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Cmos SENsOR IN On behalf of the HV-CMOS pixel sensors in 55nm process collaboration
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o

R

©  Atid 9 #:~3 — 5ns for # #4542 R & 2tk at i@ (precise tagging of
bunch crossing ~23 ns for CEPC, 25ns for LHCb);

* fi & % #:~8 um in the R-¢ (bending) direction for CEPC, with less
stringent requirements for LHCb;

CEPC ITK: 3 barrels layers + 4 pairs of endcap disks
e F¥Hp: <200 mW/cm?;

Pixel Sensors

LP Module

e £F & PH 4324 2> 100 Mhits/s/cm? for LHCb UP;

Readout-Flex

* H#4E WA 2250 Mrad & 4X10'5n,,/cm?;

UPFull Stave

© XRAE (MAHARE) : <200 um;

UP Full Stave

LHCb UP: 4 layers of endcap
3 20264F I PSR AL BT 4%, V22, 6.30—7.5,2026



R AR 5K BB A

HUBT BT S RE B & 1 T SR AKN, Ak s Re B LS e i B S 5T AR R SR &, XX AR
PRMZRHARSE T ATATARA MBRER: DA HOR TCy A I i 2 25 A PR e s oK !

i s T R A T ) i (T 1B A 2 (B 4m e e
> T R A 7 > SRR 5 PER L > R R AL T
> H A B AN R R ) > HRKYiiE (D) !

B FECMOSHE &£ i KIRMIES  (HV-CMOS Monolithic Pixel Sensor) /EAREBFT AT R, BREBEILGESHET
REPIFEARKE, R, EFEERITEKEHERTERITEEREE, XAEEHRKAER R

PSS WEE FEXEE S E F YA
100.0
LHCb UP = #1 # % | |
BimmE L r@lbaEd P g A, |
> 99.6 - |
Minibias L=1.0 x 10> ¢m 25! ~|00MHz/cm? g |
'S 99.4 i
< " . = 99.2] —— MightyPix1 ‘
._% b ] Chip | Hits/chip/BX —=— MightyPix2 !‘
° 1 3.555 99.0 ; y y
§I0 F ‘H\ 2 1.9874 1_%3 Rate (Mﬁgcmz) 2
3 1.2506
4 1072 1 ” P - S L.
i SHEABRBRTE LA &R
S E 6452
] ] 32 I & 72 ~30MHz/cm?
" 10y 0 ) 30
X

https://doi.org/10.1088/1748-0221/19/04/C04045

20264 - P B BT &, 1542, 6.30—7.5,2026




HV-MAPS: & ECMOSE F /G R RN
A 47 42 6% 1t 46 47 HV-MAPS
Time resolution ~3-5ns
Spatial resolution (Pixel size) ~ 30 ym x 150 pm i(_'-'_ :
Power dissipation < 200 MW/cm? ' / z'-r‘l Charge collection node
Max hit rate ~100 MHz/cm? S
Radiation tolerance 250 Mrad & 4x10" neq/cm? . ]
Sensor thickness <200 uym i
Sensor dimension ~2cmX2cm, ~90% sensitive area #A HV-MAPS## £ & (44—t &) 2558

> AREER AT LSRR, RIREA PRE RS 5 IR AR Iy I RE /) (NIEL)

> ZFARBHEIRRIGT20004F0], HETHE B At 2300, BRI . Such as ATLASPix, MuPix,
LF-MonoPix, RD50-MPW series , RadPix, MightyPix =«:--- (T 180 nm/150 nm CMOS L. Z ik tHHI1E).

> HAIETE 55 nm CMOSLZ -5, HiFL S E R 2 PSRN HI 37w BB VERE T oK, RN Dy s e 0 BE S FEMAPS £50K [
T2 (HArARE A, CHEMALRETZN D .

5 20265 B I 2 s BT 4, P92, 6.30—7.5,2026
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2 E B

T 55 nm CMOS process TEHIEH AR HH

Chip size: ~2cm * 2cm

- BIRAEARELZ R

Periphery: DACs/1PC/digital process logics/PLL/Serializer/LVDS & IO

o ASICi& itz (AFHRAFTALY)

Performance Optimization
— Combining modified Process
and Validated ASIC.

c BAAHESSAERITLELSKR AEBRFGHERER

F A1 8 A K4 E
20265F 2% i 52 25 B &, i%, 6.30—7.5,2026



COFFEE %ﬁﬂﬁ Ff‘ 1 Z%E%é% X ¢ CMOS sensOr in Fifty-Five nm process

BB W O )
SeHECMOS L2 PAR ERES I SE I ASTCTE HH MY 2R . ARSI AIASICHIARZ . EThaeEM . KR ~FEIhEeds &L

COFFEE1 COFFEE2 COFFEE3 CHIR 1.0 CHiR x Final version

0.5cm 2cm X 2¢cm

55nm LL-CMOS process 55nm HV-CMOS process Small prototype Process modification and validation 72 full size sensor Full size sensor

2022.10 2023.08 2025.01 2026.01 2027

Trr o / \ .

