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e =3 7] . .
B 0= /\5-' — Why We Need Pixel Tracker in HIC
RITERNZZH M BES EL: 4 < L >

1. RHESH TR - MIR=E

2 gEswE (|- BauEsms

3 \—E'J-jlll‘%lﬁ . B FliESHEES o: pointing resolution/plane

X0t/ X,: total material budget
e ——
W 10,0136 \/7 z, T, "
Y ” N pp / Ref.: R.L. Gluckstern, NIMA 24 (1963), 381-389
d ’ 1Om
etector layer 2 : % _ O'[m] p[GeV/c] 720 (N _ 1)3
A(X_) i pe  03B[T)L2m?]\| (N—-2)N (N +1)(N +2)
_ @mplcev/e [ 720
detector Iayer1l, r r ~ 0.3 B[T] L2[m2] | N + 4
1 2 Iy P
percelveg( J( perceived g Apy _ 0.0136 [ Xiot 10 12 + (N —1)N2(N +1)
vertex Av true vertex vertex >< AV 7> true vertex Dy 0.38B[T]Lim] V Xo N(N+1)(N +2)
N 0.0136 KXot \/i
2, 2 = 0.38B[T]L[m] V_X, 7
Av =Axe L’ﬂlz Av=0,-n 0.0542 / \
(r,-1) . ~ BBIILim

Ref.: Luciano Musa@HP2023
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T%’E 27 — Pixel Tracker in HIC

*  “The silicon micropattern detector: a dream?”
E.H.M Heijine, P. Jarron, A. Olsen and N. Redaelli, Nucl. Instrum. Meth. A 273 (1988) 615

Sensor chip

* “Development of silicon micropattern detectors”
CERN RD19 collaboration, Nucl. Instrum. Meth. A 348 (1994) 399

e 1995 — First Hybrid Pixel detector installed in WA97 (CERN, Omega facility) 4
* 1996/97 — First Collider Hybrid Pixel Detector installed in DELPHI (CERN, LEP) | ssfersfofererarerss
* Silicon pixel detectors were installed at the heart of LHC experiments since 2005

front-end =
chip
X . IMOS
- - - 3 o . v

p++ substrate

/ particle track

BRAERENGRE
o B%2% (Monolithic

BN GER — Active Pixel Sensor,
Ria% (Hybrid ) o' s MAPS)
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%%fl\éﬁ — MAPS Tracker in HIC

CHARGED PARTICLE ~7

NWELL DIODE NMOS TRANSISTORS IN PWELL

ELECTROSTATIC POTENTIAL

DISTANCE~
rd

v

rrrrrrrrrrr

ALICE ITS3 (2019~2027)

Pad over matrix

ALICE ITS2 (2012~20204E) ol
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B =71 2B - ALICE ITS2 Upgrade (recap)
v’ ALICEATS2#R M 78 R B 25 #0101

OB Stavet&iR 0 IC —

aaaaaaaaaaa

Beam pipe

Pad over matrix

. ALPIDER F
Inner Tracking System 2 =

7 layers of MAPS, 12.5G pixels
* Inner Barrel (IB): ~0.35% X,

* Monolithic Active Pixel Sensor (MAPS) v" 3 Inner Layers (48 x 9-chip Staves)
* 5 um impact parameter resolution e Outer Barrel (OB): ~0.85% X,

* 7 cylinders covering ~10 m? area v' 2 Outer Layers (90 x 14-HIC Staves)
* Innermost radius: 23 mm v' 2 Middle Layers (54 x 8-HIC Staves)
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Bz F1E Ref. X8 (IMP)

Silicon tracker

Baryon polarimeter ‘

ceimeer | Hyperon-Nucleon Spectrometer (H-NS)

Ion species | Kinetic Energy (GeV/u) | Beam intensity (ppp)
5 p—l—p > p + K™+ A D 9.3 6.0x 1012
i 4.25 6.0 x 10"
186+ 1
3 O 2.6 6.0x 10
U+U 2> AH + ... K19 17 3.0 10!
BRI+ 0.85 1.2 x 10"
2By 0.835 1.0 x 10"
7 e s T

