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L53 ( 2026-2028 ) % I‘Eﬂ e EMCAL | Electromagnetic Calorimeter

e FIT | Fast Interaction Trigger

e FoCal | Forward Calorimeter %fig

o HMPID| High Momentum Particle
|dentification Detector

o ITS| Inner Tracking System E%‘f

e MCH| Muon Tracking Chambers

0 MFT| Muon Forward Tracker

e MID| Muon Identifier

o PHOS/CPV| Photon Spectrometer
€D 10F| Time Of Flight

@ 1ec| Time Projection Chamber
@ TRD| Transition Radiation Detector
@ ZDC| Zero Degree Calorimeter

@ Absorber

@ Dipole Magnet

@ L3 Magnet
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BAEEFNKE (%X, ~0.35 ~0.05
BERD (um?) 30x30 0(15x15)
SHERAD (em?) 1.5x3.0 0(90x280)
SHEE (pm) 50 20-40
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Forward Calorimeter (FoCal)

Compensator
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NIMA 1056 (2023) 168589 (arXiv:2212.08621)
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. 70 ! 10~ 2.50 10
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Threshold (via Vigs) (87} Threshold (via V) (87)
| Sensor irradiated to a dose of 10 kGy and 1013 1 MeV Nag em 2 at different Vaut = Vowerr.

10%
4.50 * 1.8
_ 10% Pixel pitgh f VT2 At
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. = - b — e = 1 TL F—— —F 2
. = ] 7 —¥ E-]
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g Ny = p w
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Readout: async. < N E g§asof = e 14 g
= b o
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Sensors irradiated to different levels.

13/07/2024 B BRI RS 10


https://www.sciencedirect.com/science/article/pii/S016890022300579X?via%3Dihub
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e Slow control backbone
works across all stitches

— Digital readout done by 256 lines
(4 per column)

— serial data at 1 Gb/s
— across full chip (26cm) towards

bottom (right) end
— all lines work
100 | = ot ] X — responses to digital pulsing
— ourey ~aurro) according to specs

—— Discriminated Signal

* MOSS design fully functional
Design concepts and methodology

—100 A

Voltage (mV)

R 1/1/0/1/0/0(1/0/1/0/1/1(0/0/1/0/1 109289_01 . 1/0(0/0/1{0[1/0[1/0/1{1/0/0{1/0/1 109\2_(3201 .
| il 1#’ validated
—200 1
1 i STl Much learning on yield, handling
300 . il . and performance of a full-scale
2'5 3'0 315 4I0 4'5 ZEI)O 255 3(')0 3(1)5 310 3i5 deVice
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Detection Efficiency [%]

ER1E B 24% B B il X Ealdfsrnt @

Non-irradiated MOSS,PSUB =-1.2 V

MOSS-5 W24B5 T7
ALICE ITS3 beam test WIP . .
100 1 @ CERN PS May 2024 l10-2 Nof Iddsed
10 GeV/c hadrons ¢ Wa.er. 24
Plotted on 18 Jun 2024 7 Split: 2
o8 e el SRR NERSSE SRS . | 10-3 Pitch: 22.5 um
- 7 / Half-unit: T7
preliminary T lbias = 62 DAC
981 F10~4 5 Ipiasn = 100 DAC
3 lreset = 10 DAC
I Igp = 50 DAC
97 F107° % Vi = 145 DAC
% Veasn = 104 DAC
96 L10-6 £ Vosup =-12V
= Veasp = variable
3 strobe length = 6.0 us
951 F10-7 & T=27°C
o
=
o § on i diated bab -
£  —+ Detection efficiency Irradiated babyMOSS, PSUB =-1.2V
931 L 10-9 -4r- Fake-hit rate
¥ Legen’ 10 107 babyMOSS_W24B5_S5_C2
3 aby & B -
924 L 10-10 Region 1 ALICE ITS3 beam test WiP : i i3
/ | -4-- Region 2 100 | @ CERN PS May 2024 102 Irradiated: 107 1 MeV neg cm
/ ! ah . sk i 10 GeV/c hadrons Wafer: 24
8 LB LN b apsee fion window: 100/uim. No pixels masked & b Region 3 Plotted on 11 Jun 2024 Split: 2
50 60 70 80 90 100 110 120 130 L R e -———t10"3 Pithh12_2-5 um
Veasp [DAC] i H Half-unit: Top
preliminary W E  loas = 62 DAC
< 98 107" & foiasn = 100 DAC
o 3 Jreser = 15 DAC
> o7l lin—5 ®& ldb = 50 DAC
g 107 X Ve = 145 DAC
S % Veasn = 104 DAC
£ 96 TEEL10°6 B Vpsuw =-12V
< ‘o Veasp = variable
S 954 l10-7 E T =27-2C
] A
@ f =
2 94+ 100 £ —
= —#— Detection efficiency
93 ® l10-9 -4~ Fake-hit rate
Region 0
Region 1
L -10
%2 10 -4-- Region 2
51 g Region 3
50 60 70 80 90 100 110 120 130

