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[ Eicaywyn ]@

= To mreipapa CMS tou emmitayxuvtn LHC
KAl 0 avixveutnc Preshower.

= To guatnua Anwng d0edOUEVWY TOU
avixveuTtr) Preshower.

= Ta JIKPONAEKTPOVIKA KUKAWUATO TOU
avixveuTtr) Preshower.
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o [To epyaoTnpio CERN ]E

AieBvec epyaaTtrnpio 1I0pubév To 1954.
2 KOTTOC TOU N Baaikr) €peuva atov TTedio TNG PUTIKAC ZTOIXEIWOWY ZWHATIWV.
19 XWPEC MEAN + XWPEC MEAN TTOPATNPENTEG.

[NepiogoTEPA ATTO TA HICA TrEIpApPATA PUTIKNG ZTOIXEIWOWY ZWUATIWY
TTayKoauiwg Aaupavouv xwpa ato CERN.
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e [O Emrayxuvtrg LHC

= The Large Hadron Collider LHC
m O peyaAocg emTAXUVTAGC AdPOVIWY
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ES At
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; ALICE

%Point 2

P (=
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SUPERCONDUCTING  gcaL scintillating PbWO,

COIL

TRACKER

Silicon Microstrips
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Chambers (DT)

Total weight : 12,500t
Owverall diameter : 15 m
Owverall length : 21.6 m
Magnetic field : 4 Tesla
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IRON YOKE
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MUON ENDCAPS

Cathode Strip Chambers (CSC)
Resistive Plate Chambers (RPC)

]@

Ta dlapopEeTIKA
OTPWMATA TWV
QVIXVEUTWYV TOU
reipaparoc CMS.

TauToTroinon Twv
TTAPAYOUEVWV
OWHATIOIWV Kal
METONON TNG
EVEPYEIQG 1 TNG
OPMNG TOUC.
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[0 HAekTpOPayvNTIKO KOAOPIUETPO
KAl O aviXveutnc Preshower @

HAekTpopayvnTiko KaAopipetpo Electromagnetic Calorimeter

o MéEtpnaon TNG eVEPYEIOG TWV NAEKTPOVIWV KAl QUITOVIWV.
(METPNON TNG EVEPYEIOG TWV NAEKTPOPAYVNTIKWY KATAIYITUWY).

AVIXVEUTAC TTPOEVTOTTIOMOU TWV NAEKTpOopayvnTIKWVY Katalyiopwv PRESHOWER

o  Métpnon NG 6£0N¢ TWV NAEKTPOUAYVNTIKWY KATAIYITPWY TTOU EI0EPYXOVTAl OTO
NAEKTPOPAYVNTIKO KOAOPIUETPO.

HAekTpOpQyvNTIKO Avixveutiig Preshower
KaAopipeTpo

Supermodule

77| Sub modulecouig
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e [H Béan Tou avixveuTri Preshower ]@

O aviyvevtg Preshower

ATOTEAEL LEPOG TOV
NAEKTPOLLOY VI TIKOD KOAOPIUETPOV
OaALG GOV GUGTILO TTOTEAET

EVOV QLTOVOLO OVIYVEVTY.

Electromagnetic
Calorimeter

Hadronic
Calorimeter

Only in the endcaps
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= [O avixveuTnc Preshower

Main physics goal of CMS is search for SM Higgs
If my; < 150 GeV/c? best chance is through 2y decay

)

Y
Idea of Preshower:

Transverss

shaower profile shower profile

i m —
- — o 2
—

—
1—--‘- i_-‘.—-

-

Single incident

h Two closely-spaced
photon

incident photons

18010sqy
1=2qJosqy

Have chosen to use Si sensors
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[O algOntnpac tou Preshower ]@

= Avixveutng HikpoAwpidwyv ipiTiou (Si strip detector)
= Alagraoeic: 63mm X 63mm. lNaxog: 300pum
m 32 strips ye evdlapean aroagTaan 2mm

® 2 OTPWHATA AVIXVEUTWV YIA -
TTANPoopia oTIiC dUo dlacTAoEIS (X-Y)

lwavviva, 21 Atrpidiou, 2004 KwaTtag KAoukivag 10



2.UaTnua Anwng dedopevwyv & EAEYXOU ]E

lwavviva, 21 Atrpidiou, 2004

Kwatag KAoukivag

AVIXVEUTNG i IkpiwpaTta HAeKTpOVIKWY
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[ HAEKTPOVIKO QVIXVEUTN ]@

