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"+ ohmic bulk contact (ov)

Signals in two adjacent pixels as function of the impact position x

Pixel O Pixel 0 Pixel O

X

v

|l
I |

=

—h s *— ><lr:har'ge sharing —-' s *—
Pixel 1 L Ppixel 1 | pixel 1
| | . /S S
X
0 p/2 p 0 p/2 p 0 p/2 p
Binary readout without Binary readout with Analog readout
charge sharing charge sharing
K r— —~ ” é -
" Q Nl k~0.51 =
d A charge sharing sensor é
A SNR
(0.1) - CCE Q
_ S(V) = E C= Cdiode+ CTin + Cconnection
4x o tradeoff based on exploratory prototypes E Small collection electrode, small input transistor, short inter
rather than on simulations = connection for low C
u UB. E BUT too small diode does not favor the charge collection

~ . 20231121 ° aw J 9
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. Hybrid Pixel Detectors
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Interconnection

Readout chip

Interconnection
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Planar sensor

3D sensor
Avalanche silicon sensor
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Particle

Amplification
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Hybrid vs. Monolithic

o0 radiation hardness
d timing \
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Monolithic Pixel Detectors

L

>
. S
Sensor + readout chip | g
Lo
>
Interconnection
PCB
coy“yn
- Monolithic CMOS
¥ HV-CMOS
¥ HR-CMOSSTAR/ALICE
¥ SOI (silicon on insulator)
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Monolithic Pixel Sensors: DEPFET and SOI

readout electronic

I—r/\ TT

[ 1 [ 1 |
BOX (insulator)
NN A
DEPFET DEpleted P-channel Field SOl  Silicon On Insulator - CMOS sensor
Effect Transistor Sensor CMOS - 200 nmfully -depleted CMOS process = 180 nm CMOS

- fully depleted
- Very small collection electrode capacitance,
allows high S/N operation

- High Resistivity substrate (a few kj&n ) with Double-
SOI/PDDSOI sensor process

- higher single-point resolution - to detect charged particles and X ray photons
- Charge collection continues even if DEPFET is - 3D vertical connection could be used
switched off — small pixel area
- Need steering and rest of readout off chip or on _BELLE upgrade,vertex for ee* colliders,

another chip (semimonolithic)
- BELLE) , vertex for the ILC

~ 020231121 4
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Monolithic Pixel Sensors: HR -CMOS vs HV -CMOS

wos  puos MeLgusToN
PWELL NWELL --------- ---------- PWELL NWELL
DEEP PWELL DEEP PWELL
’ ‘ A
| 10-20em >tens ofem
DEPLETED ZONE
| £\
Y ~ DEPLETION
P-EPITAXIALLAYER BOUNDARY \ 4 E 5
RS- Depletedzone ..
P-type substrate
Small sensing diode Largesensing diode
: L High Voltage CMOS sensors
High Resistivity CMOS sensors | J I gt_ lectrod
- small collection electrode -large cofiection electrode _
- partially depleted HR eptlayer - large and homogenous depletion
-» faster and more radiation tolerant
- small pixel pItCh and low noise frontend deSign - reduction of Charge Sharing
— higher singlepoint resolution - larger sensor capacitanc® | AOCAO 11T EOA 1 AOGAI
- lower rate capability MU3 . ¢ ATLAS] Tracker (ITk) HL
- STARHLT2,ALICEITS2,vertex for ee* colliders - Viuseexpenment, nner Tracker (ITk)
upgrade,tracker for e'e* colliders .
~ . 2023.11.21 aw I 9
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S’._ Birmingham Instrumentation

on s §ilicon Sensor Technology Developments

UNIVERSITYOF
BIRMINGHAM

Many different silicon detector technologies
for particle tracking have been developed over
the last four decades.