Veasp [DAC]
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SUPPLIES—— | ) - B - B B - B - - || SUPPLIES

/05 «—— '

' 1 I P U S A S A 1 * Design ongoing
SUPPLIES—», - T suPPLIES
l/0s ‘—’E C | | ReY|| - |SEGMENT - e e e ) - r — submission target October 2024

SUPPLIES—— |™\ [~ [ - | - "K'T".T"".,'".T".',""..T"7'.' SUPPLIES

I/Os +—> N I D

LEC\ RS 12x R&A*EQ}SENSOR UNIT REQ/

VAN - T2

TX@10G24
TX@10G24 DATA
TX@10G24 [ ENCODING|

]
& TX@10G24 % TILE | TILE | TILE TILE | TILE | TILE %
= ol = z O
Ell S| 5| U2 2l o RSU
] w o < ADC w oo LL] ag L Ll LL] CCEEL
SllkEg core ] |% &l = Periph Periph: Periph Periph Periph Periph
2 E 3 E = ] = eriphery eriphery eriphery 2 eriphery eriphery eriphery
H TR@106H z TILE | TILE | TILE TILE | TILE | TILE g
TX@10G24|| DATA g
TX@10G24| ENCODING z
TX@10G24 £ @ K % g H #
v L _72 HEJ L é Pixel Matrix é Pixel Matrix g Pixel Matrix § Pixel Matrix g Pixel Matrix g Pixel Matrix
< > < > :: E 7 % 0 E ) 7
4.5 mm 21.666 mm 1.5mm B
Unit bias Unit bias Unit bias JiN] Unit bias Unit bias Unit bias
Unit bias Unit bias Unit bias Unit bias Unit bias Unit bias
12 RSU per segment, 12 TILEs per RSU !
144 TILEs can be switched on, biased and " " " iy " "
[T a T o o ad
. (,:) Pixel Matrix g Pixel Matrix g Pixel Matrix § g Pixel Matrix g Pixel Matrix O Pixel Matrix
read out independently = = = 5 = 5
Programmable Switches
One TILE is 1/864=0.116% of LO acceptance o
Periphery ____ Periphery Periphery 2_ Periphery Periphery Periphery
e .4 T 5 o 5o T
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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 MHzcem™2 z=0cm, all centralities.
Particle flux (QED) 3.20 MHzcm™2 z=0cm.

Total particle flux 5.5 MHzcm 2 z=0cm, all centralities.

Geometry, timing, encoding, data transfer capacity

Pixel dimensions 20.8 x 22.8 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 3ord

Frame Interval Duration (FD) 20r5 ps

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

Bits per pixel hit 16 Dbit

Capacity of tile link 160 Mbits™!

Aggregated capacity (Segment) 23.04 Gbits™!

Simulation results

Average pixel occupancy <20x107 z=0cm.

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

Data throughput 15.55 Ghits~! Segment ™"

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

Data throughput per unit area 320 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.

