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I The LHCb Upgrade li oy @AY ED & BI U i %

Upstream Pixel

RICH ECAL — PicoCal
UT —- UP «  Granular photon sensors « SPACAL + Shashlik
 MAPS detector * Add timing information High granularity
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UP Detector Layout B L

. . . LHCb Upgrade Il Mishtv Track
O UP is the middle component of LHCb tracking system tracking system ighty Tracker
» crucial for suppressing ghost tracks i
VA
» crucial for improving track momentum resolution 1
» crucial for resontruction efficiency of tracks from long-lived particles \
O UP module prototyping: detailed in next < Zhijie's talk RICH1
MAPS Sensor Module
Peripheral |:> r«—“_‘ T em ~
Circuit 2] i : : ' = 0 2 4 (m) © 8 10
o 8 Sensors — 1 Module
12 Staves — 1 Plane
4 Planes — the UP spatial resolution ~ 10 um
Stave . .
] time resolution 3to5ns
8 modules x 8 sensors / module, ~1217 mm (one possible plan)
______ max. hit rate 91.2 MHz/cm?
substrate thickness 100 to 200 pm
—————— in-time efficiency > 999% within 25 ns
transmission rate N links of 1.28 Gbit/s (N =7)
NIEL 3%10™ ngq/cm?
O serial powering: detailed in ~ Tianyu’s talk TID 190 MRad
. . . . ) i 2
O electronics: detailed in < Hanbing's talk power consumption < 200 mW/cm

O cooling: detailed in < Tiange’s talk solution: MAPS-based sensors
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I MAPS Sensors R&D

large electrode MAPS in HV-CMOS technology

|0n|3|ng collection

. NMOS in p-well PMQOS in n-well
oxide particle q P
- e T

deep n well (also collection electrode)

I_HVI

* Front-end inside collection electrode

* Intrinsic high radiation tolerance

« High breakdown voltage & large depletion zone
* more electron-hole pairs
» faster charge collection

« High sensor capacitance

» Higher noise & power consumption

y YO HEEL L B UL %
L Institute of High Energy Physics, CAS

small electrode MAPS in CMOS technology

ionising

particle: NMOS

oxide -
deeppwe[I /
B low dose n-implant

* Frond-end outside collection electrode
« Radiation tolerance relies on process modification
* Low breakdown voltage & limited depletion zone
« limited electron-hold pairs
« limited charge collection speed
« Low sensor capacitance

» Lower noise & power consumption

& C. V. Sierra, VERTEX 2026
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I MAPS Sensor for UP

O Candidates of UP MAPS sensor

now we are here

> YRHE DR BRME A

Institute of High Energy Physics, CAS

* investigating HV-CMOS technology: ':
1
COFFEE-HiRes 1 i
RadPix1 COFFEE / * * i * *
5 A <4—64 columns—p T 1 T T ° :
- I A MightyPix2 CHIiR Submission Firstresult | Submission Submission
i I N A CHiR-1 CHiR-1 I CHIiR-2 (V4 size) CHiR-3 (Full size
4o [ - SMIC 55 nm 01/2026 07/2026 I 12/2026 a4 2027( )
3 BB 1
ey !
1 ¥ RadPix |
OB - S 1
L 3 ] 1
3 3 5 Desi iew Submission | First results RP1 Submissi
12.7 mm 2 v;‘ LFOUndry 150 nm Ose/;(l)gz% review RadPix1 (% i 12/2026 R:dr;:izlc()fr:]” Size)
TE size) I
l HEEH 07/2026 i Q4 2027
Jum r : 1
] | MightyPix % =5 e
J Submission | First result Submission
2mm  3Imm 5.5 mm AMS 180 nm  pqp-2 (80% full size) i MP-2 MP3 (full size)
_ 09/2025 | 12/2026 Q32027
« alternative CMOS technology: |
MANTA-1 i
MANTA * ¢ s e
1
SR TPSCo 65 nm Test Submission Submission Sulsesten
SPARC MANTA-0 MANTA-1 ~1 cm?2 MANTA-2 (full size)
05/2026 12/2026 Q4 2027 Q4 2028
1
. Mighprecision TOC__ X !
" EOC_Aber + Fast OR procossing
Dual Clock FIFOs ? + Encoder
i conivﬂov
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| COFFEE/CHIR Family ¥ R )

