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Matrix: 6x6 pixels
Readout: direct
analog readout of
central 4x4

Pitch: 10, 15, 20,
25 um

Total: 34 dies

Matrix: 32x32
pixels

Readout: async.
digital with ToT
Pitch: 15 um
Total: 3 dies

Detection efficiency (%)
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NIMA 1056 (2023) 168589 (arXiv:2212.08621)
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ALICE Collaboration

https://alice-collaboration.web.cern.ch in the Letter of Intent, the impact on the overall performance was evaluated to be very small. A more detailed
discussion can be found in the Technical Design Report (ALICE-TDR-021)

The design of the final prototype sensor is progressing well and we expect fo submit the design for

Dr. Marco van Lesuwen production in 2025. ALICE and the ITS3 project welcome the contributions of the CCNU group to the
ALICE Experiment Spokesperson design and testing of prototypes and look forward to the continued collaboration in the coming years.

EP Department - CERN

CH-1211 GENEVE 23 Yours sincerely.

Tel direct:  +4122 3 T'n
Tel Secretariat: + 41 22 766 2525 O
Email: marco.van.lesuwen@cern.ch _
Dr. Marco van Leeuwen
ALICE collaboration Spokesperson

Our reference: ALICE/MVL/mk/06-11-2024/093

Geneva. 6 November 2024

The CCNU group 1s participating the design and characterization of the ITS3 sensors with 3 students who
are stationed at CERN to work together with the design and characterization teams. The goal of the final
design 1s to design a large-scale stitched pixel sensors with integrated readout circuits. Based on the R&D
experience and the requirements of the geometry of the final detector, the final design will use a pixel size
of 20.8 um x 22.8 um, which 1s expected to give a space point resolution of better than 5 um and a power
density below 50 mW/cm?. While the pixel size is slightly larger than the goal that was originally formulated

RSy USSIEL EUAL 13 LIAL WIS USISLIUL LAl US all WUUISU. UL VIUSE U ASSE LIS LIAISIIAL UUGESL L LIS avuys

area to a minimum. R&D on mechanical integration and air cooling solutions has demonstrated that the

detector can cooled effectively with (average) power density up to about 50 mW/em? over the full sensor
area. The project is now moving towards the final design phase.

The CCNU group is participating the design and characterization of the ITS3 sensors with 3 students who
are stationed at CERN to work together with the design and characterization teams. The goal of the final
design is to design a large-scale stitched pixel sensors with infegrated readout circuits. Based on the R&D
experience and the requirements of the geometry of the final detector, the final design will use a pixel size
of 20.8 pm x 22.8 pm, which is expected to give a space point resolution of better than 5 um and a power
density below 50 mW/cm?, While the pixel size is slightly larger than the goal that was otiginally formulated

https://alice-collaboration.web.cern.ch Switzerland CH-1211 Geneva 23 | France F-01631 CERN-CEDEX
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Digital pixel test structures implemented in a 65 nm CMOS process, 6. FlT-FoCal s A 32 I & it B2 FE A e HH FE 22 B 90, K57 0,
Gianluca Aglieri Rinella et al., Nuclear Instruments and Methods in A RS ERES TR, 5423 2025¢F2 .

+,
Physics Research A 1056 (2023) 168589. 7. REAREIRIEX SRR S I, W%, Ml s,
B BB R A S HL N I et Jig . XSG, Boh s, ECP, SRIARLRE R AR 50035 4], 20244FE8 H .
AL SR 2. ey i A V=4 . ‘ P - S — VA e — e ] 20l >
<. B PR D) R0, 2023, 53: 290019. 8. LTI AHE T 433776 11 2 FiT i 9 5245 V0L B i o it T2

)
Usd

il
Performance of the electromagnetic and hadronic prototype W, BRAEAK, FEEwi, X5F b, B, BT 5

X

segments of the ALICE Forward Calorimeter, M. Achle et. al, MEA (BB .