13/07/2024

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

Pixel matrix readout region
H O OO —HH O g
O+ O O O — O OO
0 040 TTTT = O A O
o L | average 3 pixet hits [ [ L
E per region for 2 ps : :
: : ; Frame Duration :
[ O (M o-c-. O 4 I
e e [ H H

""""""""""""""" tregion  dregions
. Throughput/Capacity: 3.75% — Throughput/Capacity: 3.75%
16 bits Data throughput: 24 Mbit/s | |Data throughput: 96 Mbit/s
i ) L Copacity:B4OMBMe | | Capacity: 2560 Mhitls _
Periphery

Region Readout (1) ‘

40 MHz FIFO 4.7 average depth occupied

i (E

Empty \

s
7

Full

@ 2 ps integration time

160 max depth
AN ! !
MUX
16 bits @
Top Readout < > Chip Data Formatting Throughput/Capacity: 75%
Data throughput: 120 Mbit/s
16 bits j' Capacity: 160 Mbit/s
Serial output 160 Mbit/s
160 MHz : )4 '

EZET N TFFTRBRE
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MCLK, DCTL, DCLK,

HSDATA, CTRL, CTRL, HSDATA
* ° DATA[0J:DATA[3], ° ° ° - DATA[OFDATA[3[, * ~ ° | |~ oo
aaaaaa BUSY® © ° ° ° ° e T LI I c s 5 o s s s 8 o0 mon o8 on o5 o

.H
1
i

el Y ﬂ]

1 1400
1.
L [}

DCTL, DCLK,

ALPIDE S

© Bl AR A

+ AREWFURES
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FoCalst g % EAF 4] 3. #7605 % % LA

ip-cables

)|

\
f

A

e

)

T
i
//
7

i

L i

MGLK, DCTL, DCLK,
HSDATA, CTRL,

CTRL,
° " " DATA[0]-DATA[3], * ° °
555555 BUSY © © °c -

S

DCTL, DCLK,
HSDATA

ALPIDE

30mm

15mm

- - .

Single ALPIDE mounting jig

13/07/2024

First try failed with one component
Solved by heat treatment, ... ;. .

* Brought to CERN for
validation in May,2023

* Three more jigs produced
and sent to labs in 2023

e Vacuum tightness validated

* Functioning tested with
micrometer heads

16
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FoCal#:1% % & AT 4| 3t B2 : ALPIDE2Chipcable

View under microscope

2023.12.15 15:02

To hold the single ALPIDE mounting jig, the

bonder table is lowered by 2 cm
13/07/2024 BRI H 4 17
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FoCal& 4% & EATH] 3h & % & ELAT 4]

Half layer to be assembled

15t test sample with two structures produced
and sent to Europe before Christmas, 2023

2"d version of test sample produced and sent
to Oslo in April, 2024

Production of assembly jigs on-going

13/07/2024 AT R IH 18



FoCal#:4% % EAT | 3t B AR AAR

2024.03.25 12:36

SpTab Bonding using F&K Delvotec G5 64000 bonder Cut off the part for assembly

Place the parts using the assembly tool prototype under a microscope

The parts for assembly

* The full procedure with a checklist to be established
13/07/2024 BRI H 4 19
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° °
Schemauc d].a am SubString 1 181 SubString 2 1B2 SubString 3 OB1 SubString 4 OB2
g e i3 DATA IB1- 2Gbps
1 A IB1 ;

|B1-Pos 18 (1
| 1 S DATA [B1-Pos 14 (12Gbps|
F— I F===H3 DATA IB]-Pos 13 {12Gbps
| ==H3 DATA B2-Pos 12 {12Gbps
| I | F===H3 DATA IB2-Pos 11 1.26bps?
| Z=HS DATA1B2:Pos 10 {1 2Gbps
! ! I = B SEL e o )
) &0 o : ! et R e e
o G I i == e IB/OB
e | [ I = I
' I ! ‘gwm | o Fmal—l|
! | i |r i fi F i fi |L 1
1 { I __ I L1 | I I | | Il I
1 \pos15|posl4|pos13 pos12|p0311|p0570 pos 9 IposS |pos? |p056 Ipos5 |pos4 |pos3 Ipos2 |pos1 ‘:
ol ____l________ | e D D L ___ 1
SubString 1 - OB1 SubString 2 - OB2 SubString 3 - OB3 SubStnng 4 - OB4
el 2 e i i
! | | | I
! | | | I
! } | | IS DATA OB1-Pos 15-13 (400Mbpo)
! . P el
1 | b ————==H5 DATA OB3-Pos 6-1 4oo.ah?c OB
| i = | ' .
! [ f::é:m | [ mr:mn
Vol i | | [
[T I I
ayout o X
1

