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. FAG . ot T oy . —— - -
s |mEm | mokss PRI Y g | | s | e Sl ESS T T T T
CASAGEM | 17 R 20t0 80 +1]67§é2ee/ F BEiC 1 - - nTPC GEM SEAE 350 nm
CSA+Shaper : P 1 pC /B
@ 80 ns
TSI 1.8fC@ 7.2 pC Up to B B 30 ps Université Paris-
CATIA 1 TIA none 18 fC @ 72 pC 72 pC @1.8 pC CMS ECAL barrel APD Saclay, France 130 nm
. AGH University of
. CBM experiment at - h
B TEH A 278.2 e 344 kHz 4 ns silicon Science and
2 CSA-+Shaper 90 t0 250 +26 e/pF 15fC S/ @ 8fC @ corrected F/EIR G microstrip Technology, 180 \m
ermany
Poland
R 4000 e 3ns N
FEAM 8 CsAs+Shaper | 80t 1000 @100 pF Cin 1pC 6.6 10 kHz @14 fc CEE MWDC MWDC 14 ER -
17,000e
B LEE bt} @10 pC Range Upto 10 B CSNS Y
16 CSA-Shaper 25t0 250 @100 pF Cin oC 8.6 200 kHz Backon MPGD th R}k 180 nm
@120 ns Tpeak
TS 59e 0.6 fC;
- e CSA+Shaper | 3°0t0 1430 @0 pF Cin 2 fC e - - - - AKX -
A Su
perAGILE X-ray .
xaA1.2 | 128 | CSA+Shaper 2000 =Ba 5 fC 1 0.02 - imager onboard the | _Sificon INAF, Italy | 800 nm
+Discri. @ 30 pF Cin AGILE satellite microstrip
+Peak S&H
R
CSA 1300 e 1 ns . .
VATA241 64 +Shaper 190 +65 e/pF 72 fC - 500 kHz @ 72 fC BrainPET scanner APD CIEMAT, Spain -
+Discri.
AR ]
57 e electronic personal .
SENSROC13 4 CSA+_Sha‘per 250 +20 e/pF 15 fC 1.25 1 MHz - N Si-PIN ﬁlk 350 nm
+Discri.
FREF] 592.4 e 22.7ps
- 8 | Current conveyor = . 50 fC 17.6 120 MHz | +2.3ps/pF |X-ray time-resolved APD E Rl A 130 nm
L + 50.7 e/pF
+Discri. @ 15 fC
A AE N o Universita del
RX64 64 | csA+Shaper | 500 to 1000 167 3.2fC 25 | 200 kHz - gz iy iz Piemonte 800 nm
I @ 2.5 pF Cin imaging microstrip ]
+Discri. Orientale, Italy
Vel Ez CMS Tracker at the N )
CBC3 254 CSA+Shaper 25 AU e 8 fC 1.65 1 MHz = High Luminosity ;lllcon_ i ersifle) Lol ies 130 nm
R +100 e/pF microstrip London, UK
+Discri. LHC
FAERR] 3000 e
_ CSA+Shaper @1 pC Range Up to _ _ _ BN PESIIR s _
4 +Discri. 160 to 1000 30,000 e 10 pC LG iz UTYIER
+Peak S&H @10 pC Range
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L e PRI e LB | woiw | et Sl Ee puER | Wsm | I
gy 1 kHz GEM. .
APV25 128 CSA-+Shaper 50 270e+38e/pF 20 fC 2ol @ full < 10D CMS tracker silicon Lol 250 nm
@20 MSps @ 20 fC : . College, UK
+SCA readout microstrip
FHFW Waseda
CSA+Shaper 2099 e Onboard the International . .
N 32 +Disc. +S&H 3000 +1.5 e/pF 300 fC 3.5 - - Space Station APD Unjl;/eras;ty, 350 nm
+Wilkinson ADC P
o 900e SPIRAL2 at GANIL in France
@120 fC Range Up to 10 <1ns RIKEN at Wako in Japan CEA Saclay,
RaEr ) e CSA:SSQ;‘W 50101000 | = @30 bF Cin 10pC | @40 msps [ <1 ¥M2|  @20fC | FAIR at Darmstadt in Germany | SEM TPC France S0 i
@230 ns Tpeak etc.
CS%%[S%M 30 Poli ico di
+Shaper ps olitecnico di
TIGER 64 +S&H +TAC 170 1500e+10e/pF 50 fC 12 60 kHz @ TDC only BESIHII GEM TPC Torino, ltaly 110 nm
+Wilkinson ADC
o Escola
SAMPA | 32 CS%?;‘L;E’” 160 to 300 @67?20;"‘“9‘* L&D S8 U 50 kHz - ALICE TPC and MCH at LHC | GEM TPC, Z"n"ffecriiéiéf 130 nm
+SAR SCA @22 pF Cin fC @20 MSps MWPC MCH de Sio
+DSP @160 ns Tpeak .
Paulo, Brazil
SHFL 2HHE Brookhaven
CSA+Shaper @110 fC Range Up to New Small Wheels Phase | )
il e +S&H +TAC 23 o 200 @100 pF Cin 2 pC Us 1 MHz SSLLE upgrade project of the ATLAS DTS Lg‘;:g;g: [ SO
+SAR ADC @25 ns Tpeak Y
2HF AGH University
N CSA+Shaper 583 e 150 _ CBM experiment at FAIR center, silicon of Science and
SIHMERE 12 +Discri. +TDC 30 +44 e/pF 15 fC U1 kHz Germany microstrip Technology, Ly
+flash ADC Poland
CSh+shan 898.6 e 400 300
_ +Shaper ps
1| Lsarr +eAr apc | 200 to 800 . ;050.2n§/TpFeak 400 fC 70 KHz A ECAL APD I A [180nm
+Disc. +TDC P
SHFL 233 .
WASA 16 CSA+Shaper 160 941e+19.8e/pF | 120fC ; - - CEPC experiment MPGD TPC sEAE 65 nm
@40 MSps /B
+SAR ADC
SHFL 1100e
CSA-+Shaper @48 fC Range 20 100 <1ns N
- 32 et 70 ©20 pF Cin 487C | @120 Msps| khz e STCF RICH PID MPGD ARk |180nm
+Wilkinson ADC @70 ns Tpeak
Ex G4 .
- 8 | CsA+Shaper | 180to 900 - Up to - - - - - )i -
- 10 pC
+Disc. +SAR ADC
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@ CATIA

