SI6 : PCl Special Interest Group
PICMG : PCl Industrial Computer Manufacturers Group
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Ethernet (10M Ethernet ->IEEE 80Z. 3-1985, 10M/100M/16
Ethernet -> ANSI/IEEE Std 802. 3-200Z2, 106 Ethernet ->

IEEE Std 80Z. 3ae-200Z )
ANS1/TIA/EIA-644 (LVDS) - 1995
[EEE1355 - 1995

IEEET394 - 1995

USB]. 1 - 1998 by compaq, Intel, Microsoft and NEC, USBZ. 0
PhZ?OO by compaq, HP, Intel, Lucent, Microsoft, NEC and
ilips

InfiniBand — 2000 by InfiniBand Trade Association,
Revl. 1 — 2002

PCl Express].0 — 2002 by PCI SIG
IS0/1EC 18372 (Rapidi0) - 2003



Ethernet

P ILRTOLEER

Infiniband Rapidl0 PCl express PCI (-X)
S RTOHER message-based message-based message-based | message-based | memory-mapped
serial
differential
nRE PECL LVDS LVDS low-voltage TTL/LVTTL
interconnect
R b—k
KA bh—a | KA bh—FKas | R b—kr | ™ . .
R PRORAaF | PRRA0F | Pho2aaF | TZP R HRAZ
7 0D —#liE - credit re+r/yc/ r+e’:irio +H le credit/retry -
2. 56bps (x1) - 8-bit:46B/s, Z.56bps (x1)- | 46B/s (PCI-X
speed 106bps/channel | “350006(x12) | 16-bit:868/s | 80Gps(x32) | 533). 34Gbps
encoding, 8B/10B, 32-bit . 8B/10B, 16-bit | 8B/10B, 32-
Error Check /31-bit CRC -

CRC

CRC

bit+ CRC
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Interaction rate
-1 GHz [ CALO MUON TRACKING l
n =21 > Bunch crossing
’(;3—7‘/ rate 40 MHz o
LEVEL 1 el
TRIGGER
< 75 (100) kHz
%E&Q ~ITi— <2us Derandomizers
S270 Regions of Interest Efggg;—'t drivers
TR, O
- iR LEVEL 2 % Readout buffers
TRIGGER (ROBs)
~ 1 kHz ?
FHNAAALNEILA ~10 ms Event builder
EFOCTTIARY
757X B EVENT FILTER Full-event bufters
12KZEHS ~ 100 Hz processor sub-farms
T see Event Size :* Z MB

[ T e | ——
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Interaction rate
-1 GHz CA TRACKING
Bunch crossing
rate 40 MHz

LEVEL 1 H [ mempries ,

THIGGER  (\g Front-end Iink
< 75(100) kHz

erandomizers
Regions of Interest | | —1 Hﬂnﬂnl :'ilt drivers

adout buffers  Read—-out [ink
(ROBs)

LEVEL 2
TRIGGER

~ 1 kHz

Event builder

EVENT FILTER . Full-eventdbuﬂers
an
~ 100 Hz processor sub-farms
H ? 1

\J

Datarecording
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PS Board (Slice-Test version)
" IN (LVDS)

r; n n E:; . riEHE ‘1! \
.} Pﬁttﬁ.ﬁﬁnme‘
£ ) |

ﬂ

. To SSW (LVDS)
From SSW (LVDS) To HPT (LVDS)




High-Pt Board (forward full-spec)

g 9Ux160mm VME

HP1 ICs

Vil 0 el
= = [

To SL (Optical)

From SLB (LVDS

VME protocol encoder
(CPLD)

GLINK Tx’s




Read-out Link in Read-out system

Interaction rat
ey © | CALO MUON TRACKING

Bunch crossing
rate 40 MHz

LEVEL 1 P”"“"'

memories
C1E] -

<75 ( 100) kHz It
Derandomizers

. Readout drivers
Regions of Interest (RODs)

) JroBs) Read-out system

Event builder

EVENT FILTER . Fu Il-evantdbuffars
an
~ 100 Hz processor sub-farms

\j
Datarecording



‘L Read-Out System

GbEthernet ,
Bus-Based (BB) with Swifch-Based (SB)
as option for increased scalability

S-Links

GbE

ROBIN : 3 Slink input — PCI
and GbE output
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= FrontendIFERICIKTZELIERAO ] 277
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= Readout SystemO)!] 3,77 [3CERNIEHEC)S-
Link

= Backend!] >» 77 &Ethernet
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i ASLSLL7IL—2 : AHEXA

= KEK-VME crate and Read-out modules
= Prototype Read-out module

= FINESSE Front-end daughter card

= Form Factor and Power Supply




i KEK-VME crate and Read-out modules
| L

e TN




Prototype Read-out module

/.= 9U euro card (VME)

| RN  C—— = 4 Front-end A/D
A/D card slot §L : card slot

= Z general PMC slof

';L 5 'w'. 1 Processor PMC
A/D card slot | | 8l == slot
: L ple slot | | = VME interface