0 CMQOS sensOr in Fifty-FivE nm procEss, COFFEE
[0 COFFEE on High Resistivity wafer, CHIR

CHiR
COFFEE.H'R Cmos sensOR IN
COFFEE 2 ( I es) FirTy-FIVE Nm PrROCESSS
First HYCMOS 55nm - Validation of
prototype chip process
- Breakdown at -70V modification _
_ - Key design Quarter-size
- Responsive to laser, feature chip submission

X-/beta-ray sources

Submission timeline

SielflEss Full size chip with all
COFFEE1 - Two pixel arrays with functionalitie:
- Prototype in LL data-driven readout implemented
process - DeSigned for gOOd timing p|anned ~end 2027

resolution and moderate
power consumption

- Validation of deep
N-well structure
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I COFFEE Family: COFFEE2 wWSy faurrdnpiach LGS

mpassive diodes
.l:‘l‘!'l'ﬂ’!‘l"ﬁ! !!‘ - |

O COFFEEZ2: prototype with analogue frontend

» passive diodes for sensor characterizing

« RA&D for pixel electrode structure, in-pixel amplifier & comparator

\'f\ DEARAEARA SAK)

Liiaknd

O Many results from COFFEE2 [ & CLHCP2025 ]

* IV /CV performance on 10 Q-cm wafer

 irradiation tolerance on sensor study @CSNS 80 MeV proton beam

« response to radiation source °°Fe, ?°Sr | T TR

Matrix by IHEP™® Matrix by KIT

-
-

= 100p—— W g I 55 90
< L w = L g s
s | 3 + E @  Data Points 4 g 20 Fe test 250 Sr test
L | (=] ‘ @ r
@ | . . Lo B ®
o 1 single pixel 1 2F 1=l +aVa, 120
< I 3 S F 2/ndf = 0.006911/2 - 200
T 0.9 l, = 0.548 + 0.039 nA ; e .
of ] . E oV = (30.4 + 4.6)x10"° nAcm? / 8ol & 150
i - = 0.8~ 7 u &
i ;& 0 R I C - g
i ] o A e i ST . E /! Iy 100
sof | 2 oo [meHR e K {1 ,,0 room temperature , .
[ L8 omf ] B g woF-
' -004f F o C 504
-100 L -005% -0 60 =50 40 =30 =20 -0 0.6/ ° 20—
L : Voltage [V] N ) - r
| L L ! ] L | , o AR S S
E 0 Y L ' = - 0
-70 -60 -50 -40 -30 -20 -10 0 1(;‘2 1(')‘3 10'“ % 80 20 25 30 35 40 45 50 55
Voltage [V] Radiation flux ®eq [n, /cm?] Values [mV] Values [mV]

Leakage vs Radiation flux
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) COFFEE Family: COFFEE3 R LT

O COFFEES3: prototype with full-functional digitalized readout for fast-timing

* passive diodes for sensor characterizing
« IP validations:
- PLL, DLL, LVDS transceiver, ... { B =B B ERE B giiziis
« Integrated analogue & digital in-pixel frontend | - NMOS
. CMOS architecture (digital pixel): | HIIEREN il
40 X 145 pum pixel, digital TDC in-pixel
* NMOS architecture (analogue pixel):
40 X 100 um pixel, NMOS comparator & TDC in EoC

Pixel Column TOA/TOT sample & Memory Pixel Column
g | Pixel
o | csa [ empepac | R vepe || ©on0& || rom|| sraml|| | Pixel 0| CSA | CMP+DAC

1| CSA | CMP+DAC IE‘:]:‘% VCDL C‘E‘Ef‘ ROM || SRAM | CMOS matl"iXZ | | €A | emPDAC | NMOS matrix:
2 | csa | emppaAC E?r‘l’_' VCDL C;‘:‘g' ROM || SRAM 2 | C5A | CMPADAC
3 [Lesa Jewrpac [ G [] vent [] TEF ] row ] sraw * in-pixel data-processing : » EoC data-processing
Con?ml . ) ) . .. CSA | CMP+DAC Ep i el [
b v | s | e priority-ordered serializing Con oA w
| | | n | CSA | CMP+DAC EOC AT m“
O(tl:)elzrl:::] ‘ Readout control Memory readout : EOC Other Pixel TOA/TOT sample & Memory m ‘ . .
"""""""""""""""""""""""""""""""""""" ' . . . . . Columns | .
I T N aiming for high hit density e oo st avoid N-well crosstalk