= A&iIToupyieg
o [poevioxuan kai AsiypatoAnwia Twv onNUATWY TOU AVIXVEUTH
o [Mpoowpivr atToBnKeuan dEOOUEVWV PEXPI TNV EAEUC OAPATOC OKAVOAAITUOU
o Wneiotroinon dedouEvwy
o  [MoAutrAegia kal MeTadoan dedOUEVWV NETW OTITIKAGC IVOC

i P
Aciktng Eyypa®rc Clock (4OMHZ)
—— »————|  PoAdI deryuaroAnyiac
_> AvoAoyikA pvApn | : b A 124b't
S 192 X 32 : D
3 : » > Link
S —
o —
moles/tri r S—— = Trigger (100kHz average)
SiFmplESIIgge Agiktng Avayvwong [*

2Nua okavoaAiouou
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HAekTpovika AvixveuTr) Preshower ]@

. ADA41240 Kchip Readout

PACE = 120 LI+ Gon Ptk
-_#_ED:III]—\_.\ 16 800Mbps

A\ A 4

\ _ 7= GOL
\ PACE-AM . 12, T~
\_Delta AP [ :
E A _
| ADC clk
x 32 E PACE clk Readout
— Column Addr. & Contral | & Control
B  Trigger commands Logic
A 2 A {k
lec r1 feLk
Control
path
: Control ASICs
To the next control chipset Control Token Ring DO—H‘ Wovi
From previous contro] chipset X — N
------------------- = > .
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[H)\aKTpovu(d ge PadIEVEPYO TTEPIBAAAOV @

Ta NAEKTPOVIKA TWV AVIXVEUTWYV BPICKOVTAI O€
TePIBAaAAov 1oxupNc 1ovilouaag akTIVOBOAIaC.

o 2Tnv Treploxn tou Preshower n oAk doan
lovilouaag akTivopBoAiac ival 10 Mrad.

o 2TnV Tepioxn Tou Tracker > 30 Mrad.

o O1 guvnBeIC TEXVOAOYIEC HIKPONAEKTPOVIKWYV
EUPEIOC XPrang avTexouv ae eTTiTTeda oAIKN¢ d0ang
akTIVOPBOoAiac Tn¢ 1agnc Twv <100 krad.
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HAeKTPOVIKO 0€ padievePYO TTEPIBAAAOV @

XpNan €10IKwV TEXVOAOYIWYV VIO OTPATIWTIKA XPNon

0 Tsxvo)\oviag g sEaBmsuuéyac TEXVIKEC TNV vpauuh Uaoavwvr']c
TTOU OTOXEUOUV TNV aynomeplon TWV QAIVOPEVWY ETTIOPATNS TNG
loviCouoag akTIVOBOAIaG.

o MelovekTipara
YWnAO KOOTOG
AuokoAia TTpooaang
[MapwxnUEVES TEXVOAOYIKA

EvaAAakTikr) Augn TTou avatrtuxOnke oto CERN

o  Texvoloyia eupeiag Xpnang Kal eQapuoyn EIBIKWV TEXVIKWVY OTO
aXeQI0OUO TWV TPAVCITTOP TTOU AVAIPOUV TA PAIVOUEVA
UTTOBABUIONG TNG AEITOUPYIAG TWV KUKAWHATWY AOYW TNG
eTTidpaong Tn¢ lovilouoag akTivoBoAiag.

o Agv XpeIageTal Kapia TPOTTOTTOINGN OTNV YPOUUN TTAPAYWYNG TWV
MIKPOKUKAWUATWV.

o EmAoyry CMOS texvoAoyiag 0.25 um 1ng etaipiag IBM.

lwavviva, 21 Atrpidiou, 2004 KwaoTtag KAoukivag 15



CMOS og padievepyo TTEPIBAAAOV ]@

‘Evauon peupartog diappor)c oe NMOS transistor Adyw 1ovilouoag akTivoBoAiag.