B : 128

APD1

ASEE: 20C e - —

APD2

I/ : 270 e + 38 e’/pF
Ih¥E: 2.7 mW/ch

2 AGH University of Science and Technology

BEH: 2

calibration

Ej]lu.\:;kﬁ H 15 fC

IEFE: 278.2 e + 26 e’/pF
h#E: 8.7 mWi/ch
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® APV25 e

==

i 128 : L
By e BT

_ sreamplific shaper B -
Kj]lu’\:f—i . 20 fC prean ]ir Analogue - S— .?

unitary gain

MUX I/P
stage

1275 : 270 e + 38 e7/pF i
Y ==l e + e’ rlr:'tnc_ b QIP stage
R P e 1>_ q__—l

h#E: 2.7 mW/ch A=

® AGET

HBIEH: 64

F7S3eE: Upto 10 pC

175 : (435~34000) +(19~7.4) e-IpF |
Th#E: 10 mWich

| Interfac
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@ VMM3
IBiEH: 64

_ . S o
Ej]lj‘LssE, . Up to 2 pC fs“hame‘s S logic |—————— DS (ToT, TtP, PLT, PtP, 6bADC) |

“= cKeB =
H 6-b ADC m_—
0= = IN E
7|<I:“:| /| 2280 e €4 >—|shaper peak [ ow aoc}— == ‘ D1/flag = :
" : : 2 Mixed-signal: ~ 5.2 M transistors
AD ax mux gna.; 5
time B0 ADC n PDO - : g
@110 fC Range - : s =
g ] 12-h BC : Mo =
trim addr. - =
@100 pF C. b B ] [registes] TR ckT =
n ulser | bias H pAC HtempHGray count[{registers ﬁé:ﬂ:’icﬂtr&set 5
25ns T CKTP [prompt}{'08icle— TkI/BCR/OCR =
peak 4= CKBC =
—— ANALOG =>SIVS <+ VDS bi-dir <+ 1.2V CMOS = bl
[+ sck, cs

h#E: 15 mWi/ch

2 SAMPA
BEH: 32
F7SSERE: 500 fC
EFS: < 1600 e Eoa

@80 pF Cin

Peaking Time, gain and polarity control

ﬂr,JlrL
. e |
ﬂ

— "ADCH

R
FniBandgap | Bias DSP cfj@@f

Shaper — | ADC'—

Ij] %% H 8 mW/Ch Peaw control
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LR BT > W R > BT e
TZ2,: 350nm—=>180nm—->65nm

CASA: 4ch CSA+Shaper CASAGEM: 16¢ch CSA+Shaper = CASCA: 32ch CSA+Shaper+SCA

LR LT LR L —
OO O TR

‘ L1l SEL 4 J
TERFEFRILTEE AT -

WASA: 16¢ch AFE+ADC+DSP WASA: 16ch AFE+ADC GERO: 16ch SCA

2021 2019 2018
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BEH: 12 La
man o EREERLEE.

I ;STelE: 2fC
SEE: 1pC

T IE/E: 59 e

I2E: 4000 e- | e
@100pFCy  Cobmdfl mesiEimEey Ih3#E: 1.25 mWi/ch

IfFE: 6.6 mW/ch  TECERTERm e
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1
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=
=
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® MTPC readout ASIC (F}K)

MICSAISIRZCRShe 2

EE%& 5 16 H;T%)-::E . 17000 e mputs |15 Di:f':’l;' !
T jt:‘H- L) U t 10 C @10 pC Range Bandgap & : =
L e E . O >ancgap I - Vocm Ref input
jJ L4 . p p @100 pF Cm Bias network3 } =
@480 ns Tpeak Input: HE : Di;f&r:&t I
Ih#E: 8.6 mW/ch
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@ SENSROC13 (FHTK)
ASTEE: 15 fC
I/ : 119 e + 5 e/pF
Ih%E: 1.25 mWich

Output

@ BWRNEN B ETIRASIC GEYIFT)

BEH: 4 f
BN7SSeEl: Up to 10 pC L b
IE/E: <5fC @10 pC Range
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EWFUH [EA]

@& R AT RS GEWFT) @ ECAL (BIK)
HiE#: 8
F7STEE: Upto 10 pC HEH: 1
TE L] FASTEE: 400 fC
B2/ : 898.6 e
+ 5.2 e’/pF
Ih#E: 70 mWich

® MGPDiEHEH (FRK)
BiEH: 32 ;
EHASTEE: 48 fC B

I F:l <1100 e-
@20 pF Cin

In¥E: 20 mW/ch
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HEHIFADC (LK)  Pipeline-SAR ADC SAR ADC (H#HK)
SRR (FELA o
B (>16 ch) RAEER. 10 Msps KAEZFE>30 Msps
HE(>14 bit N .
ey FEAW 12 bits EEH#: 12 bits
S
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7= 31| B8 FE = - / ENC=13.5e 5100 12 kevseia E
j:*/)\] =] }BE\E 05 kg FWHM: 0.60 keV 7Co 136 keVﬁE“@;
N § FW[1/5]M: 1.05 keV
M7 1.1pF ~, 3
IE: 155e @ 77 K e iy ’“’“'M“ oy “A‘v*ir*‘*’ww i\,