- BREH LML BoREERAE = ANRSTIRELE Fr: ASTCHE HY A4 3R 56 - LEMAL. RRIBBRASICHRE

7 20265 B M R BT 4, 9%, 6.30—7.5, 2026



COFFER2 1T E

=AMBSLHIDIRE XS  PABOR R B IR IEM T Z PP N i B AR

1. Passive diode arrays: tics study

* Various sensmg, struc &ﬁc@j‘\pﬁ%e&smﬂces w1th/w1thout P-stop ;

2. An active pixel matrix including 3 variations of pixel design:

* To quantitatively evaluate the “cross- talk 1‘1@1&‘: gﬂj{d’}CMOS pixel senso -:

technolog,y n ﬂﬁgq‘;gﬂ)@eé's ‘an gulde the overall design of the future

Yor Mct%r Chlp

3. An active pixel matrix with a new readout architecture:

«  Very small pixel size 25X 25um? (fosr a @wwgepgnsor)
cesS
* New matrlx rféaéi t515ﬁ¥&£r0
hiteC
Yor new 351g1tal per 1pheral data processing included; Published paper: 1. NIMA Volume 1069 P169905 (2024)

?

2.2025 JINST 20 C03023 . 5
3.2025 JINST 20 C10011. ;

8 20265 B I 2 s BT 4, P92, 6.30—7.5,2026

The COFFEE?2 design includes three independent regions.


https://doi.org/10.1016/j.nima.2024.169905
https://doi.org/10.1088/1748-0221/20/03/C03023
https://doi.org/10.1088/1748-0221/20/10/C10011
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BBV : coFFEE2IIRZ:

» The in-pixel amplifier & comparators work as the simulation predicts

0.8

0.7

0.6

0.5

0.4

Output Voltage [V]

0.3

0.2

0.1

— 04V
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The CSA output versus different injection voltages

» Clear response to laser/55Fe / 2Sr sources:

52000

=
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F 3 [
- —4——  nolier:m=-0.26£0.28, 6=9.51£039 =] S 140—
= 3 T 250 4
E ——4—— with laser 1 m = 602.7140.10, ©=427+0.09 E 2 C
E = 120—
E_ _E C - Gaussian:p = 49.2439+ 0.5256, ¢ = 4.8802+ 0.5569 200
E B 100—
- - >

= ] C @)
= laser : ot .
3 E - 55 2
£ E r c g
F - 60— fre
u ] r 100
3 = 40—
F E r 50 1
e = 20—
E/ L I ! 3 -
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0 00 00 600 % 30 40 50 60

Signal output [mV]

20264 2 P 58 2% BT 2, 1542, 6.30—7.5,2026

Simulation

ey 650.0 =
> E
E r 3
+ 600 550.0 3
£ E
3 e =
O 500 45003
& F =
E F 33500;
Q. 400 o 350.03
=] 2 2 E
< F g|2500
300~ Measurement g )
= 150.0 2
200 3
E 50.0 —E
100 E
£ NI NN AU ERPRT NI I R W 50,0 =
0 0.2 0.4 0.6 0.8 1 12 14 16 18
Injection [fC]

[P T
00 02 04 06 08 1.0 1.2 14 16 1.8 20

Injection (fC)

CSA output as function of charge injection

depleted depth ~ 10 um @ sensor bias -30V

70 80
Values [mV]

Landau:
MPV: 33.63067 mV

90Sr

25 30 35 40 45

Values [mV]

50 55 60

5§
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Cmos sensOR IN
Eirry-FivE nM PrROCESS
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> 1LY ARMl: $FLAE~-T0V;, 2 EMAATHEALESAMAMA 10 Q-cm.

IV_10

Leakage current: ~10pA/pixel

Leakage [nA]

Leakage [nA]
"
AR
-
-~
.
141

2 vele]
e Nt paual et L5, 00
..,.: e P i .. Ny ges E

»
. &

0 60 50 40 30 20 10 0
Voltage [V]

.;....I....l....I....I....I....I....I..
-70 -60 -50 —40 -30 -20 -10 O
Voltage [V]

-100

|
[\
)
_IIIII|III|III|III|III|III|III|III|II_

IV curve test result

Breakdown takes place between DNW and p-type
surface. Lowering p-type concentration at DNW edge
(using high-resistivity wafers) improves breakdown
voltage.