(AR R

1:.':. i

. I, 2T
D

s
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Production is expected to start in July in Ukraine T EHEFENEZSMET
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—~90 ! =90 =
€ ALICE FoCal-E Pixel | st E [ ALICE FoCal-E Pixel
E _SPS H2 November 2022 2 | | E &, FsPSH2November 2022
>801300 GeV electron beafm LI 4 {300 GeV electron beam
Layer 10 308 t-Layer 10
70 E] 701
- S :
= o 25 [}
60— f £
F " s
50— ' | &
E M 5
o - - - '1‘ 15 <
30 f
- 10
20
10/~ °
F -
0 i | o

* Liu He participated the Nov. beam test in 2022
e JieYiand Prof. Zhou participated the May and June beam test
in 2023
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il 1|-ALICE FoCal-E Pixel Layer 5 —20Gev TE 14;:::2 F:Cal-::::n:wm 20 GeV
E | SPS H2 November 2022 £ I o 40Gev
£ Preliminary 40 GeV ~ | Preliminary
= —_ / 60 GeV
x L 60 GeV 3 ‘
Dosl S0GAY. %0.8— ] 80 GeV
©° o I i R 100 GeV
&k 100 GeV > i -
= . ER R < rr ] \ 149 GeV
T L I b —197 GeV
[ —197 GeV 06— { f i
0.6 L. 1 \\ — 244 GeV
L — 244 GeV R\
I — 287 GeV
E — 287 GeV -
[ 0.4
04 L
B 02
02l
s = Pl PPN I
o . L J =20 5 0 5 0 15 20
—=20 15 , 15 20 Lateral distance AX (mm)
Lateral distance AX (mm)
.
arXiv:2311.07413
’E‘ £ TT LI B B e B e rE\ ] L B B
E. 5; ALICE FoCal-E Pixel Layer 5§ £ 455 ALICE FoCal-E Pixel Layer 10 1
sk g E CERN 8PS H2, November 2022 g E CERN SPS H2, November 2022
5 I i 4 I 4= =
> E E i Daa E E E ¥ Data E
G = ¥F T GEANT4 + diffusion = T GEANTA + diffusion E
5 § 3: Ei ﬁ 3: _ E
252 = b 14 = £ 4
a = c i = E N
5 g 25— = % 25— .\..J —
20 c 4 E 1 N E
15% P : 4 s =" L =
E & A .11. $ / & 43 E - + E
=1 — 1= E
10 = - + L B E E
0.5 - 0.5 —
5 of ' PRI EFEEA AN AT b 11| P T R T
[} 50 100 150 200 250 300 1] 50 100 150 200 250 300
Electron energy (GeV) Electron energy (GeV)
o
Figure 33. Measured and simulated FWHM for layer 5 (left panel) and 10 (right panel) versus electron

energy. The error bars represent an uncertainty of 0.2 mm.

 Shower width of 1 mm achieved.

* Analysis has been summarized in a paper accepted
for publication in JINST and also documented in Liu

He’s master thesis 21


https://arxiv.org/abs/2311.07413
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SystemC & A

SystemC I AESE

String Interface

String
String Group 0 String Group 1 Siring Group 2 Siring Group 3
Inner Mode Inner Mode Quter Mode Outer Mode
) ’ ) ' ' : Alpide 6 | Apide7 | Alpide 8 Alpvde 9 | Alpide 10 || Alpide 11 || Alpide 12 | Alpide 13 | Alpide 14
RRAEW || AT | AR ‘ BURLDE H 106 H BlIri3 | | Master | Slave ” Slave ‘ | || Slave | Siave Slave Slave Slave
I
6 differential lines 2 differential lines 4 differential lines SYSTEM CLK
I=i:c
I I L , |
) n | Data 960 Mbis | [ Data 320 Mbis . TRG / CTRL
Data links Control links
T
Aeadout Unit Event / trigger generator
Data link parsers Cluster generation
Statistics Output Trigger ID Random Event Pixel Digits
Data rate Timestamp
Busy
Busy Violation ii
Trigger System Physics Event File

* Results from SystemC simulation have been documented in TDR,

which have been approved in March 2024.