J Vb > Ves

D
G—{ lION llleakage
S

eSS

H AUon: TTUAN “KA€IOTNC YEWUETPIAG .
(Enclosed NMOQOS transistors)

P-epitaxial layer

Polysilicon gate
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MeTpnan peupaTog diappong g€ TPAvEIiaTop GTNV KATAGTAGN
“OFF” guvapTtiael TG oAIknG doang 1ovilouaag akTIVOBOAIaC:

o2& TpavlioTop TUTTIKOU 1.E-04 ¢
gxediaoyou. 1E05 L o S
Standard NMOS ETUYE ; —0
< 1.E-06 & - --- e o
o Z)i TPAVGioTOP PE TTUAN g 1 E-07 —e— Enclosed NMOS
KAEIOTAC YEWUETPIOC. S
Enclosed NMOS RS o Standard NMOS
9 1E09 & - R R
1.E-10 - -- - -- LR SR
1.E-11 ' S

0 5000 10000 15000
Dose (krad(SiO,))
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CMOS oe padievepyo trepIBaAAov ]@

‘Evauon peupartog diappors JETagu Treploxwyv TUtTou N Adyw 1oviCouoag akTivoBoAIag.

Leakage Current

P+/Substrate

H AUon: xprion treploxwyv TUTTOU P* pETOEU
TTEPIOXWYV TUTTOU N uE DIaPOPETIKO DUVANIKO
(P* Guardrings)

P+ Substrate
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Radiation Tolerant Layout ]@

= Kavoveg €10Ikou gxediaduou
yia Xprjon g€ padIEVEPYO
TTEPIBAAAOV:

[ S o Xpnon “enclosed NMOS
" L transistors” yia Tnv atrouyn)
PEUPATWY dlaPPONG KaTA
I S—— MNKOC TWV TTAPUPWYV TOU
e TPpaviioTOP.

o N o Xpnaon “guard rings” yia Tnv
} QATTOPOVWAON TTEPIOXWV TUTTOU
» S N TTou BpigkovTail o€

1 OIaPOPETIKO OUVAUIKO.

NAND3
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[ZL’JGTnpa oxedlaauou CAD @

AVATTTUEN TTOKETOU avaAOYIKOU/WNPIaKoU aXedIaauoU
atro 1o CERN

o Avamtugn BiBAIoBNkng Baaikwv TTUAwv (standard cell)
KAVOVTAC XPron Twv €I0IKWYV KAVOVWY OXEOIQTUOU.

o [lapapeTPOTTOINON KAl XOPAKTNPIOUOC TWV BATIKWY TTUAWV.
o YTooTnpign epyaAciwv autopatiguou CAD.

A10Beon TOU TTAKETOU OXEDIATUOU HETW TOU

opyaviaguou Europractice oe oAa Ta guvepyalOPeVa e
10 CERN gpyaartnpia.

Mavw a1o 10 70% TWwV HIKPONAEKTPOVIKWY DIATAGEWV
TWV QVIXVEUTWYV OTa TTeipapata Tou LHC €xouv
uAoTToINBEi pe TNV v AOyw TEXVOAOYiIAQ.
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S T TR
% e /4//// /4//// Cr Ty

S

P&R tool:
Silicon
Ensemble
Maze Router
o  No channels
o  Flip &Abut
the cells
Special support
for Rad-Tol
layout design.

Interrconnection:
3 metal layers,
upgradable to 6
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Standard Cell
library

Analog block
Pre-placed
digital block

Layout Design
Rules
(DRACULA)

> v

Schematic

design

]
HDL

Digital Design Flow

design

Synthesis

A

(SYNOPSYS)

v

v

Digital Simulation |
(VERILOG)

v

Design Floorplaning
(PREVIEW)

Place & Route Clock tree
(Silicon Ensemble)

v

Interconnection Parasitic
Extraction (simple)

~

~
J

Wire Load
models

Synthesis

library

Cell Layout

library

[ Digital Simulation
"l (VERILOG)

Static Timing Analysis
(PEARL)

v
Final Physical design
Verification (DRACULA)

4
@lease to Manufacturi@
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el [/\anoupyiag Tou Kchip @

Data Concentration
o ZUAAoyn dedopevwy atro 1~4 PACE chips.

Event Data Formatting
o Anpioupyia TTaKETOU OEDOPEVWV YIa KABE yeyovoc. (Event Packet)

o Emaouvayn TAnpo@opiac XpoviIouou g€ KABE TTAKETO OEOOUEWV.
Bunch Count (BC) and Event Count (EC) Identifier.

o [MPWTOKOAAO ETTIKOIVWVIAG VIO TNV METADOATN TWV OEQOUEVWIV
METW OTTTIKNC ivac. (Gigabit Optical Link)

Readout Controller
o ATToKwOIKOTToINON TWV £vToAwV okavdaAigpou. (Trigger Command)
o ETmiBAewn NS auyxpoviapevng Asitoupyiag Twv PACE chip.