-350 -300 -250 "= -150 -100 -50 0
L 1

1E-9

1E-10 A

1E-11 5

Current (A)

IE-12 3

L

Simulated
IV curve

= r=2000Qcm gap=20um without p stop
—— r=1000Qcm gap=20um without p_stop
—— r=500 Qcm gap=20pum without p_stop
—— =100 Qcm gap=20um without p_stop
== 1r=10 Qcm gap=20um without p stop

1E-13

2026 R PR BT 2, 1%,

T T T T T T T
-350 -300 -250 -200 -150 -100 -50 0
Voltage (V)

TCAD simulation

5§
(e

& AARE T Z BB AL : COFFEE2IA 45

Eirry-FivE nM PrROCESS

—~ 500 I S
S 450} « 10 kHz -
& 400 - 200kHz
£ 20 1 MHz -
8 300 %, E
< E E
S 250k E
200 £5 ——— with p-well =

150 e — E
I(S)gé B —— A thout p-well E
OE. o o b b b L P Y \:

M B
0 10 20 30 40 50 60 70 80
Bias Voltage (V)

CYV test results of a pixel with or without P-well inside.

Pixel layout size:40 X 145 um?
P-WELL inside version cover ~50% area of the pixel

— . d > Cdiode iS ~ 200 tF;
— : dominated by
.'_I\A Charge P-well-to-DNW

collection nodéa capacitance.

Depleted zone

6.30—7.5, 2026
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\corree B
S AR T 2 B84l : COFFEE2M A 45 3

Eirry-FivE nM PrROCESS

HVbias 1y p. -well outer rings  M-well Guard ring  P-stop

=l H = = m B > oz ¥ @2 1% AASICiL
hEAKFETHEE, 2ELNH (PMOS
e i ""” Fagbulk) 3|4 B N Mok a4t 2, o HigK
Top view of single pixel %ﬁﬁikaﬁk) 5'/’#\“$%”;}(&%0 Tﬁ dll\&
P-well ANMOS % 1% # A&+t & 4.
m Deep N-well
In-pixel CMOS comparator design In-pixel NMOS comparator design ] &, ‘._P ] € $ 44730,

* (a) CSA output when the CMOS
discriminator on (yellow) and off (white) with
the corresponding CMOS discriminator output

(blue);

* (b) CSA output (yellow) when the NMOS
discriminator on (green).

IK\\ Amplifier (discriminator off)
I "~

(b)

y 20264 HE L% M SR BT 42, 1%, 6.30—17.5,2026



ASICTE H 4 SR v AN B

: Array: 32 row 12 column
AfPixel: 40pmX100pm f

DLL LVDS driver/receiver
COFFEES3 layout, 3 X4 mm?.

S EE (B 2 R A

b )
( X )

/NR~FIRELE B COFFEE3

Bt
> FMMSLERHASE, Bt RESRTER (2X2 on?);
o RHME 1. BEN NMOSEIT, BALHT LEABTH
“ERER” XU
- RHWEE 2. BRACMOSET, BRRITEBE, AR
KA BB T S e &
> PO GRS AR LHEC 4 [ K o ri s A b 2 () ARALLTP

1. REWUFNEERNARSGEHETER? MRS, MBS, . ERELIE,
2. it T Z R IEMRES 5 T H SRHV-MAPSH AR KA e R TN R ? (180 nm -> 55 nm)

12 20265 B I 2 s BT 4, P92, 6.30—7.5,2026
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BEHWEE 1. BRNEHNMOSHIRARLIE T, (55 Lm
iR 5| i, EEoCHR s In T8k BRI EE R .

Pixel Column Pixel Column Pixel Column

Address 0 0 0
Bus Bus Bus
1 1 1
Hit <
s [ L
i 2L 2 2
it
3pJL 8 L &
4 4 \ 4
EoC (End of Column) EoC (End of Column) EoC (End of Column)
Package2 [TS2, Address2]
TS TS S
@ @ @ Package3 [TS3, Address3]

(a) Convert hit pulse to digital signal by
comparator

(b) Read out digital signal to EoC

(c) Capture leading and tailing edge
parallelly

in EoC

ek

o M. G5 S

# B R RS

PR 2. EBRERNERTDC, 155 Hki B BAR[E] . 45 S [A] A
HEAS RSB Z A, RS Pk 32 tH B4 ikdm  (EoC)

Pixel Column

5@ Reg | " 0
i, L 5@ Reg[ | 1
Hit _ L@l ]— :
WL 15 @® Reg| | 3
TS@ Reg|:|— 4

| EoC (End of Column) ‘ |

Pixel Column

s @ real 7, 0
5@ Rea[ | 1
75 (&) Reg — 2
15 (9 Reg[ 753 |— 3
15 (®) Reg |:| 4

EoC (End of Column) | |

Pixel Column
5@ Rea | b
5@ Reg[ |
75 (&) Reg —
|:| J Package3 [TS3, Address3]
15 () Reg |:| —
© @ Reg|:| J Package2 [TS2, Address2]

Address 0

N

w7’

