Summary of the recent progress

Two weeks discussions focused on the cabling & crates, for the electronics
rooms requirements

Thursday meeting indico: https://indico.ihep.ac.cn/event/23561/, 23622

Collected Background rate, detailed design of the detector, in co-consideration
of the FEE scheme, three major items were reviewed: data link, power, HV

With detailed design of detectors, the rough number of BEE/Power/HV boards,
crates, were given


https://indico.ihep.ac.cn/event/23561/
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An example of sub-detector consideration (ECAL) L
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The overall detector design: ~480 Module
(Dual-trapezium scheme), ~1000
bar/module

Current bkgrd estimation: avg. event rate
100kHz / crystal bar w/ threshold; Data
width 48bit/event (current ASIC scheme)

@Dual readout each crystal bar, total
data rate:
1000*100kHz*48bit*2ends=9.6Gbps, not
possible for 1 fiber for each module, at

least 2 fibers for each module

— For max. bkgrd rate@300kHz@Higgs, also needs
enough room

— Still waiting for the final bkgrd rate, heard to be
even higher (@Z)




An example of sub-detector consideration (ECAL)

 Data Link:
— Fibers: 480%2=960, -> 60 BEE Brds, 6 crates

 Power:
— ASIC: 15mW/ch, each module 1000*2*15mW=30W
» Within the capability of DC-DC power module
— Data Link + optical Power: 1W each

— Total Power: 31W/0.85%480=17.5kW
» Efficiency of the DC-DC: 85%

— Power chn 100W/chn, each module per power cable: 480 power chn -> power crates 10
« HV:

— Sch 1: one HV chn for each module, (limitedly) compensated in ASIC
— HY channels = module number =480, ->2 HYV crates

— Altsch2: HYV chn for each SiPM? Too many channels & too large control data volume ( X)

— Altsch3: HV chn for sub-region of a module, to compensate the temperature gradient
» Maybe much optimized than schl, but rely on the detector simulation
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BFEEFERTE —Status
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VTX-Data Link . ; c 5 :

F

Hit density Hit density Safe Cluster
1 |Layer (Hits/cm2/BX)  BXRate (Hz) (kHits/cm2/s) factor size
2 VTX-1 (Higgs) 0.65 1.34E+06 870 1.5 3
3 VTX-2 (Higgs) 0.43 580 1.5
. 4 |VTX-3 (Higgs) 0.09 116 1.5
[ =2 5 VIX-4 (Higgs) 0.08 110 1.5
S E@), 6 |VTX-5 (Higgs) 0.05 70 15
V : o 7 \VTX-6(Higgs) 0.05 68 1.5
- REETF1.5, MMEB{/FSOMW, AFE2Gbps/chip AFIBREE, %
Higgs mode XKLL EEE, EELREEARAMNELARSUKELAL,
SR (double sided) LU H 9 tafa
Lay Comment Data Chips/ Data Rows Links@10Gbps
er Rate/chip Row rate/row
1 Stitching 2Gbps 8 16G 2%2=4 2*4=8 (MEIE4ch)
2 Stitching 1.3Gbps 12 15.6G 3*2=6 2*6=12 (HREI4ch)
3 Stitching 0.27Gbps 16 4.3G 4*2=8 1*8=8
4 Stitching 0.25Gbps 20 5G 5*2=10 1*10=10
5 Ladder- 0.16Gbps 29 4.64G 25 1*25=25
sideO
6 Ladder- 0.16Gbps 29 4.64G 25 1*25=25
10
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VTX-Power Link

Laye Commen Power/chi Chips/ Power Rows Chip Power Power consumed Total Power/Layer
r t p Row Irow of Layers of BaSha (18%) (B F+54E) *1.18
1 Stitching  200mW 8 1.6W 2*2=4 6.4W 1.152W (6.4+4) *1.18=12.2
2 Stitching  200mW 12 2.4W 3*2=6 14.4W 2.592W (14.4+6) *1.18=24
3 Stitching  200mW 16 3.2W 4*2=8 25.6W 4.608W (25.6+8) *1.18=39.5
4 Stitching  200mW 20 4W 5*2=10 40W 6.8W (40+10) *1.18=58.8
3 Ladder- 200mW 29 5.8W 25 145W