High Energy Terminal sl .‘\’/3

Hyperon-Nucleon Spectrometer f‘ . xternal Target Terminal

SRing: Spectrometer ring ‘

b pEmmTE gAML #A
i HIAFRAL I B &
BEIZIIEI R

H-NS major requirements:
* Mag. Field: 1.5 Tesla p
*  Tracker: MIC6, 30x30 pm?, <0.8% X/X, .7

\

; ing: Booster ring A
e LGAD: o.~30 ps, 300300 umz / (B:::cu?nference: 569.1m W HIAF Ia out
. t . \, Rigidity: 34 Tm \" y _l:/t Hﬁ ;lﬂb "2‘] - HI AF
* Calorimeter: og ~ 3% @ 1GeV \
' N J/ ~ 2HIAF-U 2EicC
* Polarimeter: nucleon and photon s o o Gy T
polarization T e e — ﬁ(

[ JZJ Low Energy Multi-disciplinary Terminal
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* To achieve momentum resolution (~2%@1 GeV/c) and
high SNR in A reconstruction, material budget below

< 30 mm >

MIC6-v4

Identical geometry
to ALPIDE

15mm —p

0.8% X/X, per layer is required
v MAPS-based MIC6 pixel chip: MIC6-v4 (CCNU), Chlp module (Chlp+FPC) N
spatial resolution ~10 pum with pixel size 30 um, e PR 1)

<

e e

developed and manufactured with the domestic process
v Mechanics: carbon fiber mechanics, water cooling,
low mass flexible PCB (FPC)
v’ Detector assembly and integration:
» Barrel tracker: Stave module design
» Forward tracker: Ladder module aligned to disk

super-module
v' Readout electronics and DAQ (see Lei Zhao & Kai

Chen's talks) ™8 Forward disk module
20264F8 16 H MAPSER I SE RS R - YPW Ref. MFT 8

stave module (chip module
+ carbon mechanics)



FBF-FH F S MAPSR TN 2 4E 238 3+

v H-NS/MAPSEITRMZE JL{AfH B/ (WH-NSH EH arXiv:2606.06553v1)

7|: B _ELB R (cm) “(*c“'f‘t)h P“(ﬂ‘ ms)ize Material Budget (X/Xo) Tech.

5.0 42 30 <0.8% MIC6

11.0 42 30 <0.8% MIC6

17.0 42 30 <0.8% MIC6

29.0 42 30 <0.8% MIC6

35.0 42 30 <0.8% MIC6

i 2

InR(cm)  OutR(cm)  Z(cm)  PitchSize (um)  Material Budget (X/X,%)  Tech.

2.0 38 30 30 <0.8% MIC6

ATHERNURNAERA LR bE VRGRE 2.0 38 39 30 <0.8% MIC6
* 5.2 m> MAPS in total 2.0 38 48 30 <0.8% MIC6
v’ Barrel: 5 stave layers, ~2.9 m? 2,0 28 a6 30 <0.8% MICE
v" Endcap: 5 disk layers, ~2.3 m? 2.0 38 75 30 <08% MIC6
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Silicon tracker

Baryon polarimeter

Target

Calorimeter > EEFHIEEY: SEHIZE,

AC-LGAD TOF

> R SHE REREEERRE

mfRiTY, EER

i B #R:
1. EaAEETMAPSEIZ TR N S50

AR, MAPSIRERAMF S A ERFELT

SR, BEMBENF0.35% X/X,

T AstavetE YV HEZ AT MIX R G, IR
REEAREHRMNEFERNBEARA

+~ XAEFHIZ, A8BF-&%F
i (H-NS) LB FF R MAPS &

MAPSIRES A

202658 H16H

BASKBBREMHICER: 1x7
H2xTHMAPSE A EFR MY
EPHIF ER 1R (FPC) LI 2F

Stavefi: 17T E P HIC
WG RR A @PHEAR
EHRAHETEMRL

R U 2% B K B AR TK |

MAPSER il &1 &1l i & -- YPW

10



= IR HT

L (4

L)