~

EoC (End of Column) |

(a) Convert hit pulse to digital signal by
comparator

(b) Capture leading and tailing edge
and store time stamp in pixel

(c) Read out package(time stamp and address)
to EoC in priority order

* RFEALZSHEAL. £S5 FPEHET
18 14 50 65 2 £ 8

13 20264 H L M SR BT 42, 1622, 6.30—7.5,2026



BRI AR: wms o) ©ERGRHE

Particle Rate .
£ = Innermost chips Hit Rate Distribution by Double Column
1 === EE= <
—— = T 45
; = 4 ?
- E__ Beam 'E__ S |
= = ——| 35 5
-10 —— — 3 -
i === == 25 020 30 40 50 60
-15 -10 -5 0 5 10 15 Double Column
x[cm]
LHCARKTH )5, LHb UPALE 50,000 X 5 4% 4 PRI ES _E8S A i BARHEA 7 5, DR 2 BHEELT, AT ARLRRAGELEGETTHE
WH (BXID) WyPR{ B A O e ot o7 B 08 A () o R A AL
TCAD#% & . e g
& 45 At =  HMlpile-up: BUUE T IHE;
i Hit event: . : 3 . o
BXID, (x, , 2) = _ T e o HFpile-up: HHE i HIESE.
— FIFOVA J ;
— I o BREEEHES: A R
. e
. R4S, BRI R T &
i ALLpix24% " -
YR E SEAASICHTT ISR, BT System CHIZS H e
T 15 & SR RGLATHE, LRIE >> 99% I FERM R

14 20265 R MR BT 2>, P82, 6.30—7.5,2026



Hit <

Hit<

(a) Convert
comparator

L H M ER1 TS R s esmscs R b mmae 77

1 . == 4 :
BRHBEE 1. BRI PESRIFTHERTIRESER Pixel Column
Chip Efficiency
Pixel Column Pixel Column Pixel Column
<0 Bus 0 Bus 0 Bus g i _Chlpl
1 1 1 3 ;
:i\_j_L 2 J_":L 2 § 99.5 Chip2
NI 3 ‘ s & ——Chip3
4 4 I 4
99.3 ——Chi
= Chip4
EoC (End of Column) EoC (End of Column) EoC (End of Column) E
Package2 [TS2, Address2]
=® =® =® Packa Z 3 [TS3, Address3] = 951
t hit pulse to digital signal by (b) thlealvii out digital signal to EoC (c) Capture leading and tailing edge
parallelly in EoC
98.9
Each column shares an EoC module 4 6 8 10 12

CLK

; Group number
[EoC]

At UP extreme positions, digital logic

B t % 2 & 3 M 4 ¥ 5 X B X 7 X =

One pixel column architecture in COFFEE3. induced efficiency loss is ~1%.
_— TOT last 100 ns -1.6 us > AR P REE (eg. > T+ Mhz/cm?)
@ Can not provide independent time stamp > B TEIRRCAS B AR
. \Q\ounter for each pixel at EoC > IR BRI LR
. N - B SRR MU BCE SR BT T, AR I AT T M LRI o A
THSMPRENL, ZBIHFE100Mhz/em2f 244, ARAR AT DURIES: & AR 3
FHRELT - ATCREHR W GRS AIBIRCES <1%) , FHLERBIB IR

15 20265 B I 2 s BT 4, P92, 6.30—7.5,2026



A )
B2

BEHAI4E 2:
IR P13 H B BE 1 JEHR

<100 ns).

Pixel Column

FIZE2HI T B mmmmme. ForEm£mmaet

Address 0

s@® RegI:l "

e, 5@ Reg[_|

Hit<

\‘*J_LTS® RegI:l

3
R
IR TS@ Reg|:|
4 s@® Reg|:|

B2 w N -~ O

Pixel Column
75 Reg |:|
75 ® Reg |:|
75 (®) Reg
75 (® Reg
@ reg[ |

Bus

Pixel Column

HO) Reg|:|

s@® Regl:]
5® RegI:l
15 @ Reg[_|

& w N Pk o

5@ reg[_|

i PR B SeAFEE R R A, HLIe

(Efficiency > 99.9% (@ UP while READ

Bus

l Package3 [TS3, Address3]

l Package2 [TS2, Address2]

EoC (End of Column) |

EoC (End of Column)

|

EoC (End of Column)

(a) Convert hit pulse to digital signal by

comparator

Aa bty 221

(b) Capture leading and tailing edge

and store time stamp in pixel

, BARFGEFEHZTT, HiAfs

(c) Read out package(time stamp and address)

to EoC in priority order

LLR ARG

Layout of 2 X 3 pixels, signal pixel size is 40 X 145 pm?