£t stable Deaps heavy-icn colliisions -
» Silicon strips ~« CMOS MAPS
» Multiplexing ASICs » Silicon-on-insulator pixels ‘F)
* CCDs * Vertical 3D integration
DELPHI N
> Belle Il __
» Hybrid planar pixels A * Depleted MAPS
» Drift detectors » Fast-timing detectors
» DEPFET * Hybrid MAPS N
* Hybrid 3D pixels

A5

Applications of silicon strip and pixel-based particle tracking detectors - Nature Reviews Physics - https:/doi.org/10.1038/s42254-019-0081-z Allport2019ER

What is remarkable is that every decade the instrumented areas have increased by a factor
of 10 while the numbers of channels in the largest arrays have increased by a factor of 100.

This despite other specifications for readout speed, spatial resolution, reduced multiple
scattering (minimal total material including cooling and services) and radiation hardness
also becoming much more demanding

Ref: P. Allport, CERN detector seminar, CERN, Oct.8 2020

10/8/2020 A Reconfigurable CMOS Sensor for Tracking, Pre-Shower and Digital Electromagnetic Calorimetry 7 7
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2.2 Preliminary iR BTR BERY GEUE I IhEsE EWEE &t
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1.8F
160 T+ delay cotected = 7:5 1S ATLASPix 51| (AMS/TSI 180 nm)
g ATLASPiX1 60 x 50 56 x 320 ~200 170 1x10% BRIGIRRSIE
‘ 1 § ~ 3606' ~ . ¥
oo = 1341 ~, ATLASPX3  50x150  372x132  ~60 -150 15x10'5 e Q on 1
0.6~
0.4 H Ti MUPix10 80 x 80 256 x250 75 190 For Mu3e
0.2 [
k Lot [ L.' —:H“" L l - i |
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VG e E S _
mE. 25 v
LF-Monopix1 Hit Detection Efficiency: 99.41% 19 fﬁiﬁ' ﬂgﬁfﬂ ATLAS ITK T )
(1x10%3n,4/cm?, 100um thick, 2 x 2 Pixels) " — > 5 £ 350e- @ 5 BELLEI >
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92
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88 &
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HV-CMOS'E

ATLAS ITKH# %

ATLASPIX 180 nm HV-CMOS (AMS/TSI) Peorlphellers £ . "
200_400 -.Q'C Scintillator tiles —— dxe%

150um X 50 um

ATLASPix3 layout

% pBeam Target $

Sdintillating fibres ~ /

/ Outdf pixel layers
/

ATLAS ITKF 4
LF-Monopix 150 nm HV-CMOS (LFoundry)

LF-Monopix1
' 1 X 1em?
LF-Monopix2
1 X2cem?
Column drain

AFE  Pixel R/O logic

Ce

RAM&ROM cells

Uk 5 s A
Pixel conf. registers K .':B
100
5 LF-Monopix1 Hit Detection Efficiency: 99.41%
MuPix7
B O 8 0,um X80 pum (1x10%°n,q/cm?, 100um thick, 2 x 2 Pixels) "
02cmQ R, :
= s e O Efficiency - g
* 92 »
0, 2 by
. y > 99 % T 25 ]
LHCb: MightyPix , : ) ¢ e E
Ref.: arXiv:2002.07253v1 O Time resolution £ o 2
CEPC: tracker = <20 0 100 200 300 400 500 4
Pixel Trimming MuPix8 ns Horizontal (um]
g - 250, 80
3 b =
8 100 B g [ IV-Curves, LF-Monopix1 vs. LF-Monopix2 ENC: LF-Monopix1 vs. LF-Monopix2
a of — (Unirradiated 725 um thick sensors) (NMOS-based CSA & Self-Biased Discriminator)
L untrimmed Thresholds 2 200/~ : -°E Preliminary 025 T3 e
801 timmed Thresholds s f - g E — Mean:gomy (137 ¢)
° e ~ - e igma: 1.4 mV (~. e
r & = = R 1.8 ¥ 0.20 .
oF e ARG AR os 10 || et | I
- L 0.5 b 1 4 Sigma: 1.0 mV (~16 e-)
r 1001~ 0.4 1'4;_ g ; 015
40— b 03 1.2 § B
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50 0.2 3 g
- 0.8 _ g 5
20 »_ , 0.1 AL [l Oraw=13.4ns 10-¢ . LF-Monopixl, PREAMPON | 005
- % 5'0 160 1%0 200 250 0 3 ~==- LF-Monopix2, PREAMP OFF
0 L 1 I L column address [pixel] 0.4 = f 10 — LF-Monopix2, PREAMP ON o~
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The dispersion after trimming St Sy e g LT
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1s about 50 electrons