MAPSTETEER M

FPCiZit S5HIE
S ABETZHMR

HICH#EHR A 5K

WRERZERFEMAPSER
R BB AR TR

202658H16H

iR LT

RAR
it SR

Stavetll M &1 1T S HE
Stavet&HZAIE T Z HIFF R

Stavet&E IR 2H 3% 5l

) FStavetE R A 5%
AT &5

MAPSIR MBS iR -- YPW

< IRAE IR

EA AL
fetr SR AT | FHEfERRME/ | STERET TR
E4S FRAE/ RS RE° B/ RS
PR 1.1
FERBE | SHERKEE | SHERE | SHERE
CREZL | F20pm | BT 10 pm | EMRT 5 pum
&)
fEfr 1.2 B8 s s - w
(EgEEL | F1.0% X% oun OO
ot Xo Xo
EEL )

HARR SR : EFMAPSHIstavet= £

%ﬁﬁf MK 5 =
KHEITMR G, HHE

N L%ziﬁ I_.I'f-]_-%
/)\Ijl_t:fﬁi

11




Rl SEJith 5 R

B GeantFIY IR, FFRIRNZZEMIZITFLASEMML
BIABRITTHAE (FEA) FREREHWER Do thSRaH, KUVWMSEEIZitFHFaiEEge
BEEANFESERIRNEIRERFZMEPCB, YIMEHSHILE, SIEBERAZMNITZE
SERE S ED A PHESE R HICE IR GI{E, HMEW staveEHR N AIHI{ES ML

1. Stavet SR EMNGIHT EGTEREFE 2. BHREMAPSE RERSERFE 3. Stave

4

YV V V V

210.9mm

. 30mm__ _ 30mm

PIHEHIC

BHIF EHI

—> <—a=150 pm

210.9mm

= £150 um b= 200 um
SMBHIC  msir mask | GMEHIC

30mm 30mm

re-135 Lb 2UEK sl
LE )\ /D
e
= - j 7:)/ AHFHIC (1 x 9 MAPS)
; > A ’L’ZZE.:’E* - —r/;,,/—fﬁss(end-wheel)E
coof } FEMEPCBIR (FPC) SN D | nsismk Dm_ng [:]l | &
i o e ] r— ; e
EMIRE: FMPCB + BB BEELHRER +ERE: MAPSTRITR M SFstavetE R B
B B ahtis R 5 + B4k S ERERRERYER
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l Staveﬁtj&jﬁﬂj’lﬂ{]ﬁﬂﬂi%iﬂﬂﬁt 1
| I
l HIVEMAPSER USSR
\ EM%E%H?MAPS@!‘%%E%HQ;%EE
\ - - S S . . - -— /
KA T B 45

202658 H16H MAPSIR BT HI 3R -- YPW 13



B ZIHE - MAPSEHE L R i & (CCNU) 1243t

v' MIC6_V3 chip developed with domestic
modified process

MIC6_V3 Architecture MIC6_V3 Chip

Features ALPIDE MIC6 V3 T

Process Technology 180nm 130nm

Core Voltage 1.8V 1.2V ,—\ 3 AL o
Chip Size 30 mm X 15 mm 30 mmX 15 mm N SN
Pixel Array 1024512 980512 ﬂ F : : » !
Pixel Size 29.24 umx26.88 um | 30.53 umX26.8 um e < mJ:’\—’
Zero Suppression Readout AERD AERD ﬁ - C%’
High-Speed Serial Output 1.2Gbps 1.1Gbps o ;:d g Izggéi;
Power Consumption 40 mW/cm? 32 mW/cm? o e

241Am Test Result 20Sr Test Result

300

100

S SV oA* 0 D O O DO 0 DO AV PO RPN P DD
PP AT ERLHFLSTIOOLCS P G

S H & R S S S NP A S T S S, S S S S S SR N S Y A R St S
FELRLLITEFEL ST RSP PSS LTS PSS
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v MIC6_V4 chip tape-out compeleted, MIC6_V4 Architecture
under characteristic testing S
§ T Core POWER 1.2V
MIC6 V4 Features m D 1
Process GSMC 130 nm MIMZ‘%'TL|||||M_.I ”””””””” I
Core Voltage 1.2V gl T |
Chip Size 30 mm X 15 mm = e PEF
Pixel Array 980X 497 1| — ‘
Pixel Size 30.53 um X 26.8 um Gl
Readout AERD i
Output Rate 1,2Gbps Add Red Blocks Modify Yellow Blocks
Encoder 8B10B MIC6_V4 Master-Slave Mode
Slow Control MLVDS Control Bus -
Parallel Data master-slave data aggregation and — ;
Interface transmission e BT T—

arrel Module

» Add control management unit (CMU) to ]
. 4 HPAY A S A Received the MIC6 V4
replace SPI interface )y e e -
il at the end of June, and

» Add on-chip LDO T )
= testing launched!