/Analog Front-end
1.2v

il zﬁ
sensor

IN PIXEL READOUT LOGIC

Comparator

Injection
nable

Pixel Config

\ PIXEL

READ
‘ FREEZE

£ | teTERAM

Addr-ROM

s bﬁﬂ'

TSLE_p {6-b)

UMM EELE:

CLK

cLK_TDC __,| generation Delay Delay Del Delay
{20MHz) & Sync
circuit

WITE_p

-

IN PIXEL MEMORN
Dote

Time-to-Digital Converter BIE sz
PERIPHERY Pe @]
|7 w W @’ @» @’ w e

*The actual manufacturing size will be scaled down to 0.9 times the layout size.

> BERAERRERE: AR PR R AER TEDBORE BER. 4-bitiIERADAC, ALK NEHE, T EEHES M-S

[AIZXTDC. WA A d . BRI E2RE,

6

CLK [40MHz}

20264 2 P 58 2% BT 2, 1542, 6.30—7.5,2026



» A} > L f—
Sidasy AL LHRES s RKT
I }l X} ':F
LEC TEC
Pixel Token_in
[~~~ T T oo i‘ —————————————————————————— | TIMER ___ X_TSn_ X _TSntl X_TSn+2 X_TSn+3 XTSn+4
—— VCDL | —— VCDL — VCDL | Analog Digital | >
' _l_|_l—|£l_l_l_|_l—
| 2 ROM (ADDR) | CLE
' <— Conf. Reg |
- DIS OUT
— VDL | —{ VCDL VeDL : lleak Pxiel DAC WLEF_| : —J
| Phised DFF (LEF) | WILEC M
! VCDL ' WITEC [ S—
: e = DFF (TEF) ' I LEF
o] | - WITEF | : Phase0 [i]
£ |
o —— VCDL —— VCDL — VCDL | e | Phasel | TEF
1 | mask WiLEF ML\E: [ wel | ! L
2 I CSA CMP —/ Readout WitEF [ SRAM (LEC) | Phase2 | l_
| Sensor CSA_OUT WiLEC | I
- | DIS OUT Controller [0 | Phase3 | _] |_
[} vC | Readmt | WiTEGy | T _, |_
< CLK || | Charge Phase4 — | Y —
g FPD Charge VCDL | ——- —\-|  SRAM (TEC) : T
% | | Pump LPF | e | Phase5 9
) | |
- ’/ - d 4 __{_T__ _________________ I WILEF |
-HY Test_Pulse Global Vth Token_out Read bpg Vrsm Timer WITEF ——
Peripheral DLL and duplicated in-pixel VCDL The comparator output is used for VCDL 6 phases are used for Leading edge and 2 of them

are used for tailing edge.

1% ¥ S TDC 4 18 2 A&+t & & 4.16ns fine timestamp for LE
> G EARLE—~NIGVCDL4 4, # A @GDLLE K E 4% F 5| o3,
> PH#EFPO%ELGTDCOB Lk, LEFEHB ALK,
> B20MHz e 1% & at4F o~ L 4 7] . a1k & A $ 4 & 4A0Mhz e 4 5t id &
> {55 % &4k (LE) #e/6%& (TE) £ 35— 452 R4, ToTL A /LFEAHSL G0 HLI L

17 20264 H L M SR BT 42, 1622, 6.30—7.5,2026



D » .42 B
B = WA RN RS R
e CSA+NMOS comparator in Architecturel * CSA+CMOS comparator in Architecture 2
VDD VDD comparator

83 AC{ e Com_bias VDD
B2 4{ " I:MS—VOUT e —1 " " [: v
B1 ~‘ MZB4<| t: e le Comin Comparator_out
A -] IBias

s

b)

2). CSA2: fold-cascode + SF VSS
1). CSA1: cascode + SF

etk
s A RRAEFEGRAGAKE, Bo@atia o
« wi: EAwKGEELRE;
» TOT: ##Fsikix. sftiqodhilesd
e RF: Toaatio. Bal%k. REFPRYE,;

18 20265 B I 2 s BT 4, P92, 6.30—7.5,2026



CAr

BR AR BT BT

¢ it | ot i ToT (Time over Threshold) :

Efficiency vs ToT TOT Distribution

100.0% 1 % 0.09;.— f
@
99.8% Pixel: 40 * 145 um? (0
O
99.5% | .g
o
8 99.29% - E
= o
v Z

99.0% =T =T I e e

Efficien

98.8% 1

98.5% 1

98.2%
|

D-- e wowe e Tooe g o o ] oy g ag

0 200 400 600 800 10‘0;) 1200 1400 1600 1800 2000 10 20 a0 40 o 50 ) 60
o TOT[*25ns]
Efficiency vs ToT while the hit density @ 100 Mhz/cm? Simulation results of ToT distribution of a MIP in HV-CMOS pixel sensor
(only analogue part) (2ke- --> 20ke-).

The maximum ToT (for MIP) is limited to ~1us, ensuring far less than 1% efficiency loss due to analogue pile-up
while the hit density reaches 100Mhz/cm?.

