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ATLAS 5 CMS iFns2

Weight : ~ 7000 tons

44m

25m

Tile calorimeters

[
\ | \,‘ = - LAr hadronic end-cap and
B forward calorimeters

Toroid magnets ' LAr electromagnetic calorimeters
magnel

Transition radiation fracker
Semiconductor fracker

Key:
~ Muon Iron return yoke interspersed
= Electron with muon chambers

= Charged Hadron
--== Neutral Hadron
=== Photon
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Sub-

Detector r(cm) element size resolution hits/track channels
Pixel 5-12.5 50um x400um  12um x 60um 3 93x10°
(Silicon) (3D)
SCT 30-52 80um x 12cm 16um x 580um 4 6x108
ATLAS and ATLAS Inner Detector iconsm (stereo)
4 TRT 56-107 4 mm x 74cm 170um 36 0.4x108
(Straw Tubes) (projective)
A - ——
ID length: 7 m
;P lameter: 2m
. ul B = R E‘t{'
i _ iy @R Barrel SCT S
i 4 \ \
L& 1 sl Forward SCT \ \
foes NS : \
> i = TRT
H.-G. Moser, Max-Planck-Institut fir Physik, Munich \‘

Pixel Detectors 5



m=E-KBiaFIIE (HL-LHC)

e 2025~20274% , LHCHZ AHL-LHC

e Y1Ycollisions/BC: ~30 — ~200

o IE[E=E: 134 — 5-7e34 cm2s"!

e AN ZE: 350 — 4000 b’

o 10/ZFEUEE : BHWNE. FFRlF. FHYPE

o LHC LRYIRMZZ
o IESMIBEIAE
o RENZTENERE , HPAIK
o FHREERIMAMIELRS

ITk / Run-2

10° T T T T 5 PU =140, 14 TeV
E vA;TLAS Simulation Preliminary ... Run-2 § > i H i f i
F I Loyout: 230003 ek ] g [ CMS Phasell Simulation
Single , p, = 100 GeV @ - — —*—ﬂ
10% = — é e é—ﬂ—
E E 5 o8 _D-:?%:
* E‘KM f : R
2 et ee e b e n e s Ve es g et E 06 L1 pTg > 20 GeV
1= \ , , — 0.4 E _D[E+ L1Mu (Run 1 ;onﬁguration +ME:1a unganged)
145 : - . il o ——0 < <11 (Q24)
"2 i 4 = lsh<24@20) .
0.8 0.2 el L1TrkMu (Phasell: muon hits in > 2 stations)
82 socf R ST - o e O —— 0 <|n|<1a
0.2 :GD_D_-D- s —a—l 11 s|nlsz4 ‘ | |
0 0 T -
I 2 ! ! 2 Tt 5 10 15 20 25 30 35 40 45 50
Simulated muon P, [GeV]
ATLAS ITk CMS L1-Trk
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-024/
https://indico.cern.ch/event/686555/contributions/2973782/attachments/1681171/2700986/Donato_CMS_Trigger_Phase2_2.pdf

ATLAS —HAI Tk 10 22

o £HERITIRNE (ITk ) BIMELRLTIRENEE (1D)
o EGEIFNERBEZMEIT: 1.7m2 > 13m?2 (5e9NIEH)
o RIAKIEEHEEIES 0(100) 42
o Sl BEIR RSB FEREA T sl ATias samanen T
o EIEHMATLAS H/LFHEMYMIEHE : Feskm ! T 1ppp "Ined Pusle

ITk Pixel

o XNMEEGRRIRNFHEEATLASEIFHRE
o (RIUN, TREREE X

o AR UEMIKZIT , HL-LHC—3¥E®D n=40
0 500 1000 1500 2000 2500 SOOOJ |5§5|00
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i’J E*%“BIU\E%WO% , NEIRERFBILEXERNGE
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https://indico.cern.ch/event/615961/contributions/26596 14/attachments/15
19776/2373630/PSD11_DavidClaire_NewStripsTrackerATLAS_v6.pdf