HSDATA

202658 H16H MAPSIR BT HI 3R -- YPW 15
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v" Preliminary test of MIC6 V4 chip at CCNU

H & (CCNU) #21#

MIC6_V4 Test System

202658 H16H

PLL Output 600MHz Clock

© whoomv [)bomv MIORIO< &

zzzzz

ooy [Oferemy (VIOIALO
—][ o< 1

MAPSﬁiﬂJ%EHf%IJJﬂEE - YPW

Pixel Out_A & Out_D

il ni St
Bl o

@@S

v _Jo )@ Zfoomv Jpos v J@©> 7]

13 927w 72Tps S, 327w 427w

A -
730ns 273us anps 6T3ps

@[Q[z.oo vs/|-3.2701000 s | @ T ) J.‘,l]

Positive results:

>

YV V V V

MLVDS Module v~
PLL Module v

Control Management Unit v

DAC

Pixel Front-end \/

16



IR AT RR - MaPST R % R 5% conu) Rt (@)

v" Preliminary test of MIC6 V4 chip at CCNU
Serial Data Output Frame @ 1.2Gbps SeriaI Data Eye Diagram @ 1.2Gbps

sssss

m1
s “Tj

{5963 v
‘ 29 | UA‘
SeO [RIUAA | SEd

aaaaa
zzzzz
ap oov
~200 mv

111111 “19ns 99 ns 217 ns 335 ns 453 ns 57.1ns 689 ns

@118 ns/ |[33.5000 ns @ T > ()@ [5.00 ns/ |-46.6900 ns Ko

6 6 o b o
38 3 3 3
€ €< g g g

zzzzzz

6o o
33 38 83 48 53 3
€k & 8 ¢ ¥ R L€y

Positive results:
> Serializer
» Frame Builder and 8b10B
Encoder v
> Pixel Configuration Module
» AERD for Pixel Array
Readout v~
202658 A16H MAPSHR i 2 Wl i B -- YPW 17




TR IERE - nEms iR

v iEEBstaveiR R E 1T T

=N Estavei&il: 4 stave 2P A
RIERMHCO)BHZEM AR . EAHICH
I x 7THMIC67: Fr 5 FPCHE #2 1 AX,
HIC_EHIFRE S R TEEEER

'
Lo Riem | orsives |

LO 5.0 24

SN BstavetE il . & stavel2 4™ half-
staveZB B, B half-staveH21 1 B 2R
BRHRMHIC) B . 1 HICH2 <7
3 29.0 34 KIMIC6: i SFPCHifem A, HIC L2
L4 35.0 22 B R TIEEEEN, HEmEMEK
202658 A16H MAPSIR 28 i B -- YPW 18
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RN RE - thasimigit miLm conv) it (@)

v 2T Geant4 + DD4HepRH T M A RIEH (SRS %a8 ) BFPCRIMIRE R

v xR EFSMNYEFPC
SRR IERAE.
5 FA$E RFPCH] P& 1K

Y E

- Cu, Inner, X/X0=0.577% - Al, Inner, X/X0=0.339%

L

]

X/X,(%) at n=0
o

o:e LLal 1l gl N

Pixel Chip
FPC

Glue

0 90
o/deg

ColdingPlate & Cooling Pipe Walls

v HENZirRAKEA
X. T—FHBET
MIC6 SEBR Ih # 7k F,
24 SR stave L i 25
Mg, mRFE—F
BINIRERR

j Cu, Outer, X/X0=0.711% = LAl Outer, X/X0=0.459%

(%) at =0

Water

XX,

XIX,(%) at n=0
°

Carbon Frame

AVCuFFFPCIEM T, ABRTINERNEEYMREBIHOHESTH (n=0)
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RIS LR — 1hesimigit i conu) 16t (@)

v RERdiskiE RISt '