Ref.: Thomas Rudzki, LCWS2021

* Time stamp#y &

Ref.: NIMA 1034(2022)166747
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R&D Objectives:CEPC inner silicon tracker (ITK)

To achieveprecisepositionmeasurement®r accuratgarticletrajectorydetermination:

Required ITK performances: Sensor Design specifications:
ok OFK(TOR _ _
..';\.&é\a\’/ '. _ Spatlal resolutlon: Monolithic HYCMOS pixels
1500 ¢ ga Bar r @ 410¢ m:I Clz <50em: Pixel Size (Strip Pitch Size) 34 pm X 150 pm
P . o o ’ i ¢mx 2 cm
1250 TPC ._.,.-'{6‘;'\(%\9‘\ Endc & p: 10¢ i, u, < 1008m, ‘ Sensor size (active areza: 1.922cm x 1.74 cm)
- o - LOW mate”al bUdget{l% )(0 per |ayer Array size (Strip number) 512 rows X 128 columns
N0 i i & i N
A.‘-'(;ékiﬁé‘a\/ _ H : . 4 21 _ Spatial resolution 0, ~8 pm (bending), 6,740 um
o) e | Luminosity:~115 10*cm?s? (Z-pole) T oot -
T e S— S MaX|mum_ h|_t rate ~1@)Iflz/cm2 ot i per it (1 readouy 42 15 (198 BXID, 704D acress,
- I .--'--ﬁ-(eﬁéié\;’oﬁ% ......... A few ns timing resolution to tag 23ns bunches 6b TOT, 5b fine TDC, 1 polarity)
. = COSt eﬁeCtlveneSS Data rate per sensor I\/laxin.’\um "0.1 .Gbps*
(pair production)
~ 15 nt area; LV / HV 1.2V/150V

0 500 1000 1500 2000 2500 3000
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R&D Objectives.HCb Upstream Tracker (UT) upgrade

=
[«
L

I 300

250

@\
°

|
>,
(O

'n T
p ]
S 4 . I . >
3 200 @
S 10 X® In lumi P g
2 4 ~ - Z 150 5
g ¢ pmAl O 3
£ 61 100 S
> 3
© 4 Run 3 kS
£ L 50
2 Run 1 Run 2 e o o o
T = = = T T T T T T T
2010 2015 2020 2025 2030 2035 2040 2045

Year

now 2035
LHC Operation Schedule

U Detector upgrade a203Z LongShutdown4 to meet the requirement of

fold maybe less need correct |atemcrease in luminosity

U Maximum hit density : ~4 hits/cn?#/BX (25 ns); ~1. 10° Hz/cm?

U Time resolution of a few ngow pile-up, and high radiation toleranc& (1 O T

Ne{CM?240 Mrad TID), with low power consumptiori 00-300mW/cm?

U ~8n?fin area
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1. HVYCMOB t MOVil‘Ig tO leading'edge -

more advancec
Moving (o leading-edge technology nodes

—— technology nodes WHY?

2. * ' (seriously?)

-b 1 Federico Faccio
CERN EP-ESE-ME Fast timing detectors

High-speed communication

more advanced
Moving to leading-edge technology nodes

WHY?

-

Qo t

We can do so much more!

12 CEPC tracker 1 1-17, 2025



55Nm

The round of competences/toolsets needed to design a complex ASIC

Complex ASICs: some necessary ingredients to a successful development

Spectre
Virtuoso schematic/layout

Liberate AMS system
Quantus QRC
Foundry, 3rd party, collaboration Proj e

“ : roject-specific
Blocks qualified on Si: ) P
ESD protection
Technology access (NDAs, ...) ?\'::‘;”;f::""‘:;’”
DK CMOS/SLVS pads Custom (low-noise, high-speed, power management...) ASIC Team
Bandgap, DACs, ... Behavioural model/Abstract generation
Analog design, verification