= 512kB x 4 FIFO
= 3Zbit 33MHz PCI

| éf PMC slot N\ bus
il Processor) :

Far<mi Efranaoa

KEK elec. /online/
BELLE DAQ group

JnA




F INESSE
Front-end daughter card

Time Memory Cell (TMC) based
pipeline TDC

Trigger buffer depth: 8 words —| ADC
A prototype of flash ADC card.,
— PLD
= ADC: Analog Devices AD9235-20 LA {Control logije——1-
= Resolution: 1Zbit mt=p>|  ADC and FIF0)
= Number of channel: § — [ e
« 32 ch/board

(under debugging

THC : AMTZ (the latest TMC chip
which is developed for ATLAS muon
chamber)

Input : Z4ch LVDS
= 96 ch/board

Resolution: (.78 ns/bit (at using 40 .
HHz clock) (under debugging)

Max sampling clock: 40MHz 40MHz clock




Form Factor and Power Supply

= 9U Euro card/crate
- Voltage -5. 0V -3.3V +3.3V

™~ Total Max
Current

100A 3Z20A Z00A

= J0 Connector for Pin assignment of power supply

Power Su | connector
PPy (IEC 61076-4-101)
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Front-end|| | Space Wire
Moduls
(VA Read-oul Illlr"ﬁ‘. /‘ Space Wire
Front-end FAOES II'- / R
(FADC) |
Module "\_/
KRR KPR T AR MR T a1 |
L. f=Read-out Module(F ADC) VME
WEDTAN vk TFud —



2003 Bk EER
Osaka/Yamagata/|SAS

j/
§ g B ol transmitter
FADC

-
. )

- Compact flash

S| \FADC|| 1O 05GB
o -ﬁ X2
& b
b= P
E | ROC
o E E e 10cmx10cm APEX 4k LE

g| [3| (o) /O and transmitter |

= X3 10cmx16cm Cyclone 6k LE

{:F —

10cmx16cm Cyclone 3k LE




HOWNWT—RRERTLO27 9
7#x—0
--Euro-card Power Station—-

DINERD 25—

.

R L i

S FAN unit
19 inch Grate
HF—FK 6 U, Euro Card (VME 6U£ EIL #4 X)
=TT DINREOERR +7 3% P2BlIZRIT 5,
EE +3IVEEEL, SV, 2V, 52V, 212V,
A hig= LVDS . NIMO % 2 {88, ECL
F—a ik Ry 2T —2ORRAIZEE TS BERITHEL,

LVDSIZ £ &) TILEEELEY VRS,

L LWRREROERAE BRICT L EREHE.
EERTE FHh TSRz S EME TS,
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« Space Wirez ALV &I12kY, 7+
IV DEREICLESLENT—2 INERE
BES S
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T—RRERTLORN

80 90 20005
70T RILF PAL FPGA VLSI
=77~ Fastbus/CAMAC/VME VME/PCI VME/PCl/ RRLR ?
Rk RR RZR 1277
I1RANEILA Parallel/ Sequential Parallel/ Sequential Parallel/Parallel
A Ny =i i LI
Y77 200 Rt RERH




i Serial link vs. Parallel bus

o XNZNILNIZTENRT—H2F51BENTNICLTELE.

e NLIL:
VLR : 7B RESRADEELY (Low latency)
22 (EBEO0RX 1 —[E,
EEEN3I\0TIRME,
Big endian / Little endianfigR
o T7IL:
LA : ERORF 2 —BEHL), SEHRNDGH
=0\, endianf5BNHi%5 ()
o TIFXY), NFHLILTIFRE— I~ (Throughput)? <+ 2TZ15(1?
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= LVDS (EIA-644) &ESpacelire
(1EEET355. Z)

= Advanced TCA




EIA-644 (LVDS) OER

S W5 Y

L £ transnuisston medim
—_—
— —

+

DHIVER

RECEIVER

Voltage across 100 £} termination resistor
] 1 0

Vin-

+ 250 mV Lo
+ 400 mV ypical
e R L2V 1ypical

=260 mV Lo . :
0% wrential)
_400 mV typical dillerential

Vin+




i What is Spacelire (IEEE1355. 2)

e« Point 1o point, bi-directional, full duplex

e High-speed : up 1o 400Mbps

e Cable or PCB backplane

o LVDS (Low Voltage Differential Signaling)

o Data-Strobe encoding (DS-1ink)

 Flow-control built-in (Credit-based), never loses
data by using flow control token from receiver

to transmitter
e« Switch Fabric



Spacellire ¥&5hk

SpaceWire Coder [ Decoder Example of node device to control D5Fs
iSimple: approcimately S000 gat es) SNCSII2-like
Tx Clock I = S
Glue || C -
D _Qlaﬂ,_ TxDE | logic o .
pl S . . - Coder ¥ I
- Transmitter %B-‘-‘hjts S — leg M
b : t minl FIFO, I
Li + i | cro) I .
State *— P Channel 1 Hil »
achine| | = - Ly
4 * 1 Coder | i (|
D ] 5 ——— o § Decod.  Channel 2 ‘_;HI | :
S i . 7
Receiver &84’! bits | 4 —
5 _1 j{,f’ﬁ == l—f{:;ﬂ- Channel 3 "'—"I .41_..
o b LT TS .__.-"' -\_\-\-""—\-\__\__\_ '._l..
Figure 7-1 of Cascaded l-iu?s"'—-.___ N"-ﬁ"-
SpaceWire 5id, Drafi-1 oo T, J=
1 Loy g1 L) ™ |:|
= o 5 O
. L = e = N = o
MNod &
¥ ¥
O BH--d w952 d
Of4——# Co E
. I |:| | L= [ : I
Additional logie for Systam on a Chip PS8 Bon HI
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ATCA Chassis

