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BEEEIFEMBE (Hybrid Pixel Detector, HPD)

Q= 7
: REER e 4 7
+ BER
< PimiEeE f19m
» ST 4kSensorFIASICEN 5
v ASICAX T ZBRE

| ﬂﬁ =1 Low material Excellent
A} .
budget spatial

XX Ij] %% j( resolution

readout chip

N Low power :
v LLI'% B’IE =] dissipation High hit rate

% SensorFIASICIh~7, {3212

. AR )2 4

v Z[a|p R High radiation Excellent time
II 7 #:F+1EE tolerance resolution
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BERB=EIENEE (state-of-the-art)

Pixel array

Target

Comment

FE-14

PILATUS3

TimePix4

MediPix4

HEPS-BPIX4

130 nm

250 nm

65 nm

130 nm

130 nm

80 x 336 50 x 250um?

60 x 97 172 x 172 um?

512 x 448 55 x 55um?

320 x 320 75 x 75um?
160 x 160 150 x 150um?

20 x 32 55 x 55um?

CERN

PSI

CERN

CERN

IHEP

rad. hard

photo counting

energy and
time resolution

high granularity

HEPS

ATLAS Inner
Tracker

X-ray

X-ray

HEPS
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BENBRRRMS

FE-14 (CERN)

40 double-columns

20 mm
flo olo olo olo olo olo o)
e - ) olo olo olo olo olo O
Q j(ﬂﬁﬁ?%h‘g*ﬂ,LHC ATLAS%E@W [8) olo olo oo olo olo O
72 5 473 31 O olo olo o|o olo oo e
1I ]i_\- ?K /D-l\lJ ﬁ§ - Analog Front End Digital Pixel Region Analog Front End 8
> o o \ T ! H Hit Processing I Hit Processing
O REANEMCSA, Fi5lgs, DAC (/= : "5 3620 pivercrroy | O ] s <t <10 [F2
EE) 2 N I Buter | Toggerlogc | eutter I8
15”%13) , SRAM 2 _ . T t O% W | ‘@@‘O =
=7 = LN O
Q Zliiﬁ’,giﬁ EVM?K%#E?—?&%@?F Qlo olo olo olo 7 olo [ ©
o [0 M| ON olo olo olo ol e}
3o |t ol olo olo oJo o o
gl [ “OloN [ olo olo @[O0 70O O
’ S| [0 o | oo olc_|[JOlo ¥ olo [®)
g O ol 1, Olo olc ¢ oo | olo [®)
O O|O \g O oo 4 gb Olo [®)
Process 130 nm £ N RO 1L QT L L OO L O
Layout of the FE-14 clle oo fh oo U oo }r olo Hf oo [ o
O olo Fa) /@) olo, 71| _olo olo [e)
Pixel size 250 x 50 um? o 3> olo J; ofo 3% ole’ JL olo {4 oo 3% ©
I o End of Digital Columns Logic,
. Data 25b L1T Token Read Pixel Config a
Array Slze 336 X 80 DIGITAL REGION I End of Chip Logic T o SR
Local Local Hamming | Data Format/ | Hamming FIFO Hamming Block
buffer buffer Decoder Compress Encoder Decoder 8b10b
Chip size 20.2 x 18.8 mm? _ S  — Enoder
counpars £/ [ Ciren IR Dacs R [EFUSE | || Serializer
2 = gl Bypass Scan i Data 10| |
Power 180 mW/ cm voury ([l v Voltage [ Shunt [DC-DC| oo |[ Command I%@‘;"‘_" TasCLK
buffer | |buffer Ref. | LDO | Conv. Decoder 1OMux PLL
T Y I <
Active area 89% L |Pad Frame A PAVAY V|
. . . Data  Sel In Out Aux Ref. Data
Diagram of 4-pixel region 4n B ] [3) Clock Clock -Out
TID 200 Mrad Schematic view of the FE-I4 architecture
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BENBRRRMS

PILATUS (PSI)
O F— PR RXER G N REREIRN =R
QyiERRERT: XEMREE, RFR
QBRERNEMCSA, Biples, BI{EIETDAC
O ToT (time-over-threshold)

PILATUS3

Process
Pixel size
Array size

Chip size
Power

photon rate
Energy range

Frame rate(max)

UMC 250 nm
172 x 172um?
60 x 97
10.5 x 17.5mm?

80 mW (static)
90mW /MH z(dynamic)

>3 x 108photons/s/mm?
3-21keV
500 Hz

CMOS CHIP

ROWSEL

COLSEL DJ
(-}
=
e
=
o

O |

VCMP
DIN | —
DOUT |t ==
DCAL | l—+ _[ﬁ
AOUT (ER———{[51 ..
D —d .'.:
ENA [B—5L o o
o o]
CHSEL|D 19 2
o [ TEE:
ENA
6 bit DAC 20 bit
—>| Counter [\
Bump Pad
Pixsel
T
Pixsel W Pixsel —9\‘ n
CAL AOUT VCMP ROWSEL COLSEL DOUT

DECTAIS
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BENBRRRMS

Timepix-4 (CERN)
O R T2 ERM, XS 2 Al 1R
O 200 ps A e &
O HREREMCSA HAlsE, H{EIETDAC
U ToA (time-of-arrival), ToT (time-over-threshold)
Q 41 o] H

34 LO8-BT02-hXId3W

. A o

Process 65 nm-10 metal
Pixel size 55 x 55 um?
Array size 512 x 448
Chip size 28.22 x 24.7 mm?

