FH
o

s LRI SRS NNES KRN
" ImE2024F%

HVCMOSigitSilllizl

— 15
Dfﬂ%ﬁ*%%ﬂﬁ%%
2024911 H29

R R~ Institute of High Energy Physics Chinese Academy of Sciences



RERE

W tan
=ECMOS/RIBIGUE T 5 : COFFEE2
— YIS

IR

2024/11/29 1




3= or

HNREh RHESRIANEE | FRITESECMOSHA
TR RERHE R AS R TR

- BEMBE > BRlERTIHEAF IS
- BHERE > UXDEZEXE NRIfaREXE
— {E20#E > BREES I NV ERIRE. FINshEo e

___________________________________

SRR .
TEEKEERBER

S ERGE 10 pm

N —
N

kS
Nill ‘
il i [R) A B 10 ns
raiml EreEE R TR
BARINE ) Farmsmsms JIRt 200 mW/cm?
2024/11/29 ,



EIRIMAFIA

charge charge
kg CMOS signal CMOS
electronics electronics

BECMOSERTR MRS A

— FAECMOSEIA |, ERIRNIZEF]
BlimEY , BEERFEMNEL

- REFUiEmRMRE |, BT EeExTiE
— B EERE R

N

p- substrate

o p- substrate

Chip Pixel size Array size Noise Power density Fluence
[um?2] [e-] [mW/cm?] [neg/cm?]

AMS/TSI 180 nm

FH

9|‘|%):|:CMOS§|:§'Z7|§§§EJT:E180nm ATLASPix1 60 x 50 56 x 320 ~200 170 1 x 1015

H ~ ~ 15
[150 ___H_%U?:l ATLASPIX3 50 x 150 372 x 132 60 150 15x10
NM_L + MuPix10 80 x 80 256 x 250 75 190
MightyPix1 55 x 165 29 x 320
o2 A
_ '\_\L%a:Muse% 3) H_L LFoundry 150 nm
RO LF-Monopix1 50 x 250 129 x 36 ~200 ~288 107
\Njlz

— réljazﬁbjl_—, EZ‘KI E ;R E’J/L,\ LF-Monopix2 50 x 150 340 x 56 ~100 ~400
RD50-MPW1 50 x 50 40 x 78 2 %10
RD50-MPW2 60 x 60 8x8 ~50 2 x10'
RD50-MPW3 62 x 62 64 x 64 ~900
RD50-MPW4 62 x 62 64 x 64 480 ~600 3 %1016
CACTUS 1000 x 1000 7 x 6 ~2k
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CMOS technology node [nm]
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11 particle detectors will be designed
2 in 28nm CMOS technology

planar MOS finFET i LGAA

1980 1990 2000 2010 2020 2030 2040
~ 1% year of commercial production

P. Moreira @ CEPC workshop, Oct 2023
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Passive diode arrays,
each has 3x4 pixels
of size 34 x 68 um? for
study on sensing diode
and charge sharing

32 X 20 pixel matrix with
various diodes and in-pixel
amplifier or discriminator
designs for process
validation

e 34 X 68 um?

f_ 5/10/15um gap btw pixels
*  With/ w.o. p-stops

« 3 versions in-pixel

k)electronic:s.
XFTRZ10 um=S[a] 53 e

26 X 26 pixel matrix of
25 X 25 um? pixels with
digital readout periphery
for novel electronics
structure study
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KC705 FPGA — PC

Control and Readout (CaR) board

Feature Description
Adjustable Power Supplies 8 units, 0.8—36V, 3A
Adjustable Voltage References 32 units, 0 -4 V
Adjustable Current References 8 units, 0 -1 mA
Voltage Inputs to Slow ADC 8 channels, 50 kSPS, 12-bit, 0 -4V
Analog Inputs to Fast ADC 16 channels, 65 MSPS, 14-bit, 0- 1V
Programmable Injection Pulsers 4 units
Full-Duplex High-Speed GTx Links 8links, <12 Gbps.
LVDS Links 17 bidirectional links
Input/Output Links 10 output links, 14 input links, 0.8 — 3.6 V
Programmable Clock Generator Included
External TLU Clock Reference Included
External High-Voltage (HV) Input Included
FEAST Module Compatibility Supported
FMC Interface to FPGA Included
SEARAY Interface to Detector Chip 320-pin connector
Resources for various target applications *
~ "
h 20 CaR boards v1.4 produced and distributed Heslattab cem eh Garounarnarelcarbon
within RD50 common project

CaR board

Clock
synthesis
8x power
supplies

/ \ FPGA board

ARM CPU

Coffee2_Carrie

Ethernet

Memory .

controller

2024-4

PC
software

AXI bus Clock

synthesis

17x LVDS + 8x GTx

Trigger Logic

Unit
_m_ (Optional)

Detector-specific
firmware
Common firmware
blocks
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Requirement Analysis Benefits from Advanced Design Techniques for
from LHCb Processes High Time Resolution
| | |
v
Sensor Architecture based on the New Process
v

System Design of the Fully-founctional Sensor Chip
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Circuit Topologies and Detail Specifications
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. . Chip-level TDC, DAC,
Pixel design Readout logic PLL, LVDS transmiter, etc
________ L r I

Tapoutl: Main modules and a sensor prototype of small pixel array
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Test and Analysis Assisting
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Improvement and Fully-functional sensor chip design

v

Tapout2: Fuly-functional sensor
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Test and Analysis Assisting
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Proposal of a full scale sensor design
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— Feasibility study of CMOS sensors in 55 nm process for tracking , NIM A
1069 (2024) 169905
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— Z—I5 @ Hiroshima Symposium on the Development and Application of
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