side0 26.1W (145+25) *1.18=200
6 Ladder- 200mW 29 5.8W 25 145W

side1 26.1W (145+25) *1.18=200

FMNESEEHERIE—, SR IEMAEH200mW (40mW/cm?2 * 2.6cm*1.6cm)
*  @40MHz (BX=25ns), #0#Z15ns, IHFEIFRLASHEMM
- FENREE: RURSTIFESEED, FTHARYGERTR, BEAEEREEXRRAINFE

scaling down
 &BaSha DC-DC3FE #85%, NMIHFEHFHN18% (1+85%=118%)
- SITEREINFE: HEEOIWHEHRIEOFFH0.18W=1.18W

.+ BINFE449.8W (MIRIER—ITHEIREE, 5. BEEEAITERBEE@100W/chE[E, H3PRIR
BiE=1"MEENFHE) 1
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VTX-HV
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Preliminary readout scheme of Pixel TPC e

2.2mm

An integrated board with ASIC &
MPGD, N(now 4) for a module
0.5mm*0.5mm / pixel

Aggregatlon - Flber BEE ———G o—— \ Mbit-Timer) =
) . —_— -HV L o] Lg:lc from top-level =
Power-Link Brd ﬂ_"_ oy L 2 ©
P
S

Ramp&14 bit-Counter
(from top-level}

128 chn ASIC, Q+T measurement
142 .8k pixel/module — 1115 chip/module— 279 chip/FEE-0

Power:

Limit: <10 kW/endplate ~ 39.7 W/module ~10 W/FEE-0
35mW/ASIC ~ 280uW/chn

Data rate:

80 particles/BX, 12,000 hit/particle, 32(48)b/hit, @ 40M BX Z pole

~258 Module/Endplate 1 Module: ~100 Mbps(@ innermost)
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TPC Data Link

o PR 258FRMR*2imE=5164R1R
- BIERHIEZEI0MDbps~100Mbps, FE1570Mbps, KT HEREREES
- AR—
- BREMER—RAS, RETREYRS, BHIEMTXANGEIREFERE (BE)

- ATHEERRR, ETPCIRE XA HMBIRLCE, #—PRLANMGIREHE (BRE)
TR BB Data Rate/module Module/Fiber  Total Fiber Total BEE Total Crate
1 258%2=516 100Mbps 1 516 258/16*2=34 4
2 258%2=516 100Mbps 16 258/16*2=34 3 1

« BRAR—ERERRALR, ERRRAENTREESRETELE
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TPC Power

. EBTPCENIRZ10kWINEE
— 258MMRREFANIHFEISW, M EHBEEEOFEE1.18W, NIASTF40W
- BRBENARETRE#EI00W

. g)ﬂﬂuﬂamwﬁ%}ﬁﬁiﬁzsy\ Hs516iEE, BEFENHERNEESMoNENE

. BEBERFENSIGEY, SWEIASENE Q4EE) , #44
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Data aggregation| ~ Qptical  Optical fiber
Data Link convertor

. RARDC-DCIuTER
fEmodule

Barrels Modules/Stave Modules
ITKB1 7 40 280 3920 1.6 m?
ITKB2 10 58 580 8120 3.2 m?
ITKB3 14 96 1344 18816 7.5 m?
Total 194 2204 30856 12.3 m?
| Endcap  liperSecto)) 2 | 3 | 4 | Tota |
Ladder Type 6 8 15 12 18
Ladder Number 7 10 18 15 1600
Chip Number 48 98 260 236 20544
Active Area (mmA~2) 20181.03 42796.32 116080.28 106081.77 9.12e6
Module Area (mm~2) 23184 47334 125580 113988 9.92e6
Power Consumption (W) 46.368 94.668 251.16 227.98 1.98e4
Avg. Hit Rate (Hz/mmA2) 3.9e2 1.6e3 8.9e2 2.4e2 -
Data Rate (Hz) 2.89%e8 2.42e9 3.58e9 8.75e8 2.29e11

16



ITK—Data Link (§Z8)