Power 600 mW /cm?

Active area 6.94 cm?
Time resolution 195.3125 ps
output rate 163.84 Gbps

Layout of the Timepix-4 Timepix-4 mounted on a PCB
< e >« ITN-> €1
Front-end Analog Front-end Digital SuperPixel SuperPixel
Group
e Counters E

Input
pad

Preamp’

3.2fF

T

~50mV/ke

&
Latches

Synchronizer

&
Clock gating

wxrp U

Sync
Readout

Clk

local ADB

stage | Phi3] | Phi2] | Ph(1] | Phio]

640MHz

TpA TpB

Global threshold

Time stamp  OP Mode

DataOut
to EOC

Control
voltage

clock
(40MHz)

Functional description of the Timepix-4 architecture
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BENBRRRMS

24000 pm (75 pm x 320)

WIRE-BONDS (~1 mm
TSV top: digital periphery (388 pm)

Medipix-4 (CERN)

[ X ]

1 ®

QXS RER, E2RE og

11200 pm (70.15 pm x 160)

Q $MEERY s
0 BEEER BT S e ———
N AV @ @ | 3
D 4]17_@_?}? -Tl-i‘Lc :: ;
Q4R JE) I

tle el

oo

. 130 nm Floorplan of the Medipix4

—
eaipix- o
P Layout of the Medipix4

Pixel size 75 X 75 um’
150 x 150 um?
Array size 320 x 320 . :
160 x 160 i)
Chip size 24 x 24 mm?
ot o]
Power 500 mW /cm? ‘
Active area 99.37% e | meme
Energy resolution 2.2 keV FEWHM ‘ I::,zm B =t pk1% Ny A

Output rate 4.8 Gbps Block digram of the pixel cell
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BENBRRRMS

HEPS-BPIX (IHEP)

U He SRR IR E T

O XBEFABSLIME L, BIFER
22 ASICHF, DAQ, #1#...

A 23 NS 8EFTRHEPS T 2 FF5

O BREREMCSA, KRR, Hal=R,
F{EIETWDAC, ITERM=H 24

QERAENN AT IENERERN
v, MEREIAREPRIEHEKF

To S, E, SE pixels To S, E, SE pixels
HEPS-BPIX A A"

Process 130 nm h_J %“h = J\“‘“-'“"' 5
o . e
Plxel slze 150 X 1502#m CSA — _¢] DAC Arbitrator ——{Counter
55 X 55 I.lm BPIX4 Bump pad I\\
g? [yvlh sum J\iisc Jum
Array size 208 x 288 : ,,imiﬁm "
- B
Energy range 8-20keV [ The CEN Pixel | : masas ! -
From N, W, NW pixels To NW pixel Both from SE pixel To NW pixel
Frame rate 1KHz THEA&ER
Block diagram of the HEPS-BPIX pixel cell
2023/7/12
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E

a5 R 1R E=ZIFEMES (Monolithic Active Pixel Sensor, MAPS)

O &4

00

ik
%?%?BME =
EH, far 1 13 FA B N-well/P-epi —

SensorF1ASICEE o} 7E B — 4 K b
(Epitaxial layer) =4, {5,

W

—REWE

J%F].O 15 l-lm 3 insc:.llation

Radiation

Dielectric
for

o

=1
QR [Erarsea parteres)
0:0 f'_'li I _J #J:F ; Nai . i ;gf?cu?ency.
\/ 1%%)?#/]\1 — 10 l,l_m % 10 l,lm P-substrate (~100s pm thu:k)(_%D
+ RYEE |
Low material Exce_llent
v TEEES0 um et resction
v DIFEEAR
o = K53 W DOW
+ BITHER Low powe High it ate
BRI PUAR IR AR
» XHABWYILCMOSTZ
v BRES. AR, =ETIE HRERE High radiation Excellent time
tolerance resolution
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3 5 R1REIFEMES (state-of-the-art)

| Chip | _Process | Pixelarray | _Pixelsize | MainInstitute | _ Target | Comment _