) O \> End-cap petals
N

Modules mounted
on core structures

Cooling loop
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T :
' Reception Test Hybrid Assembly
Hybrid PCB :ﬁ » Wire Bonding Burn-in
I | Gluing !
ASICs B Electrical Tests
I
I
|
] Module Assembly
Sensor : 1 > Wire Bonding Thermal Cycling
I | Gluing v f
Power Board - Electrical Tests Slimai‘rc)lr(:gre\t
|

\

o

Silicon sensor

~

Readout ASICs

ower board
_J

~ JHccstar
-bo

Sensor

Wire-bonds

DC-DC converter

~97mm

~97mm
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o HKBIAHEI L1000 M EEBEEMF RN JRR (FEEREBIRELYLI0FSK , HEFEARI10% )
e EEERRLAE. BIIREREK. SREFZMUEFIERA
o IFEZEL A ( ~80% ) MR [EZ, HEHTHSERSENNERAR

HERL TGN FBREH

_.ﬁi*ﬁ x2\

BT I




ERIFRIRIREIE

Calibration of glue amount Metrology of glue thickness
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e 6544KCMOSTZ
o BERT 50x50um?2 8 25x 100um?2

e RA53aflF/REIA A , RASIbHTFHREESF”
e ITkPixVx EEATLAS F{ERABIRIS3bMH

S|

=



*

ATLAS ITk

ITk Pixel




https://cds.cern.ch/record/2287593

o RAS3HIHAFIE HRE T HIBIEHRGRIR I

o HHERCmdiGAN , 160 Mb/s

o LHEIEm NG :*é]'ﬂf.?’ﬁ‘;")"\U%%iﬁi‘l‘

o CORBEHRMEMANFFIZIMEHES , BB HENIET
o [ikdatalgy , BE&1.28Gb/s

Figure 17: Schematic of Differential front end flavor. ™MD D W
l g ) . —L> CMD_DATA
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I“reAmp

b i il

—
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[ I .
L [ E% pu . 128 GHz| [N
Analog _ } - saapnil |,
Front End [/ Pixel Region PD_SEL[1:0]
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Ana-Dig Intf L - EN_coxz el .
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Config & ke Digital VCO_BIAS[9:0] bz
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Figure 31: Block diagram of digital core with multiple regions.



Rd 53§94 A\ #158 H

e Bonn KEFHIPAEHFIRIT Y CORBE , HEMAEF TS H -> WMHTHIEE
e Rd53a: A 7MECDRINIA G, AIERMEEIMRAS3bit HAVEIE(E M T4 BE
o IRBIMEFIEI T RA53bMIEEE -> ITKEIEER AR IRITINX AKE FRAS3bH ( BXE. FLEHT )

Rd53a+ new cdr Rd53b (ITkPixV1)

-600ps  -400ps  -200ps Os 200ps 400ps 600ps -400ps 203ps :

Rd53b ( ITkPixV1 ) t4eERSIFTF &‘&Rd53b” i’]\_ﬁ:_FRdSBa
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RDS3a

izt , 2019

RD53a FEB

https://confluence.slac.stanford.edu/pages/viewpage.action?pageld=24229540
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https://confluence.slac.stanford.edu/pages/viewpage.action?pageId=242295409
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ITKIIBIRERM RS : RUBERGDAQ

o WRIHIEEHARS

o DAQARIXIBLEIINFHER ; HillFERGEIRLEXEIDAQ

o Optobox ARIIHIRMEBFEMTHREFKZ ERA ( BLY ) (US15/USA1S)

e IpGBTHHAACERNESHA , ATRENAETHNREMIEER
o BARI BEF=E, AERE, I/ ZATTARNLR

o [ERZTIRFE HERAIRIRNFER

e BYEMIARIERREHRS

Detector-Volume

GBCR

*Inner Pixel Coupled Ring

Module Module Ring Ring ] Termination
flex H pigtail H PCB H pigtail H PPO HTwmax H board H Optoboard}

USA15
Readout
Elements
Electronics- A
Caverns
Experimental
Hall (UX15) C
A 4
Optobox

R2-4

L2-4

RO/R1

LO/LA

SLACZTT. Mz
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Electronics- Y
Caverns 1

ITkPixV1 + cables + GBCRv2 + I|pGBTvO + DAQ (US15/USATS)