14450

@ 1RiE. RIKEEAEERHBASIC — nEXOSZE(IHEP)

BE: R (160 KO r Yral N
\ ‘Charge \—‘ \M

e
j]?&gﬁ = 64 fC e sensitive H
(Sal:nDp(I:ing ’7

A 32 channels deserailizaiotn
%] ;‘& g 32 a_ e rate .
H ire i

>200MHz)

Sampling
fitting ¢

32 channels

H;T%E: 265 e- @ 160 K | f | Cold area

h¥E: 5.4 mWi/ch

shaping Sar::(:ing
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® MaPMT — ﬁ&%&??ﬁﬁﬁﬁ%ﬁﬁfﬁm(lHEP, iﬁﬁH?CSNSHﬁ H)
B : 64
fjl.u,\sa: Up to 20 pC
BIiBETHE: 100 kHz
R FZEF[E] : 80/160 ns

@ % 2SR HE F (IHEP)
HEH: 32
F7ASEE: £ 150 fC
RFS: 600 e + 25 e/pF
BBEITHE: 1 MHz
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EIPRERHJASIC — NINO. PADI

@ NINO
NRA=:

MRPCig

250 nm CMOS, 8i&&

& = EFPGA TDCH SEI4FF
10 ps RMS
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@ PADI
N =:

MRPCiEH

diamond detectors % H

180 nm CMOS, 41§18

& S EFPGA TDCH LI &FF
10 ps RMS
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===

s b P

2000 (1% | i

I T TR S >

1500 I ¢! i

2.5m
STTTRIRTRTNI NI RTRTRTRINTIT

o o

1000 |

~y

“ é-gumgig ©

L L N R )

D NTIMP1L (BIX) @DISA (flk) @ CAD-II (GGE4E)

130 nm , 8i&i& 180 nm , 8iEi& 180 nm , 8i&iE
Jitter: <20 ps Jitter: <10 ps EW RS

0.56 pA @ 10 pF
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@ PIST (IHEP)

55 nm
Jitter: 4 ps

® ENX

130 nm , 5i&iE

Jitter: 22.7ps
@ 15 fC
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FPGA TDC

» T FPGARNEMFIRGE Mt 12 AT 5%
> FBERS

> KREFHAEEH: UltraScale

> K

> Wave Union, %

COUT (To Next Slice)

Carry Chain Block
(CARRY4)

DMUX/DQ*

(Optional)

> BMUX/BQ*

B (Optional)

I
I
| 1
| st 1
06 From LUTB ‘ MUXCY |
1
I o1
> BMUX
05 From LUTB ' bi > 1
BX | 1 —BQ
1
1
1
0
rom L1

CIN (From Previous Slice)

TiR A3

* Ganbe
unregisterediregistered
outputs are free.

£ AMUX/AQ*

> AMUX

> AQ

£ (Optional)

used if

> E‘rg’zfm*ﬁ}g: < 5 pS RMS r_____f__EAER74__—

e |

| LE1 |

}/\

1= |LE0 |

Hit signal >
R
— P 9
| Tap LE2
= |LE3 |
I } b

r D flip—:flop

e[ P Q

Leading \'%
> edge | Coarse
detector Counter

Encoder
Coarse count

Fine count

Y
L
Y
i

LE3[”D Q

Channel output data

Single TDL TDC channel
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HPTDC

ASICHERES H

4Ef. IEIRE:
BIEH: 32
TZ: 250 nm

LSB: 25/100 ps
FBE: ~20ps
Ih#E: 450~1500 mwW

S255 M
- ALICE
v BAFTOF TRMH *  HIRFL-CSR
v 20 pstEE
« ATLAS
- BESII
v NMRAFTOFH - HADES

v 20 pstEE
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>

RZFsEE: CBM
5 TR
BiEH: 4

ITZ: 180 nm

LSB: 50 ps
BE: 24 ps

mﬁ: 27 mW/Chn . An'n’r.g‘lm!a V.

JUWEFF N

HfIZE;: 2~8 MHz/chn

BtiE]: 2008
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ATLAS MDT TDC

> ZER.

» 1Z:
> LSB:
> TBE:
> ThEE
> BE):

RFSEEE: ATLAS MDT

304348

BEH: 48

130 Nnm
780 ps
276 ps
6.5 mW/chn

2018

160 MKz

CHID | Leading Fine Time | Coarse Time
CH.ID | Trailing Fine Time | Coarse Time e 2
(5b) [ (1b) (2b) (15 b)
12 Chnls
4 A
r 160 MHz
320 MHz 0/180 =1 c
LHC C|O®— ePLL 320 MHz o =} oarse
P20 LNJ Counter
40 MHz L
v v
i
CHID Leading Fine Time Coarse Time
CHID | Trailing | Fine Time | Coarse Time 3
(5b) ' (1b) (2b) | (15Db)
12 Chnls
a Top Slice

Clock Tree

Bottom Slice
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320 Mbps
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chaniral 320 Mbps
Logic
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51
180 nm

ZEH)
180 nm
R

T XTDC ASIC

ey AP
BEH: 3
TZ:
LSB:
Ih#E:
A 8] :

iER$E (ADLL)

350 nm
71~142ps
50 mW
2009

BT prit iR sk n) = R iR (ESE

89.3 ps

f— 2090 nm N

IFARIE IR 55

41.7 ps
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b XTDC ASIC

s g“;l‘x.l
= |
'I!n;i'in“
gEM: HEIR%E ZEMY: GHERR
16188 FHE: 10 ps
HE: 60 ps Ih¥E: ~10 mW/iEiE