JINST 19 (2024) P07006. 9. Expected performance of the ALPIDE pixel layers in ALICE

A 14-Bit Digital to Analog Converter for a Topmetal-CEE Pixel FoCal, J.Yi and M. P. Rauch (for the ALICE Collaboration),
Readout Chip, Yunqi Deng, Ping Yang, Guangming Huang, Jun Liu, Nuclear Instruments and Methods in Physics Research A (&2.4%
Zhongguang Ren, Yan Fan and Zixuan Song, Electronics 13 (2024) )

S074. 10. SR B NRRICLF RN R ST, VERYT, H5 0L, B,

A 14-bit 100 MS/s two-step split SAR ADC with a low-power high- ‘ o s .
linearity residue amplifier, P. Yang et. al, JINST 20 (2025) C05036. RS RIEOR (B0
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FoCala 4% 4 B 64 45

Transition card

Clamp spacers

3x 15-chip string

Imm spacers
Spacer and card holders

3.5mm tungsten absorber
2x 1mm aluminum carrier

Total thickness = 3.5 (absorber) + 1.0 (spacer) + 1.0 (carrier) + 1.0 (carrier) + 1.0 (spacer) + 1.0 (spacer) = 8.5mm
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In Q2
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non-perturbative region
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ER1 MAPS Chip

Aim at learning and proving stitching, submitted in
December 2022

Two wafer scale stitched sensor chips (MOSS, MOST

Control

Repeated Sensor Unit

300 mm wafer

2.39 mm_ 25.5 mm ——  Peripheral circuits Pads 1.5 mm
——
Readout
Pixel matrix Pixel size
Matrices on the top 256 X 256 22.5 um
Matrices on the bottom 320 X 320 18 um

26/06/2025 The MOSS chip contains 20 half units and 6.72 million pixels. — »



FoCalat g & E#F %) #&: FPC. % AAF4)

 R&D on HIC as backup solution is ended as chips have to
be returned to CERN by the end of March,2023

* We are suggested to join the effort on string-based pixel
layer R&D and production.

FPC gripper



FoCal#:4% % & A4 3t & : ALPIDE2Chipcable

3.12.15 12285

ALPIDE %f %2 %] chip-cable

. 2023,
ARBERZERARFEE, HRENTFE
E K2 cm

F 2 &) X
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String Interface

String
String Group 0 String Group 1 String Group 2 String Group 3
Inner Mode Inner Mode Outer Mode Outer Mode
[ s [ s I ... | ) ) ) Alpide 6 | Apide7 | Alpide 8 Alpide 9 | Alpide 10 || Alpide 11 || Alpide 12 | Alpide 13 | Alpide 14 |
Alpide 0 | Alpide 1 | Alpide 2 ‘ Alpide 3 “ Alpide 4 H Alpide 5 ‘ ‘ Master | Slave ‘ Slave | Master | Slave ’ Slave Slave Slave Slave
|
& differential lines 2 differential lines 4 differential lines SYSTEM CLK
]
I__i I I | I [ | 1 1
| 1 I 1 ]
i _{ Data 960 Mb/s | Data 320 Mb/s i TRG / CTRL
Data links Control links i
1.
ﬁeadout Unit \ évent / trigger generator \
A 4
Data link parsers ‘ Cluster generation ‘
Statistics Output «—Trigger ID Random Event Pixel Digits
Data rate Timestamp
Busy o
Busy Violation ‘ Physics Event File |

S

26/06/2025

Trigger System

N2

=/

SR I H R SR A

B RGER, RALFocal
Rt ENGRERNE,

TSI 205> B RO
2 FHIFERT, JR/NEEH
HRARLFE () B,

42



ER2:% B 3% 3t: ek

RIS E—

* Reduce the input capacitance while balance current leakage _ _
* The length of the metal lines at the input

) terminal has a negligible impact on its
| own capacitance, approximately from
| 0.01 to 0.05fF.

Concerning coupling capacitance,
shortening the metal lines significantly
reduces the coupling capacitance
between the input terminal and the
substrate PWELL, while changes in other
areas are minor.

Optimizing the layout of power lines and
isolation rings can reduce some coupling
capacitance.

Additionally, removing the PULSE
covering the M4 metal portion on the

APTS DPTS input terminal can decrease the coupling
capacitance by approximately 0.1fF.