Timer, Data Package, Serializer DLL . .
Timer, Data Package, Serializer
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| COFFEE3 Validations 3 tanmesies gy

O Passive diodes

» |V: breakdown at -70V, expected for low-res (10 Q-cm) wafer

« CV: Single pixel ~ 50fF at -70V. Higher capacity with circuits (P-well) Passive diodes
~ 4000 224 {55 o SO
‘é 3000 - E < 450 * 10 kHz -
= E 400 © 200kHz
5 2000 = = . ]
5 000l |00V F £ 3505y 1 MHz 7
O E o 2 300 E

o J § 250 :
_100024; é 200 with p-well 1
~2000 E 150 \ P
~3000 ;; 3 lgg without E-we]l E
0000 0 0 0 30 =20 <10 0 % 10 20 30 40 50 60 70 80

Bias Voltage (V) Bias Voltage (V)

O PLL (Phase Locked Loop), DLL (Delay Locked Loop), LVDS
« works up to > 640 MHz as designed.

—_ 1777 L L B B R B

E i 640 MH; I ~

= 600F E Serializer TX 2

— - 4 D o

- ~ 4

% 500 : - test result ] VIN_TX

= 400 . e

g s ~+simulation result ]

o 300 . 7 ~ VIP_RX
200 1 640 MHz Clock & more in CLHCP2025

¥ ] OUT RX
100 ] O
0 E T S S T S N ST S N P T

PR P ]
0 0.2 0.4 0.6 0.8 1 1.2
VCO Voltage (V)
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o TOHAULGGRUEH %
Institute of High Energy Physics, CAS

a CMOS pixel = P

’ H | : DEDUtPUl _‘: LE RAM '"dii

O In-pixel 4-bit TDAC (Trim DAC) valiadated on noise rate 11;_‘ S ] ]

. global threshold potential 4= TDAC = effective threshold L= @D T =

Pixel Config

I COFFEE3 Validations

Th

b—1
k—]

READ FREEZE Time stamp Column bus
8-bit]

(*bit)
T T T T T T T * N T ’ T B T N T X T % % T
1.0 < TR v T : —— Column 0 1.0 —— Column 0
“. \ W AL AR e\ \ —==- Column 1 ===+ Column 1
1 40 40
': 1
0.8 ! 0.8 B
; ~ ~
30 30
Oysoy,= 28 mV Oyso09,= 95 MV
. V50% _ | Ovs0% _
g : S z
a i
¢ TDAC tuned 5
o b 8 -
15} 20 =} 20
“ 04l - “ 0.4} -
T S G [i B0 — G I
0,2 L ‘;::gg;:é;:igg;z;:;’ 0‘2 | Excluded: (UKU‘lUR].EEE:I)::C:Il;Q
TOR Mg = 0917473 £ 0000556V
i 2] 0 = D.005124 £ 0.000393 V
\ b
:'. > 20 > sof
0.0 | & R WP TR o E 15 0.0 X 1 i L E_ ! Ew_
0.70 0.75 0.80 0.85 0.90 | 0.70 0.75 0.80 0.85 ; 095 =1
Global TH [V] 10 Global TH [V]
204
b
10
0.750 :JJ?S U.SIUU 0‘8‘25 lJ‘H‘SlJ U.3I75 09‘00 UH‘IS U85 0“?59

HIV]
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I COFFEE3 Performances: laser

O Full readout chain validated using laser (CMOS matrix)
- sensing diode (&2 in-pixle circuitry (CSA/comparator/TDC — local dataframe) [=d EoC serializer

v
l_ Laser on
> °

empty packet valid hit empty packet

comparator |

€ only unmasked pixel

digital Hit

dadh N L
mmml!musmulmnmm!tH!uur\wwmHnin:nm‘umwuu‘!wu‘muiu

0 1 0
1

Empty packet

responding to a hit

O Full readout chain validated using laser (NMOS matrix)

