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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@0(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 +BXID

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

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

<4.8Gbps/module

<10:1

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

6.7M chn

14.4Gbps
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" | Det-AsIC \:\ FEE(Customize) Rad-tol

' Data Aggregation &

| - | ggregatio :

: Det-ASIC \:\ Data Buffering & Data Interface Optical

| | Event Buildin (ChiTu) Module

.| Det-ASIC — ven & (KinWoo)

| / (TaoTie)

.| Det-ASIC |

1 7'y I

et St | Fiber

DC-DC - LV DC-DC - MV
1.2/2.5V < 12/48 V (Only)
(BaSha-LV) (BaSha-MV)
|
Power Cable
Common subsystems (data buffering, aggregation, Trigger ost Trg |
.. ! Comm-Brd

transmission; powering) BEE
Det. specific ASICs waiting for detector final choices. DAQ F | Comm-Brd
A common BEE hardware, configurable for individual Slow Ctrl Non Rad-tol

subsystems.

TDAAQ interface is (probably) only on BEE

Common platform



An overview of the Sub-Det readout electronics =

new-Px | | new-Px Flex  VIX | pcpc « All sub-det readout electronics were proposed
' T emerer | =l e LT based on this unified framework, maximizing
- possibility of common design usage.
!. D EEE__. :4.. -'-...'_. ey
L : : TRK Power
I I | ASIC < > ASIC |
W . 8 I | | :
o e : i ASIC ASIC DC-DC Fiber
O Ry i Aggr.
S I = = ] ] Optical ] ]
¢ N 1 Data
e CEaline e - -
Aggregation- *  Fiber BEE
Power-Link Brd
. . Aggregation board
Optical Data Link Data Aggr. ASIC ASIC ASIC ASIC ASIC ASIC
I opt Link - Data Ager - e imimim e do mmmmimim e
ECAL Aggr. Brd @Backbone | DC-DC :
1T S M M . SR P SECEE e I S
ASIC ASIC | | ASIC ASIC Data Aggr. Socket — .| pcope |- Distributi Data Link | Data Aggr. Data Link | Data Aggr. Data Link | Data Aggr.
L STDUTIon Pwr Filter / \ Pwr Filter / \ Pwr Filter / \
ASIC ASIC | | ASIC ASIC Data Aggr. Socket
E ASIC ASIC ASIC ASIC ASIC ASIC
ASIC | | ASIC | | ASIC ASIC Data Aggr. | | Socket H CAL
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The proposed framework was
based on the estimated
background rate of all sub-
det.

In case of under-estimation or
unexpected condition:

Additional optical links can
be allocated to the hottest
module.

In case the background rate
is too high for FEE-ASIC to
process, Intelligent Data
Compression algorithm can
be integrated on-chip, for
the initial data rate
reduction.

Ref: TDAQ talk by Fei Li
Tracker trigger

|
Detector Backend system

Muon c 'I'la(_i"orl CEllect_romc Vertex
Backend alorimeter alorimeter Backend P
Backend Backend
t | 4 1_ 4 | 4 44
Hadron Electronic
Mu‘on Calorimeter Calorimeter
sub-trigger sub-trigger sub-trigger ool
oca
~N

Fast Trigger —l

Global Trigger GT
Fastftrigger LO
Y.
L1A, CLK, BCO,orbit Fast trigger LO
TCDS
orbit signa ‘,T I Accelerator clk CEPC Trigger structure

The conventional trigger scheme can always serve as
a backup plan, with sufficient on-detector data
buffering and reasonable trigger latency, the overall
data transmission rate can be controlied.
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- TS
— ¥REI+H4ELow LumiZ, BHHEIEZE~1Gbps (@30MW, Higgs Bunch Spacing@592ns)
— WNREFTESOMW ( Higgs Bunch Spacing@355ns) , Hit Density S R HIERIGIEILE
o ~2Gbps — ESRIPELL
« ECAL
~ AEEFER, BEbar=EflZE~700kHz
~ RMEMER, EbarEfHiZE~100kHz
- Q: SHAvsEEES M, SEVIRERETSBRFFEHAFRTEEAE?
— HEh#E@15mW/chn (55 RN BHFEELNRFSRFHGCROCH—E) , Baigs
H—EMUENBERT GHRI)
« OTK/AC-LGAD TOF

