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F % )5 ¢4 ALICE# 2] B (202920304)

1S3 (2026-2028) HAlH
2026.7-2030.6

B

e EMCAL | Electromagnetic Calorimeter

o FIT | Fast Interaction Trigger

o FoCal | Forward Calorimeter %fig

o HMPID | High Momentum Particle
Identification Detector

o ITS| Inner Tracking System E%‘f

o MCH | Muon Tracking Chambers
o MFT| Muaon Forward Tracker
e MID| Muon Identifier

o PHOS/CPV| Photon Spectrometer

€D 1oF| Time Of Flight

@ TPC| Time Projection Chamber
@ TRD| Transition Radiation Detector
@ ZDC| Zero Degree Calorimeter

@ Absorber

@ Dipole Magnet

@ L3 Magnet
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PR RKZRRERE (mm)

BHNEEFKE (%X, ~0.35 ~0.09
BERD (um?) 30x30 0(15%1522.8
X 20.8)
RPN (ecm?) 1.5%3.0 0(90x280)
SHEE (um) 50 50
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Forward Calorimeter (FoCal)

Compensator A

Magnet
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ITS3E R AP A : B BKF I ae ik

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

Pitch: 10, 15, 20,
25 pum

Total: 34 dies

Matrix: 32x32
pixels

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

Detection efficiency (%)

%

NIMA 1056 (2023) 168589 (arXiv:2212.08621)
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FoCala 4% 4 2 &) 4 #

Transition card

Clamp spacers

3x 15-chip string

1mm 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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Fraction of clusters

hClusterSize

Layer5_Hit_Distribution_20GeV

Layer10_Hit_Distribution_20GeV
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_ ~  HIC with 5 APLIDE chips

N T T = s St

e o A —
DA e e ett e = i (g

 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
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For IB/OB pix modules

On detector Readout Rack (8-10m) Counting room
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Pads 20 DCB ' H Pads 19
> ’ 732 fibers :
S¥HGCROC3| *| (pGBT) [ i et i ¥ Pads 18
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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 | Alpide8 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
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RILILCE—
Schematic diagram of strings . -
e 1 IB/OB ALPIDEX;
SubString 1 - OB1 SubString 2 - 0B2 SubString 3 - OB3 SubString 4 - OB4 & % ﬁﬁt ,@64\_&% 9 14\
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IB/OB string
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Layout of the strings

IB/OB string

IS, 77 TS 2SS S SRS S =2 |l = (S S [ S I
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Three different types
of chip-cables are
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn designed as similar as
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn possible
OB-M OB-S IB
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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
Endcap L Repeated Sensor Unit Endcap R
1\ Pads 1 Pads 300 mm wafer
<
THE i)
2.3 DM 555 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

28/06/2026 The MOSS chip contains 20 half units and 6.72 million pixels.
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One tile (total 6) of the half of one repeated sensor unit (total 12)

ESAECLi

Simulation parameters Value Unit Conditions Pixel matrix readout region
Particle Rates : aagiy aagiy o OO : i : :
Pb-Pb Interaction Rate 164 kHz Safety factor 2 [ [ ] 1 —J [ H I L
Particle flux (Hadronic) 2.55 MHzcm™2 z=0cm, all centralities. O O (O ~°°° O 4 (H ; ;
Particle flux (QED) 3.20 MHzcem™? z=0cm. [ LH] Average 3 pixel hits || | ) (= ] .
Total particle flux 575 MHzcm™? z=0cm, all centralities. E : per region for 2 us : :