Th¥E: 128 mW

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 2022/11/13

32



» BTumIEHASIC

o
o
o EIRE R FH
o

>
o
o
o

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

2022/11/13

33



-100
-125
-150
-175

voltage (mV)

-225
-250
-275

4

4

b
-
I
o
1

(L& 5%

— ) MEEEBRETERE (ADC
] ) RARMER, #HTESE

- BRSBTS UL AR o P

' » KAEE ~ Gsps

30 325 35 375 40 425 45 475 50 525 55
time (ns)

SERTB - » FEXT TR G BURT18) A2 B far
= HEREEES EHERNME:

KEHFRS GHEER) - o RARERINEERTEESR
= REBHEAES o (EBE TN EE S S A8
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SCAH A

» ETFH B EKES) (Switched Capacitor Array, SCA) R,
B] LASS I AB =R AU AR LR 2 Rt

S,WN_L E'N y Sampling time
T oo LT
Vin Sw e So Quantization j Oy |_| I_l
Circuit
CI/ ircuits o |_| I_l_

Sw 2] .

/ 1 /= .

C, I S Oy | | I_l

y HEAXKFREEZEBESERFEZEMENXTIESS
o BERERXFEEEEETHXBERSEYIKRXM, ARIESRKENS(LE S

BRI S # 1k
y ERARER TSN ARSI P EHE LB =

» [EIRSHRR TS EADCH S S REMSINFERERE, IURMMER.
RO MEHE BN RS S x4t 0]
» HDRARZ2ETSCANLT AEMEE (ASIC) Bt
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HAISCA ASIC

EAEEAR] 1o | AFEE  memm | s | memen |Ruses |mias | O
ARS1 8o0onm | ~1 128 B imA 8 bits 4 mvV 4 47.5
MATACQ |800nm | ~2 |20x128 B imia N I <0.2mV 1 /
SAM 350nm | ~2 16 x 16 BimiA yiv 0.7 mV 2 150
ATWD 200nm | ~2 128 BimiA 10 bits 1mV 4 37.5
LABRADOR3 | 250 nm | ~4 260 bl DN 12 bits 1.3 mv 9 /
DRS4 250nm | ~5 1024 E A 7 0.35 mV 9 @Zlégps
PSEC4 130 nm | ~10 256 BimA 12 bits 0.7 mV 6 16.7
SAMPIC 180nm | ~5 64 B imA 11 bits <1mV 16 11.25
REEFTHRSE | 100 nm | -1 256 2PN 12 bits / 8 /
ﬂ;&
FEEX\E’?);’)E 180nm | ~5 256 ESHN 10bits | <1mV | 6 25
fehfisE A | 130 nm | ~2 256 BimiA yiv 4.96 mV 4 /
=P DN 180 nm ~5 256 E7HN 12 bits 0.7 mV 8 25




ESME R MESCA—IRNIE

» DRS4

BIEH: 9
MIANEE: ENHA
RHEZE: ~5 Gsps
RIFRE: 1024
MWANSTEE:

IRAE: 0.35mV

1V

h¥E: 140 mW

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

0.22ns

(_H

Inverter “Domino” ring chain

VoV Wl

NI

4

Waveform
T __ stored

A O I A 0 O 8 N N out
FADC
Clock O Shift Register | 33 MHz
AGND AVDD DSPEED PLLOUT PLLLCK REFCLK DTAP A0 AL A2 A3

WRITE SHIFT REGISTER
WRITE CONFIG REGISTER

I AR AR
CHANNEL 0

CHANNEL 1

CHANNEL 2

CHANNEL 3

CHANNEL 4

CHANNEL 5

CHANNEL 6

CHANNEL 7

CHANNEL 8

Y

[y
ad

N STOP SHIFT REGISTER H
>
[

READ SHIFT REGISTER

W

CONFIG REGISTER }

DVDD DGND

2022/11/13

37



ESMERMESCA—8FHIED

» PSEC4

. % . E i & 6 10-15 GSas VCDL n,;i::nillﬂk

BB WL

**ig . 10 Gsps Signal {} T O L o [y e ) Self_trigger

;i‘é*i;‘;?%}% . 256 - - %.— -;L--;L- :lr;L- .+ -;L-% " r’* — Trig;cr threshold
_ - : Ext. Trigger

EﬁAEjJ IjL‘ac\ iE' . 1 V :'(;?':"z:l' E . % v 3 ‘-— ADC start/stop

H;Tn:)::g 2 07 mV Ve L g e 4 Data[12..1]

Ij] $% . 100 mW I Readout Control H Address Logic Data_address

» SAMPIC

BIEH: 16

@ Config.

Synchro | i |
Clock

Read clock

EKHEFER: ~5 Gsps N

RERE: 64 s
Eﬁ]AijJIIL\:;E: 1 V

x16 channels

gt
T TT—E!::HS
_”RAMP ADCs

ﬂ;T%)?E: <1lmV

Th¥E: 180 mW

ADC Timebase

I
-_-_ Readout

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

:%’.
"
-

seEEe

TR RN ALY L

J i 5
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E R TMESCA -- IHEP

HE%: 8

MINZEER: ZEoWA+HEIURR
KAEE: ~ 5 Gsps
RIFERE: 256
MANSNZSSEE: 1V

IEHAN: HFIED
WA : 10 bits

BEE: <1mV

INFE: HiAE<25 mW
ZVLEER, FRT
LHAASOEmFEH KM B LACTH

vV V. VYV V VYV V VYV V VYV V

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Ve Ref. Clk Ivds_Rdclk_p Ivds_Rdclk_n