— YHBIIHFE@20mW/chn for 30ps
—- ETLHETDCHRERR, AA—TMILIIFE

. mﬁim};
— BaiisRD BEHETREG GHEEASTE) , ATREEHARERKPE
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By Di Guo@CCNU

Control ¥

Clock
|| D-Link | ‘[ l TIA ASIC
D-Link Downlink | - O
F ro nt'e nd Data —|| D-Link w Decode De-seriali;ta_r_CDR - \3_1: @ < — Ba Ck-e n d

D-Link -

Pre-Aggregation Uplink Directia

£ N\ a
D-Link Phase Encode ..
ASIC . Aligner — ceramble Serializer > . _T
D-Link L

Array Laser Driver ASIC
Pata Optical Module(Array form)

\_/ L7 12C Configuration

l

Fixed data rate
Fixed data channels
(may vary in limited options)

=

Yy v Vv
OlO o|o]|:

yvYyyvwvw

Different data rate and
channels from

different detectors More GBTx ASIC

#% -TaoTie FR%-ChiTu 45 .KinWoo

Pre-Aggregation ASIC (TaoTie): Intend to fit with different front-end detector (different data
rates/channels)
GBTx-like ASIC (ChiTu): Bidirectional serdes ASIC including ser/des, PLL, CDR, code/decode ...

Array Laser Driver ASIC + TIA ASIC + Customized Optical module (KinWo0) 8
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o BEFHIRFARIR: 4Tx + 1Rx, 4Tx + 4R, ...

« EREFIRNBEER SR BFIRPDXE _RE
- ERAENRRREBESEYT (BhRE “5T7)

« FBREALCRARES, ERAMTPESL
- EEHEES
* CERNEYEZHAVTRx+ EIAEN T TR KRR (RAT4Tx + 1Rx)

B TSI RR AV R 4 FF E AR E R

- ERSES/NDAERE SmmEAH

- EHRFEEEEANBERL, EREFNAERAIBOERERYE
ffldn: {FEHA— 4Tx + IRxEER
F1TiEE 4 x 10.24 Gbps/ch
— AN EARRAT R R 450 GBTxity F,
fRR 4 x HiimIBER B

EFpEs) s CERN VIRx+JGHRER
JeAEE 4Tx (4Tx+1RX)
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12V (FEASTZ, linPOL12V)

=10-11 V (bPOL12V)

—

Stage 1 DC-DC:

FEAST2 or
bPOL12V

Linear
regulator:
linPOL12V

Stage 2 DC-DC: A

BV

bPOL2V5

Stage 2 DC-DC: M
bPOL2V5

Digital

Analog

25V .
id Optoelectronics

1.5V=-33V

g Slow control

Ref. F. Faccio, FEAST and bPOL status and plans,
2020

Detector Hall

Elec room

]

CUSTPolmodule+ |[48V/12V DC| custpcnc | 280VDC | commercial | 480V AC
CUSTPowerCtrller 20m PowerCrate 100m Power Supply
1M rad 1.2v/1.8V DC 10~100k rad 0 rad
FEE Powering Serial Powering/LDO...7?
(TBD)>

Point of Load
(POL)
Supply

Intermediate Bus

Supply
(1BS)

Front End

Supply
(FES)

240 Vac

400 Vdc 12 Vdc 1.2 Vdc

A 400V to 1.2V chain, lower power loss on cable

 The GaN transistor has been a game

changer in recent years, enabling DC-DC
converters to achieve ultra-high efficiency,
high radiation tolerance, and noise
performance comparable to LDO.

also enables high voltage power
distribution, for low cable material and low
power loss

10
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- BHFESE (Major Constraint)
— KinWooYtiR#R: ~3mm
— BaShaBiF4#EH: ~6.7mm (FEEEERE)
— HRMPCB: ~3.2mm (1.2mmPCB + 2mm2A H =& )
— BN
> BRPCB: <2mm, ETWLLIMESIEHN
> (VIXFZEEKIKRISub-D) XKBEEEH: ~Smm, XA+HBFBREE—
> EERNES: RADC-DCEEMEFR, BLBBEERHLE, BURTIRNSFALRRIERINE
o XHERBFHNT
— #IEBEO : ChiTu 9Imm X 9mm + KinWoo 10mm X 20mm
— EiEHER: BaSha 50mm X20mm

.+ KESRHIhFE

— ¥EEEO: ChiTu 0.75W + KinWoo 0.2W
— HFEERR:

> BaSha — {KJE: 0.15W
> BaSha-HE: 1.2W 12
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—075W 0193W - -

DC DC: ChiTu: KinWoo: DC DC:
50mmX20mm 9mmX9mm  10mmX20mm 50mmX20mm
DC-DC BaSha: BREIEGH N

— TAICHUZII$%0.8W (1.8V*0.42A)
— BADC-DCERERNIONTAICHUIREEE, MZTERS5%i+HE

DEDC | b

( ;%”‘ )

— DCDCIIFEA0.8%10%15% = 1.2W W o
— — - = ="1 0.4 ! ’
- m%ﬁﬂ\%%EZOﬁ\’mHmu%izjl\DCDC \sz [ Cpe-ne Bt [o T LIS D,
—  IpGBTHMIVTIRX+FEHMMABEIE (1.2v, 2.5V) , BEIESLS, ~1W, MDCDCIHFEHA 3 08w x 10 x (5% =lhzvd] ]
0.15W : Bar. Letxeon S
~ 518, 29 L \BR 2 ¢ e# c-ue
ChiTu: ﬁﬁ}[:ﬁ\;ﬂzﬁ - BB 20 TER. BR 27 MD,"
I — F
—  0.75W@10.24Gb/s m Vpast] [F00) ekilfey
KinWoo: JHBEFLSH . aaliie
— 1R 0.193W (RX: 2.5V*0.05A, TX: 2.5V*0.02A, core: 1.2V*0.015A) E —
B 1: ERURTIadder—F—H, KERadderB—HARKHEE =+ =
2: IpGBTRVTRX+HISHJCERNS RS A FHEE, CEPCRRS |

WATRERFAARE

Ladder'&fﬁ&ﬁﬂ"ﬁﬁﬂ%ﬁﬁfﬁﬁ BESTW R R E TR IEE
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g 1, SX5 (surface assembly building)
AMERECEF, £91000F:K. AFPEHFER
ggmwﬂﬂﬁﬁﬂﬁ qeE, BE—ME
I

2, UPSRZHAEME, BIMIIMN—I1EHA,
= [ < B AEERGRLIGH S HEN
/’mm g 3, USC55 (Underground Service Cavern)

A TEZNNE, SFESKERRIES
BHEMRE, BTFFERMBTIRFAEL

4, UXCSS(Underground experlmental Cavern)

CUSHHER N ok LS g B

By Lei Fan@IHEP
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SX5HLE KT
BFE T BERZH 25005 8], %%%m%mﬁﬁm,ﬂﬁ§ﬁm,mﬁm%,ﬁ%mm

K, AR E

IR
& dad L
" B AN Building SX5/3585
. i Y i i S PROPOSITION MPLANTATION

PONT ROULANT B-085 i \_ Vi i X, 28 Fan. 2013 1 ntigration CHS PONT ROULANT
COTE JURA - i 3 ¢ Gy Dushiongicera.ch [OTE SALEVE
PR 758 / 80T i M m PR 759/ BOT _— \
Pant auxiligire e Pant auxiliai
PATO /5 b

[

By Lei Fan@IHEP
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By Lei Fan@IHEP
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L @) Potential Trigger Upgrade .

Unmovable

Trigger Upgrade
(GT/GMT/GCT/TTC)

Current Trigger
(GT/GMT/GCT/TTC)
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mm-wave proposal

repeater

Repeaters: 2 antennas
connected with small flexes

Ladder/support

=W <)) 9) *)) MEE—
D)) ) B
e T +))

Multi-endpoints with mm-wave

LMNA+ Custom

antenna

Test with evaluation boards — 5K202 * Designa small PCB module with STEOAZ.

* Based on the commercial 60GHz RF chip LMNA and custom antenna.
STE0A2 transceiver from ST Microelectronics  * Higher bandwidth and longer distance

company. * Evaluate the interference with detector
* The transmission speed can exceed 900Mbps  * Under design, cheap and easy
when the distance isless than 6 cm. * = custom transceiver + antenna +AIP

Optical wireless proposal By Jun

Endcap Hu@IHEP

Transceiver with alignment mechanics

Transceiver

ladder

DWDM transceivers +AWG + lens

* Upto 6-meter free space optical transmission distance

* 10Gbps X 12 channels bandwidth

* PRBS 31bits error rate < BER-15 @ 10Gbps under 1.6m distance

18



Tk Mmivs MO R

WiFi

mmWave

~5- ~10cm Used for data/trigger Radiation-hard
6Gbps transfer between layers transceiver and antenna
inside Tracker chip design