] Frame Duration

Geometry, timing, encoding, data transfer capacity

Pixel dimensions 20.8 x22.8 pm X pm : ﬂ C—
Tile pixel array size 442 % 156 : —1 —--. O+ O
Pixels per Tile 68952 . —L H O
Sensitive Area of the tile 0.328 cm? ] —] (= U : ,
Tiles per segment 144 lomsssasssssssssooss FEeessseecssaacsseases Sesssessscsscssssssaad S
Readout regions per tile 3ord — h1 559'0_'; sTeR : r:cg“"_‘s I
. = . roughpu apacity: 3. o roughpu apacity: 3. o .
Frame Interval Duration (FD) 2orb ps 16 bits Data throughput: 24 Mbit/s| |Data throughput: 96 Mbit/s 16 bits
Minimum average cluster size 2.1 Az = 0cm, Fig. 3.43. Capacity: 640 Mbitls Capacity: 2560 Mbitls
Pixel hit encoding time 25 s pe,i,',};;r',',' ..............................................................................................
S N et wal
apacity ol t1le lin s 4.7 average depth occupied
Aggregated capacity (Segment) 23.04 Gbits™! 40 MHz — Ij 160 max depth 160
. . ™\
Simulation results @ @
Average pixel occupancy <20x107* z=0cm. Empty \ MUX /
Average pixel occupancy <50x107* z=0cm, FD=5ps. Full
Data throughput 120 Mbits~ ! Tile™! z=0cm. ’ 16 bits @
Data throughput 15.55 Gbits~! Segment ™" N
Data throughput per unit area 365 Mbits ! cm’:z z=0cm. Top Readout < ".|  Chip Data Formatting Throughput/Capacity: 75%
Data throughput per unit area 329 Mbits™!cm™2 Average over z. Data throughput: 120 Mbit/s
?ﬂtﬂ thlroughput DCl"bliD];kl 205§ Gbits™! L . 16 bits @ Capacity: 160 Mbit's
ncomplete event probability <6 x 10~ ayer 0 segment. Serial outout 160 Mbit/s
Incomplete event probability <2x107* Full layer 0. @ 2 ps integration time : P .
160 MHz —{ Serializer :

28/06/2026
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* 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.
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g ? o
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« MOSAIX## & KRN EE. REANEE. REXEEAE. B0, SKREETEEF
MBIES T EREEY BT,

o REATHGZITAMNAZE (DRC) s HR I #ITHFE,

* 3 MOSAIX Bt B & R MBAT T BN FHAIK, UAREIFTHRGEEMETARE AT L&
PIF S

Mosaix power dissipation [mW/cm2]

— 20
£18 10
> 16
14 10°
12
10
107
8
6 6
4 10 4
2 2 :
0 _ _ — 1 % 5000 10000
120 100 80 —60 —40 20 0 20 40 60 80 100 120 z [mm] Y pwr density [mw/cm]
§ 10000 | : f i ] T Power [mW]: Pwr den [mW/cm2]:
£ 5000 | | , , LEC 1361 LEC 1546
1 1 1 1 1 1 1 1 1 1 L 1 1 1 1 1 1 1 1 1 1 1 Hsus 2244 Rsus 44
0 ~120 ~100 ~80 ~60 —40 —20 0 20 40 60 80 100 120 2 (mm) Total 3605 Total 69