o ETmiAewn ToUu £TTITTEOOU TTANPOTATAC TWV TTPOTWPIVWV PUVNHWVY
(Buffer Overflow Detection / Prevention)
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from PACEX — 1,

%
ADD AB

o PACE<. 7= W

\
\
\
ADC_A Data FIFO
\
\

4.'—

? ADC_B ata FIFO

5 ADC_C Data FIFO

— _ADC-D - — —

|
W ~ Data FIFO
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) [Data Rates

* PACE generated traffic

3 columns/trigger

32 samples/column} 96 samples/trigger

12-bit ADC } 14.4 MB/sec
100KHz Trigger Rate

Traffic from 4 PACE chips = 57.6MB/sec

14.4MB/sec

 Gigabit Link Throughput -
(GOL chip) 80 MB/sec >

PACE event readout time = 6.9 uysec >

Kchip event readout time = 7.8 usec

»
»

L 7

* The difference in the readout times and the
stochastic nature of trigger arrivals mandates

Control
logic

80MB/sec

L

the need of data buffering on the Kchip.

lwavviva, 21 Atrpidiou, 2004 Kwatag KAoukivag
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e [Front-End System FIFOs @

Model of front-end system FIFOs.
s

—M-O- M-
|

Trigger arrivals follow an exponential distribution.
Kchip service time follow a uniform distribution. PACE FIFO

o An analytic queuing model is difficult to develop.

o A simulation model of the complete front-éMd system has been u
developed. P
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[Sizing the Kchip FIFOs

= PACE FIFO can store up to 10 events.

o From simulations: P o

= Kchip FIFOs:

= 1.9E-04 @ 100KHz trigger rate.

o  Kchip FIFOs should be sized for lower event rejection probability.

‘I Data FIFO [J ColAddr FIFO W Trigger FIFO ‘

900
800 Time examined 15.10° ]
Number of events 1.510°
= 700 7 Mean interarrival time of events 10.059  us
g 600 4 PACE rejected events 7
2 500 4 Kchip rejected events 0
by Maximum Trigger FIFO occupancy 26 words
§ 400 Maximum Column FIFO occupancy 52 words
3 300 Maximum Data FIFO occupancy 863 words
S e Average Trigger FIFO occupancy 3 words
Average Column FIFO occupancy 2 words
100 Average Data FIFO occupancy 36 words

O S ~N Summe Aty o, Ao
1 1 1 1 1 1 1

0,0E+00 2,5E+09 4,9E+09 7,3E+09 9,8E+09 1,2E+10 1,5E+10

Time [ns]
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Implementation of Kchip FIFOs ]@

Data 1 Kword x 18 bits 10 events (1024/96)
Column Address 128 words x 27 bits 10 events (matches Data FIFO)
Trigger 128 words x 27 bits 64 triggers (128/2)

= FIFOs are implemented using a
“Configurable Dual-Ported
SRAM macro cell’.

m Two macro cells:

o  Column Addr. & Trigger FIFO
m 128 words x 27 bits

o Data FIFO
m 1024 words x 18 bits

128 x 27bits 1024 x 18bits
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2 [CERN-S RAM specifications &)

= Scalable Design i

]

o Configurable Bit organization (n x 9-bit).
o Configurable Memory Size (128 — 4Kwords).

Write Addres

= Synchronous Dual-Port Operation

o Permits Read/Write operations on
the same clock cycle. Read Address

o Typical Operating Frequency: 40 MHz.

RD
= Low Power Design T

o Full Static Operation. CLk

o Divided Wordline Decoding. —
= Radiation Tolerant Design @

Data Out

lwavviva, 21 Atrpidiou, 2004 KwaoTtag KAoukivag 30



) [I\/I emory Cell

RBL WBL WBL RBL BL BL

% b L = Lo AL
M R i THF ﬂT

W_WL

Dual Port SRAM Cell Single Port SRAM Cell

= To minimize the macro-cell area a Single Port memory cell is used
based on a conventional cross-coupled inverter scheme.

= Gain in Memory Cell Layout Area = 18%

lwavviva, 21 Atrpidiou, 2004 KwaoTtag KAoukivag 3



o
Din Y : :
<m-1.0>] & » Write Drivers
¥ S
A
tadl
)
Y a
WA 7 - | |8
A . Q G
<n-1..0>| S 2 =
S S| &
< > 5] )
o =
7 e rraxz
% y—é 'gh i ) §[e
\ (7 5
&0 ~ =
o >
RA &
02| 5
< n-7
) 5
i clk S
| Read Logic [ cﬂ
LN g
R | Timing » Column-decoder e\
LW Logic X

[SRAI\/I Block Diagram

7

Dual-port functionality is
realized with a time sharing
access mechanism.