DLL
LVDS Receiver [—»
oo
| front End Circuit
Differential | | ]
Signal in L H LVDS
IL »| Input Amplification| ! | 256 Sampling 256 Wilkinson Driver Ivds dout px
i [| stage [7]  Stage i Cells [ ADC — T3 Vds—dout-hx
i i Token/Bus/
' erializer
Common Mode i L)
| Feedback i Wavelorm Sampiing
i
. Part
vCo
Bias Analog | Bias Digital
Ik load  vbg vref_lvds trl
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ERFM4ESCA -- CCNU

> BEH: 4
> MINREL: Bimpim
> EKHE: ~ 2 Gsps

> KHERE: 256

> HIABIZSTERE: 0.5V

> BRI BT

> MRE: 4.96 mV

1GSa/s VCDL CLK ref
\ 3 i "l D
nput up| [DN
/J 256 /.J/ cp
rLﬂI ‘j I Output
\' \‘ \!

Readout Control

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA
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E R FTMESCA -- USTC

Delay Control Voltage cp 4J (;LET

BiEH: 8 i
MIANRE: E7HA R e
— s v
EKHEZE: ~5Gsps :
KIFARE: 256 :

O Dout

i Reaz

MINTHASSEE: 1.2V
EHAR: HFIEH

SR 12 bits

Clock

IE/E: <1mV

Th#E: HBi@E25 mW

v Vv YV Vv V¥V V VYV VY VY

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 2022/11/13
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SCAH AR T 515 E e &

Not integrated in - 2 i 101
s P - Coreof s;andard Off-chip Digital treatment
chips as  SAMs, | /| ~10 ns\ TDC chip : .
e omieicfmron i dock | Counter /, (dCFD, interpolation...)
= g Tra (AT
‘\‘\ § DLL ~100 ps Control % .-‘ II,..‘\\
\ 7SN S S U O S 3 I X
'//W"‘L\\\ ﬁw ‘[>‘]AD‘|_[>I —" Delay ctrl = V ng " «\
Pl . \ Delayctr g | VeetA VT | N
Thresh TJ—‘[ > dly :.~ DLL Register J £ A \
P i
»- ; : f——— <

Comparator TTT TTT7 > ADCs ’ L1 2
L Analog Memory

o

Input

Analog o &'i\jl_ B_S_iJ .- ', | SR,

n n+l Sample Nb

» 1B SRR -3 F IR AR XA =S iﬁ‘
HOR I TSR FIL, ATLUA
HEMEHT AR EIH.:?E’JH‘IIEM:.L\O

L EBTIEFRAEES, TWUEAE BT
R AU R, MR TRER A

T Pk, SERRRGAR SRR RORT IR
SHBEFH ARG (T=1/).
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SCARRRZIEE X

AA AA

» SCAH P FAES/H L. (@) RIS CORIEN

HITRIA—EE, Eit Y
FERIFIREMEZIER
TS < T

5£ﬁ}l:3l_?a° o

ceII

ZRBfEARE 2 IEE y BELMRIRARRERIEZR

nz—1
1000, a o adty, + Z At; + B Aty = Ts
\ oo y ;A
L Y 1 ¢ i=ni+1
800 X / \ ;
> 6ol & / \ i Vayv1=Voe , Vb —Va,
£ 600 55 \ 93 a=—"0 B = T
w0 ’; """" sada T VT e ni nz
= 400 - i L 14 1
= * f ) / 0 -~ 0 & 1 -+ 1 B 0 - 0)(Ag T
200 v v/ 0O a, 1 - 1 8 0 0 0 - 0||ay]| [T,
1 *
\.«” Ay, o 1 B 0 0 - 0 0 a 1 - ||AL|=|T,
0 L L r T T I =l L : . .
30 40 50 60 70 80 90 100 ’ ) )
KT 1 -1 B 0 0 -+ 0 - 0 ay)\At Ts

. EQZ& IEUHENGRAEIERE - AEEZREEH, BSIEEBERIE
. W EEY, TEEMER - BEREENS/) ZRMEAHREER
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» BTUmIEHASIC
o
o
o

o BERERNEFIEDN
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RFRIRM R 77 2L

» EANBERNMIZ(Hybrid Pixel)
ot RRME, MEREND BT el
- BERERA, WRHEX <«
- BR&I T HRE&HANRST
- Bump bonding?}iﬁl”iﬁ?‘:, EI%%'{EE, RAES EERGRERMSE

y B EBIERXGEIFEMEE(Monolithic Active Pixel Sensor, MAPS)
o e
- RE—RERR, VRO Y . .
- RERST AT LA ,,“,[,Lﬁqgwfﬁ ey
. }ﬂzzl_(?rgzﬂiﬁ desppwsll | Collection]! |
& fﬁ;&,‘f—f‘::

pixel
detector

[
e If
|

/d!!—p.ffl

diode | %

Depletion*. -
' . “ao R

region™._ -

* ?)-‘T.r ?FE IE\E\ ﬁlé jj B% 1E\E ““I"‘-".:_ ,-e / -":.‘_‘::".‘; p~ epitaxial Ia'y-t;‘f.-‘-'
) LI& ;ﬁt EE'T;—"I_- % ?I:fz IJ \ Particle hil‘/ p substrate

- MFEGEIMAPS, HBIEiiERTE)Ric & B3 G RN S

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 2022/11/13
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RERRIRMN 7L L ASIC

SR IZ ES 2T fHEXN Rz A se3t i)