IP
infrastructure

Technology
infrastructure

analog blocks

Design flow
Choice of options:
= metal stack

Expertise
* Covering all competences (see previous)

= Va TMRG . !
Stable d full devel t cyel
= library (28nm = 45 library sets) able during full development cycle
R lit:
X Digital code Quality _— —
N 9 * Builds on solid infrastructure * First time working silicon
. . "ol (1 technology, 1 PDK, 1 Design Flow, verified 11 blocks,
IT i Radlat'on EffeCtS 'Q H'gh level description mastered tools, ...}
: . . o’ igh-level descripti
infrastructure (TMRG, SET verification, ...) - oy o e o el thoushe
» i s s s
Hardware Q&o Con Triplication * Documents and reviews designs
2 Addition of testability
EDA.[O(.)IS XCelium simulation agotonolieality
Versioning tools Calibre Manager
Tempu sper G
\.:)mlh ; Quantus QRC Jasper Gold
Modus Example: IpGBT
, Genus o ; # of transistors 9x106
CHIP sign-off Innovus verification linesofomd i iisken:
INA o i o RTL (design) 7.5x104
. . : UVM/System Verilog Test Bench
Static timing analysis PhyS|caI Formal)vberi ficatirclm e & Verification 9x104
Physnc?l venfncanon impIementation Piulttolérance
Power integrity Mixed-signal simulation (AMS)

Floorplan
Synthesis 2 "
Design For Testability (DFT) ~ Post-layout simulation
Place & Route

Logic-equivalent check (LEC)

\ Expertise

Silicon is not the only expensive item: Quality
IC development requires trained people and advanced software  more resourees T mieroelectronics

13 CEPC tracker 1 1-17, 2025



"HNe ©

€ R&D Challenges 100nm

t af

O Multiple iterations > 4~6 years/product

l e i ( Design requirements ]

" System D&ign of ROIC "
v Y v
( Rad-Hard Digital Lib ) ( Behavior modeling J ( Analog Block Design )
( Simulation of Radiation Effects ) ( RTL Synthesis J ( SPICE Simulation ]
(Parameter Extratﬁon (LEFILB) ) Simulation¢ withdelay ) ((Awblocks funcjonal simulation )
I |

4
On-Chip Verification

Analog Layout Design

Digital Layout Synthesis ):

On-Chip Layout Design

( Layout Verification ]
(DRC, LVYS. ERC)

AC Simulation

ProfWu Gao 2024.5.24 at A

14 CEPC tracker

System Design
1~2 months

Circuit Design
3~4 months

Layout Design
3~4 months No

Fabrication & Testing
2~3 months 1

1

Q a
UVM

“H| V

v
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Main development stefie do from 180nm- > 55nm

: e o _
1. Process exploration and modifications: 2. Pixel array readout scheme and
for sensor optimizations ' necessary functional modules design

. Fullsize fulkfunction sensor performances
ptimization

o w

Electronics (full CMOS) Electronics (full CMOS)
G. Rizzo, 2006 Nmos pvos Mmos | Peric, 2007 puos Nwios
desp nwel Pixel matrix: '5
/\_ * 64 double columns “
P-Substrate P P-Substrate ; P

Chip size: ~2cm * 2cm

ﬁ Double column schematics: two pixels

I ‘.F'Digi[alp s & data formatio Y
s for | o o ‘
) . jasin i [controll nirolter| |
atic of a HV pixel sensor Closh 40 Mz | |
FIFO and FSM |

.

T. K|sh|sh|ta 2015 Electronics (full CMOS)
PMOS NMOS

=
P-Substrate , P i‘ﬂ:‘){

Periphery: DACs/1*C/digital pracess logics/PLL/Serializar/LVDS & 10

Example of the process development in the history: 2well
wells inpixel, substrate resistancgq #m-e several kg &m

. . A Time resolution;

A Well structures, injection concentration ﬁ 'cr)"p'xe.l e't.e‘:trf”'cs’ i readout A Power dissipation;

depth; rganization for matrix readout, A Detection efficiency & fake hit rate;

r _ A Periphery digital logics and functional A Radiati L nf

A Sensor pitch size, gapsspops; IPs: A v ald Lation n uence
A Resistance of the substrate; A Sl ow control & Fast ?& ldgtteha? | é .
A Guard ring structures; A Data/Power/CLK interfaggesé