* It has also been fully documented in Jie Yi’s master thesis
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g I ! [T T ! I I g
% = - %
b L yaw i od - b
T | A 1 T
EL/F & 1 £
Tos )/ H <
S 1 B ]
c |0m [t L B
.2 .2
o / ALICE FoCal-EPixel | © __[4 ALICE FoCal-E Pixel |
© 7/ Prefiminary Detector Simulation —| @ 0.6/~ Preliminary Detector Sil
[ Sl / PYTHIA Min. bias, pp Ys=14TeV, TMHz ~ | - PYTHIA Min. bias, pp Vs =14 TeV, 1 MHz -
,:J FoCal AliRoot + ALPIDE SystemC _| L FoCal AliRoot + ALPIDE SystemC |
[m i L i
0.4— . A t'rame =10 us, nd size =4, dgnd mask = D— 04— A tfr.:ama =20 us, nd size =4, dgnd mask = 0—
[ .“. A t'm'“e =10 us, nd size =3, dgnd mask =0+ [ A tfra'“e =20 us, ncl size =3 dgnd mask =04
L/ A t'mme =10yps, ncl size =4, dgnd mask 4 _ L v A tffame =20us, ncl size =4, dgnd mask 4 _
0_2_“ —=— At =10uys, N 3, dgrid ek = 4_| 02 4 At =20us, N e 3, dgrid mask = 4 |
: Ao = 10 115, ncl sze 4. dgnd mask 3 : : Aty = 20 1, ncl sze 4 dQ"d mask 3 :
L A t'm'“e 10 s, nd size =3, dgnd mask =3 — = 4 tfra'“g =20 ps. ncl size =3, dgnd mask =3 -
D ‘ 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 | O | 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 ‘ 1 1 1 1 |
0 5 10 15 20 0 5 10 15 20

#Links in BUSY violation (cumulative) #Links in BUSY violation (cumulative)

Fig. A.19: Fraction of frames with the cumulative number of links in BUSY violation for pp collisions, i. e. #Links
with grid mask of dgrig mask = 4 and dgrig mask = 3. with two different timeframe lengths Afpy,pe = 10 us (left) and
Atframe = 20us (right). The cumulative curves show the probability to encounter a timeframe with a maximum of
#Links in BUSY violations.

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH
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FoCala 4% 4 2 64 45

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

13/07/2024 S R IH L 26
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In Q2

saturation

non-perturbative region

In x

IIIIII T Illlllll {

EM and DIS measurements
| ISR B | T TTTTIT T T TTTTI0] T TTT

| T

Hadronic+Uasurements

T IIIIIII T T TTTTI TIHW T T TTTIIT

l T T

* FoCal# B QxR W K%, xKE10°, Q4 GeV>WER F-F FALHE + 7 1 -
BERXE#EATWHE B

© BFRAE RQCDAE & M3 77 > W B nl-nFry-n077 AL A KX B
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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
300 mm wafer

2:39 mm_ 25.5 mm ——  Peripheral circuits Pads
EE——
Readout
Pixel matrix Pixel size
Matrices on the top 256 X 256 22.5 um
Matrices on the bottom 320 X 320 18 um

The MOSS chip contains 20 half units and 6.72 million pixels. o 59



FoCalat g & E#F %) 8 &: FPC. % AAF4)