19 20264 HE L% M SR BT 42, 1%, 6.30—17.5,2026



Fif [8) 2339 B 50 B

Sensor Pre-Amplifier Time measuring circuit (TOT compensation

2 2, ) 7, not included)
A Of = 07w T+ 0] +0TpC -

Typical time measurement detector structure. Electronics noise. threshold TDC quantization noise:

inconsistency from pixel to pixel, etc. Time stamp bin size N12
Signal charge distribution. analog front-end
design. comparator threshold setting, etc.
2
(4ns) 2 < (2ns) 2 < (2ns)

Time resolution < 5 ns

The current analysis does not incorporate TOT compensation, clock delay (~1ns, compensable), or clock jitter (ps-level) effects. The

final performance highly depends on the final process condition we could access.

20 20265 B M R BT 4, 9%, 6.30—7.5, 2026



BR AR AT

€ The time-walk: simulations for MIP in fully depleted 200 um thick sensor.

Comparator_output (V)

o e o
- (=) -]

Luidiedisdindsedsadiadindsdiad s diedodondiodind vediadiasiadiodiodindind

o
%}

‘ [‘ | | TerIWE’—Wa

e |
I |
f l | |! | | |. |
W 1.
Wiy !]J ¥ J

lk ~|13.5ns

e
(=]

705.0

€ Power: ~ 10 uW/pixel for in pixel CSA + Comparator

21

I L5 TR L R T T T TR
705.005 705.01

L] T L DREE PR NN ML DL THLAE

705.015 705.02

time (us)

Time walk: 13.5 ns

T 11
705.025

06 0.7
Injection (V)

Time of Arrive: 5 ns - > 20 ns

® Noise: b A B LARZAEME (AFHA
1% f T ¥ 4 F Nl X 3 o)

20264 - P B BT &, 1542, 6.30—7.5,2026



\

20 mm

R0 IIFERTHAR B (5 BB

Pixel matrix

BEFI9hE B

SVFEEERE SEHUEThH. MR

il

Area 20 X 18.4 mm? 20 X 1.6 mm?

184 mm
Total power  ~580 mW ~ 22 mW (may overly
consumption optimistic)
Power ~158 mW/cm? ~123 mW/cm?
density (estimate one data

_ Transmitter channel )

1.4 mm

[}D IﬂEmm

Estimated layout of a full size HV-CMOS sensor.

22

20264 2 P 58 2% BT 2, 1542, 6.30—7.5,2026

Estimated overall power consumption and area (based on architecture 2)

--- on the expectation of using high-resistivity wafers in the future.

20 X 20 mm?

~ 602 mW

~150 mW/em? (hit
density related dynamic
power not included yet)
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Power Supply
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Caribou DAQ
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COFFEE3
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Architecture 2: in-pixel TDC Architecture 1: in-pixel NMOS design

A— o - e — - —_— i Passnedlodes-“PL

| l_ Laser on 5 sllaellell S nit

e A

C

)-———»—-—.-—u—-——w—«— bol s it ot St e i i
serialize

i el w il

5 comparator |

- | ‘ g ] - : . . .Readout data W|th
| digital Hit | vald hft_f’_” the only unmasked pixel - : S it g -time & addli'ess
s m'ﬂmﬂnlnhu ORI DLL/" LVDS driver/receiver r g - A —

| e Y

10 60 0 mlninmmmmmnmmumaummumm . Layout of COFFEE3
| ._,._—Y—; comparator

Empty packet E Empty packet

@ ooomviaw | DEEE || @[ 1o0ms

D 50.0mVidlv 500 By250M D 2634
T 26.4ps
@D 37.379kHz

4 bit 4 bit 8 bit 8 bit 6 bit 2 bit 7 bit 3 bit
header CHIP_TS LE _coarse TE_coarse LE_fine TE_fine Addr_Row Add_Col _Valoe  Mean M Max StDev  Cownt indo
0/1 1 0fo 1 0/1]oc00/10110]o/1101011]1]1]o 00 0fo ofo/o 0000 1jo0 0 @B wax_pssomv seem  ssom Rseem  foo

A valid transmission packet Correct row & column address
corresponding to a hit

The full readout chain works for both of the two readout architectures.

Sensing diode — in-pixel (CSA\comparator\TDC) — EOC (digital peripheral) -> data link-> DAQ
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PIZWRAGR: R3S

All the functional modules designed in COFFEE3 work:

BRADRER

« PLL works ups to 640Mhz * LVDS driver/receiver works at * Delay line for in-pixel TDC works
. 640 Mhz support 1.28 Gbps data as expected -
l'viTI-II:KL_Tx 4 O QI gI SI 21
o CLK_REF —’ZL;TTlZ
g ‘ ) VC_SW
_VESW ) ouT3
st RKOUT, oo RSTB 5 DLL ouT4
CLK_IN CLK_OUT T 2312
Fig 3.1.1 LVDS block diagram .
ol " No delay
N C
% sor- o Test results
~. sof- * Simulation results
g F
= 400T
=
2 C
300
2005—
. PN [N RN TN T TN TN TN [N T S T Y T SN [N SHNY SR
0 0.2 0.4 0.6 0.8 1 1.2