Hit Rate Conclusion

HVCMOS Pixels (Barrel) CMOS Strips (Endcap)
Pixel Size (Strip Pitch Size) 34 x 150 um? 20 um
Chip size 2X2cm? 2.1x2.3 cm? ITKEL ~ 500.5 75 240 3.9 23
(active area: 1.92x1.74 cm?) (active area: 2.05x2.05 cm?) TKE2 715 101.9 350 16 38
Array size (Strip number) 512 rows X 128 columns 1,024 ITKE3 1001 142.6 600 8.9 75
Spatial resolution g, ~8 um (bending), 0,40 um  0,~4.2 pm (bending), 6,~21 pm ITKE4 1500 213.7 600 24 6.3
Timing resolution ~3-5ns ~3-5ns e 406 1810 03 35
Data size per hit (1 readout) 42 bit (14b BXID, 7b+9b address, 32 bits (10b BXID, 10b address,
P 6b TQT, 5b fine TDC, 1 polarity) 6b TOT, other 6 bits)
ITKB1 240 500.5 1 4.6
Data rate per chip MaX|mum ~0.1 .Gbps* Maxm.'lum ~0.2 Gbps* ITKB2 350 715 21 M
(pair production) (pair production)
ITKB3 600 1001 2.1 27
LV / HV 1.2V / 150V 1.8V/150V R [P 0.7 0.9

* Maximum hit rate: barrel~4.1X105, endcap~7.5 X105

S g =T
TKB Bk ARTEHN SATHEEE  Akersitn suaki - [TKRETEHRERRS,
bl # (Hz/cm?2) Mbps ZMbps (14 $EMbps BRILBFFRGESOHE
(42bit+4cm?) TR (1485 it, BIERBEERE (B/D? )
- EBRARENEE, ks
CMOS Strip/5 £ 4HA
2 580 21k 3.53 49.4 964.3 . FEERAELR: 24714 chips
A . -

3 1344 21Kk 3.53 49.4 635.0 . E'\W;EE ﬁﬂﬁj&&jﬁgﬂﬁ
Eﬂ@& KA£2204, TRBES I IEiRR B10GbpsEH—EHE, 7
B FR RS 18+37+84=139i;e, MEE144, inE i AIBIER AR

1 280 10k 1.68 23.5 108.2

sl



ITK——

Power(8EB)

X .

Technology Survey and our Choice for ITK: Option 1

CMOS sensor technology:

+ Cost-effective due to widespread use in the semiconductor industry

+ Combine the active detection layer and the readout electronics into
a single device

HVCMOS pixels:
» Large depletion depth (full depletion), large signal
» Radiation hard

* Relatively large capacitance, leading to increased noise and power
consumption

New HVMOS (COFFEE) plxels R&D for CEPC:

+ Utilize e 180 nm used in ATLASPIix3
ore functionality and less power consum
+ Wafer resistivity: 1k-2k Q-cm

* Pixel size: 34 x 150 pm?

* Array size: 512 rows x 128 columns
» Power consumption: ~200 mW/cm?

- WS HRINFEZ200mW/cm?,

- SEREEIE: HEEOIWHEHEIEREOFFEH0.18W=1.18W,
- ERIFPRMHLEFE, BESMIR—IRIFERE
4322041BEEIRE, MNBIEHHFIL6+13+28=474

» ATLASPix3

« TSI 180nm HVCMOS on 200 Qcm
substrate

« Pixel size 50 x 150 pum?
« 372 rows x 132 columns
« 20.2 x 21 mmz2 reticle size

« Each pixel has 7-bit TOT + 10-bit
timestamp

. Continuous / triggered readout with
8b10b / 64b66b coding

« Power consumption ~160 mW/cmz2.

| ITKB &R

PR
-/

280
580
1344

BRORY ®BREBE SELDE (&

FEFE (W) OEIhE

(W)
3.14k 280
6.50k 580
15.1k 1344

BMERI4ER, BREFEALIL2W

©it14.4W

Fr+¥48) 185%

4.02kW
8.32kW
19.29kW

- BEZ50~200VEE, ERERMIIBT, MEEREERE K204, E101TFENE
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ITK— R FHh—in s