UTTTTTLTLTS

 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



FoCalif Ml Btk Ak v 744 O

For IB/OB pix modules

On detector Readout Rack (8-10m) Counting room
! ' Pads 20
Pads 20 DCB : ! Pads 19
- : 792 fibers :
5sHGCROC3| 7| (IpGBT) : : ¥ .
H H Pads 17 Triager LO from Pads 12 Trigger Board
! ! Trinaer 1 0 :rnm Pars 11 Trigger Aggregator
i | CRU Pacs 15| | Jiooerighon Cades
Pads3| .| pam |g ! ! Input: Data Pads 15
Pads 2 Concentrator] i i Qutput: LD Pads 14
bada 1 —*" Board : ; : (30) One Pads 13 Fi FT
e . . LF Trigger LF Trigger
5XHGCROC3 (IpGET) ~160fibers | Trioger boards i Lo LA FoCal-E Pads 12
] ]
: 4 | 1L0nput ! in module Pads 11 P i
Trigger : = | | Pixels 10— Giock | Transition Card |< Clock (RES (R = (i
98t geT o Data Data ———>|
dxLavers (8.9,11,12)*Concentrator ! CTP processing Pads 9 | Control&Trigger Control&Trigger
Board(s) ' Ld - Pads 8
| {Local) Pixel Trigoer (30-40m away) | Pads 7
e e i
i i Pixels 5|« Clock- Transition Card [ Clock——— | PIX Readout Unit
. - H I > Data ———>|
Fixels 10 <> Tmn;I:E ‘—126bﬂ5—b E:ﬁ:: [pGET [¢—27 fibers : Pads 4| | (?g;?ro\&‘rngger Control&Trigger>|
H H Pads 3
: RUs :
Pixels 5|, | Transition | : o : Pads 2
N board [~ E " (32) E Pads 1
H H
i i
Trigger inks——y ! ) i
Trigger | Legend: i
recait 1|11 b, G | REG R BRI RS
readout card Board : Optical : 3 Z
] ]
H H
E E
H2GCROG3 IpGBT t 20 Nibers 7
i i
] ]
H 1 MHz pp H
E 1 Mhz pPh E
! 50 kHz FbPb !
i i

- KAEFHERRERBET
FoCali il R4
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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 | | ) ) ) Alpide 6 | Apide7 | Alpide 8 Alpide 9 | Alpide 10 || Alpide 11 || Alpide 12 | Alpide 13 || Alpide 14 |
R I ‘ e “ S ” gl | ‘ Master | Slave | Slave | Master | Slave [ Slave Slave Slave Slave
|
6 differential lines 2 differential lines 4 differential lines SYSTEM CLK
]
|
L‘f | : ] . | o —
| 1 I 1 1
i _{ Data 960 Mb/s | Data 320 Mb/s i TRG / CTRL
Data links Control links i
;T.
Aead out Unit \ évent / trigger generator \
A 4
Data link parsers ‘ Cluster generation ‘
Statistics Output «——Trigger ID Random Event Pixel Digits
Data rate Timestamp
Busy T
Busy Violation ‘ Physics Event File |

o

13/07/2024

Trigger System

2

=/

H MR IH =

BERGHER, HitkFocal
FIHEMEEERME,

FESCIUAE 7 B R BEn3E
BNTFHIFER, JR/MEH
HWRAMFLHIE () BHE.
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2 detect

3940 ITS2 ALPIDEs

or layers

IRRRRRARANNANRRNRRN]
IRRRRRRRRNRRRENENNN]
IRRRRRRRRNRRNRNENN]]

T
i

EA

CTRL
DATA

Inner barrel ALPIDEs

13/07/2024

Outer barrel ALPIDEs

Readout chain similar to ITS2

POWER

5vDC
Backbias

Clock

CTRL

DATA

Trigger system

pad
1
Rol TRIGGER TRIGGER, TIMING & CONTROL ! TRIGGER (PON)
1
1
1
1
1
1
1
1
1
1
1
1
(_ [p—
.
Clock
apeate
.
CTRL
poara ocal Reado
Hata
TIMING: TRIGGERE CONTROL
<« 0
" DATAICTRL (Versatie link

CTRL (UART)

zl1e Power

Monitor Board HUB

AR I 2

CTRL (CANBUS)
CTRL (ipBUS)

33
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Rol trigger
(pads)

2.56 Gbps Trigger (LTU or CRU)

2 10.24 Gbps Data )