MIMOSA28 350 nm OPTO 928 x 960 20.7 x 20.7 um? IPHC rad. hard STAR
WCPS 350 nm OPTO 644 x 3600 30 x 120/160/200 pum? SDU/IHEP/HIT low material budget Stitching
ALPIDE TJ 180 nm 512 x 1024 28 x 28 um? CERN high granularity ALICE ITS
5 rad. hard .
MIMOSIS TJ 180 nm 504 x 1024 30.24 x 26.88 um IPHC . . CBM Micro-Vertex
high granularity
MALTA TJ 180 nm 224 x 512 36.4 x 36.4 um? CERN high granularity HL-LHC
TJ-Monopix2 TJ 18 Onm 512 x 512 33.04 x 33.04 um? CERN/Bonn rad. hard HL-LHC
. . IHEP/IFAE/CCNU/SDU/N  High granularity, rad.
2 7
TaichuPix TJ 180 nm 512 x 1024 25 x 25 um WPU/NJU hard, fast readout CEPC
MIC4 TJ 180 nm 128 x 64 25 x 25 pum? CCNU Fast readout CEPC
2 e .
JadePix3 TJ 180 nm 192 x 512 16 > 26 ym* IHEP/CCNU/spy  Positionresolution and CEPC
16 x 23.11 uym low power
Nupix-Al 130 nm 128 x 64 30 x 30 um? IMP SLIMP heavy-ion experiments HIRFL & HIAF
ATLASpix3 AMS/TSI 180 nm 372 x 132 150 x 50 um? KIT/CPPM rad. hard ATLAS
5 rad. hard
RD50-MPW3 150 nm HYCOMS 64 x 64 62 x 62 um RD50 . . HL-LHC FCC
high granularity
MuPix10 TSI 180 nm 250 x 256 80 x 80 um? University of Heidelberg rad. hard Mu3e
LF-Monopix2 LF 150 nm 340 x 56 50 x 150 um? Bonn rad. hard HL-LHC
MightyPix1 TSI 180 nm 320 x 29 165 x 55 pum? University of Liverpool rad. hard LHCb upgrade
SOFIST SO1 200 nm 128 x 128 36 x 36 um? KEK T Gl Iy G ILC
readout
CPV-4 SOI 180 nm 128 x 128 21.04 x 17.24 um? IHEP high granularity CEPC
2023/7/12 K=, zhang.l@sdu.edu.cn



E

a B EIRNEE (state-of-the-art)

| Chip | Process | Pixelaray | Pixelsize | Maininstitute |  Target | Comment _

MIMOSA28 350 nm OPTO 928 x 960 20.7 x 20.7 um? IPHC rad. hard STAR
WCPS 350 nm OPTO 644 x 3600 30 x 120/160/200 um? SDU/IHEP/HIT low material budget Stitching
ALPIDE TJ 180 nm 512 x 1024 28 x 28 um? CERN high granularity ALICE ITS
5 rad. hard .
MIMOSIS TJ 180 nm 504 x 1024 30.24 x 26.88 um IPHC . . CBM Micro-Vertex
high granularity
MALTA TJ 180 nm 224 x 512 36.4 x 36.4 umz CERN high granularity HL-LHC
TJ-Monopix2 TJ 18 Onm 512 x 512 33.04 x 33.04 um? CERN/Bonn rad. hard HL-LHC
. . IHEP/IFAE/CCNU/SDU/N  High granularity, rad.
2 ’
TaichuPix TJ 180 nm 512 x 1024 25 x 25 um WPU/NJU e CEPC
MIC4 TJ 180 nm 128 x 64 25 x 25 pum? CCNU Fast readout CEPC
2 e .
JadePix3 TJ 180 nm 192 x 512 16 > 26 ym* IHEP/CCNU/spy  Positionresolution and CEPC
16 x 23.11 uym low power
Nupix-Al 130 nm 128 x 64 30 x 30 um? IMP SLIMP heavy-ion experiments HIRFL & HIAF
ATLASpix3 AMS/TSI 180 nm 372 x 132 150 x 50 ,umz KIT/CPPM rad. hard ATLAS
2 rad. hard
RD50-MPW3 150 nm HVCOMS 64 x 64 62 X 62 um RD50 . . HL-LHC FCC
high granularity
MuPix10 TSI 180 nm 250 x 256 80 x 80 um? University of Heidelberg rad. hard Mu3e
LF-Monopix2 LF 150 nm 340 x 56 50 x 150 um? Bonn rad. hard HL-LHC
MightyPix1 TSI 180 nm 320 x 29 165 x 55 pum? University of Liverpool rad. hard LHCb upgrade
SOFIST SOl 200 nm 128 x 128 36 x 36 um? KEK eT BT, TESE ILC
readout
CPV-4 SOI 180 nm 128 x 128 21.04 x 17.24 umz IHEP high granularity CEPC
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WNEECISTZ (350 nm)

Sensing node

": | NMOS

FMOS

==
O SFESMNEE Pwell ‘ Nwell Pwell Nwell || Pwell
 NwellF1Pwell
P- epitaxy
CTHTEERS, RENFEEAPMOSEAEE
O N \ =] P** substrate
*BRERNTREEBRFEE
v FREfE B EHEIR S (data driven) FE R EH R,
LR EZR A
vV —REAFRTREEREER
0 4@@}3 )\ Pixel Array
*HREREXR, BEERRA
O & B AR V
Column-level Discri.
| Controller+Memory+DAC+Trans.
2023/7/12 K=, zhang.l@sdu.edu.cn 17
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MIMOSA-28 (IPHC) [ T
Velda Vas
O BTN ER 7 X EYISTARSLEEPXL | campo ]| e Ve j| Pixel Amay
0 ETRERIER, REREMRAR, S ﬂ " | o ||
O ERH5IBES T, DACRE. S B e S | e
12C. PLL. LDO... ) se_sow [ .
QA EATRTYEIRASEE R GRS L ¥ | i —
NIES Dy 1 oUT NT?: bR T
Process 350 nm OPTO
Pixel size 20.7 x 20.7 um?
Array size 928 x 960
Chip size 20.2 x 22.7 mm?
Power 150 mW /cm?
Active area 19.9 x 19.2 mm?
Spatial resolution 10 um ..,
Readout time 186.5 us

2023/7/12 K=, zhang.l@sdu.edu.cn 18
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WCPS (SDU/IHEP/HIT)

QZREKSH. BOERBEH,
IR E

O F TR A

Q &SR, BERASEMN
ReeAICDS, F AEMTIR
7. HFEHE. DACRE.
12C. PLL, LDO...