L 19" = 23"

— -

12U

Inlet

~ 385mm faceplate to
faceplate

reclundant muffin fans (3 places)
127 x 38Bmm?

—>




i ATCAO) ¥k

Board size : front - 8U x 280mm D, rear - 8U x 70 mm D,
Front Panel width 25 mm
PCB thickness 1,6mm - 2,4 mm allowed

Data transport : base interface (10/100/1000baseT-
Ethernet:bdsingal pairs), Fabric interface(120signal
pairs), others

Topology of data transport : dual star, full mesh : Base
interface - dual star (Zch for switch boards+14ch for
normal boards),

On(liy léIBV DC on the backplane, dual independent feeds “A”
and “B’

Backplane is protocol independent

Cooling should work up 1o 200 W / board 3kW / Chassis
(Realistic cooling up 10 120 W / board today)
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INA 27914 2 CANACH & RIEN
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s INM 7251 CANACO RS

s INA 25514 CANACO)Y B RT3 4514

s PCl/Spacellired > 2 —"7 x — RO
« 2. 201 : AFUCAMAC, IEFUVME
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‘L IN1 2721 >-CAHACO) {EkBE

Fast Ethernet =

PC104plus PC board computer
PCH-9370 s Crusoe TH5400,
Memory, Flash Disk,

Ethernet,
uss, ...

ALTERA FPGA for PCI

Al Y PBA FERAAR (... NPARAMAND
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Message-based T"—XT 77 F »

CAMAC/DAQ command frame
CAMAC/DAQ reply frame

Start/normal /end72L—OLEEHNHT
120N FERRKT D.

fd-til Rxsddungh

T Basic CAMALC funclian

lomd| N | A | F | | 24-nitDaTA
R .
|my| n| a| F|st| 24-btDaTa
Hazdnr Payioad |

H:staton, Assb-address, Ffuncica, ST saus(S. X, )
Faad | datait =8 no meaning

WWiine | clivlsra ) BES NG meaning

WOT : dats(ix) and datajnc) hawe o meaning

X LAM(inlerrupt) CAMAT lunctian

roly 24-Bit LAM PATTE r-mi

Altera FRGEA
e CAMAC
A || executor - -
I = CMD
al || CAMAC | = FIFO ™
C linterrupter 8
g :
Sl OAC _a‘% REPLY -
sor || BNECUtOr FIFO
U T I =
Ewa DAQ
. |[Interruplen
1]
Bib-bit finedd benigth
LaCd funciion
T .
lemalcTRl | [ ] |
RX : )
| mlylcTRI] | ST | 32-bit Event Counter |
Headur o Paykoad |
CTRL : contel {chear evenlcousd, clear besy-cui .|
5T status {busy-oul,... |
DA function (Trigger Intermugpt)
R
lmly| | | |32-b0Event Counter




i 1AL 2RO0BBI

INT 251 CAHACO > FO—FICRR ST,
CORNFREROT—2REMAI/00 % ~O—ICBERD]AE

PipEIinE él 1 I ] I 1 [ 1 TX

Object
Controller 9____ RX
fIZ(F. low cost/low latencyQ®R v N 1—7 R A o« FEHRHBHET,
IR REILZ FLURBIERROGFHEU S R TOICIERU,
ERBICRG -20K21L - AANS, iAAEA?

>

| PC
< FPGA |

CAMAC =~




SpacelNire/PClA R —"7 x—2R
O)F%E

DeskTop PCI{L%k

2 channel / board

72017 : 5002

UPILARNR : QELDHZ22AR72N29

PClA 2 —7x—RIFCAHACE [FIFRICHER (X v ta—

FR—=R - T—XTNF =)

SpacelirefRIFIRTERRRKS: - REBTERAZTIERk D

2B YUPLRRAK—KELT? 7= FUNSERO
13
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i SEFICANAC, IEFIVME

Parallel CAMAC/VME system
ATCA?

BXIZES 2 —ILO)
........ BEFIBOTE=E&

A controller including A CAMAC/VME Module
switching function
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i Y Z1Read0utSystem

ATCA-based?
T
T e »Ip |« »Trigger path
A G
R D
R|(I |A|T c
0| G| D | D |reeeees 4 s
D 6 C C D W
E ¢ <—>| | («———Control/status
R é & data path
A controller including A module including
Spacelire switching SpaceWire network
function( and Ethernet)