FEI3 250 nm 18X 160 50 X400 pm? ATLAS pixel detector hybrid

FE-14 130 nm 80X 336 50 X250 pm? ATLAS pixel detector hybrid

Timepix3 130 nm 256 X 256 55 X 55 um? GEM-TPCs hybrid

HEPS-BPI1X4 130 nm 20X 32 55 X 55 um? HEPS hybrid

EMPIX 180 nm 32X8 150 X150 pm? / hybrid
ULTIMATE 350 nm 928 X960 20.7 X20.7 um? RHIC STAR monolithic
ALPIDE 180 nm 512X1024 28 X 28 um? ALICE ITS monolithic
ATLASPix3 180 nm 132X 372 150 X 50 pm? ATLAS pixel detector monolithic
Mupix10 180 nm 250X 256 80 X80 um? Mu3e monolithic
TJ-Monopix2 180 nm 512 X512 33 X33 um? ATLAS pixel detector monolithic
CLICTD 180 nm 16X128 300 X 30 pm? CLIC monolithic
JadePix3 180 nm 512X 192 16 X23.1 um? CEPC monolithic
TaiChuPix-2 180 nm 192X 64 25X 25 pm? CEPC monolithic
MIC5 180 nm 356 X 398 20X 30 pm? CEPC monolithic

Topmetal-M2 130 nm 400 X512 45X 45 um? / =& /E+MAPS
Topmetal-S2/CEE 130 nm / / Ovpp/CEE MEERE
UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 02211713
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FE-I3. FE-I4

I -
} %ﬂ H Hyb rld ; 40 double-columns ;
| mm |
o T_0olo olo éoo olo oo [ o]
PA LY 1© | O|O [@](e] 0|0 [@][®)] [o][e] | Ol
» RZATFLHC ATLASHZ N2 o (e o e o
o ][ _olo olo olo olo olo |[ 9]
H Analog Front End Digital Pixel Region Analog Front End _O
\ — 2L > H Hit Processing | Hit Processing e
» RERHEE.CSA, TAIE. BIMERMIEADAC, SRAM | oLl et «lio] |5
Buffer Trigger Logic Buffer
| (Ol [ T <t <O _—é_
Hpy =i + : - -
- Saieta L e e e e
o e o o o o e
ol O \O|O ’
- + sl o a6 A 7 el
< FE-13: column draingi#, ##EAHECCETE o sjo oo oo Jrolo H clo ol
Rl IR ol M P Mo W
gllo_[[olo M ) e
o FE-14: KMEF, ANMEEHRZHFITIE Sledge oo e Froo Jroo 1o
o JL olo JL oo JL o]& olo olo JL O
g E‘nd of Digital 9olumns Logilc
F E— I 3 F E— I 4 |D.1(a 25b I L1T,Token Read TPI)(M Config Data 8b
, End of Chip Lpgic i Data Output
Year 2003 2010 ‘Bocoder | Gomprens. | Encodse | PO | Dacodar ::1’;';
urt [ ncoder
Process 250 nm 130 nm E Clg;?"' Geg::r:mr CHC"QZS?S’;‘P" EFUSE ;Eerial:jzer
. R
Array size 18 X160 80X 336 — | I
Chipsize 7.6 mmXx10.8mm  20.2 mmX18.8 mm ' LA
) FE-14E R 1EE
Active area 74% 89%
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Timepix3

14100 pm

» 2&: Hybrid |
» MR BRI R AR

» &EEM: CSA. BIERMIADAC, MLE7AES
» Super pixel:

y IEHBIE: FF=LLER. ToA. ToT

16210 ym

Timepix37'|§',§)=|"ﬁfi

| -I-H- l—‘—l 128 double-columns @ 256e 55pum = 14cm
4 Trlgger Iess 31‘5'[ Ti5.12 GbpS(8 X SLVS) [o][o[elle[olle]olls [o]ls [oflo[o[s [ofle [oflo[olls [olls [olls [o][o]
O||qM g egion Readout
0| S o s
Timepix3 Blfo] ===t I
% % Pixel 2 B é“
Process 130 nm oo 5]
oo G
Pixel size 55um X 55um a1 —— -
o] S e
Array size 256 X 256 STl -- w0
i 3 [D£5 Pixeld Super Pixel = |
Chip size 16.2 mmX14.1 mm T T HETE T RS, B
End of Column FiFO's
Power <1 Wiem?2 e w
TI D N O w ﬂ m pLL | Readout Glock @ E:'xj

54 S
Data_out Data_in Glock 40 MHz v 8x LVDS
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ALPIDE

» HH. MAPS
% EZMW5EK0. 157!
N AFLHCALICE ITS

v

v

v

AERDL S RIE H 4545

A 4

ALPIDE

TJ 180 nm
28 um X 28 um
512 X 1024
15 mm X 30 mm
Power 100 mW/cm”2

TID 2.7 Mrad

Process
Pixel size
Array size
Chip size

PRt T ZCRPH. RNBH), 7] £ 22 CMOSHR %

Epitaxial Layer P-

TJ180 nm TEEHEE

VDDA

GNDA
B R R AR AT i FE R
Matrix
32 readout region
""" 6double columns | & 1 i |

:

v
oo
ooocd
== =] §=:
. - o
Q
%%%% DD%D
-Oodo

8b DACs PixelsConfig | | OUDOQO  OQd + v 1
ﬂ I Region R adout (1) RR(2) [[RR (3)
[128x24b DPRAM]
‘
11bADC [€>

ﬂ U 24bx40MHz {7

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

Bandgap +
Temp Sens

Registers | Readout |.:.|chpD a Formatti g|
<> . :

{ 2abxaomiz Parallel Data

Module Data Management | (4x80 Mbps)