TL TC -

ML | X-by-Y PIXELS | MR

BL BC BR
<

(]

m T

Process 350 nm OPTO
Pixel size 30 x 120/160/200 um?
Array size 644 x 3600

Integration time 129 pus

Chip size

11 x 11 cm?

200ns/row
TL TC TC TC - 6
| N Bt

92 X600 92 X600

ML | X-by-Y PIXELS | X-by-Y PIXELS | X-by-Y PIXELS | MR l 1 .......... l
Pixel Array ;
’ (644 X 3600)
ML | X-by-Y PIXELS | X-by-Y PIXELS | X-by-Y PIXELS | MR
6

92X600 | T 92 X600

BL BC BC BC BR 10b,x2 l l l
b, x5 errere e
Ui’;’i Bias DACs ==
T :e“' Parallel discriminator | ————————— I Parallel discriminator
I
‘:‘5 12C Zero suppression | ————————— I Zero suppression
I 3 —
K—'E(' " Memory H Serializer ’M&I LVDS l —7744 Memory H Serializer 'ﬂA-Hq VDS ‘
T Lstest
40 mm

HaBREES

(644x3600)

Pixel array Chip on a 8-inch wafer
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PUpkCIST % (T) 180/65 nm; #£1755 nm) DIOOE TRANSISIOR / TRANSYSTOR

NWELL

=
( Nwell, Pwell, deep-Nwell, deep-Pwell L PWELL J L ; J L
CBRENREAPMOSREIAE, LIE ZCMOSH BT A

CBENEERAFEE, TRUEIERNFSHIE L e
HAET R o

DEEP PWELL

a3=29 om0 /A
SERED, HNER

Ot B FE /0
S THEAR

OHELEENY

“IRSTERREN
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ALPIDE (CERN) Pixel Layout el
O LHC ALICESCEG FH2R  (ITS2) :: “oiose =
0 G RRAAEALFIE . AERDH % Ey | B
BB AT i it
O B BUBA RIS, B Sl
THFE40 nW B e
0 %1 R 2 R A HIMAPS :2 s
Process TJ 180 nm
Pixel size 28 x 28 um? e
Array size 512 x 1024 E
Spatial resolution 5 um o
Power < 40 mW /cm? 30 mm
TID > 2.7 Mrad
Hit rate 100 MHz/cm?
2023/7/12 3= zhangl@sdu.edu.cn
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ER1 (Engineering run, CERN) - ER1 pad wafer

L 65 nm stitching technology

O “MO0SS”: 14 x 259 mm, 6.72 Mpixel
(22.5x22.5and 18 x 18 um2)

+* conservative design, different
pitches

O “MOST”: 2.5 x 259 mm, 0.9 Mpixel
(18 x 18 um2)

X/

+* more dense design

wafer
(2=300 mm) |

S o T e

P reticle |
(mask) |

2023/7/12 K=, zhang.l@sdu.edu.cn 23
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MIMOSIS-1 (IPHC)

Q T 5 CBM-MVD
O BT A SR T ALPIDEZS Y

Q SHEMNER

0 GENERBEEDER

-1
Layout of the MIMOSIS-1 MIMOSIS
Process T) 180 nm
1024 pixels (30.96 mm)
Pixel size 30.24 x 26.88um?
SR || SR || SR|[ SR|| SR|[ SR [ SR || SR |]| SR || SR [| SR |[ SR || SR || SR ||| SR || SR n
Array size 504 x 1024 E
El
Chlp size 3.1 x1.7 sz DC pixels DC pixels AC pixels AC pixels &‘
MATRIX A MATRIX B _MATRIXC MATRIX D a
Power 50 mW /cm? I I o |
64k pix (52 mm?) 1941< pix (1571:nm ) 194k pix (157mm 64k pix (52 mm?)
: 2
Active area 4.2 cm ‘ ‘ ‘ P ‘ ‘ H | H ‘ ‘ | E
Frame time 5us
128 pix 384 pix 384 pix 128 pix
Functional description of the pixel array
2023/7/12 K=, zhang.l@sdu.edu.cn 24
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MALTA2 (CERN)

NMOS pmos  NWELL COLLECTION NMOS PMOS NWEEE&C}LLESE 1oN
— — ELECTRODE - = e _ RO —_ =
’ y y 7 T L =) H -| T LI | e |
PWELL | NWELL o] PWELL | NWELL PWELL | NWELL | | l__ L\ PWELL | NWELL