* Registered Inputs
* Latched Outputs

Dout
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= Scalability

o  Wordline select time
depends on the size of the
memory.

o Dummy Wordline with replica
memory cells to track the
wordline charge-discharge
time.

= Bitline Timing
o Dummy Bitlines to mimic the

delay of the bitline path over
all conditions.

Dummy Word Line

]@

Dummy Bit Lines

128 rows
R N

WLdummy

BLO

lwavviva, 21 Atrpidiou, 2004 KwaTtag KAoukivag
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Replica Techniques

&

Data in
WEN TE:7 {>O;;7 Dummy Bit Lines
R
D 0“(11 _C_‘I_ BLrc  Bit Line| Bit Lind
ccodcer 5
V. RG] ([3F 5
n |
= L % % . ﬂ_r/g %h_r
_C__l_ - Z T HUT T HU T
L 4 - s W T
. - . .
g = = : :
> E = . .
S — = . .
S| . A -
d = || P Global Local . .
u 5 Word Line  Word Line
g Al / L ; % d -|_r/g @A_.—
a! WLec 1 > i S
1
—J 1
=l Block Select :
9 L WLdummy =T
Wie| | f70> > TPT] LTy T LWL durgmy
&1 AL Dummy Word Line BET BL B> BL,
{>O Latch _ Data out
S s _=ec VU
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Size Conﬁgurable

Data Input Register

. [ Cell Library ]@

Fixed Layout

Address Mux Register

Column Decoder

Block Pre-Decoder

Output Data Latch

by 2GS HOL R SRIANaa St 1 2R Obts

B (50.4 um x 1086.2 um)

Row Decoder

Timing logic
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| [Floorplanning

Write drv.| §Write drv.| §Write drv.| §Write drv. Write drv.H [Write drv.g [Write drv.g [Write drv.E= £4
~| Din
k=
— A
> i
z E
2 | WA
X 1
= e
S <
Q [ 5]
e kS
S ik
S a)
O 5
A £
B %QQLK
o S
a4 —leR—
a3
2
|| || | T iy . o I 3
Read logid FRead logid Read logid |{Read logid Read logid| Read logia] Read logid{ Read logid=—] ﬂsmm
TTITTTIATIANTTTooY TTITTTIATIANTTTooY TTITTTIATIANTTTooY TN IANTANToTT TIITTIIAIANTNNToTT TIITTNIAIANTANToTT TTITTNIAIATTNNToTT IIIIIIIIIIIIIIIIIII= o
Column Decoder = la
gnd
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@

15t Prototype

Design: CERN_SRAM 1K
Configuration: 1K x 9 bit
Size: ~560pm x 1,300pm
Area: ~0.73mm?2

Density: ~12.6Kbit/mm?

The Memory consists of
2 Blocks of 512 x 9bits.
Each Block 1s composed by

4 Columns of 128 X 9bits.

'
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@

[Submitted

SRAM Chips

)

2"d Prototype

Design: CERN_SRAM 4K

Configuration: 4K x 9 bit
Size: ~1,850pm x 1,300pm
Area: ~2.4mm?2

Density: ~15.4Kbit/mm?

J

The Memory consists of
8 Blocks of 512 x 9bits.
Each Block 1s composed by
4 Columns of 128 X 9bits.

| 4

—';ﬂ.'li::t L
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[CERN SRAM test results @

: Test chip: 4Kx9bit
Functional tests

o Max operating frequency:
Simultaneous Read/Write operations: 70MHz @ 2.5V

o Read access time: 7.5ns @ 2.5V

o Power dissipation:

15uW / MHz @ 2.5V for simultaneous Read/Write operations
on the same clock cycle (0.60mW @ 40MHz).

o Tests for process variations:
Differences in the access time < 1ns for: -30, -1.50, typ, +1.50, +30
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e ATLAS MCC chip
» Memory configuration: 128 x 27bit
o Detector: ATLAS PIXEL
e Lab: INFN Genova