4 B
g ? o
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Schematic diagram of strings

SubString 1 - OB1

SubString 2 - OB2 SubString 3 - OB3 SubString 4 - OB4
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Layout of the strings

IB/OB string

IS 77 TS 2T TS TS S S — S =2 |l = T 2 T2y I

'1' [0k ||‘|"|| Iil ||‘|"||| i""l'1|'|""'|| ANBIE |".||._'_5 10 h',ll"fi ! ,"'.5 e I'u"il "'l‘h.'lf"lilll'lz NPT | Ell =L| i E| I ly W)= | [ l1|"|“'| nflll =

OB string

...=:-I 14 Ir!;.l.: :- -l.. ‘ | "'|:1|"'

il——l ||-——I||_l|'=l|||—_—

o = TS I| || — '|| T
< i |'|| 3 e 0 e e e el et R WA

i .”[ | ;

Three different types
of chip-cables are
ooooooooooooooo designed as similar as
aaaaaaaaaaaaaaa possible

oooooooooooooooooooooooooooooo

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

OB-M OB-S IB
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Yields

1TOP
1-B0T
2-TOP
2-BOT
3-TOP
3-B0T
4-TOP
4-B0T
5-TOP
5-BOT
6-TOP
6-80T

1-TOP
1.80T
2-TOP
2-BOT
3-TOP
3-BOT
4T0P
4-BOT
5T0P
5.80T
6TOP
6-B0T

1ToP
1-80T
2TOP
2-B0T
3TOP
3.80T
4T0P
4-BOT
5TOP
5-B0T
6TOP
6-B0T

73 cm
Wafer 20

Wafer 21

Wafer 22

26/06/2025

ER1 test system

RSU1 RSU2 RSU3 RSU4 RSUS RSUG RSU7 RSU8 RSU9 RSU10

H AT A B

115/120 ‘OK’ (95.8%)
19 HUs ‘OK-II
5 HUs ‘LIMIT’

109/120 ‘OK’ (90.8%)
29 HUs ‘OK-II
11 HUs ‘UMIT’

116/120 ‘OK’ (96.7%)
11 HUs ‘OK-II
4 HUs ‘LIMIT’
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Simulation parameters Value Unit Conditions

Particle Rates

Pb-Pb Interaction Rate 164 kHz Safety factor 2

Particle flux (Hadronic) 2.55 MHzcm™2 z=0cm, all centralities.
Particle flux (QED) 3.20 MHzcem™? z=0cm.

Total particle flux 5.75 MHzcm™? z=0cm, all centralities.

Geometry, timing, encoding, data transfer capacity

Pixel dimensions 20.8 x22.8 pm X pm

Tile pixel array size 442 x 156

Pixels per Tile 68952

Sensitive Area of the tile 0.328 cm?

Tiles per segment 144

Readout regions per tile 3or4d

Frame Interval Duration (FD) 20r5 ps

Minimum average cluster size 2.1 Az = 0cm, Fig. 3.43.
Pixel hit encoding time 25 s

Bits per pixel hit 16 bit

Capacity of tile link 160 Mbits™!

Aggregated capacity (Segment) 23.04 Ghbits™!

Simulation results

Average pixel occupancy <20x1074 z=0cm.

Average pixel occupancy <50x107* z=0cm, FD=5 ps.
Data throughput 120 Mbits~! Tile™! z=0cm.

Data throughput 15.55 Gbits~! Segment ™"

Data throughput per unit area 365 Mbits 'cm 2 z=0cm.

Data throughput per unit area 329 Mbits™!cm™2 Average over z.
Data throughput per link 2.58 Ghits™!

Incomplete event probability <6x107° Layer 0 segment.
Incomplete event probability <2x107* Full layer 0.

26/06/2025

One tile (total 6) of the half of one repeated sensor unit (total 12)

Pixel matrix

readout region
18

r

Average 3 pixel hits
per region for 2 ps
Frame Duration

16 bits

Periphery

0~ O
——-. O- O
0~ O
0~ O

1 region

Throughput/Capacity: 3.75% ~— Throughput/Capacity: 3.75%
Data throughput: 24 Mbit/s| |Data throughput: 96 Mbit/s

Capacity: 640 Mbit/s Capacity: 2560 Mbit/s

Region Readout (1) ‘

40 MHz FIFO 4.7 average depth occupied

AN ! !
AN

160 max depth

i} (‘H

Empty |\

MUX

B
v
/

Full

16 bits @

Top Readout <

@ 2 ps integration time

H AR IH e SR

“.| Chip Data Formatting

16 bits @

160 MHz —| Serializer

Throughput/Capacity: 75%
Data throughput: 120 Mbit/s

Capacity: 160 Mbit/s
S_erial output 160 Mbit/s

A
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