%h R4 RIHT
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RSU CONSUMPTION [mA] (19.564mm x 21.666mm) @ 160MHz RSU CONSUMPTION [mA] (19.564mm x 21.666mm) (@ 80MHz
TYP MAX TYP MAX
GAVDD GDVDD GAVDD GDVDD GAVDD GDVDD GAVDD GDVDD
Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic
12 TILES 28.42 0.00 11.72 63.22 44.97 0.00 35.21 69.22 12 TILES 28.42 0.00 11.72 32.72 44.97 0.00 35.21 35.72
SBB buffers 6.34 5.95 6.34 5.95| [SBB buffers 6.34 2.97 6.34 2.97
TOTAL 28.42 0.00 18.06 69.17 44.97 0.00 41.55 75.17| |TOTAL 28.42 0.00 18.06 35.70 44.97 0.00 41.55 38.70
28.42 87.23 44.97 116.72 28.42 53.76 44.97 80.25
Total current [mA] 115.7 161.7 Total current [mA] 82.2 125.2
Total power den[mW/cm2] 32.7 45.8 Total power den[mW/em2] 233 35.5
RSU CONSUMPTION [mA] (19.564mm x 21.666mm) (@ 40MHz RSU CONSUMPTION [mA] (19.564mm x 21.666mm) (@ 20MHz
TYP MAX TYP MAX
GAVDD GDVDD GAVDD GDVDD GAVDD GDVDD GAVDD GDVDD
Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic Static Dynamic
12 TILES 28.42 0.00 11.72 17.47 44,97 0.00 35.21 18.97] [12 TILES 28.42 0.00 11.72 9.85 44,97 0.00 35.21 10.60
SBB buffers 6.34 1.45 6.34 1.49| |SBB buffers 6.34 0.74 6.34 0.74
TOTAL 28.42 0.00 18.06 18.96 44.97 0.00 41.55 20.46| |TOTAL 28.42 0.00 18.06 10.59 44.97 0.00 41.55 11.34
28.42 37.02 44.97 62.01 28.42 28.65 44.97 52.89
Total current [mA] 65.4 107.0 Total current [mA] 57.1 97.9
Total power den[mW /em2] 18.5 30.3 Total power den[mW /em2] 16.2 27.7
RSU power density
Power density [mW/cm2]
Clk [MHz] TYP MAX
Nominal Ibias | Reduced lbias | Nominal Ibias | Reduced Ibias
20 16.2 14.5 27.7 24.8 .
*) Reduced Ibias — 25% lower analog
40 18.5 16.8 30.3 274 .
80 23.3 21.6 35.5 32.6 front-end consumption
160 32.7 31 45.8 42.9
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@ | pm~ | Tosk Name ~ Duration - Start | Fwsh < | Preded Nov Dec Feb Mar May e Jul e Sep Now Dec
BT 4 ITS3_11122025_v1 4362.1 day: Thu 6/1/23 Meon 2/20/4c
b 4 Sensor ASIC 810 days? Thu6/1/23 wed 7/8/26 .
. ER1 produced 0 days Ssat 7/1/23 Sat 7/1/23 5 -
L3 ER1 functional verification 494 days sat7/1/23 Thu 5/22/25 Th I n n I n g a n d
P ER2 Specification review 0 days Thu 6/1/23 Thu 6/1/23
= ER2 Design 23 mons Thu 6/1/23 wed 3/5/25 51 » {-*
[} ER2 tapeout verification 4 mons Thu 3/6/25 wed 6/25/25 52 dlclng sta rts
- ER2 tapeout 0 days wed 6/25/25 Wed 6/25/25 53
L=l ER2 production 8.5 mons Thu 6/26/25 wed 2/18/26 54
= ER2 post processing 2 mons Thu 2/19/26 wed 4/15/26 55
] ER2 babyMOSAIX delivered 0 days wed 4/15/26 Wed 4/15/26 56
= ER2 full MOSAIX delivered o days Thu 3/19/26 Thu 3/19/26  56FS-2
oy 4 ER2 functional verification and 100 days? Thu 2/19/26 wed 7/8/26
performance for ER3
[ GWT-PSI chiplet testing NIKHEF Utrecht 3 mons Thu 4/16/26 wed 7/8/26 57 5 weeks of
L] 2 Wafer probing 25 days? Thu 2/19/26  Wed 3/25/26
L1 S days Thu 2/19/26 Wed 2/25/26 55 actual beam
[ Impedance and power ramp 20 days Thu 2/26/26 wed 3/25/26 62
= functional testing low speed 1day? Thu 3/5/26 Thu 3/5/26 6355+ time
interfaces
= functional testing high speed link
testing
"y 4 babyMOSAIX 25 days Thu af16/26 wed 5/20/26
[ =] Inspection S days Thu 4/16/26 wed 4/22/26 57
- bonding 10 days Thua/23/26 wed 5/6/26 67
b 3 Impedance 10 days Thu 5/7/26 wed 5/20/26 68
= functional tests (registers, digital, analog, 10 days Thu 5/21/26 wed 6/3/26 69
THR, FHR) L
= < sensor performance (lab, test beams) 0 days Wed 5/20/26 Wed 5/20/26 6955+
5 split6
- < irradiation 35 days Thu 4/23/26 ‘Wed 6/10/26
= TID Sdays Thu 6/4/26 Wed 6/10/26 7155+
= NIEL {incl sending, reception, bondlab) 30 days Thu 4/23/26 wed 6/3/26 67
b 4 Wrradiation testing (NIEL,TID, SEE) 220 days Thu 1/8/26 Wed 11/11/26 .
- TID sensors performance tests 5 mons Thu 6/11/26 Wed 10/28/26 76
L= NIEL sensors functional tests 5 days Thu 6/18/26 Wed 6/24/26 77FS+.
L NIEL sensors irradiation performance 5 mons Thu 6/25/26 Wed 11/11/26 80
tests
- < SEU 107 days Thu 1/8/26 Fri 6/5/26 7155+ v
= System preparation 4 mons Thu 1/8/26 wed 4/29/26 I
& SEU tests at NPI 5 days Mon 6/1/26 Fri 6/5/26 83
- <+ SEL 137 days Thu 1/8/26 Fri 7/17/26 71 v
= system preparation 6 mons Thu 1/8/26 wed 6/24/26 [}
> HIF tests S days Mon 7/13/26  Fri 7/17/26 86
- < MOSAIX 35 days Thu 3/19/26 ‘Wed 5/6/26
- Inspection 5 days Thu 3/19/26 wed 3/25/26 58
= bonding 10 days Thu 3/26/26 wed 4/8/26 89
s impedance 20 days Thu 4/9/26 wed 5/6/26 90
- yield studies 6 mons Thua/23/26 wed 10/7/26 9155+
e functional tests (registers, digital, analog, 1 mon Thua/23/26 Wed 5/20/26 9155+
THR, FHR)
= sensor performance (lab, test beams) 6 mons Thu 5/21/26 wed 11/4/26 94
e 4 Test beams 100 days Wwed 3/25/26 Tue 8/11/26
= 4 TB_2026 CERN 100 days wed 3/25/26 Tue 8/11/26
> TB1 1wk wed 3/25/26 Tue 3/31/26 -
= TB2 1wk Wed 5/13/26  Tue 5/19/26 ELSA Frascatl
= TB3 1wk Wed 6/24/26 Tue 6/30/26 . ¥
= TBa 1wk _Wed 7/15/26 Tue 7/21/26 ] J Ia b (tb c)
Iﬁ‘ TBS 1wk wed 8/5/26 Tue 8/11/26 |
= ER2 experience gaining after ER3 11 mons Thu 7/9/26 wed 5/12/27 59
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Preparation for mass production (I)