- BEMNERASKladder iSRRG
& i position * SB—R: 9+9+8+7+6+5+4=48ithFy, 7% ladder
/ / opaum ¢ BB 13+13+12+11+10+10+9+7+7+6=98x Fr, 3£105%ladder
/ OTHEM . ST 17422422421420+19+19+18+17+16+16+15+14+13+12+12+10+8+8=29975 H
3t19%ladder
o FHER: 15+21+22+21+21+19+19+18+17+16+15+14+13+12+11+11+9=274itx Fv, 3£
17%%ladder

//22.50 . BMBESIPR, SEBENA REEEL SERES
s
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ITK——Data Link (¥f35) B

Hit Rate Conclusion

EEEEEET B M (T

ITKEL  500.5 23 Ladder Type
ITKE2 715 101.9 350 16 38 Ladder Number 7 10 18 15 1600
B e 600 8.9 75 Chip Number 48 98 260 236 20544
'CT:Z §§§§ = 16801% z: z: Active Area (mm~2) 20181.03  42796.32  116080.28  106081.77  9.12e6
Aege T e p— Module Area (mmA2) 23184 47334 125580 113988 9.92e6
-Mm o "'"/‘c""‘zl Power Consumption (W) 46.368 94.668 251.16 227.98 1.98e4
T — — Avg. Hit Rate (HZmmA2) 3.9¢2 1.663 8.9¢2 2.462
ITKB3 600 1001 2.1 27 Data Rate (Hz) 2.89e8 2.42e9 3.58e9 8.75e8 2.29e11
ITKE Laddert z:;aailzi@vr%fcg PN BEYCES TR ERERKTHEE SEERE Ot
RKSH#E  (Hzlem?) (Hz/cm?2) Mbps Mbps “FH0
1 9 39k 230k 47 .2 278.4 7*8*2)=*2=224
2 13 160k 380k 279.7 664.3 10*32=320
3 22 89k 750k 263.3 2218.9 19*32=608
4 22 24k 63k 71.0 186.4 17*32=544

inmMIFISERHETR, NEE EBSREBFATENN, SiZBE ERFSH
AR BXEBHIRIBIHT, BRRPEREESAARDEERE, REMER—RAEAEE
RSB 224+320+608+544=1696, &fFimtR1063k, #HFH121 QMAIXTFR)



ITK——Power (iimEs) =

Technology Survey and our Choice for ITK: Option2 | ® ﬁﬂ"ﬁ%ﬁ}#ﬂ]ﬁé’\]SOkamz, ﬁ/l\i'é,'(H'336mW
CI\AC()SSoSsTeSfo’;;ei\iZZOL:th\(IJ:widespread use in the semiconductor industry ; ° Laddertmﬁ%dﬁ-%7'39w - DC-DC%E

+ Combine the active detection layer and the readout electronics into a single device ,\xf’

C - SEDRBEATHY (SfladdeBw)) FEREK
* Less expensive and relatively lower power consumption § —Fl n ’LD\ N a er
Simpler readout with fewer technical barriers

ECmp able ibtt ptll It. gg 9‘51'-'-
et ¢ - DhESLIHLIkW, EHRRINEEIR, BEEEZEXE
iR AECEN, MR RIRIEE, RESMER

MATEE, HAME (SFNigEEA2PNE)
- BEREEMSITE (50~200V) , H16965EHE
B8EENE

ITK Ladde Ladder i ®SBEXE SRXEGEED SEXLSIFE SEBME HEYREE (%
E ik BATHE X REURE GHE+EEE)  (X8X2E BX4%iH)
Fuyay (W) ¥ (W) (BPgmXERED +—85% X 2f1)
# (W) (W) (W)

19 3.02 48 16.1 7 . 870.6 1X 32
13 4.36 98  32.9 10 50.5 1616.0 1X 32
22 17.39 299 1005 18 139.4 4497.4 2% 32
22 7.39 274 92.1 15 196 4105.9 2% 32

a
etween 2h|f|y s. Drawback: it requ
CMOS Strip Chip (CSC) R&D for CEPC:
Utilizes 150 nm process, based on CHESS for ATLAS ITK strip sensor
. Wf t ty 2chm

iy / L
+ Strip pt h : 20 um U L i N
» Strip number per chip: 1024 : &
+ Power consumption: ~80 mW/cm? k - Lgb

A W DN
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OTK Barrel Design

Endcap design

* Hit rate estimation: maximum ~35k Hz/cm?