é é é é

15 CEPC tracker 1 1-17, 2025



Prototypes in 55nm HNCMOS Process

(¢ 2023 Several MPWs to reach the fgiize fulkfunction sensor 2027

COFFEE Time line
---------- Chip size: ~2cm * 2cm
Cmos sensOR IN

Firty-FIvE nm PrROCESS

_

Y, of thefull size

HV process

H‘”’i“ Two P-well cuterrings  N-well Guard ring  P-stop

ﬂﬂmﬂ

P-type substrate

Top view of single pixel

Submitted 2023. 8/rece|ved 2023.1%2ubmitted 2025.1/ expected received 2025. 5

] e
A In-pixel electronics; o LT
A Organization for matrix readout; o
A Periphery digital logics and functional IPs; HV-CMOS process crossection diagram
A'Slow control & Fast contr %hofing the guard ring and pixel structure.
A Dat a/ Power/ CLK interfacesée
€ é

16 CEPC tracker 4 1-17, 2025



COFFEEZ2:

CSA_Calibration_Waveform

E Sensor 11\
& -~ TCADJ Allpix2-
-V ~ IV,CV=

5 y -4
N e | 10T, hid v
Z ~ u
0.00 0.25 0.50 0.75 1.00 125 1.50 175 2.00 E a l g ~
' ' ' " Time [us] ' ' ’
b1 4
0 we  fdb

Amplifier output [mV]
5 8 8
T T

The COFFEEZ2 design includes three independent regions.

Amp ourput (mV)
% 8 & § 8
g 8 8 3

Published paper: NIMA Volume 1069 P169905 (2024) - - ~1
https://doi.org/10.1016/j.nima.2024.169905 T i

17 CEPC tracker 1 1-17, 2025
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COFFEES: |

.;.“Ar-rayv 48 12 e
i Pixel 40um*145um ;:

’;,:le 9 59 ;f: fzr ';nl:isih

Array 32 12
4| Pixel 40um*100um

il umiminiiﬁiﬁi :f‘; i
DLL LVVDS driver/receiver
18

CEPC tracker

. 4bit in-pixel DAC

64b/66b

L

o t N R

a d 55nm

T MN@s-

Py AAISGY' D ¢
GISPH o

mask Y S

-1

- ¥

N passive diode -
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Design specifications

1. = Q~ bunch tagging
iz REEHBHAI25ns bunch #RiE F AR R0 B S PR S -

Specification: time resolution 25/8 = 3 ns Sensor Pre-Amplifier Time measuring circuit

99.98% | hits contained with +4c /\
0.404
50357 /\
3 0.301 ’ .
L P
8 0.251 h %c, I
Preamp Shaper Viy § .

~omparator

>
£'0.20 | L
2 0.151 2 2 2 2 _
go.lof Oy =0Tw t 03 T 0TDC -

0.054 0.13% 2.14% ,113.59% | 34.13% | 34.13% | 13.59% ). 2.14% 0.13% N . £

0.00— / \ : %%Hi{%ﬁﬂlﬂ\ RS, WEIETHRA EFH By, TDCEBARA: HE® bin size/V12

-12.5ns 0 12.5ns i 8] HENF—
% RI > TOTPA P

Fg. LHC, collide every 25ns, duration of one bunch collision is <1ns
2. Neh Q- o0, Q-
3. T A Q~ hit density digital/analogue pile upFIFO depth . serializer readout speed,;
. ~1.8 10 Hz/cm? . hitdensityl & Nof |
4.P " ~ target 200mW/cny i JORD .
5. & AP IP T 41 ~ PLL LVDS,DLLserializen
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COFFEE@ p 1