VCO voltage [V]
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PIZMALER: BRI 5w

_ Threshold vs. ToT COFFEE3 V2.0-1 Coll Fe55 HV=-65V
> 094 . _
g Q_ng_ - || I threshold 1004 . 600 4
£ = .
0.9F . | . 500
B e ==y » 0.95
0.88— . g e Source Test Results
[ —_— - )
0.86— . TOT 2
E . E 0.90 1
0.84— . £
0_333_ \ . 0.85
08 .
Ci 01 PG Y P VO VB O R GO L (N S O 0 YO O A LB 0.80 T T T T T T 1 002 0.04 0.06 0.08 0.10 0.12 0.14
0.2 0.4 0.6 0.8 1 12 1.4 0.2 0.4 06 0.8 10 12 1.4 Values [V]
TOT (us) ToT (us)
No significant calibration peak (1640e- for 5.9 keV
Measured TOT-threshold relationship matches simulation results. X-ray) is observed.
26 20265 PR R BT &2, 5%, 6.30—7.5,2026




PIZMALER:

S-curve results of the In-pixel TDC version: Each pixel integrates a 4-bit DAC for threshold tunning

Before threshold tunning After threshold tunning

> \ \ \ \ & L o ‘ b I L
% 1.0 § LOF I Dashed line: TDAC target = 1.1536 V ]
ST 2 [ ]
E 0.8 =08 - E
s m) o E
I 02— .
02 B .
| T R S| ‘ S, AR S

().(2) 0‘00.9 1.0 1.1 1.2 1.3 1.4
90 Th (V)

Threshold Variation Noise: 4.6 mV

Temporal Noise:5.5 mV
:220 2 S o
00 & 50

=1.1551£0.0140 [ =
50 = 1.0670 +0.0035 180 " 1 =0.0055 £ 0.0001

= +
6 =0.0347 £ 0.0025 6 =0.0046 + 0.0062
* - + ]

=0. £ 0. 6 =0.0012 +0.0001
160 40
140
120 E 30
100 - 3

80
60
40"
20

Entrles

20

0 3

= 0 - C ! ! . ]
09 1.0 L1 12 13 14 9

090 095 1.00 105 110 L15 120 0.000 0.005 0.010 0.015 0020
V(50%) (V) TDAC tuned V(50%) (V) Noise (V)

If we take 0.1V as the calibration peak of »Fe, noise after tunning would be ~ 120 e- (results are just obtained, very preliminary and need further confirmation.)
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2column X 48 rows pixel

I it ‘ =|0im
P 1033 45 ‘6 TR U IN U1 I 13 14 IS 16 1T IR 1930 20 3233 3425 26 27 20 10 30 30 33 31 3435 3 37 38 3 AD 41 42 43 M 35 46 47 0
mw® |03 34 56 T B WINIIIZL 4151617 B WX 2 23 MBI BWI0NINN M HITIED ML G0 H S 6D 0
me 1033456 7T ESMIEBHEBEETERNABD NS BT BDI0NNRNHBSHITED WA 20405567 0
Laser response test of pixel array: l 1000
1000 laser injections per position with a 200 um =
movlng Step, Coverlng an equlvalent plxel lnterva]_ P |03 304 5 6 T B 9 L0 111213 IS 16 17 I8 1920 21 3327 24 35 26 27 15 29 30 31 12 37 34 35 36 37 38 M 4D 41 42 43 # 45 46 7 0
of ~5 pixels (180 um, pixel size = 36 um). . =
0

P B L3 304 5 & T 8 9 [0 111213 141516 17 JB 1920 20 2221 24 35 26 27 18 29 30 31 12 37 34 35 36 37 35 30 4D 41 43 43 4 45 46 47
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FIBIRGE R, A s

Not to scale !!l | !!!

B T » COFFEE34 & k R AR5 ¥ 4L
| #] T MIP4z 5 ;
L > -G o EaRITTE;
------- ===t faem { | > AT—RRAEHRRET 4%,
- — o\ 2] =S : Bt AR 0] B
Setup on I9th May COFFEE placed between
Si strip Iayers @ H6/PP156 @ SPS.
S e* LR MR
S ﬁ%ﬁm¢ﬂ%ﬂm— s vigger TR ¢ﬂ%ﬂmwp
2 A AR S, .. .. 7 (i
% " o2 0:H+.*€6* 08 1 e i * i @) h 3&%1;'? ()
' . ' TOT/(coarse) [Us] b)’ Ylm i ng
29
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https://indico.ihep.ac.cn/event/29739/
https://indico.ihep.ac.cn/event/29739/

The preliminary test results are positive

However, standard commercial 55Snm HV-CMOS process is by no means the ideal MAPS process