OTK barrel:
R=1800 mm

Layout design (total area: 70 m2):
* 90 ladders
* Each ladder has 42 modules
* Each module has 28 ASICs
* Each ASIC has 128 channels

¢ Update the sector module design with new HS design

* 400mm - 1800mm: 720 modules Endcap design in the CEPCSW

v' 5 inner rows with 1 sector module
v' 5 out rows with 2 sector modules

Module
140 mm x 160 mm

Ladder

Ladder (42 moduels)

Sector Module

o Overlap to reduce the dead area
v 24 petals/layer
v 10 rows/petal,
v 7.5° per petal,
v Overlap 0.5%/petal

©140 mm / row at R direction

High time precision ASIC:
* Datasize per hit (1 readout): 40-48 bit
benang * Low power consumption

FLEX cable

PCB

L ACEGAD e Fast timing

"~ Carbon fiber board 23

LGAD ele layout /5 &

ey - A AEXEE, BARNECPERIR

(]

T e e SILY
| — Ladderisit

Mg . BEERMKBETE, TEREK. K
MRS R

|l«—

Power,HV, Clk.Data,Control Z iR

980mm 4’1
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OTK-Data Link “E

e
Hit Rate Conclusion LGAD ele layout 5 5 » N
T, s/ \ %Em
erage hit rate Max hit rate /_,,,r-x""’;,fg / \ \EE&\\
z/cm2. [1074 Hz/cm"2] e / \ . —
—gre Hl (] (] (] [ o]

ITKE1 ~ 500.5 75 240 23 I I I 4 e I L I

staves - =% mi
ITKE2 715 101.9 350 16 38 ost T \_Hmmm - o | B4 5880
ITKE3 1001 142.6 600 8.9 75 s
ITKE4 1500 213.7 600 2.4 6.3 m m N ascEm - wa [ 2Eh
OTKE 2903 406 1810

tel:2903%20406%201810%200.3%203

ITKB1 240 500.5

ITKB2 350 715 41
ITKB3 600 1001 21 27
OTKB 1800 2000 0.9 Z AR Biss

Power,HV, Clk,Data,Control

o OFABIB{ALTE: 48bit/event —
. FEER:

— RAEONMNTF=FCER, HRI7modules (1 stave) , ff7*28=1961t: ), HIREHIIESR
7kHz*14cm*14cm*48bit=65.9Mbps, UE{EIKHz—84.7Mbps, IR ALFHEOEHEZE461.3Mbps/1355.2Mbps

(F50EE) , EETIRE
— —%stavedt6 ladder (63E4F) , F£90%Estave, BIS40LF, IR3REIRIR, 44158

o U %. (%ﬁ/ﬁ%)

— PRiRE3L48Pedal, EPedalit10B it 15sector (PISE 14 sector, INSEE 24 sector) ; EEFR19.4m2, FPedalHFH
4041.7cm?, FIIBABFRIKHZz*4041.7*48bit=582Mbps, UE{E35kHz—6.79Gbps; HRHFH—FHIRBE 4 SectorIeh B F 4T,
Eﬂﬁﬁﬂ"ﬁﬁm Bi#EEESTIHE, BARIERERRFGHETE

—  PFAfll48pedalit720sector, BI7203%¢4F, XR4SREIRIR, S (SMmE=RISAEIUE)
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OTK-Power L

« A SIEEE20mW/ch, B F128iB18, RINFE2.56W

° *ﬁﬁ; . Data rate / petal
— 3£90%Ladder, —%Ladder3t6 stave, 7module/stave, 22ASIC/mo
- BN ERINFES6.32W (DC-DCIHER
— $90X 6X 7X22=83,160 ASICs, YEINFE212.9kW -

— T MadderAEEOFETHFEIW, 540 ladder, 0.54kW

— EEDC-DCHES5%, HINFE251.1kW : .