NMOS Pixel Array Schematic Diagram

Pixelmatrix
climmi i+ f __— PADTEST —__
ol 0 Col 1 Col 10 Col 12 Col 13 -
B
Pixels 4 l E § E ‘_E E g E
T T ; "L
[Foc] [eoc] {eoc
per pixel per pixel per submatrix m m if_%a:ii'
o G oy T - E | Pipe Line 0 | """""" | I'lpﬂl.mes Pipe Line 6 | E
rl: ) -
> | [ | FIFO | e | FIFO | a
Hitbuffers J{ | I ! =
| FSM )
Figure 14: Readou . .vw Jf the MuPix10 [15] - ; Sarii’linr 'E"
: _____ :: _____ :: _____ : : _____ :: _____ : v 320MHz
ATLASPIX3, MightyPix, MuPix LVDS driver/receiver up to 1.28Gb/s
{ NMOS = éwWd RNe v GR & R M 7 pi. Wl f-

~

U J & in-pixel i  mask QP -
U b ATLASPIXMightyPi¥ =~ COFFEE@s 1f =« > hit densityf] A -
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MINIMIZING CROSS-TALK freese

Column-drain R/0
logic

8-bit LE/TE time-stamps
(ToT) + Address

Pixel column

[Adar| [ pixel Logic

‘

End of column ARER
/g ‘;glu

BC ID (40 MHz) distributed
in the column

Hits in the column are read out
on a shared data bus, arbitrated
by the token passing scheme

[eeze

/‘g,".’

kb

olumn Controller

—

Hits time-stamped in pixel

le— Trig.

ToA from LE time stamp
ToT =TE -LE

RD50-MPW3, Monopix-LF. TimePix, FE-13

Datadriven readout
ROMO & o

b RD5Q Mnonopi®/

i v P~

L

21

A

Je
RAMO &

N

0 1§ CoarsefineTDC fi
wY- 20Mhz Nd -

7

COFFEE@ ¢ 21

\

v n>

COFFEE@ p 2

Aeuly |axid

v v v v ¥ v
R/O R/O R/O R/O R/O R/O
controller| [controller| |controller| | controller| |controller| [controller =
o
=h
| FIFO || FIFO || FIFO ” FIFO ” FIFO ” FIFO I-g-
o
2
FSM 3
o
o
" s g
Serializer s
320MHz

! | erecision

i TIME RESOLUTION
N CIRCUITRY

LVDS driver/receiver up to 1.28Gb/s

~

mask)

~
v

- Ne 7 R~ 3bit  1bit
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NeE  p |k

AFE ##laI CSA

NOUT
g, 2
. InEEKR: 200 (150) mW/cm
VDD N
a) fRELiFFEHE fold-cascode RETW: 404160 um2 > 13 UN/pixel
vida }F 'BP E—IR: XRFA CSA+LLEHH E1LE 28 uW/pixel
AmpOut > SensorFFE: 150fF
VIN _c{ |_vc»xs » TYEEBR CSA+SF~3uA
> ERSINEE: S7uW
,BN# » BIARARE (output) @ 6mV MANENRESER INC : 248e-
1 ¥ BN 1.6ke-20ke (input) > 64-310mV (output), ToT: 0.4-3.6 us, rising time: 28-12 ns e
b) MEHFEEEHE cascode
» SensorSEIERZS: 150fF
i » T{ERRIR CSA+SF~1-1.2uA 00 01 02 03 04 05 06 07 08 09 10 L1 12 13 14 15 16 17 18
= > HAEIFE: 3.6uW time (us)
> BHBSERAE (output) - 36mY  HABHIESRN ENC  130e- e '
. 1
» BINEIH: 1.6ke-20ke (input) > 110-360mV (output), ToT: 1-3 us, rising time: 114-19 ns = E
b’ l.Bi
1.2+
l.l:
l.O;
VDD 9
CMOS EbikER :
TOT Qin
> SensorSSREIES: 150fF 073
comi lt » T{EESR Comparator ~ 4-4.5uA 06
omin
-I % h - EAEINRE: 5.4uw o
0.4:
F 0s2
02;
VSS O.‘O 1'0 2.‘0 3.0 4.‘0 5.0 6.0 7.0 8.0 9.‘0 1:) 1‘1 1‘2 1‘3 1‘4 1‘5 llﬁ 1‘7 1‘8 1‘9 Z‘D