8b/10b

400 Mbps)

[ oo | >

ALPIDE:N F 454800/11/13

M7

ouT_D

ms

Port

c°":";°'_ BUSH|  Triggers L sobeaomz serial out Port

i

cad Serial Data Transmission (1200 Mbps /
e
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|
TJ-Monopix

......

g §ﬂ: MAPS TJ—Mon:p‘i;(‘ZTE'S)ﬁL(ZOZO,Q4E3LZ>)
» EBTa7(TOT)ETIE(TOA)M= T

N FIFHL-LHC ATLAS Inner Tracker
MOFRITIIBOT Z, &R

I
i
I
/
Y
I

v

TJ-Monopix2 o
Process Modified TJ 180 nm
Pixel size 33.04 um X 33.04 um
Array size 512 X 512 ::
Chip size 20 mm X 20 mm : :
Power 170 mW/cm? = s

TJ-Monop i x2:ts Fr Z5F94E[E]
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I
CEPCIn i ix g5 3 (IHEP)

y TRERONEEXT S Rigitied T ERHA
» ZERFHITMABLZ, AR ZHERINSIERIT

Physics driven requirements Running constraints Sensor specifications
Ogp -28MIM > Smallpixel ~76 pm
Material budget .- 9-15% Xo/layer . > Thinningto 50 ym
S T E—— Air cooling --------------—---—-———->  low power 50 mW/cm?
r of Inner most layer ----—-——————————————————--» Dbeam-related background------ > fastreadout ~7pus
b eeeeee—————-> radiation damage---------------- >  radiation tolerance
3.4 Mrad/ year
<6.2x10"n,/ (cm? year)
2015 2017 2019 | 2020 2021
o | -al
JadePix-1 JadePix-2/MIC4

180nm CIS process

ey 200NM SOT process



double double double
column column - column

‘ 8.6mm

voltage DACs, current DACs, analog readout

peripheral digital circuit

[~ 14.8mm ’I PLL, serializer, LVDS
MICS5 layout, 1E7E it

« Designed for CEPC
e BEKXK/N: 20 um x 29 pum, epi thickness 18 um

I AT LR A il & AR TS R Al & AR 3K

PESIRRAIEFRIEESEA, NHEEHEHEIUEMmE > afew ps readout time
F LSRR EIRRPLL (400MHZz)

PEFISNE R E A A R SR R kg, MR ZE800Mbps

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA 2022/11/13 52

power, analog PADs, digital PADs
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Topmetal &7

Topmetal-M2ifs F Topmetal-S2;5
24mm

I \

RS

3 HI’
1I9mm <« E 400 X 512 H‘ﬁZ!KC“RH_‘

SEHER R
T 1Y S

o FRBEXET Lkt W0 580 25 A 1 RIEPHMFRIOVETITILIEN v DExHFI
o BEMEFIFIEIESL o RMESEE
- 400 x 5121&= A, BFEREN

* ASTIKIRERERT FEEF (GSMC) 13040k TE
© 1 OREFHTR wESENES
. BEUE. SRR PIIE . R
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S ReRI L HIFREGR ZIRMIZHEPS-BPIX A/

Bias Voltage

Detector substrate (Si)

BERETHASIC HHER: SBEASICEEE  mhsm

- XSRS ES RS XM
- BT BENXFIHHIENTESEGRERNES

&, FREDMXBRAME

' mgggysza . - BER: ENUA. EEREREE
- IR i oCm cm S
e~ WATR: XBD), —HSEHERTE
— WhRIERZE: >100Hz - BEMA: SRYEEERSIES
— TISTEE: 20bit - BEE®I: BiR EE.?’?-\ 1k DAQ. B0

- SRR 8-20keV | mmsemae o oan T E AL
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S REE] L IR

>

>

HESWASEER
RE1cm X 1cm

i e S L2 LT PEICET R L
20 40 60 80 100 120 140 160

ZeXF-FXAHLRR

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHI

& RN BSHEPS-BPIX 4!

ERFEEMREIATHERET, XBEE
BT, BiEERTHERR150umHE R
Z55um, S5EPREE~TRPHEITLHD
MEDIPIX—Z{
BYASEENXIBFEHEPSLIZFY

BEERES/MAITR “SMERELIRKHE
SKIRAR SR R IR

RS B
¢ N‘,mxséf,i”?? TEM#BEFESE

2022/11/13
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‘_ﬁ%?ﬁ%&iﬂ%%mﬁ(iﬁ‘ )

» X FIH B GETH
o MATZEEIECTARIER
o1& EZHEREIECSA, KB A, |
2=, TSNS FEE

» EMPIX
o NATBIRBEREARGEHN ARG RIZHTR
o FHRRBEH .. ZMEREDAC

o BiEMIBmIET
HFHHEGRTR EMPIX
Year 2021 2021
Process 180 nm 180 nm
Pixel size 150 um X 150 pm 150 pm X 150 um
Array size 64 X128 32X8
Noise 61 e- 563e-({k1E %)
Power 65uW/pixel 0.467 mW/channel
: 375 fC(high gain) ENPIXES B
Signal range 10 fC 12.5 pC(low gain)
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BRERASIC(FA LX)

» Al EMGEBIZHASIC(SENSPIX2_A)
o BRENTIE
o HFRB A EE NN
o THEEhUEH R IRIREDIE
» BEE D HHEZRIASIC(SENSPIX2_B)
o RAGERLDOWBRIG E B IREN
o NERUER R
o FIBTREE M E I HENE

=S# SENSPIX2_A SENSPIX2_B
F{p 2022 2022
Iz 180nm 180nm
BEBIRAE 32x32 16x16
BRERN 75um 100um
GERBIREEN THEEY THEEHTOT
HEE 12117 4+811
PNy 90e-(rms) < 200e-(rms)
ESINEE 42uW/pixel 40uW/pixel
vz} YRS TE XSV Ee & =B EER