. sensing diode [ in-pixle circuitry (CSA/comparator) &4 EoC encoder (comparator/TDC) EJ EoC serializer

digital readout data : 3 e b
° ' , i~ 66 bits packet h 32b|t$ hltdata ‘

{_comparator output
|
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COFFEE3 Performances: testbeam WGy TEHLHILBLUZH %

2

O May & July 2026 @ CERN SPS, mixed hadron beam ~ 180 GeV/c ‘
« silicon strip telescope + single chip test-board o  Strip Strip | Strip | o
© COFFEE ©
- scintillator trigger _ |z BEE layers layers| £
£ c
S YX X YX | YX |§ Beam
B 10 1 Light proof 02 07 05 06
-_Qﬁ tape
|
1
3= !
2 columns

96 pixels in test

e e

I
1
I
i
L
1!
I
I
I
e
I\
i
I
F_.
1
b
|
-
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I COFFEE3 Performances: testbeam

O May & July 2026 @ CERN SPS, mixed hadron beam ~ 180 GeV/c

O Hitmap

» despite the noise, all pixels have their readouts to beam events

» global threshold for comparator works well under beam

O Timewalk & timing resolution

« timewalk effect estimated by scintillator trigger.

¢ Data
—— Fit center
+ 30 band
[ ]+5eband e,

LE - TO [us]

TOA

o
o \I\|\IH|\II\|HI\|IIIWH

Fit: TOA = p0 + p1/(TOT + p2)
p0 = 0.63837

p1=2.03077

p2 = 1.23692

o =0.49969 us

¥2/NDF = 719._599 /2882 = 0.250

. o =~ 84 ns

11 1 ‘ 111 ‘ 11 1 I 11 1 ‘ 11 1 ‘ I - | 11 1 ‘ |

2 4

10 12 1

4
TOT [us]

Hit rate [min~?]

(=]

=]

(=)}

=~

b2

—4— CIRI

—— CIR22
—4+— CIR38

\\*

0.810 0815

Global threshold, TH [V]
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Row 0
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Row 29
Row 30
Row 31
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> YRHEUD MR S

Institute of High Energy Physics, CAS
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COFFEE3 Performances: testbeam 57 TRHS UL BHULH

Institute of High Energy Physics, CAS

E

O May & July 2026 @ CERN SPS, mixed hadron beam ~ 180 GeV/c
. .. . . o Strip Strip | Strip | o
O Tracking & positioning resolution S layers  COFFEE liayers layers S
L . - . . . . 3 X o
« row-direction pitch verified using aligned events with beam monitor @ YX R | Boom
4 consistent with manufacturing scale 40x0.9 = 36 um 5 \—w » Lihtproof 02 07 05 06
tape
» spatial resolution to be estimated with track reconstruction from beam monitor...
BM x vs COFFEE x (n=52) X residuals histogram
; :Ze;t:((g:;;?:o.su)x-»(34.929:0.391) o m== N =52 events

14 1
40

12 A

30 10 A

=36.3 4 0.7um

Count
©

20

10

COFFEE3 row address

bt S res = 1.932
0

0
-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 -1500 —1450 —1400 —1350 —1300 —1250 —1200 —1150

. x residual (um)
beam monitor reconstructed X

—1100

High resisticity wafer is expected for improved sensor performance... 5o CHiR
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I COFFEE Family: CHIR series

350 300 250 200 150 100 50 0
= BT T T
O Limitations on COFFEEZ2/3 g
ElE—lL)—
* sensor breakdown voltage not enough
» cross-talk between sensor (deep-n) and PMOS circuit 11T S
e ;1% oom
4 Y ——p=500 Qcm
= p=1000 Qcm
O CHiR (COFFEE-HiRes) design goal ppl_ememsen ]
-350 -300 -250 -200 -150 -100 -50 0

Voltage[V]

- validate process modification 4 high-resistivity wafer
« 1k / 2k / 4k Q - cm wafer available from two manufactures & breakdown at > 200 V expected
« Radiation effects of simple components (e.g. MOS) with or without radiation hardening
» implementation of “five-well process” to validate basic IP was not affected by process modificatio
~13 mm
O First MPW submitted in early January 2026

« preliminary samples received, final chips are under review with manufacturer

NMOS PMOS NMOS PMOS
UP .
COFFEE2/3 - CHIR
. ey _— uf' " ”
“triple-well process” AN Ive-well process
P-sub ’-':-" - - fmymia