D LH C AT LAS W f[éﬂ % DEEP PWELL o DEEP PWELL mmELL--:T'-)':":IUNDEPLEI'ED zoNEI' o SRR
LOW DOSE N-TYPE IMPLANT e

Q LA Brum B BS Rt | » e

O BRFERT 1/ IR e e e e e

Nap. e B
Q E tg E/‘] HTJ- IEH * B Jg = : Slow control & DACs

Pixel Matrix 224 x 512

10.12 mm
Power pads
sped 1omo g

Standard, not fully depleted (ALPIDE) Not fully depleted at low reverse bias i R S L ]
\:J_—’ ~ [\
FHEBEN (REER)
MALTA2
ANALOG DIGITAL
.o el Rt MLl L Ll L [l
Process Modified TJ 180 nm i F O aan n s R A s TR
= L + MALTA 1« F MALTAZ Epi, XDPW,
g 717 + MALTA2 i D'M:_ low doping n-implant
Pixel size 36.4 x 36.4um? 3 F AMS: 19 ns
: E I 1 of
Array size 224 x 512 - s B
= 107 ? é 0.08F
Chip size 20.2 x 10.12mm?*  * : 1 ot
Power 75 mW /cm? 0k 1 ow
- 0.02F -
TID 100 Mrad I . ]
= fo 4l b b b D b L qTH--I\H\u.."\-Lu‘.I..H\‘...I‘H‘I...‘\
. 0 5 10 15 20 25 30 35 40 10 120 130 140 150 160 170 180 190
charge collection 97 5% 364 um Noise [¢ ] tme since L1A ns]
0 o . (o]
efficiency Layout of the pixel
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TJ-Monopix2 (CERN/Bonn)
Q E[EHL-LHC ATLAS 2= SMNE

O XAERmasTZ
QT amRINEBE: E5ifn, ERERE
Q 5w R0 254, SEAUIFE-143E H 254

TJ-Monopix2

Process
Pixel size
Array size
Chip size
Noise
Time stamp

Power

Modified TJ 180 nm
33.04 x 33.04 um?
512 x 512
20 x 20 mm?
<10e-
7-bit
170 mW /cm?

33.04 pm

|~ HIT DELAY, HITOR =
| 20x%5 um : |

NAND. £t vkocal Token:iinini | 11+ NOR

NOR

HIT DELAY, HITOR —
20x5 ]

END ;
12x20 pm |TUNING
8%10 pm

TUNING 7 oy ‘ I TUNING
FRONT  [sx10pm Sl | exaopm|  FRONT
B £ SRAM x28. END

23x25 pm

12x20 pm 12x20 pm

ROM;& BUFFERS | "R/OLCGIC:
23x16:um 21x14 pm
i THAT | A1 NAND

R/C/LOGIC
2134 pm:
111

« . / ’] " W v
FRONT FRONT

. SRAM x28
23x25 pm END
i TUNING 1520 pum

8x10

Fast-Token OUT

33.04 um
Layout of pixels

224 Cols 224 Cols 32Cols 32Cols
—

—

Cascode

Cascode

HV Monopix2 FE

Monopix 2 FE
Monopix2 FE
HV Monopix2 FE

Layout of the TJ-Monopix

s = | = HIT.DELAY, HITOR
| 20X5 pm

- = HIT DELAY; HITOR
3 20%5 pm

TI)-Monopix 2

Pixel Matrix

Token in
(Fast Token in

n| Control |

T-bit BCID

24-bii DATA BUS

Global Read
Global Freess

] —
\\i - T—Iﬂ!ﬂﬂnﬁr-:ra;::lnhr B

3 E; g £

I g E g

f| = L 2

i [ - =

i [%' i A
=te=r
Taken in = et i)

| Analog Biasing DAC

#

| Command Decoder & Slow Control

Block diagram of the TJ-Monopix-2 chip
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TaichuPix ;
(IHEP/IFAE/CCNU/SDU/NWPU/NJU) &2

QO IREIERE FXEYL (CEPC) TR =&

- N .o —1 s 25.7
Q GEBFIRATEER TR SORENIES, =
FHMNRS[E B, LAY 850 ns :
O 24K FIFOZ5H = R TaichuPix-3
TaichuPix-1 TaichuPix- Pixel size: 25 pm X 25 pm

O Trigger-less (3.84 Gbps) & Trigger mode

_ TaichuPix-1 TaichuPix-2 TaichuPix-3

Process TJ 180 nm CIS TJ 180 nm CIS TJ 180 nm CIS
Pixel size 52 x 25um? 25 x 25/24um? 25 x 25um?
Array size 64 x 192 64 x 192 512 x 1024
Chip size 5 x 5mm? 5 x 5mm? 2.6 x 1.6cm?
Power 130 mW/cm?  50-140 mW/cm? 89 — 164 mW/cm?
11D > 3Mrad 8-inch wafer
Spatial resolution <5um

2023/7/12 K=, zhang.l@sdu.edu.cn 27
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MIC4 (CCNU/IHEP)

O CEPCTI = $R N 25
O Hum B EE B T-ALPIDE, Ot 7 #3EIK RN 4544
O JMLENC ~32 e-, 12U THFE~0.11 uW/pixel
O PREREH (™ 3 us)
Q/NMRERST

MIC4

Process TJ 180nm
Pixel size 25 x 25um?
Array size 128 x 64
Chip size 3.2 x 3.7mm?