~ BPMERMMIANERIFERE, MM37808RREE, H798IEHE E— . S
o+ ImEs '

~- M FREH TASICRE{EH, EPedaldt240 ASIC

— PR ES1t48Pedal, £11520ASICs, FIhFE29.5kW

— B sectorEFFINFEIW, 3£0.72kW

— EEDC-DCHES5%, BINFE3S.6kW

—~ ﬁ’l‘;ector%‘f&l/l‘lﬂﬁiﬁiﬁ, SR 7208FiEiE, E1SEEFENAE GRmlinsIsIHHER
J16
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OTK-HV

- EEEBmodule 7, HFEREEMIIAIA, 150~200VE
. ¥HEB
— 90X 6X7=3780f=}R, FR3780FEIRIE, S17T=ENFE
.Ll.l.li
[ !ﬁﬁm

— H720sector, FM360iEIE, FMI2EENE, H4SENE

[
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ECALHL 25 {5 e - BERBEAXKEHNEFHZRI00kHZz, BB
i F548bit/event

« ECALFAHR, IFBEEHEAT

o BIUBCR: Phi: 32, Z: 15, JtasoMLER N = 7 .
T © BIERI00EFEHER CFH) -
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HCAL-Data Link#53
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HCALHE 45 4 55
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o B FEEARRT
* Z[]: 60cm (15cell)

* Phila]: 24cm (6cell) , 28cm (7cell) ,
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HCAL-PowerfE & S
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Muon (EEHT) w3

Channel/Module | Readout Hit rate/Hz Data format Raw data rate /
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A
TOTEM
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TOTEM

RAMSES
Access
ASSM
ASSM
ASSM
ASSM
ASSM
ASSM
ASSM
ASSM

Fire Det.
Fire Det.
Fire Det.
Fire Det.

TK.
TK.
TK.
TK.
TK.
TK.
TK.
TK.

TK LV Mon

csc
Csc
Ccsc

Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl
Ctrl

Hv
HV
HV

BCAM

Rack Pwr

B
TOTEM
TOTEM
TOTEM

DAQ
EB HV
EB HV
EB HV
EEHV

Presh. DCS
ECAL LV

ECAL LV

Presh. LV

Rack Pwr

Rack Pwr

TTICPCs
TK PCs
TK/Pixel PCs
TOTEM PCs

- (UHER

Hr
 DAQ., 2

R HE

CASTOR HV
CASTOR HV

HCAL DCS
HCAL DCS
HCAL SrcDrv

DAQ
TK. FED TIB+TID
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TK. FED TEC-
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TK. Ctrl
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FHFESE

C

DAQ

UX DCS

HPD HV
HPD HV
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HPD HV
HPD HV
PMTHV
DSS

DAQ PC
DAQ PC
DAQ PC
DAQPC

Upper

e

C
Presh. ULR
DAQ
DAQ
TK. FED TOB
TK. FED TOB
TK. FED TOB
DAQ
DAQ
TK. FED TEC+#
TK. FED TEC+#
TK. FED TEC+
DAQ
‘Work Area
‘Work Area
‘Work Area
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Floor
D
ECAL spare
ECAL ULR
ECALULR
ECAL ULR
ECAL SRP/TST
ECAL ULR
ECALULR
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DAQ
FRL PC
X
X
Presh. Misc
Presh. Misc
DSS

DAQ Switch
DAQ Switch
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DAQ Switch
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<-- Passageway -->
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DT TrkFnd
DT TrkFnd
DT TrkFnd
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FRLPC
DT HV
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E
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Netwk
Netwk
Netwk
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E
TK. FEC
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%TTC
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v

F
HCAL HTR
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EBE Lt Mn
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DSS
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HCAL PCs
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ECAL FED PCs

F
TK. FEC
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RPC Trig
RPC Trig
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DAQ
X
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‘Work Area
‘Work Area
‘Work Area
‘Work Area

L210M4E,

G
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EBE DCS
Presh. HV
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EE HV
Presh. DCS
ECAL Cool
ECAL Cool
ECAL Cool
EE Misc
DSS

Spare PCs
Trig PCs
Muon PCs
Align PCs

G
DT/RO/SC
Pixel FEC
Pixel Ctrl
Pixel FED
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DAQ
CSC FED
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CSC FED
DAQPP

MEl/1 HV
Dss
Work Area
Work Area
Work Area
Work Area
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DSS
DSS
DSS