Qa
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NoH /-
E Data driven readout Token ring E Coarsefine TDC principle
17

Token in
(from previous pixel) ~

Principle of operation:

X T X T TS

D 4

\ A LE Rsadlln'
B @_ _"f | TSclk | i I_r
L i ] ' i : COMPOUT P I
HIT flag [ddr RoM : P —
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Summary & Outlooks
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15t region: passive diode

Photo of passive diodmray in COFFEE2

A

A 6 subarrays ofdifferent design structure

Table: details of 6 subrrays.various of DNW size,

pi xel gi8&km 40&em

distance, with/without P stop

Figure: 3D and 2D cross-sectional views of the HV-CMOS structure.

Diodes flavor Specifications
Pix D10core Single DNW size: 30pm X 70um;, With P stop
Pix_DI10core_wps | distance between two diodes 10pm Without P stop
Pix Dl5core Single DNW size: 25pum X 65pm, With P stop
Pix_Dl15core_wps |distance between two diodes 15um Without P stop
Pix D20core Single DNW size: 20pm X 60pm, With P stop
Pix_D20core_wps |distance between two diodes 20pum Without P stop
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arrays

ingle pixel 2 comnected * 8aP: 10/20/30 pm
pixels * p-substrate
Resistivity: 10/100/500/1000/2000 Qcm
Depth: 500 pm
* deep n-well

deep n-well Gauss profile: 5*1017 ~ 1*10'7 ¢m 3
Depth: 5 um
p-substrate p-stop * p-stop isolation
Concentration: 1*¥10" cm™

Depth: 2 pum

* Process profiles are from experience not the foundry

TCAD simulations are conducted.

A About simulation, please sé@npengD e n godtsr (ID:55)i T C A D
Si mulations of HV CMOSO;

A About test, please s@hiyuXi a p@&s er Test BF CMQSIchip fi
using 55nm processo;



15t region: TCAD simulation Vs test results
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TCAD simulation results are confirmed through

testing.

U Current substrate resistivity (b0Am) limits the
break down voltagef the sensoat ~70 V (Could
be significantly increased for a substrate with

higher resistivity)

U Thediode equivalent capacitanoeaching~40
fF/pixel at ~70V.(Decreases as the bias voltage

Increases)



15t region: leakage current after radiation
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E Leakage current increasdm 0.01nA/ pixelto ~1 nA /pixel, Biasing at 50V after10'n,/cn radiation.
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15t region: Allpix 2 simulations for pixel response to MIP
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Figure: Hitmap at 4 different incident positions.
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Simulation configuration details
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3) 3 pixel array
10 gem substrate resistivity
Electric filed model from TCAD

4 GeV proton beam (MIPs) used

for simulation
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Cluster size (coffeePixel) Seed pixel charge (coffeePixel)
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Figure: Distribution of the seed pixel signal.

Simulation results
U Cluster size-1 for the center incidence, ~2.3 for the diagon
incidence;
U MPV of the landau distribution faeed pixetanges fron©0.8
I 1.1ke;
U TheP-stop structure effectively reduces charge sharing
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2nd region: an active pixel matrix
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Floor plan of the Z region 3 variations of irpixel electronics

U  A32 20 active pixel matrix, peripheral modules including bandgap, analogue buffer, DACs and row/column
selection;

U  Three subarrays with different irpixel electronics are included
1. Only CSAinside; To eval ua ttak"isshedn thismewgpmoeess and

2. CSA+ NMOS Comparator; guide the overall design of the next detector chip.
3. CSA+ CMOS Comparator;
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2"d region: in -pixel design

31

Schematic of the ipixel electronics

Simulation performances:

U CSA(for in-put capacitance ~100fF)
~ 140 e Equivalent Noise Charge; ~&V/e- Charge to \Voltage factor;

4. 6 A power dissipation;

u CMOS comparator:
Time-walk ~2ns; time over threshold &5 ; 15 A power

U NMOS comparator:

Time-walk ~9ns; time over thresholde®; 8. 5¢ A power

*About design details, please degyil i poster (ID:53)i De si gn
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a pixel sensor prototype in55nmhiglo | t age CMOS pr oces