Power 150 mW /cm?

Output rate 1.2Gbps

Front-end bias
supply

Layout of 4 pixels

Address lines

Layout of MIC4

Address lines

Matrix (128 X 64)

8 super plxel columns

Super plxel<0>

Super pixel<14>

‘Super pixel<15>

b

AkrcE-— bk
] lIl I@-

SZ
8b current Column-level priority
DAxCS encoder readout !
Analog readout D
10b volt chain for test
e Data Formatting
DACs
A
; . ¢ s Serial out port
Bandgap Pixel config Serializer :> (1.2 Gbps)

MIC4 structure
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JadePix3 (IHEP/CCNU/SDU)

Q CEPCTIl = 3R Mz

2017

2019

Roll. Shutter +

Roll. shutter +

Data-driven r.o.

SNENIEN \ 3z 537 Architecture Ana.log otput ‘ In pixel discri. + In pixel discri. end ani?::az:ior“}'
Q/MRERS. exEPHE. KUFE
Pitch (um2) 33 x 33 22 < 22 25 x 25 - 16 x 26
QO B TMICARYRINFE BT i B B 1616 16 % 23.11
Power con.
o s— \ s - -- 150 ~ Hb*
QFTHERLE TR (mW/cm?) )
. Integration time _ 40-50 ~3 ~100
QO E % 1TDFF, RREEIRFE{T60% (us)*
R Prototype size 3.9x79 3x33 31x46 104 ~ 6.1
3 JadePix4/MIC5: iEH . {RIhEE (mm?) (36 individual .0) ' 1x45  WEp 1046
. : Small pixel + Smaller pixel +
JadePix3 Main goals ts_er.\sc:; Small b||nary Fast readout+ Low power +
optimization pixe nearly full functional fully functional
Process TJ 180nm CIS -
Pixel size 16 x 26/23.11um? 5 i
Array size 192 x 512  DERite digita b« - = :
. . 1646 pm? | = i 2lIE
Chip size 6.1 x 10.4mm 2 | 3
Power 87 mW [cm? :
Active area 4.85 x 8.19 mm? mes| DFF custom-designed:
i ~6%6 pm? =
Spatial resol. 3um : 1
I 4.85mm g )
Time resol. 98.3us Layout of the JadePix-3
2023/7/12 K=, zhang.l@sdu.edu.cn 29



AR RN R

Nupix-A1 (IMP/CCNU)

_——— e — — — — — — — — — — — ——— —— ——

Coac
Matrix :
D E Ill:ﬂ % % %— %Xﬁ%ﬁ*ﬂ%ﬁ ;‘I)—]\IJ %% ( E I C) 128 col x 64row f—>| :PMDS‘RESg.l I:T::’IDD;MFP‘MF
9 | MAPS_IN APULSE
S ‘ ok = | & =) o G—

D 1i§ S HTJ_ IETJ 5H:I Re E/I)—]‘IJ =) Four columns use one ADC % : (T " Twm
EI 1§% W %}ﬂzj\jﬁﬁ S EEH’%IJ%% Hi*l".“ lT g : mmieZS: -IEMZ . C)__| M4 IlTM‘_RESE

| 11 bit Column level ADCs |._» | [ l:“"“” :l
QSR EMERBESIKADC, DACIRE g | I R R B S

V/I-DACs Data Formatting : | wo

= Y73 - ; Three-level & AVSS I
A SETUELH ! = eIl sewosan
12C Serializer [5>5Gbps

Structure of the Nupix-Al

Nupix-Al

F-
= 1R 2XRE5 128x64
Process 130 nm i el e
= frESHE: ~7um
Pixel size 30 x 30um? £
Array siz 64 x 128 DACHES: z
ay size STRERES AR = ;‘J%*?jcx - < —
DA | — H: ~300um x m
Speed 8 us/row =1 [ ECEEEE PO S i 1bit @ 3.63Msps
2 = B
Power 300 mW/cm e i oy
5GbpsER{THERE = %325““"”
Output rate 5Gbps ] 2cEN

Layout of the Nupix-Al
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FRAECISTE

QR EX
Qi4eiReaE 155

EECMOST
AO+¢#R, BEEREXRREEZAR,

Q -TFJ'L?FEEI/“\ jj gi
QBERTK,
OEBCMOS T Z /A

BUNMREBES,

AT 8T, IR ERK

K S5 B [B) %2

FEAEIIFE

Si0, \
— ——\__ s—
l I'I" ' l n+ I Ei- l Ei- '
P-well N-well N-well
/// //// fde!)!etg" .,:;:_/ deep P WE"
5 X Z 3'//17,1-:’- g //
A //;/ %k,
p-epitaxial Iayer I S ssss 0
P-substrate
Vbias

Sio,

ANNN

" P-substrate

T
n* J [nf nt]J nt T [* \ ") WJ
” P-well P-well
“|deep N-well n-
L
¢ tht
depleted h\ e
e h