Standard wafer: ~10Qcm

High resistity wafer

YRHALHD e ERUR A

Institute of High Energy Physics, CAS

(in the same scale)

ww gg~
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I COFFEE Family: CHIR series e T O # 4Dk bR UL %

Institute of High Energy Physics, CAS

O Segmentations & key features
O Passive sensor validation
« A - passive pixels arrays with different pixel or guard-ring designs

O Pixel array

« B — variations of in-pixel analogue front-end designs

« C — large main pixel array

« E — alternative small pixel array, shuntLDO, ...
O |IP valiadations

« D -standalone PLL, DLL, LVDS, ...

« F —digital modules for exclusive TID and SEE studies
O Pixel digital readout data word

« 12-bit time of arrival (TOA)

« 8-bit time over threshold (TOT)

Hit1

Baseline: [ Header | Numbits [Header] TOA | TOT | Col | Row [Parity|Header] TOA | TOT [ col | Row [Parity| -
16 bit 16 bit 4 bit 12 bit 8 bit 7 bit 8 bit 1 bit 4 bit 12 bit 8 bit 7 bit 8 bit 1 bit

O Testing is on-going...

30 October 2026 boxin.wang@cern.ch CLHCP2026 16



} summary D ol (Gl

O R&D of MAPS sensors aiming to UP requirements: HV-CMOS & CMOS

O COFFEE / CHIR lead by IHEP
» encouraging results from COFFEE2/3
« production of CHIR with process modification and high-R wafer almost done

« full-size chip submission planned in 2027

O More MAPS candidates are well developing

Thank you for your attention!
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Thank you for your attention!
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| backup o feamner KGR

https://indico.cern.ch/event/1632728/contributions/6872615/attachments/3200969/5698418/UPDataFormat 20260109.pdf

LHCb-TDR-026
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I COFFEE3 Validations

O Passive diodes

» |V: breakdown at -70V, expected for low-res (10 Q-cm) wafer

« CV: Single pixel ~ 50fF at -70V. Higher capacity with circuits (P-well)

4000 T T

_Pad 155

3000
2000
1000

0

Current (nA)

-70.0 V

&\.\H T[T [T ToTT

—1000
—2000
—=3000
—4000 ;

.'.'-"l”.‘.‘

L

L ' 1 L L ' 1 L 1 L 1 s
-70 -60 =50 40 =30 -20 -10 0

Bias Voltage (V)

Capacitance (fF)

500 g

450
400
350
300
250
200
150
100

50

L B B B B B BN
= 10 kHz *E
. « 200 kHz ’5
. 1 MHz 7
'\ with p-well

without E-we]l

0

A IR B
10 20 30 40 50 60 70 80
Bias Voltage (V)

O PLL (Phase Locked Loop), DLL (Delay Locked Loop), LVDS
« VCO control and frequency multiplication (X4, 8, 16) works up to > 640 MHz

8x test

o TRHLUEEERMLH

Institute of High Energy Physics, CAS

0.35 — freq_in 40MHz /!\? 700 F T T CTTT II o
—— freq_out 320MHz m r 640 M 1
0.30 E 600 F _:
= > r B
5oz 2 500 o ~test result
g‘ 0.2 g 400 : 1
£ g b ~simulation result
.>5 01s [ 300F E
2 F
3 o 200 ]
100] ]
0.00 0 E PR TS T ST R S NN ST SR WO AN ST S SN SRS S SNSRI S N
° 1o o » > > 0 0.2 0.4 0.6 0.8 1 1.2
Time [ns] VCO Voltage (V)
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| COFFEE3 validations tassmeesis Gl

O DLL (Delay Locked Loop) for future finer TDC

» Delivers clock phase shifted as expected (r/3, 2rt/3, ..., 2m)

e.g. DLL-1 v.s. DLL-4

phase shift =«

O LVDS transceiver

* in-chip main fast clock & high speed data transmission clock

ul
LI
L

w)

&
i
o
)

L
w5

Serializer_TX

OUTP_TX
»,
VIN_TX

VIP_RX

640 MHz Clock

OUT_RX
D
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I RadPix Family: RadPix-1

RadPix-1 RadPix-2
O RadPix1 (LFoundry 150 nm) <64 columns—> - 2 098cm >
A 54—256 columns x 80um =20,480um———

Step 2
scale up to
full sensor

—

« Aims to UP requirements, also a backup solution for Mighty T
Pixel Tracker g
 DRD3 shared submission in July 2026 g
g

e

80x80 pm?