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

2.2mm

3830um

RECONFIGURABLE |
READOUT &

e

:f;irfﬁm‘
th g Gk Ige G B IR gk 1

PIXEL M
lI‘ﬂI’ﬁH‘, - _%6 :::.)1;.‘[::.‘,1 1

I’}ltl't[ £ :Il'm't[ rnr:z
g 18 I'HI]’?I I’ﬁi I'ﬁ[ FaL i




BREAR

>

&
<&
&

&

» IR L2 S51EHMASIC
o ERECR
o HHRILCE
o RIEEWE
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EH B TFEERS

e
| FEE
|
|
He | || enssEs
= ||l
& T[T Sanmse
|

Power Trigger
#HHERI
:

|
|
|

maE (&

el o (&
@i :
1

SiafE
Sl I A

\
|
|
-~ |
14 if
— s 8|
- |
S |
|

/ —> Data <«— —— Trigger & Clock Control & Monitor Fiber

AR HASIC | BRI B AL

BTAE AL B/
(ROC) (GBT) fith A 3

VBRI ORORE

(SCA) (VTTIVTR)D
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DAQ. Trigger, Clock

System
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i &7 0—IHEP

» FEHRFITEHTRER ﬂiﬁu SEZEENY R, BONRBETRAER
Mbps~§5&GbpS; BT EIAXER, FZEMERERINIRIT
niRIE R SR IR R

<>%+5(TT HIﬁEEﬁ , IHEPﬁﬁZv'iT?IL?FE,\\\EI’JSERDES%_EEHTI@FZE%Eﬁ

~

v

@
O :.LVDS <0:15> 3 16:1 Ser cvL 'ver% DH BEAES—
7T 16bits
E%EFCK RO-PLL P24 [ p_pRBS
| — 0—'
LVDStx<0:15> | 1:16 Des ESout~ry ]
N Sprbs ‘—ED o
. 1 16t Rj 2. 43 ps
| CHK-PRBS L1 5-PRBS < Dj: 16.68 ps

-
o
v v
Erotus WasiHis 3
i 85370053 1 TADEOR .
v v ’ .
001
2006 200

» SR BITIEOBERR
o IHEP#t& 7 H EERBITIEOWMY, +EJLTGbps§2&E’J%ﬁE%EE%

16b Parallel 8b
CRC8
__ ready
- ]

iy rd , 168
16b x N q Serializer [—jp»
EOCs feckazine Frame. 16b > s 20b} Gearbox 16b Data Mbps
Header-Events-Trailer 8b10b
<> (DDR)
hitDataFormatting dataEncode
A ? 8A MHz
A MHz
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HECBASIC

» VMM-ROC (Readout Controller)
o R FAFATLAS NSWHZ
< 130 nm CMOS
o BEH: 8
o EVMM, TDS. ARTiE{At4h
o L1ff & T
o BRITHIRAE
o 640/320/160/80 Mbps
» USTC-ROC

o S CERBEmASICE FRVEEE, BLEHISIEASICIRTS

< 130 nm CMOS

o BB 8

o B A& ITEC

o BITEIEZE: 400 Mbps
o EF: 5mmX5mm

UNIVERSITY OF SCIENCE AND TECHNOLOGY OF CHINA

BC, BCR separate delays for
11 f 4 TDS ASIC
:gT(";k lé— 160MHz
~ARTck |
BCclk
56
ENA/SOFTRST phase ENA/SOFTRST
BCR/OCR aligners BCR/OCR T1C
TestPulse TestPulse | coture E-link (TTC @320Mb/s)
Level-0 Acdept LOA
Separate delays for CID, Orbit cous
each of 8 VMMs I—
VMM capture (1 of 8) —
Captures LO event packets 3
at contain several hits -
from the LO BCID window. S
E-links
Select L1 events
from up = from LO events
8 VMMs according to
BCID match
VMM-to-RO Companion Serial link is .
2 x 160MHz DDR = 640Mb/s, Forat BYent frae; H
8b/10b encoding yields 512Mb/s net. 8b/10b encode
Readout Controller
=+
VMM ROCZEHIHE
wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww
I | ‘ | i
< 1]
[ RO i
[ Al
A it
|- (i
TR T N | B
| ||| || [HESA e e
|
A i
s BR6e CEOUDRBGGRO GEURBGEG OOEEEG  ©OGERA oM
USTC ROCHR & 61



1900um

A

E
5| — 8 2
Channel
500um
FZRGBTxitvH ( » E-GBLDEHH
LpGBT) (LDQ10)
< 65 nm CMOS < 65 nm CMOS
~ Downlink: 2.56 Gbps © 4 x 10 Gbps Mi&i&
< Uplink: 10.24 Gbps(& &) P VCSELE RS
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Selectable eight analog output PADs

Pixel array
928 rows % 960 columns -
Pitch : 20.7 pm

Active area: ~3.8 cm?

‘RegVclamp
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175 pm
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Performance parameters RegVelamp RegVdda
Chip area(mm?) 0.0389 0.044
Imaz(mA) 0.19 200
b ' Dropout voltage(V) 0.5 0.3
resistance kg || 7 PSR(dB) 52 @10kHz 26 @1MHz
38 @1MHz
SRR Iz(mA) 0.677 0.147 @0mA
0.314 @200mA
ﬁl%‘ﬁui 150 Krad current efficiency @Imax 48.1% 99.84 %,
: Output noise(nVrus/VHz) 222 @l00Hz 340 @1kHz
74.8 @1kHz 65 @100kHz
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> 85 MeV cm2/mg (LET)
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> 100 krad(Si)
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