Experimental
Hall (UX15) q

Lol |

Clk/Cmd

PP1

Power &DCS

o TMLWRABEIET : FNEEHRELFEESEL optoboard” @3 AFLERCE DAQ
o XRAFPFHFE (“FW ) Bt aBHEINIH

o R : 1) BNOARRERENEH RS ; 2) rBAKRN IEMEIETT
o WEBAZNAGRENF A, ARMMHRBHET RILAEM , EW

e RCE DAQ AJ#tpk FELIX DAQ
e Frhkoptoboard
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E 400 = ATLAS Simulation Preliminary ITk Layout — ATLAS-P2-1TK-23-00-00
= E n=10 n=20

350— Outger Barrel / Outer Endcap

=
"
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=}

\‘HH‘HH‘I[

WAL
WA T 1 |
Wy L 1

EFRdA53aMRARB TN ST

[ i = St
50 ZJILHATT | | | 1 4 +—Tnner Barrel and Endcap
T fipleeblEl T,

H‘HH‘HH'HH‘HH‘H\

o BEARAZKIEIREN , BTRIEHKRE. IMEL. AF. & Vo e o

ITk Pixel layout

REHERINZHRRS

e HFZEEH :
o IRINISEHEBRAY RIS T
o HIREHEENTESHN
o EHEZFESIET




https://indico.cern.ch/event/950039/contributions/4024821/attachments/2110067/3549321/ITK_Week IpGBT_emulator 25SEPT2020.pdf

Rd53af E F %k

Link Agg. Testing at SLAC Without FELIX

ZCu102

Revision C01 tested
* no issue found

* 3 boards available

* (One COO0 board at Gottingen, for joint IpGBT
emulator development)

2 IRy
A “\
= =

%

Front Vie

Communication between Aggregator FPGA
and backend DAQ « ZCU102 can readout Rd53a at full speed
> 2@sFRuptor63Gols(GIIY) through FMC interface or SPF+ to IpGBT
- 4 SFP, up to 16.3 Gb/s (GTH) svstern
™ Seone B e y- Retiming and Equalizer are essential

o Sideband configuration/monitoring ) g 9 } ) )

. « ZCU102 + linkAgg succeeded in running chip
o on-data path, slow controls only ] ] ) )
calibration with 3 Rd53a SCC in parallel
« 3 SCC in total at SLAC, more is better
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SLAC RCE SoC ¥& | RCE Gen3

EFEISoCERS , &
e £FR Reconfigurable Cluster Element
o Xilinx Zynqiti v : &7 ARM CPUSFPGA

o BAFE A4 EH &

® Ijjﬁb EE| . EE%IEJ

HF A FIEL, i0F20075F

R SR/ Otm [

" e
2 i
2 T o

. 2a — - - : e
Fulcrum Network Switch ~V®RMB

e Gen 3 (2013), based on Zynqg-7000 SoC

s HERRBEARMNATS : COB (ATCAYE )

HSIO?2

e COB (ATCA) : AJ% , tEgesR , BRTREHIELE

e HSIO2 : 5COBHARORERRINZIT , EARAF/NMNE (U0
RMBSFIRR ) REZSFHF &




SLAC RCE SoC ¥& | RCE Gen3

o ATLASSLIGZAbERE

e CSCEBFIXHAES (BEATLASEIREZREEERT i ni B e W
HETFATCAEENERS , 2014 ) e ey ,

e

o ATLAS Run2 EEGERNSBIBLEETETHRERE 7 | .y

#l Q/C

o [ ZRTHMEMMIELI KK, BYIRE.
PiF. NESSEHIF - LSST, HPS,
protoDUNE, LCLS




RCE HHFSLACEYFSEIEHPS

e The HPS Tracker Readout Electronics: continuous readout the SVT silicon detector modules

Front End Board RCE Platform
| o |ADC (|| [ Sample | . | Data | Data
RN | P> (R ([ Framing| |Reduction | |Buffer