FSO Used for calorimeter Mechanical alignment
data transfer to outside constrains design

» ETR&ERINIZH G REBRENSFINA R HRHESNERE

R B 1

— KEEFERE
- RESEMNHE

- ETEXRFEHNEERRARZRERFHFRMNEFEESEMERNER KR
-~ FHRAFBEL S REFER TR

19
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- SW RSO EEE I ERMDC-DCIRELR
~ BRR~T. TIESECERNE A

IR RS AT REX L A R E ERFNT

- P

- HIRERBETARERE, FRENL, NBERFETREA
- BTFHRNRAREFRGE—THF

imERARE—1 X Bhot R
- BFEFEFTEKERMEM T

~ YIZRBECMSTEREITTIHWH, TERTTHRER

.+ FoEH

it

—%E

RiE M7 R R G TR E SR AERNEK

TR NWMRGEHKSIRIT

- AR A
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25.7 mm

A

\ J

Pixel Matrix: 25.6 mm x 12.8 mm

1&? AR

KA A 180 nm 1.2, HLJE1.8 V;

65 nm:iS e HUE1.2 V;

Data rate @Triggless-CDR: 4.48 Gbps /chip
bunch spacing (min.): 25 ns 75 ZLHR TS A i

@ 1 Gbps/chip
(TDR LowLumi)

£
£
W « Data rate @Triggless-TDR (Low Lumi):
1 Gbps/chip
Al0.03,2.30) «  Low Lumi@TDR: bunch spacing ~JLEns.,
~_, B(0.03, 1.05) o :
Periphery Readout : 25.6 mm x 1.1 mm 1%%% HIT Vi A I%HU/ Matnxﬁﬁ%ﬂﬁ%ﬂi&
b(o - ‘DACSZ 1.5 mm x0.5mm FDataTrans 1.3 mm x 0.6 mm . EPER}#%F%*B—Y#?%*/%J:E', 7[‘/1?/%4/\11']*%
' D(0.43,0.57) C(13. 52 0.40)
BRI e ™ A ARBR(X,Y), ATy ZEK
Matrix Periphery DataTrans. DACs Total Power
KW Fy 304 mW 135 mW 206 mW 10 mW 655 mW
@ triggerless (CDR)
65nm it 60 mW 80 mwW 36 mW 10 mW 186 mW

22



Flex B E MR 91

Ny o

i
N Ty g
folr
b

\

BN\

L

=3
12.5 jlum Coverlay (yellow)
20{um Coverlay Adhesive
Layer 1 24|um
13|um Polyimide (Adhesiveless)
12.5 lum Adhesive
Layer 2 12|um
25|um Polyimide (Adhesiveless)
Layer 3 12|um
12.5 lum Adhesive
13jum Polyimide (Adhesiveless
Layer 4 24|um
20|um Coverlay Adhesive
12.5 jlum Coverlay (yellow)
FPCEE [ 213lum spec:[  210Jum
Created By:\ HLJ

Nata:|

TaichuPix-3
Adhesive

Adhesive
Support
Adhesive

Adhesive
| TaichuPix-3

Proposed Double-sided ladder based on 5

Soldmask (green)

Stack Up

- 50jum

|
AETHRET EHNCUTE CYRIFED

150um Si
— 100um Acrylicalue
12.5um Kapton
20um Acrylicalue

13um Kapton
12.5um Acrylicglue

25um Kapton

12.5um Acrylicglue
13um Kapton

20um Acrylicglue
12.5um Kapton

= 100um Acrylicglue
250um CFPR
— 100um Acrylicglue
12.5um Kapton
20um Acrylicalue

13um Kapton
12.5um Acrylicglue

—  25um Kapton

12.5um Acrylicglue
13um Kapton

20um Acrylicglue

12.5um Kapton
— 100um Acrylicglue
150um Si

HhERIX

)

12,5 um Coverlay
20 um Coverlay adhesive
layerl 24 um ED Base Copper
13 um Polymide(Adhesiveless)
125 um Adhesive
layer?2 12 um ED Base Copper
13 um Polymide(Adhesiveless)
125 um Adhesive
layer3 12 um ED Base Copper
25 um Polymide(Adhesiveless)
layerd 12 um ED Base Copper
12,5 um Adhesive
13 um Polymide(Adhesiveless)
layer5 12 um ED Base Copper
12,5 um Adhesive
13 um Polymide(Adhesiveless)
layerb 24 um ED Base Copper
20 um Coverlay adhesive
12,5 um Coverlay
BEE 288 um