P-substrate

2023/7/12

K= zhang.@sdu.edu.cn



AR RN R

ATLASpix3 (KIT/CERN)

ATLASPpix3 layout

O E g ATLAS Inner Tracker
QBREESXRABIEL S
Q FiEETXAERELT

1.8cm

serial data link

0.2 cm‘

<

1 N 20 — — — — — - untriggered readout
> om )3 ————— triggered readout

ATLASpix3 Layout of the ATLASpix3

Process AMS/TSI 180nm (Foll eustom digita ptocky

Readout Control Unit ( Digital synthesized block) |

!
i i
Tri table FIFO
> | Readout scheduler FSM (;3,3:; 32). Ligger
1 1 cmd
Pixel size 150 x 50um Wit bus rom matrx ! _ i
I | I femet - [ BgT (60T 1775 [ !tr;g_g}g
q T Ldcol_pil - — o
Array size 132 x 372 [Eﬁ oo < a2
Hit Buff L (x 186) Hit Buff R (x 186) — o 5L
el H
. . 2 Hit dat: Sc_an out I 5 ,;
C h I p S I Ze 2 02 x 2 1 Cm End df Column (for untriggerefi RO) runtrlggeredl | E%
. . ] %
TSDel s!ol Time Stamp .toggle E 2
Power 160 mW /cm? meree Jff cerew [y |ente i o
% + read * +rsad * Scan out I clk (40 MHz) I
| Ldcol 1
9 ) End of Column (for triggered RO) < I | data valid
ACt|Ve a rea 90 A) <€ Racol i Raco | [Scanout |=0) iLacol | write
! [ScanOut 1= 0] oD wors - @ 40MHz
| (ScanOut=0] Hitword  t}———
data out [row, col, TS, TeT] I > = [0:31] i[FIFO full]
[ [

......... » Read back data

Block diagram of the readout periphery
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RD50-MPW3

Q EELHC, FCCHRX LR
O ZFTHRERETR
O R A5 3R 284

O BERNBRETREEIER AR, H
BELLR=S. BifFas

RD50-MPW3

VSENSBIAS R dus

Hatin
FREEZE (from previous peeel) T8(7:0) 23:0)

MWHLE /Readint

it LE TS RAM (8-bits. § - o—
ITE :
R @ ReacEn ' :
. () —
Reacing Reag| PO ETSRAMGNS $
o8 —[D_ AWTE I—na a8 i
ADDR ROM (8-bds) —

i
o8 l%\ww

\4 v

A A A A ~

Process 150 nm HVCMOS
Pixel size 62 X 62 um?
Array size 64 x 64 i

|

Chip size 5.1 x 6.0 mm? 1l & «— Analog signal line

Power 23.4uW /pixel it Digital'sigr.lal line

300mW /Digital periphery — Shielding line
Layout of RD50-MPW3 Two pixels in a double column
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MuPix10 (University of Heidelberg)

U EEZTFRERXE (Mule)
O BREREMCSA, Fil=:

H R EF/N

MuPix10

Process
Pixel size
Array size
Chip size
Power
Active area

output rate

180nm HVCMOS
80 x 80 um?
256 x 250
20.66 x 23.14 mm?
190 mW /cm?
20.48 x 20 mm?
1.6 Gbps*4

per pixel per pixel per submatrix
Pixel Periphery | ine State Machine

sensor CSA vco
I— readout &
% comparator 182 © | state PLL
A machine
=° readout

T 1 link A
— 8b/10b ol ) :::Eg
test-pulsg encoder 'R

othe i Tﬁ Is

injection tune
threshold DACs MUX {—— linkD

amplification l

integrat | line dri per pixel digital output

?h:?;: © /\ ine driver threshold |—| 9 P
adjustment

Block diagram of the MuPix10 architecture

23.14 mm
20.00 mm

20.66 mm
Layout of MuPix10 MuPix10 mounted on a PCB

2023/7/12
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LF-Monopix2 == e .
L el e e

e s

0 E[EATLASS L

Q XKER(~em2) , KEEBK (HHEET-Monopix2) = | i sy

Q BR=FE5K AT 414 = & . = mm AC ; ; ._ A";

O BZ=REMCSA, Halss, HEIETDAC, #HFZiE, i | gl R
FiEETT

O >2k Ohm S PR+ JE

< > Top pads, decoup.
LF-MOHOpIXZ 7 capacitors:
‘ Power pads,

Process LF 150nm sensor bias.
Pixel size 150 x 50um? £ Fixelarray
. g EoC circuit:
Array size 340 x 56 N Sense amplifiers,
digital buffers.
Chip size 10 x 20mm? Periphery:
Digital logic, DACs,
Power 30 #W/p|xe| analogue buffer.
$ Bottom pads:
CMOS or LVDS serial R SR
R 40 MHz/160MHz
outpu Layout of LF-Monopix2
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MightyPix1 (University of Liverpool) f] N
D
0 @ ELHCbF R e — B R 4%
—_— . " EI_WI;L; I o ,J o Co N\ Sersor e Offset
QA R ~2em x 05cm > £ RTK, % & B _
- —r ¥ i I W R |02)
. e . % .| I o ot trarefer e
O GERSACA TS, AEAToAC - | Ty L - M
WFIBE, FHEET * A :
nnnnn 3 Injection RAMin AmpOut
v, In-pixel Circuits ﬁlwp?;ﬁrg:‘tmmg] column control (in pixel controlreg) ‘ ‘Hit buffer
MightyPix1
Process TSI 180 nm HV-CMOS — — — —
Array Size 320 x 29 An:l\:eg‘us An;::glue An;l:eglue An;l:gus
Chip size 5 x 20mm? ﬁ Jl Jl Ji
Time Walk 2.5 n5(2500 e- and 25000 e') | eoc || eoc || eoc || Eoc |