A A
/ ‘,
e Timing& | | Event

Clocking & Control < / Tiizeac *| Building

High density vacuum e ROC
penetration TDAQ Application

https://confluence.slac.stanford.edu/display/hpsg/SVT+DAQ

3
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FRER 1 B R FF &

e https://github.com/slaclab/atlas-rd53-fmc-dev

e https://github.com/slaclab/atlas-rd53-fw-lib REplEEEn S nEe

Generic Drivers & SLAC Support Software

Trigiger Firmware / Software Interface
" Loop ” . .
—— Cmd ‘ SLAC Provided Firmware Modules
cmd MUX
| Gearbox g
AXI
|
: Data :_ I
batcher j = Aurora
m Gearbox

27



Rd53a: S HIDAQIEREXT EL

e RCE Gen3 (2013)

e would be useful for the Rd53a based demonstrator operation in early 2022

Digital Scan — Digital Scan — Digital Scan
110 sec 2.0 sec 1.4 sec

*2021 summer intern, E. Kowalczyk, MSU

e comparing with other DAQs at same scan condition

e "YARR DAQ can only run Rd53a at half speed, 640Mbps

digital scan 3.5 sec 1.3 sec 1.0 sec 20 sec
analog/TOT scan 3.5 sec 1.6 sec - -

threshold scan 100 sec 20 sec - -
28



CMSZ”H Level-1 ({44 ) 2L R R

Muon trigger

Calorimeter trigger

Detector Backend systems

Globang:sI;;r:meter e GIC;_‘:Z;;?CK Global
o ETHEFSRIZITIRNES ( Outer Tracker )
° CMSJ:%?E{&H ernal Triggers [ ]7
o BEIRIAEIE : 100 Tb/s { ]
® 4 l‘l s I*.l ;+E EE & i’)_]; E E Correlator Trigger
GT

...... Global Trigger

Phase-2 trigger project

o EE2017FHIRIFeA R

< Total L1 Latency ~12 us =
Collision L1
happens Tracks decision
e | [grecis] o | o
llusl 4us 6 us Tius?
Transmission || Level-1 track Global correlations, L1 physics | | Back to
to counting reconstruction objects , vertexing, isolation etc | | the
room detector
Tracks have to be reconstructed in <5 us

29



BFAMBG ZRNEEEALZ RS

SRS

AT

BRNEE B X
BMXIEH—SATCANERSIRKEER

CA (ScHBEIHEESR)

Tk | mER SRR EREIEK
L RAIEEFIAT S

FBIE. ink. TIizHl, EHeeREEF
CMS Phase 2: M uTCA IFRBEIATCAES

&IURB!

US NS

BN

Associate Memoryf5;%

« fEFermilabgyCDFIFRNIZE N F FPGAE{tE
- IRENTEFTA R EERYIRITMEL - RMERREIE
o SCRYXIELFFRVSITMET, , TRIEIRBIFTE R &E . {KFER

- BfFAMEREC R - BRI
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HIEIRERE

o ATCAITE¥ S

o SERIEER(E Tl iR
o 15 MRERIR , RIUTRIE , iR , BB RS

o Pulsar2b BRI EMERELR (RTM ) :
o FFEHATCARE

o RTMEUIR MBS R 48 2043
e 10MNQSFP+iENO , BHINTEAA4x10x10=400 Gb/s

o RInEUED REIXMMZITERE

®
o WFPGAXMR , SLMAMITIE

o FFPGARTEWRIREIEMIXDAMGE H

o EAMIGRAFMINZEI , EAMNFPCGAEIIAMT R , BT RSGE
RN

*Pulsar2bEBEIR L FITF ATLAS Fast TracKer (FTK) iR R5E



AR ETEN

o TERXRFFRERHENAIZEEFINIZ
THfEEIIRNZEEE  EVEERMERSR
A0 AR TR : 4.8Tb/s

BRETE®E . 2.6Tb/s

14: I£ EIU\Z_FPGAJ:i:?j_-
o AMEL , bt X ; MG , Texas A&M

 High Performance

o RIBEENE2.5us (HWE<IUsHIEX)

o ZEEH NCMS _HATracker TDR , i FENIMA

QU
AT



https://cds.cern.ch/record/2272264/files/CMS-TDR-014.pdf

Bl S B IR



https://indico.cern.ch/event/615961/contributions/26596 14/attachments/15
19776/2373630/PSD11_DavidClaire_NewStripsTrackerATLAS_v6.pdf