UPS PCs
UPS PCs
UPS PCs
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RPC B HV
RPCB HV
RPCBHV
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RPCBHV
RPCBHV
RPC E+HV
RPC E+ HV
RPC E-HV
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Work Area
Work Area
Work Area
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CMSHIIELAL SR FHET

Rack Layout in USC55 (version 5.6)

Both floors are shown. Racks are installed out to #11, 15 on S1,2. Row A is closest to 1

5 JARS

Ee sh att RacEs 0 (S1) and 1

b/
?aﬁrl%cgto the mte

P

Rack rows are spaced 1.5 m front face to front face (B-C,D-E,F-G,H-J)) and 1.0 m rear face to rear face (A-B,C-D,E-F G-H,J-K). *There is a 30 cm optional gap

hetween racks 8 & 9 (and 17 & 18 on S1) to imprnvp access over an underfloor structural beam #There isa 30 cm gap hetween racks S1C08 and S1C09 and also

between ST1F08 and S1F09 for a vertical structural column. %There are holes between the floors located at EO5 and FO5. RED RACKS HAVE CRITICAL LENGTH
FIBERS TO THE DETECTOR. GREEN RACKS HAVE NON-CRITICAL PATH FIBERS TO THE DETECTOR. DAQ RACKS ARE BLUE. GREY RACKS ARE RESERVATIONS.
Definition of abbreviations. Information about racks. Rack Wizard (rack entry tool).

+Z

00
01
02
03
04
05

06
07
*08
*09
10
11
12
13
14
15

TK. Ctrl
TK. Ctrl
TK. Ctrl
TK. Ctrl

TK. Ctrl
TK. Ctrl
TK. Ctrl
TK. Ctrl
TK LV Mon
CSCHV
CSC HV
CSCHV
BCAM
Rack Pwr

DAQ
TK. FED TIB+TID
TK. FED TIB+TID
TK. FED TIB+TID
DAQ
DAQ
TK. FED TEC-
TK. FED TEC-
TK. FED TEC-
DAQ
TK. Ctrl
TK. Ctrl
TK. Ctrl
TK. Ctrl

Lower Floor
C D
Presh. ULR Presh. ULR
DAQ DT TrkFnd
DAQ DT TrkFnd
TK. FED TOB DT TrkFnd
TK. FED TOB CSC TrkFnd
TK. FED TOB CSC TrkFnd
DAQ FRL PC
DAQ DT HV
TK. FED TEC+# DTHV
TK. FED TEC+# DT HV
TK. FED TEC+ DT HV
DAQ DTHV
Work Area DAQ PC
Work Area Work Area
Work Area Work Area
Work Area Work Area

<-- Passageway -->

_h:ttps://cmsdoc.cern.ch/~wsmith/USC55_racks_v56.html

(Zone S1)
E
TK. FEC
Opt.Cpl.
TTC
%TTC
Global
%Cal Global

TTS
TTS
BPTX
LHC
BPM
DSS
Work Area
Work Area
Work Area
Work Area

F
TK. FEC
RPC Trig
RPC Trig
RPC Trig
RPC Trig

%RPC Trig

DAQ
X

BRM#
DAQ#
DSS
DSS
Work Area
Work Area
Work Area

Work Area

G
DT/RO/SC
Pixel FEC
Pixel Ctrl
Pixel FED
Pixel FED
DAQ
CSC FED
CSC FED
CSC FED
DAQ PP
MEL/l HV
DSS
Work Area
Work Area
Work Area
Work Area

H

RPC B HV
RPC B HV
RPCB HV
RPCB HV

RPCB HV
RPC B HV
RPCE+HV
RPC E+ HV
RPC E- HV
RPC E- HV
Work Area
Work Area
Work Area
Work Area

-Z
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Table 1.2: CMS Phase-2 detector projected data links, ATCA back-end configuration and event
size summary. Data are obtained from the technical design reports wherever possible. Average
throughput estimated from event size assuming 750 kHz Level-1-accept rate.

Subdetector Front-end Sub-event Back-end Back-end Average Notes
IpGBT links? size (MB) boards crates  throughput ( Tb/s)

Outer Tracker 13000 1.15 216 18 6.90 !