« ALICE AMBRA chip
e Memory configuration: 16K X 9 bits
o Detector: ALICE Silicon Drift Det.
e Lab: INFN Torino

o ALICE CARLOS chip
e Memory configuration: 256 X 9 bits
o Detector: ALICE Silicon Drift Det.
o Lab: INFN Bologna

e LHCb SYNC chip
« Memory configuration: 256 X 9 bits
e Detector: LHCb muon system
o Lab: INFN Cagliary

ity | ]@

e ATLAS SCAC chip

» Memory configuration: 128 x 18bit
o Detector: ATLAS tracker
o Lab: NEVIS Labs

e ATLAS DTMROC chip

o Memory configuration: 128 x 153 bits
o Detector: ATLAS TRT
o Lab: CERN

e CMS Kchip

o Memory configuration: 2K x 18 bits
128 x 18 bits

e Detector: CMS Preshower
e Lab: CERN
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HEADER

DATA

SN
{111

TRAILER

SOF

Flags I

12-bit BC

Flags 11

8-bit EC

KID

Slot 1

Slot 2

Slot 3

el

16-bit checksum

IDLE

Packet Format

Col# A Col# B
Col# C Col# D
A-J1 B-J1
B-J1
D-J1

D-J32

Flag Set | Flag Set 11

F3[F2[F1[Fo [F7]Fs]Fs[FalF3[F2]F1]Fo]
=

K-chip Trigger FIFO Full
— PACE Trigger FIFO Full
K-chip Data FIFO Full
General Error in PACE sync.

Sample 1

Sample 32

Channel Mask / PACE error

Trigger Inhibit Logic Mode
Calibration Event
Reserved

Link Test Packet flag
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8b/10b encoding

| [ Link Layer

IDLE pattern SOF Data Packet IDLE pattern
IDLE IDLE IDLE CXT DATA | DATA se e e e DATA | DATA CRC IDLE IDLE
Packet format in 8b/10b encoding.
IDLE pattern SOF Data Packet SOF Data Packet ‘
-t > L -t L =‘
IDLE IDLE CXT DATA | DATA 3eececee DATA | DATA CRC CXT DATA | DATA teecee

IDLE = <K28.5, D5.6> or <K28.5, D16.2>
CXT = <K23.7, K23.7>

Packet format in 8b/10b encoding for back-to-back events.

Idle

: Carrier Extend

The Kchip employs a packet oriented data transmission protocol.

The Kchip Link Layer Protocol uses two uniquely defined
transmission control characters, the IDLE and the SOH.

o The IDLE character allows the receiver to obtain and maintain bit
synchronization. .

o The SOF character indicates the beginning of the frame and delimits
the boundaries of subsequently transmitted frames.
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. [Single Event Upsets (SEU) ]@

= [lapodika @aivopeva atnv AEIToupyia TwV
LUIKPONAEKTPOVIKWY KUKAWHATWY AOYwW poNng
UWPNAOEVEPYEIOKWY TWUATIOIWV.
Single Event Upsets (SEU)

Oxide
Insulation

o

Heavy Particles from Depletion Region

Neutron Impact cause A)\)\qyr‘l ™G KGT(']O'TGOT]Q TOU F|Ip-F|0p

Trail of lonization
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e [Single Event Upsets (SEU) @

[Mapodika Paivopueva AOyw aKTIVOBOAIOC
o 2€& povadec pvnuns (SRAM, DRAM)

AANoiwan TNG atrobnKeUPEVNC TIUNG.
o2& akoAouBiaka kukAwpaTta (state machines)

TpoTtrotroinon TNG AsIToupyiag r; SI0KOTTA TG MEXP! TNV
ETTOMEVN ETTAVEKKIVNON TOU KUKAwpaTtog (RESET).

B
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A

Triplicated State Machine ]E

Inputs Next State A——) durrent State A ] .
e ] Erroneous state machine will recover
i Ouiuts A within a maximum of 3 clock cycles.
B
Next State B“ Gurrent State B / s | v
SM J ﬂ & oted
F Outputs B OUtpUtS .
: Voter
N 7? error,
iC
i Next State C*\ CGurrent State C
SM
-
4 N Outputs C 4|
F Triplicated logic was described In
ey Verilog and has been synthesized.
Voter
Voted Current State ‘ F: combinatorial logic
4 g SM: state memory
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= [Hamming Encoding @

Data In
= Ta dedopeva kKara TNV dIEAEUON TOUC =
QTTO TA NAEKTPOVIKA TOU QVIXVEUTH) Data
TTEPVOUV TOV TTEPICTTOTEPO XPOVO m
TOUG OTIC aTATIKEC pvnuec SRAM i
Write Addres

o [lpoaTtagia Twv OEOOPEVWYV OTIC UVHMEG.