5

g 2.56 Gbps Control

] Firefly 10.24 Gbps Data

@©

o FPGA

X Xilinx

o -]
= Kintex 10.24 Gbps Data }_ 7
8 @)
L

Ultrascale (+)

Sensor 10 10.24 Gbps Data

mezzanine

Programming
Flash

(+ support FPGA)

10.24 Gbps Data

),
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RILILCIE—

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

i 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.

o i
i i

L N



LHC & 47 fo ALICE #+ 2 3+ X

RILALCE—
High luminosity for ions (~7x1027 cm'25'1) High luminosi 9 Higher luminosity for ior
~5 7 x103 cm2s1)
Run 3 +—— Run 5§ -

" TR A T O W\ il \HH WHIH L HH\W

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Intermediate upgrade Major upgrade

\ Superconducting pgicH
magnet system

-

Cylindrical
Structural Shell
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ALICE—
Schematic diagram of strings o AR
SubString 1 - OB1  SubString 2 - OB2  SubString 3 - OB3 SubString 4 - 0B4 ﬁh l?'»] ﬁ% ’@‘6/]\‘&% S 14\

--------- 2 5 e
I : | I RU:
I I .
[ I s— —
| | i E=ti BATACE L £os e 13 e 36 IB chips @ 960
| ! - =118 DATAOBAPos 61 (400MbBe
ohm | | | F===DCTRL OB-Pos 15-1 -wn.m:i’c MbpS
.,If.]l T | T I T | T | ==MCLK OB-Pos 15-1 40MHZ .
R | s | e ! B . - 120B =% F @320
+ I i I I i I i i + i
1 i e e B e i ! Mbps
|

__________ o L ______u W %.: 38.4 Gbps

OB string « 3 AHOBALPIDE % K #
SubString 1 1B1 SubString 2 1B2 SubString 3 OB1 SubString 4 OB2 )&l #J ﬁy{ -> 1/]\RU

""""" = - = il
| | | =113 DATA 1B1-Pos 13 {1 20kpe — @-47&#{/@\24/]\0B
|| | | =12 DATA (B2 bos {1 1 2Gbbe
| | =R FXk
o | =8 DATA OB2-Pos &-1 (400Mbpe) N
e = i SRRt Bl £ T AOB %
(=17 L L] t;-l-l r |r + E -‘- —
50 | == | = L N oatis o 121 e >2A0BEY R @
= |
| | e FE. '”:T? , 320 Mbps
I 3 ||: = X - i ’>
I II l : I l I A Il iU I :
|

W %.: 23.4 Gbps
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Layout of the strings

IB/OB string

J L ' L T--!_.l__ljj LI L';F-"_.'__Ijii'Ll L\f TN, _ AT, — e 2 II |l ? II kil l| B 11— || (1 - || E il

'1' )i ||‘|"|| Iil ||‘|"||| 5,"""1'1|'|""'|| MBI ETRIE |:'.||":,"]L1|l'hl'u'5lﬂ‘hfu'%l "l‘h.'u"'lil[l'h NIk, (= Ell ||‘l| { E| AL ly Nz |n ly'\f"l urlyi :

OB string

||-——l| _ll '—_l||||—_—

l| [ 20 I| (LS T—"' =
Ll“hl‘ " =i “'l' LE Bl il lll"* i Eﬁ ) Illl N 1| e |u 1| ""Iur':l1|.|,

=l | NI m[ _

Three different types
of chip-cables are
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, designed as similar as
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn possible
OB-M OB-S IB
13/07/2024 H AP H 2
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ER1 test system

Yields

1ToP
1-B0T
2-TOP
2-BOT
3-TOP
3-BOT
4-TOP
4-BOT
5-TOP
5-BOT
6-TOP
6-B0T

Wafer 20

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

1-TOP
1-B0T
2T0P
2.80T
3TOP
380T
4TOP
4-80T
5TOP
5.80T
6-TOP
6-80T

Wafer 21

Wafer 22

RSU1 RSU2 RSU3 RSU4 RSU5S RSUG RSU7 RSU8 RSU9 RSU10

AR I 2

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-IV
4 HUs ‘LIMIT’
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