~2.1724cm

» High Resistivity wafer (> 2k Q - cm)
» 4 pixel flavors for analogue readout: PMOS-in, NMOS-in,

g
«——p4———256 rows x 80um=20,450um——

4 20,480um
W Digital Periphery+ Serial Powering

CMOS-in, Trans-impedance mmI
 13-bit TOA, 5-bit TOT

O Included serial powering and BIG (Bunch crossing ID Grouping)

Full size: 256x256

Ya of the final siz&: 256 x64 pixels Submission in 2027

test chip
. . : 2 I
O RadPix2 submission expected in Q4 2027 ZE .
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I MightyPix Family: MightyPix2

O MightyPix2 (HV-CMOS AMS 180nm process)
Solution for MP and outer part of the UP

Now in production, expected for November 2026
CSA with NMOS and PMOS-input devices
Included serial powering
12-bit TOA, 4-bit TOT

2024

Ly YO HBEUD R BRUR A %
_,;»‘; 4 Institute of High Energy Physics, CAS

2026 2027 .

TSI 180nm [

»)
% \/ =
7% G A

MightyPix1

I

i AMS 180nm

Pixel design ~
R
Digital design

MightyPix2
(in production)

LF 150 nm

O Test beams @ DESY on MightyPix1 and LF-MightyPix to test functionalities

o o b
>N o =)

In-time (25 ns) Efficiency

2
o

0.0——

e
FS

e

iaaie olie 210 2

Preliminary
0 negem=2; 190 V
le14 negem=2; 300 V
5el14 negem=2; 500 V
lel5 negem=2; 500 V
3e15 negem=; 480 V
N, N

/I

40 60

ol 1, % e
80 100 120 140
Threshold [DAC]

MP specs: 5x10'* nyq/cm?

UP specs: 3x10% ng,/cm?

12

LF-MightyPix

»
>

courtesy L. Dittmann

2142 um

MightyPix-2

84x84 ym?

LF-MightyPix: €,5nm > 99% @ 1x10'° ngq/cm? radiation

& https://mightypix2.docs.cern.ch/
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I MANTA Family: SPARC and MANTA

O MANTA (CMOS TPSCo 65nm) 2025
« Aims for a pixel matrix and sensor matching various future trackers T ——
& CERN EP R&D
- Based on DPTS pixel © arxiv.org/abs/2212.08621 AT IeIn
w ER3 from ALICE-ITS3 = DRD3-MANTA/QCTOPUS team

O SPARC (Prototype Sensor Pixel Asynchronous Readout CMOS) |

2026 }

(pixel grouping / long column)

MANTA-1 (quasi-full matrix)
i prototype Of MANTA LI/L ‘ - MPR2 organised t‘)yDRC? = DRD3-MANTA team
« Small chiplet: 32x28 pixel matrix with a pixel pitch of 25x16 um LI R N gy - X, S g (5%0)
LY Miinster ;f;_—, (‘b/
. . ] va
 First Hit map of SPARC in the beam ‘ pralniek M @ . U | =
(GFAE) “x&< i, |P“C LPNHE\ Sl AR i

Elisabeth Maria Niel. 9t LHCb Upgrade Il workshop

Testbeam @ DESY

Hit Map

O Design of MANTA-0:

* long pixel column with pixel grouping

A\ = I
7 IR Yamy yIAas
! ‘f‘luu:.— 4 = ’

 submission foreseen end of 2026

column
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backup
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b “real” CSA in threshold scanning
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NMOS matrix pixel scheme

Pixel Column

In-Pixel Electronics
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» Readout of a full column successful
» Clear response to a laser spot moving along the column