Read Addres

= Xpnon kwdika Hamming yia tnv
TTPOCTAJIA TNG ATTOBNKEUUEVNC

TTANPOPOPIAC aTIC UVAMEC. =
o Auvarotnta : l@(ﬂ
= 010pBwang EVvOC OPAAUATOC O€ KOBE DG
aTTOONKEUPEVN AEEN KA E
® avixveuang duo AaBwv aTnv idla AEgn.

Data Out
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[Kchip Design flow ia

Design implemented using the
CERN DSM Design Kit in 0.25um
commercial CMOS technology.

Hardware Description Language: Verilog

Automatic synthesis and layout: Synopsys,
Silicon Ensemble

Verilog XL simulation
Static timing analysis: Pearl
Design flow is “scripted”.

Resigu,for Testability .
bl Ml e

can be used to access and test
the on-chip SRAMs

o Scan Path

For design debugging and
production testing.

1

Synthesis
Simulation

Static timing

e Syntesis
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[The Synthesized Chip ]E

= Number of Digital Standard cells Size: 6 x 5 mm2

o  Registers: 1,400 Pad Limited design.
o+ Gates; 13,300

m  Clock tree statistics
o Number of buffers: 189
o Number of Levels: 6
o  Max. delay: 685 ns
o  Max. skew: 65 ps
m  Special Macro Cells
o  4x 1024 x 18bit, dual-port SRAM
o 2x 128 x 27bit, dual-port SRAM
s DB
=  Number of pad cells
oY W@ pins "8
o Power pins: 17
o  Total pins: 148
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1s* Prototype
CERN MPW10
Submitted: Feb. 2003
Received: June 2003
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Column Addr. FIFO
Data FIFOs

Trigger FIFO

il
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DLL block
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[ Prototype Tests

= Scope
o Test functionality & validate
specifications conformity.
= Method
o Make use of a Digital Tester
at CERN (MIC group).
o Use a generic “Test Fixture”
board to host the chip.

o Use a ceramic package
(CPGA) to facilitate bonding.

o “Test Vectors” were
generated from Front-End
system simulations.
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The functionality of the Kchip has been successfully verified.
o All modes of operation verified

Maximum operating frequency: 60MHz

Power consumption
o Test Conditions: 40MHz, VDD=2.5V, T=25°C
0 lype= 68MA, P . = 170mW
0 loeq = 182mA, P = 455mW
0 lige = 250mA, Py, = 625 mW

Irradiation Tests
o Use of an X-ray machine at CERN.
o Step Irradiation at 1, 3, 5, 10, 20 MRad (SiO,).

o Dose Rate = 2.04 MRad/h
Devices were operational up to 20 MRad @ 2.5V, 40MHz.
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[ Prototype System Tests

m EAgyxoc TnC owaTnc AsiIToupyiag Tou
Kchip ato guatnua Anwng éeéouéva.

_ B

i =

~n 2 i kY f-
e ey |

P
P
=3
O
y,org
if

eas

TETIRIIRRINTIN)

|| Paces ©%
| Kapton n2

PACE chips

&
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e [ HAEKTPOVIKA AVIXVEUTH @

Large dynamic range — 0.1 — 400 mips;
Ability to calibrate on single mips — low noise
25ns peaking time and analogue pipeline memory of 192 cells,
taking 3-samples @ 40MHz / trigger
= Radiation hard to 2x10'4n/cm? and 10 Mrad

- development of

O npoevicyvtns | =X
Delta N
32-channel '

switchable gain
pre-amp/shaper

)

PACE-

|

3in 0.25

£ [ . | = i
Wl | k1 | i |
| B oy '
T i ! Iy | !
J ] Il /

m CMOS technology

|t
| H avaioyikn pvyun
PACE
32-channel
analogue pipeline
e i and multiplexer
& with digital control

PACE-3 1s one of the most demanding front-end chips at LHC

lwavviva, 21 Atrpidiou, 2004

Kwatag KAoukivag 58



Avaloyikoc/Pneiakoc MeTaTpoTreEag ]@

= ADC Key Features S YN TSR TTTIT IR 222

o Quad channel Pipeline
ADC

Pipeline stages: 6
High Resolution: 12bit
High Speed: 40MSPS

Low power: 412 mW @
2.5V, 40MHz

CMOS 0.25 ym Rad Tol
commercial process

o  Area=3.96mm?2/2ADC
o  Die size=11.8mm?
o  144pin fpBGA Package

[ ——

VC

O e C
S AT

(@)

1
J
4
o
-
-
-
a
3
2
1
1
1
4
4
-

I I T I I I
AAOD O1A

SRRSO

Dout <11:0>
Dout <11:0>

@ 80MHz

oI6o| |eybig

_ Y
Microphotograph of the AD41240 chip.
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[Gigabit Optical Link

= 800Mbps (16bit bus @ 40MHz)

=  Gigabit Ethernet compatible
(8b/10b) encoding scheme

= Power: 300mW (l,,=26mA)

= Radiation Tolerant CMOS 0.25um
technology

2.