_ 30mm | _ 30mm
1204 /disk

FHIX  EHF — < a=150pum
- 150.6mm J

i | ‘i

| 120.45mm
444 /disk
1: 90.3mm J
5 PMIERF
| —
Ref. MFT 1xXn FPC
Nr. of ladders | ladder overlap (mm)

DO 114 2.0 N Heat exchanger material, ~0.26% X/X,
D1 114 o Ladder material (50um chip + Al/Cu-
D2 114 2.0 FPC): ~0.17% (~0.41%) X/X,

D3 114 20 ¥ RN AR SE I disk SR 1Y 15
D4 114 2.0

SRS IZE LS

202658H16H 20



BEAFST IR _ rroigit ShEAE

Solder mask

+— Solder mask

Wire-bonding through vias

25 um Al wire

- KR E (FEFPCAIEEANGHIE,; $REFPCEIXEINT MEKAIIK, (S CERNEXEMH)
v’ Standard Cu or Al can be accepted. A thickness of 75 um has been adopted for the polyimide layer
- RKEREFSERESEHE (FETFMICe-VAE FRIEEREREMALIZIT)
v’ The thickness of each Cu layer is 18 um or Al layer of 25 um, a value which allows both minimising
the voltage drop, and ensuring a differential impedance of 100 Q in the signal lines
- IZHE
v’ Position tolerance of =40 um is required to align vias on interconnection pads by overlapping the

FPC on the pixel chips
202658 H16H MAPSER I BE I 3E R -- YPW 21



BRI R - rroigit 5hemit s

=R TRMPCBIR (EPC) fidit, EERZAAREPCHIS] (BT ﬂﬁm&%
AR SRR R, NEEEE sEk/E

| 4.1 mm | | 5.5 mm |

. [ awo (| owo | [ | [ | [ | | | 25umimsk18umiE
75 pn i B Y 2 B N
25 pm#8sE18 pmiE
20 pm{FIPER
: 4.1 mm ! 11.15 mm
\rL A
B RHREFPCIZIH
2 )ikl
1= HEETR FPC FPC FPC
Coverlay PI 12.5 12:5 12::5
Coverlay AD 15 15 15
Top |Base copper+plating
Polyimide
Bot Base copper+plating
Coverlay AD 15 15 15
Coverlay PI 1259 12:5 12:5
ainrdis 174 174 174
| FPC 5 /i 2 R mm I 0.17 | JEEEAYmm | +0.05 |
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RENAFST IR - mes AR - SR RS

v’ SERHLA M BEAR L FRY IR (F AR L %L Stavel& 4 REIaRL
Y gq;iﬁ*j*n%*ﬁj&?f TFEAﬂ‘iE, g&ﬂE T é' — > J5R BREFLE MB0)/MSS) ~0.5mm

AT TR e ~
v §t¥tstaveE BT SN BRI S TZHIT T

B, SERREEA T RS T e

» B RFHIBE ~75um

* FPC Kapton ~0.105mm
Cu ~ 0.036mm / Al ~ 0.05mm

BT ETRBREREC TS REE

RS SRR Y
202648 16 H

MAPSER il &1 &1l i & -- YPW 23



RENAFST IR - mes AR - SR RS

FEA T staveiRRHUBR AT ARG ( ZZFN2204R ) BIZIT St BelEE Rz
BT R E

/.\ M55)-6KEE£F 44 AR (50BLK)
[ ¥

- B RQORKT)
BRI (SOROK D)
(N () B TR 4 (MR K)
7 ) 7\ ¥ B BT RTUREHTORKE)
o o . REFRTBORKE)

1 A N J~ ‘:‘ O ;
et 45 A TR 1T [E] _ -
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v HIE THICKRRAZ SMINAE AT R, ATHICERAZR ST &SR
v FIFMAPSH R MINAEZETHIC RRFEH, & ERFEEFT5HK

{EESTRAIHICKER (A ESIE EEEHMHICER (FPCE) -
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IR FTHER - MAPSEMRME M il IR nnsans (@

v EHTMAPSBRERNUSR R EENELASE THRAUAAL R E LS
v ZEWITSE WM FEER,), ZAEEEBALER, = L,/L
v BT 3.5%09.3 GeVEEE TR FRIERABFRIERNRE: R=50 cm, R,=0.33

i P Wﬁﬂh?%ﬂzﬁ#%mv

4“0 s 94 + n /
8l « K Z 201 —% K
20 +

o

)
Py
o]
o
L]
dplp (%)