System unit: a sandwich

— Modules directly glued on both sides of a light carbon-fiber support structure

— Cooling system embedded (bi-phase CO, cooling at -35°C)

Cross section

«— Readout ASICs

Polyimide Hybrid —————> ! G
. | - Silicon Sensor

Polyimide Bus Tape —>«¢ ] _ Carbon Fibre

Carbon fibre Facesheet
closeouts o
(C-channels) : S

High Thermal Conductivity Foam Carbon Fibre Honeycomb Titanium Cooling Tube

=) Minimizing material
= short thermal paths ~3 mm
= reduced radiation length  ~ 2% [x/X ]

=) Simplicity for large scale reproducibility

&4 Core and electronic components individually testable before assembly 34/30



AM ASIC and AM in FPGA

VIPRAM ASIC

 Vertically Integrated Pattern Recognition
Associative Memory

— —

AM Emulator
e FPGA implementation of VIPRAM ASIC

Road fons
aaaaaaaaaa Road oa
e slatéen;n Serializati Address
IIIIII Ay - Logic —
Array
Clock "CAM Tier" 1O Tier
ooooooo ’/»
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8 Boards Installed in the Air-/~-Plane Shelf @ 10Gbps
L 3 L ) [}I (ﬂl [.]l @l [0]. [.]l (.]I @I [']l UI [.]I @I [.]I KQ]'
ATCA%E%}QL‘I‘-E FP GAEFF;F& m. (g, m. m. ) 8] m m [61 « (91 (0]. m. @. (01.

REZS5ATCARRBRIRIT , FAREUIL

o ATCAETIRSCMZE R NATCAHLGE B
o HHERIZITIIMNIXEEREIEEE NSS&MIC e IRE 1]

o FPGARIIAMIG FINEE , AFBEZRRTMAREDR

o EEEAMTS\J#EFEHH

o FIXYFPGAEMHRIR , RHFHNRINE L | RIEFEAMZOINEE
o I’iﬁﬁ%MSkEEﬂ?ﬁSk  BECRIZITEE

e 21st IEEE RTCIRE (21 FHEEEHEZ—

\
"Pulsar Ilb Design, System Integration and Next-Generation Full Mesh ATCA Backplane Test Results” , IEEE NSS&MIC, 2015 o P u I sar 2 b EE; E% *fj J& }EH 3: ATLA S FTk %‘i éﬁ . 36
“Impl tation of a High-Performance Pattern Recognition Associative Memory in an FPGA” , IEEE real time conference, 2018
mplementato 9 onit e v ' JINST 10 (2015) C04032

N =


https://comtel-online.com/wp-content/uploads/2017/10/Fermilab-comtel-backplane-test-results.pdf
https://indico.cern.ch/event/543031/contributions/2921444/

DAQ data transmission performance for Rd53a

640Mb/s 1.28Gb/s

YARR Yes ~10
direct FELIX - Yes ~10 xilinx IBERT tool, 2D eye-diagram
Optoboard + back-end DAQ - Yes 14 1D BER bathtub, step 50/100ps

RCE Yes Yes @ 1D BER bathtub, step 3.5ps

e Rd53a has poor performance for data transmission, but it’'s the only available FE for demonstrator
e Optoboard/optobox is constraint by the availability of CERN IpGBT chip

e RCE can drive the Rd53a pixel demo system at full speed, 1.28Gb/s

e full based on commercial ICs, the data transmission feature(FMC adaptor) can easily scale up to

ATCA format to support large scale detector, O(100) FEs

37
e full speed is crucial for testing the on-detector electrical service and stress test for FELIX DAQ



IpGBT + DAQ ( FELIXEZRCE)

o fESLAC , IEETRA53 + IpGBTERIAZRS ( linkAgg ) + RCE DAQER Gt A3 T izl BYRE (4 F0 [E 4
FMC+FPGA ATCA

o EIYRCE DAQ3XGRIRYS , FEIArgonneMESEFAFELIX DAQ ( RCERIFRHEITMASTTFELIX)
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