Track Trigger 0.01 18 0.06

Inner Tracker 1260 1.44 24 4 8.64 ()

MIP Timing Det. - BTL 1000 0.02 11 1 0.14

MIP Timing Det. - ETL 438 0.04 5 1 0.22

ECAL Barrel 10000 1.58 108 12 9.49

HCAL Barrel other 0.24 18 2 1.45

HCAL - HO legacy 0.03 - 1 018 (9

HCAL - HF other 0.06 - 1 0.36 (%)

Endcap CALO 8 000 2.00 108 9 12.00

Endcap CALO TPG 9000 0.20 144 12 1.50

muon DT 3840 0.13 84 8 0.78

muon CSC other 0.20 - 2 1.20 (%)

muon GEM - GE1/1 other 0.002 - 1 0.01 (%

muon GEM - GE2/1 144 0.001 8 1 0.01

muon GEM - MEO 216 0.12 12 1 0.71

muon RPC other - - - - (“)

Levell 0.15 120 14 0.90 )

Total 7.4 >858 >106 +

o PEIRCEEEX L, NAELSBMEREITTEERNGE
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Requirement from Sub-Detector

Channels per
chip

Ref. Signal
processing

Data Width
/hit

Data rate / chip

Data
aggregation

Detector
Channel/module

Data Volume
before trigger

512*1024
Pixelized

XY addr + BX
ID

32bit
(10b X+ 9b Y
+8b BX + 5b
chip ID)

1Gbps/chip@
Triggerless@
Low LumiZ
Innermost

10~20:1,
@1Gbps

2218 chips
@long barrel

2.2Tbps

512*128
(2cm*2cm@34u
m*150um)

XY addr +
timing

48bit

(9b X+7b Y
+14b BX + 6b
TOT + 5TOA +
4b chip ID)

640Mbps/chip
Innermost

1. 1-2:1 @Gbps;

2.
10:1@O0(10Gbp
s)

30,856 chips
2204 modules

2Tbps

Hit + TOT +
timing

32bit

(10b chn ID +
8b BX +6b TOT
+ 5b chip ID)

Avg.
1.01MHz/chip
Max.
100MHz/chip

1.10:1
@Gbps
2.10:1
@0O(10Gbps)

22720 chips
1696
modules

22.4Gbps

ADC+TDC/TOT+TOA

40~48bit

(7b chn ID + 8b BX
+9b TOT + 7b
TOA+5b chip ID)

Avg:
26kHz/chip @ z pole
Max: 210kHz/chip

@z pole

1.10:1
@1Mbps
2.10:1
@O(10Mbps)

41580 chips
1890 modules

1Gbps

ADC +BX ID

48bit

(7b chn ID + 8b
BX + 11b chip
ID + 12b ADC
+ 10b TOA)

~70Mbps/modu
le
Inmost

1.279:1
FEE-O
2.4:1
Module

258 Module

18Gbps

8~16

TOT + TOA/
ADC + TDC

48bit

(8b BX+ 10b ADC

+ 2b range + 9b
TOT + 7b TOA+ 4b
chn ID + 8b chip ID)

<4.8Gbps/module

1. 4~5:1 side brd
2.7*4 ] 14*4 back
brd @ O(10Mbps)

1.1M chn

164.8Gbps

8~16

TOT + TOA/
ADC + TDC

48bit

(8b BX+ 10b ADC +
2brange + 9b TOT +
7b TOA+4b chn ID +
8b chip ID)

<4.8Gbps/module

<10:1

(40cm*40cm PCB —
4cm*4cm tile — 16chn
ASIC)

6.7M chn

14.4Gbps
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A summary of FEE power

Detector
for readout

Main Func
for FEE

Channels
per chip

Voltage@c
hip

Power@ch
ip

chips@mo
dule

Power@m
odule

Other

CMOS
Sensor

X+Y

512*1024
Pixelized

1.8V@180n
m
(1.2V@65nm
future)

<200mW/cm
2
<0.8WI/chip

10~20:1

8~16W
@1.8V
4.4~8.9A

BHETID
7.3Mradly @
HLumi Z

HVCMOS

XY + nsT
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