6/Z KM T EACUTLE CHETHBO
« EW L2 AR SE IR T PCB, R KA AL

ZHHECERN#AT IN T (accessibility? )

« Long barrel 7%, [Aladderit A ¥ %, FHEEL/ZHPCB
« ForInnermost: 4/ZFlex (now: Cu based, proposed: Al based)
* For Middle & Outer: 6/=ZFlex (now: Cu based, proposed: Al based)

==
T
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Backup

CDR

Specification calculation- from hit density

9

160

Hit Bunch  Hit rate Hit Pix rate Hit Data Pixel/b FIFO

density spacin (M (M Px/cm?) rate/chip rate@trioc unch Depth

(Hits/c [+ Hits/cm?2) (MHz) gerless @3us rg

m2/BX) (ns) (Gbps) latency
LRGN =S ERUEN 33 10.59 34.62 et 235 103.9
w 23 210 1095 32.86 107.44 34 226 322.3
Z 025 25 10 30 98.1 31 24 204.3
w 0.81 257 348 9.45 30.90 0.98 / o 92.8
z 0.45 23 58.7 59

19.6 191.9 = -

* TDR raw hit density: Higgs 0.54, Z 0.3; Safety factor: TDR 1.5, CDR 10;
¢ Cluster size: 3pixels/hit (@ ITwjz 180nm, EPI 18~25um)

*  Area: 1.28cm*2.56cm=3.27cm? (@pixel size 25um*25um)

*  Word length: 32bit/event (@ TLaichu’s scale, 5121024 array)

¢ Trigger rate: 20kHz@CDR, 120kHz@TDR estimated

— Trigger latency: 3us(very likely not enough), Error window: 7 bins
— FIFO depth: @3us * hit rate/chip

— Data rate=pixel/bunch*trigger rate*32bit*error window

Rate for Low LumiZ

~till AR TIA A~

Data

rate@triager
(Mbps)
120

105.28
101.248 80

53.76

Power consumption (mW)

40

213.97

21397

118

0 40 (Higgs)

PEINEE

80(Z) 120 (W)

Hit number (pixel/us)

FH

¢ DA

vsTT %,

160Mbps 2.56Gbps 4.48Gbps

PLL

MUX
CMLdriver
LVDS TX

20
8

5
4

33

34 34
278 44.2
365 365

75 10
083" 1147

B2 O Thitvs
IR R

-—trigger
« triggerless
trigger-clock

triggerless-clock

24



R&D efforts and results on Data Link

* Self-developed GBT-like prototypes verified: By Di Guo@CCNU

— 5.12 GHz PLL + 10.24 Gbps Serializer verified"/
— 2.56 Gbps CDR + 2.56 Gbps Deserializer verified
— Phase aligner under test

Bit Rate | 10Gbps | RMS) 2.6ps
Rise Time | 34.0ps | PP) 15.3ps
Fall Time | 489ps | Amp | 589.4uW

* 10 Gbps Laser Driver Verified \

+ Customized optical module prototype Done 10 Gbps optical eye diagram

* The rad-tol fiber will be investigated together
with the accelerator clocking system

Customized Optical module

Array Driver ASIC
1 optical test

N GBTx-like ASIC
'

R

M Array Laser 1

mellsy Driver ASIC [

Array Driver -
integrated in the

‘ - optical module
BORBORIEIRNIIR NIl b 1850um

GBT-like ASIC prototype layout = GBT-like ASIC wire-bonding picture 4 x 10 Gbps/ch VCSEL Array Driver with customized optic§15l module
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- BEERNER: 1Tx + 1Rx
- T FRUSFPILIELRED Syt 26 HY

o ETFRBBITOSA 1 ROSAYELAH

SR, PDEEHEERR
HEMTLCED

« TYRxFGFEBEALCALEDO QRSIBELCEORINL)

- EHML “EXER” , EEARITSESEEER. LCK
7@m ‘B’ RE (BhEe)

- BERESES/NTHEBE 6mmAl (HTOSA/ROSABHAT
BRI

« CERN “JEEXiE” XERIEE O
M Inner Tracker5fll, HiLHtR “4Ep" 1R/
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