4 4 4+ A
F'uIIDn Ln:liI:)cl Rdlccl Ldrlx Da|30u|

Output rate 1.28 Gbps

[ Readout FSM ‘

Block diagram of the MightyPix1
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SOITZ

O Silicon-on-Insulator technology

O Utilize 0.2 um FD-SOI CMOS process by Lapis
Semiconductor Co. Ltd.

QEAFRX, SgERRNMERT
QREARER: KEE. (KIFE

Low-Resistance Silicon Layer
for CMOS circuit SOl Wafer

Ultra-Thin Top Silicon Layer T UtraThinTop

Silicon | ayer
Utra-Thin Bured Oxide
Ultra-Thin Buned Oxide

Base Silicen
Basa Silicon

Buried Oxide Layer High-Resistance

(Insulator) Support Base Silicon Layer
Q4% (high basing voltage)
W E R T YA - f
um  — LSI Circuit _ ]
. u = oyl B J\_
U Sensor thickness: 50 - 500 um a0 Y. e == — _ PMISTTNMIOS :I'I_/
200nm —= 1BOX(Buried Oxide)
L Sensor Resistivity: > 1 kQ-cm o) BP/W =
(Buried p-Well)
. 50~500um
d %:'F3D;EKBZ Si Sensor
(High Resistivity
Substrate)
. i / :
Backside Implant,
Laser Annealing, / Charged Particle
Al dopasit (X-ray, Electron, Alpha, ...)
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SOFIST3 (KEK)

GControl ragister / Test input logic

O EEILCT = 3R =5

O REFAEMCSA. A=, BUFFR.
WRIMFHEE T, BIEE

O 8-bit ZI|XADCSLIN AL B 53

384 mm |

Blas circuit
FAow address selector
-U.
=

o 7
"/
—
=
S
J‘ o
*
—
]
@

——————————— ] 0.15
_t; ? i Analog output buffer ? ? 1 FWTE

‘los0mm
i

Analog ouput

| Column address selector |

SOFIST3

Process SOI 200 nm
o a 2 .15;
X , . . .
Pixel size 30 x 30 um =3 Block diagram of the circuits
Array size 128 x 128 ”‘f : Pixel array
. . 2 .,; 128128 i s ;;_., Analog buffer
Chip size 6 X 6 mm x| [l
Time resolution 1.92 S u'ég P s ; “I!E'Ei Ramp generate
=¥ o v n circuit
RETRTTT TEEETEETT ]
CQOL ADG Column Address Decoder

Layout of SOFIST3
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SOFIST4 (KEK)
O 3D&ERK TBVs
@ Micro bumps by T-Micro: &
1£3 pm wbumps <00
Q&ERTEN TE
Q = BB F R
Q FE ARG B DAL E

/\#:F

Si

SOFIST Ver. 3

BOX

?%

SOFIST4

Process
Pixel size
Array size
Chip size

Bump connection yield

SOI 200 nm
20 x 20 um?
104 x 104

4.5 x 4.5 mm?

99.9%

T

d’fhog/ﬁrbéstah&f

memones

’\ SOFIST Ver. 4

Upper chip

Lower chip

% Comp

— |
L ii-’ ‘
AGHd ?|
20 um u:ﬂ.

e

ol £
[

dd

-.m’
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CPV4 (IHEP)

O M [aCEPC TH S iR |28

O ETALPIDES A AR B v i 1T AN H A9 42

Q bt DA E N FEE s

Q TREGRE: N FHREERRINFES
Q FRHF®RE: fTHiAsH + BHFER
Q #EWRFNFE L 54, FH LRSS AERD

CPV-4

1o

|
3
!
i
§
!
[
i
£
ﬁ
I

Process 200 nm
Pixel size 21.04 x 17.24um?
Array size 128 x 128
Chip size 4.5 x 4.5mm?
Time resolution ~1 us or ~3 us
Bias voltage -200V
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fam

QFENFYELEF, #RERNBRIALVAEFEEFEERAZTEERNFE R,

OESEVELRAR, MNEGRRNVFELE TESEK, STESH. R, UER. |
DRE....

QESMNTREGRZRERVSBOARERE, KRENTYEILEFKRES), AR, EANAT
PAGEISAT 732 N Y

Qift+H%k, BEREFRZMERRAENFNIT R, FE TG XEIK, ANATERAKRE
SKYS 28 TE B A

QEREFRNEEENRELRES, ENMXEA TR FYIESE, mARE ZNBRTXEY
. XFHEMP TR, ZYEFIE.
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