/

A A . 1s d o
R N \\\ | A / /
SARASNANRNENNRVRRBRREIRRR | -
2 =
.l

\\\\\"\‘3_\_\_"__|_!_r_' ;f/:ff

ce—— i

AOTAEAARAARANS KA IS Y |

C | MT -_r/r}:'g:y.y'n_;'_org‘l‘ﬁf:i‘ifi\l\;\i\ri 5
D(31:0 —- Encoder /
' Data i ) Word
|—m7_375: Interface Multiplexe
| | ~| 8B/10B |
Encoder .‘}E’ ) 1k 3Cominad
LHC clocd PLL& |~ 0B
— o Clock f=
Generaton\ Laser
Driver */
Ve
Serializer
12C — v H
—— ] Control & 500 out
JTAG | _Status Line [ out-
—— Registers Driver
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and Ladders

Preshower geometry — umodules ]@

Micromodule

Building a ladder of umodules

Ladders for 7 and 10 umodules also exist

I.I:I.I.

ata i a BLs
e B pd B
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[Th e Preshower Motherboard ]@

Control Ring
i)

Micromodules Micromodules

I 1 .
Low Wolt i i High Volt
p.lf;reu.&ge H\"“a. CDnEt:)rETlT ‘H ‘/f plghwe b
CCS DCC
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PACE, K-chip, GOL Detector

[2@

ekl
.
e
et
e
e

—

Token Ring  Electrical

N\

LVDS

g [To >uoTnua EAéyyou ]@
E o

Counting Room

» Metadoon onUATWY XPOVIOHUOU
OTA NAEKTPOVIKA TOU QVIXVEUTH.

* AJ@idpoua KavaAia TTIKOIVWVIAG
ME T NAEKTPOVIKA TOU QVIXVEUTH). )

\_/

-

e
.
e
e
el
et

CCU : Commuliication Control Unit
PLL : Phase Lotked Loop

55

Movdada EAEyxou VME
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Add aluminium heatsinks

% | Motherboard

B, Preshower geometry — heatsinks
[& motherboards ]@

Ladder complete with motherboard
and cables etc.

/\
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Spider (20x).

Feedthrough cooling (4x) .
Feedthrough optics data (76x).
Spare plugs (2x).

Galvanic feedthrough (40x).
Flushing gas (2x)

@ U Wb

o

Control ring internal

- o :
connectivity vertical.

ILE

~500 motherboards
with a total of ~4300

micromodules

= —w]

Finish: Matenal & spec. Treatments.
REMOVE ALL BURRS
ISS. | DATE DRAWN Title:
JAN/2003 Rob Looe S ERVI CE S
PBS CODE: XXX
() eemasmer | O= F =
VIEW TOWARDS I.P. ~_') p— 1:12 N r CMS ES SV M 0001 |a3
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[ZL’Jvqur] @

H pikponAekTpoviKn gival TexvoAoyia KAEIDI yia Ta guyxpova
Treipapara Puaikng ZTOIXEIWOWY 2ZWHATIWV.

210 PJeAAoVTIKa TrElpapaTa TTPORAETTETAI N UTTAPEN AVAYKNG
HeyaAUTEPNG OAOKANPWANG AEITOUPYIWV OTA NAEKTPOVIKA TOU
avixveuTr]. (System On Chip)

o 2ZTevh TTapakoAouBbnan Twv e¢eAiCEwy aTO TTEDIO TWV TUYXPOVWY
TEXVOAOYIWV.

o AvamTugn pebodwv ﬂpooappoyng TOUG OTIC €I0IKEC ATTAITATEIC
TWV TreIpapaTwyv Y

o  [leploplopds KOOTOUC avdmuﬁng TTPWTOTUTTWV.

AvOpWTTIVO OUVAUIKO INXAVIKWY PE TTOAAATTAN £€€10ikeuan
o  ETTiTedo YIKPONAEKTPOVIKWY KUKAWPATWY
o Ertmitredo guoTthparog
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