’ ’ Laser moving step ~200 um, consistent with ~5 pixels

100

col 1

row 24 25 26 27 28 29 30 31 32 33 34 35 36 41 42 43 44 45 46 47

500

col 1

row 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

500

col 1

row 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

500

col 1

row 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47

500

col 1

—
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backup

Limitations: breakdown voltage,

- 400V @
> 1k Qcm

Breakdown: 70V @%

p_sub=6.63616€12 / 2k (*cm

le1z p_sub=1.32768e13 / 1kQ*cm 1 O Qcm
p_sub=2.65681e13 / 500Q*cm

——p_sub=1.33344e14 / 100Q*cm

——p_sub=1.35849e15 / 10Q*cm

Current (A)

~1000 -900 -800 -700 -600 -500 -400 -300 -200 -100 o
Voltage (V)

. e mmmee ey, -

| Depletion depth:
L ~um@  ~200um @ =
10 Qcm >tk Qem

~200 -100 0 100 200

cross-talk

[’\ Amplifier (discriminator off)

N\
( A
\el e
Amplifier

Crosstalk betw sensor &
digital circuit @ COFFEE2

TR HEELL itk h

Institute of High Energy Physics, CAS

e
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HV-CMOS MAPS R&D at ITHEP

Y RASRD B UE

Institute of High Energy Physics, CAS

Development of MAPS using 55nm HVCMOS process for ¢ B &
future tracking detectors
® IHEP aCthely anOIVed 1n CERN DRD3 g;‘jnim”“” Development of MAPS using 55Snm HVCMOS process 2 & B E
@ 500/1-001 - M| for future tracking detectors
e test-beam and irradiation facilities sharing [+ |00 "] ok e e e -
& Viing Li .| @ s00/1-001 - M HYCMOS validation
. . . . . [ 3Jun 2025, 1[Firat 1 ts of COFFEE3. a small prototype for 55nm B =
e joint serial powering R&D with oo [ [ e DGR AT B o Bron 1L
£.0r Zhiyu Xiang ] © Nikhef, Amstd =0E
US/UK/Italy [ Y - oTe
9 6/2-024-BE AP O
& Dr Yang Zhou PM wG‘ e
we1 wer)

e joint aluminum flex R&D with Italy/UK peaer

e Caribou DAQ for MAPS R&D

® open source hardware/firmware/software ‘ i

Carleton [ g

University &~

= You,
global
¢’ users

https://caribou-project.docs.cern.ch/

e FE chip specific carrier board, firmware
and software IP blocks by ourself % OAK RIDGE

National Laboratory

® as a user, keep reporting bugs and solutions k'
Brookhaven

National Laboratory

S -

e

boxin.wang@cern.ch CLHCP2026
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   ℒ peak   ~   2 ×  10 33    cm  − 2  s  − 1


   ℒ int   ~   50    fb  − 1


   𝓛  𝐩 𝐞 𝐚 𝐤   ~   𝟏 ×   𝟏 𝟎  𝟑 𝟒     𝐜 𝐦  − 𝟐  𝐬  − 𝟏


   𝓛  𝐢 𝐧 𝐭   ~   𝟑 𝟎 𝟎     𝐟 𝐛  − 𝟏


  ~   10   μ m


  3  to  5   ns


  91 . 2   MHz/  cm 2


  100   to   200   μ m


  > 99 %


  3 ×  10 15    n eq / c  m 2


  190   MRad


  ≤ 200   mW / c  m 2


   Fe    55 ,    Sr    90


   𝝈  𝑽 𝟓 𝟎 %


   𝝈  𝑽 𝟓 𝟎 %


  𝟏 𝟖 𝟎   𝐆 𝐞 𝐕 / 𝒄


  𝟏 𝟖 𝟎   𝐆 𝐞 𝐕 / 𝐜


  𝝈 ≈ 𝟖 𝟒   𝐧 𝐬


  𝟏 𝟖 𝟎   𝐆 𝐞 𝐕 / 𝐜


  40 × 0 . 9 = 36   μ m


  pitch =  1 slope = 36 . 3 ± 0 . 7 μ m  


  Ω ⋅ cm


  𝜋 / 3 ,


  2 𝜋 / 3 ,


  2 𝜋


  = 𝜋


  > 2 k   Ω ⋅ cm


  5 ×  10 14    n eq / c  m 2


  3 ×  10 15    n eq / c  m 2


   𝜀  25 nm > 99 %     @     1 ×  10 15    n eq / c  m 2
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  Ω


  Ω


  Ω