Steps of assembling ALPIDE to chipcable
established

. Placing chipcable in plastic frame, blowing chipcable by air
. Placing chip on jig

Applying glue on chip

Placing framed chipcable on jig

Aligning chipcable with chip (using screws of the jig)
Moving jig under bonder

SpTABing chipcable to chip

Moving back jig from bonder

. Visual inspection

10. Placing chip assembly on flat surface

11. Placing weight above the chip from chipcable side
12. Curing glue ~1-1,5h at room temperature
13.Preliminary functional test (PTB)

14.Protecting SpTAB joints by glue

15.Final functional test (PTB)

16.Cutting-out work area of chip assembly

©CRENDUHAWNR
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Preparation for mass production (II)

Steps of assembling chipcable with chip to flex on carrier

1. Applying glue on the carrier

2. Applying glue on the flex

3. Placing chip on carrier

4. Aligning chip

5. Placing chip assembly on flat surface

6. Placing weight above the chipcable (above the chip and flex)

7. Precuring glue ~20-30min at room temperature

8. Visual inspection (aligning)

9. SpTABing chipcable to flex * Waiting for flex on carrier

10. Preliminary functional test (PTB) delivered from Ukraine

11. Final curing ~1h at room temperature * Waiting for PTB delivered from
12. Protecting SpTAB joints by glue Bergen

13. Curing ~2h at room temperature * Some issue with firmware to be
14. Final functional test (PTB) fixed

15. Visualinspection
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Lateral distance AX (mm)

™ 1{-ALICE FoCal-E Pixel Layer 5 — 20 GeV —
E | SPS H2 November 2022 GGaV ‘E 1|-ALICE FoCal-E Pixel Layer 10 —20 GeV
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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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