Two P-wall cuter

& &E - n ﬂ “ m = 1 Triple-well process = cross-talk risks between sensor (deep-n) and
e | PMOS transistors; =2 Restrict the flexibility of in-pixel design;

P-Type sunstrate

E T . 2. Break down at ~-70V; - Extremely limits the SNR.
- 3. No access of high-resistivity wafers;

In collaboration with the Foundry, some process modifications have just been made

for better sensor performances
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Modifications :

-
coNw

DNW

DNW

-

Very-deep-NW;E A\ 542

Psub

—)

PsubEEpE=ZE=100~2000 Q-cm

€ Add layers: Deep-PW & Very-deep-NW;
€ Change doping rules affecting breakdown voltage;
€ Replace wafer: from 10 Q-cm --> >1k/2k/4k Q-cm;

rrent (A)

o
A
Capacitance (fF)
2

~——p_sub=6.63616e12 / 2k O*cm
1eR2F b sub=1.32768e13 / 1kQ*cm
~——p_sub=2.65681e13 / 5000*cm
——p_sub=1.33344e14 / 100Q*cm

——p_sub=1.35849e15 / 10Q*cm
i L i i i i L )
1000 00 800 700  -600 500 300 300 =200  -100 o o an
Voltage (V) Voltage (V)

» Capacitance of VDNW/p-sub:
~ hundreds fF --> ~ tens of

» Breakdown V: 70 --> > 400V

100

200

200

-200 -100 0 100

» Depletion depth: ~10 pm = >200 um

Huge S/N gain : Signal increase >10 times, while Cg;, 4. reduce
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ET BT ZHE XA CHIR 1.0

204 §COFFEE3@ %, @62 &6 R, UEAR R GREQ 45:

“CHiR (COFFEE-HiRes)

* Guard rings & Passive sensor design validation:

* (A) 20 arrays of 3x4 passive pixels with diff guard ring designs, each can be
diced into individual 1x1 mm? chip;

* In-pixel FE and Active pixel matrix design validation:
e (B) 9 variations of in-pixel FE designs & 12 variations of pixel sizes;
* (C) A 256 x 64 pixel matrix (pixel size 38 um x 150 um) With digital periphery;

ww 7z~

* Analogue IP & Digital modules and transistors validations
* (D) necessary analog IPs: PLL, DAC, LVDS, SLDO ...
* (E) alternative small pixel arrays and SLDO versions
* (F) digital modules and transistors for TID and SEE studies

F—#E ARt AARES

Answers to many key questions can be expected! 2mm  3mm 5.5 mm
Layout of CHiR 1.0, submitted Jan. 24, 2026
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l“Ll'.‘ %*ﬂ )Cé '

> RATCIHETRIH 55 nm HV-CMOS AnifE T 258 COFFEE2/3 iy kit #wimbRas Sacil 7%t Bbr, #
ZPEREM TAE IEAE T

> BETBM T2 5%EMNEZCG A CHIR 1. 0 e S TH IR A 3258 1 2 10 08 M il BB A3 BIARE . 25 i3t JE i
A, Ja St i TARRHARFE A2 2 T 20 H S it

> PATHIEE R DAAE 2027 FRETERA RS DR v it

Time line

Several MPWs to reach the full-size full-function sensor 2027
2026.1

v

Chip size: ~2cm * 2em

COFFEE2 COFFEES

RIS Y4 of the full size

Full functional design

Target: Time resolution ~ ns; Spatial resolution ~10 um; Power dissipation < 200mW/cm? ;
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A0 R, X A€ 64 ¥t £ & FA: Random ranking

Leyi Li, Xiaoxu ZHANG, XiaoMin WEI, Weiguo LU, Pengxu LI, Mei1 ZHAO, Yang ZHOU, Bingchen Yan, Anqi WANG, Yuanhong JIAO, Yang
CHEN, Yujie WANG, Huimin Wu, Zexuan ZHAO, Yu ZHAO, Zheng Wei, Jianpeng DENG, Zhan SHI, Kunyu XIE, Xinhao XIE, Xiaolong
WANG, Ziying ZHANG, He HUANG, Junyuan YAN, Shenyao TANG, Ruoshi DONG, Yang CHEN, Xuekang LI, Xinyang GUO, Zhuojun CHEN,
Zhiyu XIANG, Zijun XU, Zeng CHENG, Kang LIU, Qinze Li, Yisheng Fu, Tianyu Shi, Menke CAI, Boxing WANG, Yuman CAI, Hui ZHANG,
Mingjie FENG, Le1 ZHANG, Meng WANG, Hongbo ZHU, Yiming Li, Jianchun WANG ........

& Independent KIT design in COFFEE2: Hui ZHANG, Ruoshi DONG, Ivan PERIC;

ST

Karlsruher Institut fiir Technologie
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Thanks for your attention!