[
-
0
dplp (%]

; A /K
/ 101 }//:/

R 61
5
41 / /"”j/
y;f// d 4
A [S= == =SS ¢4 44 ~ =
25 30 35

» = A Ry= Ly/L . T i
25 ° 25 ) 75 100 125 150 Z-\-H*-L%EIJ DR \ﬁ#)#z

Z e
R BEE3.5GeV R E9.3GeV =
e 0.64 o 08 ;

— = |
2 2 S
€ [ N
- - \
= = . \ _
2 2 £ [\ £
8 2 3 \\\ g
o 2 \
3 g \
3 3 8 \ 6
= = \ 8
e [ .
£ £
© ©
o @
0
————eo——¢ e 13 ———o—°
1) 2 ?. [3

70 7 s o 5 : T :
Barrel out radius (Ro) [cm] Barrel out radius (Ro) [cm] PlGevic] P[GeVic]
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e — MAPSTR IR M S M gEd= L (B SEJLAT)
neoos RERFHRIZEAPER  o-roeve

R

m
5
o
>
i

3

= 45 5 5 ~ 30 -~ e
A N % TS 1:
g [ | Y. e [ [+= ) I&\*ﬁ |:||3$tave =
S © o5k = =
) ) ikgikﬁgﬂ:ﬁfgn
35 /. C =
- y i 20 F0YIRE
C / 15_ /
25F C
-\ -~ 1of
2 Z F
E S N C ////
1 5: \/ °F
P[GW‘] o S TIPS PN PR FIS SRS PR PR .
evie n e ) o,
R M3 (GenFit in HnsRoot)
—] V7 L =
ne[0,0.5] ;i\ H 1‘1% EI\J ]ﬁ'ﬁ\ﬁj\ #y# *g‘ n€[0,0.5] 35 Tees 923 o25 912 616 935 926 %08 929 917 100
T r T r : 878 921 918 916 90.2 910 920 915 923 911
= 140 - = 140 - e 30189 924 917 914 912 917 911 911 911 909
S F \ K s r .k 874 8.6 855 863 8.6 8.3 80 856 863 80
2 120F e 2 120 . 2.5 871 862 868 863 855 866 8.1 867 851
F \ - \ 87.8 874 874 864 8.3 873 8.2 869 867 .
1001 100[— 50 789 ®8 867 860 862 865 866 89 85 860 60 X
= \ - \ = | 757 849 859 850 839 848 848 848 839 841 >
8ol 80— = 852 845 850 848 847 845 844 847 839 5
E \\ E \\ 15 870 8.8 867 87.2 8.2 8.6 8.9 8.7 86.8 40 €
60 60 889 88.7 887 889 8.1 883 87.8 880 886 w
F \\ F x 1.0 887 884 880 884 886 883 881 887 885
40 . \\ 40 - .\\ 899 897 895 89.7 891 89.8 895 894 89.1 20
20F e e 20F 458 457
C v v C 472 417 414 i 0
Y N FARE PR T PR A Y N FiRE FEU T PR e A
P [GeVic] P [GeVic] P [GeV/c]
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TREA A ST IR — H-NSEIBAEHL(H-NSO) KR, FEITHS (CONU) 124t (€3

v ATEIEE EMAPSTETR N ZFE N BIH-NSIRIEIR M A F R & KR BRI AAITHE, 17
T T HREFHIH-NSO

v H-NSOXFFEHIAF L {& FSRIFIREE?2.6 GeVARHiR#EHI TN, WIEMAPSRZEALGADRSIE
BEITHERERABT

v H-NSOR B, §X8 LRESEMAPSH AHI—ELGADN . BEMAPSIRNIZR(RE &

—RUk R, MERLGADZRNEE M B 1280 A 4 A,

P

N 4.25GeV e ;
‘:/HHE — 2.6GeV EE JJH\K«
MJ[ Aoy _,L;g‘“‘“‘m% ) t: f "-_?%t:ﬁ%mh%
E :]\m
: NBFREFERRS
. R FFn st FRIZIE S
- 1= AN LI
R HNSOGAIEHE, FBHAR(T+120)
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