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Outline

e MAPS-based Inner Tracker for STCF

* R&D of MAPS
» Prototype chip design
» Test of MAPS

* Stave & Mechanical Design

* Conclusions

2025-11-25 2



Super Tau-Charm Facility

* Super Tau-Charm Facility , STCF
» next generation e*e- collider in China
» E_,=2~7 GeV, Peaking luminosity >0.5 X103 ¢cm2s-!
» Exhibits potential for further enhancement of peak
luminosity and achievement of beam polarization
» Research target
v" Detailed study of Tau-Charm physics
v’ More precise tests of the Standard Model
v" Search for new physical laws

Inner Tracker, ITK

Extremely low material budget ===

High event rate capability T : ~6m

=200

'_(1010) did

Good radiation tolerance |

[ Outer Tracker ]

[ Inner Tracker ]

P T : ~7m
EE B % g
53 8 § :

2025-11-25 STCF detector 3
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Conceptual design of ITKM

%, pot
g g 16

MDC @ 196mm

Beam Pipe @ 31mm
l‘adlllS/mm > Single chip size ~2¢m X 2¢m
ITKM1 583.9 » Covering polar angle 20° -160°
ITKM2 98 32 30 3892.7 > Total area: 15000cm?
» 3600 chips
ITKM3 160 52 48 10120.9

1. The updated design will be based on a four-layer structure A



MAPS-based Inner Tracker for STCF
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* Requirements for Inner Tracker

» ~0.3% X, per layer
» 6,,< 100 pm

» Tracking efficiency >90%
@100MeV/c

» Hit rate 1 MHz/cm?, TID 1 Mrad/y,

NIEL 1 X 10!n./cm?/y

/ionizing particle

Monolithic Active Pixel Sensor

2025-11-25

* Requirements for MAPS

» Power consumption <50 mW/cm?

» Moderate position resolution ~30 pm
» Good timing of ~20 ns

» Detection of energy deposition(ToT)

It 1s highly challenging for the chip to meet all the above
specifications.

Mature CMOS technology
Highly integrated

Small pixel pitch

Low material budget
High SNR




FRARZELXE

University of Science and Technology of China

Chip design overview

* Prototype MAPS design under different technologies

180nm process 130nm process
* Low res substrate + high res (>1 kQ-cm) EPI « High res substrate, no EPI

» Mature process in HEP « Domestic techno

* Baseline techno

CharTPix 180 CharTPix 130

T iiii;’i ¢

2025-11-25



CharTPix 180 Overview
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* Compare different pixel geometry & connection

0 O]

B: Pixel-based
170X 31

A 28430

==

E=d

C: Pixel-based
96 < 60

Metal line connected
v small input
capacitance

* Four flavors of prototype chips:

» Chip 1: Small pixel, Low
power consumption

» Chip 2 & 3: Enlarged pixel
size, timing with TOA, TOT

» Chip 4: Analog readout for
sensor performance
comparison

2025-11-25

D: Sirip-based
170X 31

==

E: Strip-based

96 > 60

Nwell (active) connected
v' faster charge collection

Nwell size=2um

spacing=2um

Chip1 Chip2 Chip3 Chip4
Bl Ge 28.1%30.1 96.4X59.6 170.0%31.0 Mixed
(pm Xpm)
Sensor A E C D B A+B+C+D+E
Pixel array 1630 8x12 8x12 608 607 Mixed
Readout Column-drain Column-drain Column-drain Analog
readout
ToA & ToT x v v x
Chip area 1.5%1.4 2.5%1.6 2.8%3.1 1.2%1.4
(mm2) : ! ; ; : i ; ;




CharTPix 180 Full-functional chip

University of Sci

FRBEZLELXS

ence and Technology of China

Chip2 &3

Column-drain readout
20 MHz clock distributed to the pixel array
LE & TE timestamp recorded (8+8 bits)

Power consumption estimation for 2 X2 cm?
chip

» Metal line connected: 46.2 mW/cm?

» Nwell connected: 55.7 mW/cm?

>99% readout efficiency @8.72 MHz/cm?
Timing ability 0,,~22.0 ns@Q;,=600 e

Tokenin
Data Bus
Pixel |” &l
Edge 2
Detector
Sensor Digital Logic <
SUB _”' A
Control signal

\/

Tokenout

EoC“»‘_'.‘I_ EoC '»_Z % ;_ E
|

i FSM | [ FsMm FSM |

I'T
[ Gray Counter+Driver X 7 |

A\
VCO ! Data Processing
v

Config.
Registers

Al Pixel Config. | *
e LVDS |

2X2pixelsina
double column

TimeStamp
Analoa-bias Analaa-bias
‘ o Inject Token(Non) & Token(Nor) & Inject < }
enfon oken(on
‘ Front end Configmadule ‘ TimeStamp TimeStamp | | ModyleGjo (i Front end ‘
0'&' 'A'A'Q'mmmmmmmmﬁm S R R S S R R R
T RS R R B R s

2025-11-25
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CharTPix 130 Overview

o,

5
M0 2o 1

Chip4

* Novel super pixel design

A 30x28 B: Strip-based(170=31) C: Pixel-based (170x31) D: 33%33
‘F— NN
* 500 MHz VCO for fine LE timing
» Expected power consumption
Chip1 Chip2 Chip3 Chip4 ~40mW/cm?
Pixel size 170X 30 30X 28 Mixed 33.2X332
(hm X pum)
Sensor B C A A+B+C D fu_pfrf’ifel SR B S AL f;:.;en n_Eja e
: | i Digital logict (blus)| |——
Pixel array | 60X8 | 60X8 60X 48 Mixed 576 X 144 | _ o
! ‘ Digital logic2 (red) | —"—
: | Digital logic2 (blue)| |—"—
Column-drain fem°i§ I . i Digital logic3 (red) | |—"—
Readout Column-drain Column-drain Analog (Super pixel 1T T sgm - Bu2Pucls| | Diillogcs Gue) e
based) (g @ ¢ 0 0 2 W | YT T T T T T
T
pixel
ToA & ToT v x x v
Chip area
) 5.25X4.4 4.3X2.2 4.2X49 21.0X6.0 Gray Counter+Driver
(mm ) VCOo Blas DACs
& Co_nﬂg_ Data Prooessmg
piy (LRegisters [ Pixel Config. |

2025-11-25
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CharTPix 130 read out

: . > D Dy o o e by
 Pixel Core: Minimal repeatable layout array @.‘ S 5 i =
: : SN 1] 1l
» Core size: 6 X 12 pixel 722 2222 1 2 1 0 o |V 11 e 1
» No pixel mformatlop is lost when the cluster area is PN Ay i i s e e s e e
smaller than 3 X4 pixels : o —
S - S o o R S
| o> - P> [ ol [ob= D o> o i D b
SporPael
R
D r ; Amplifief Dikgetal bogica (redd| | || . .
o | i T e * Pixel Pitch: 33 um X33 um
18| el T coaren gl | » Simulated Threshold: ~ 150 e-
al * Fine Time Bin: 500 MHz VCO

(to achieve fine time interpolation)
e Simulated Power Consumption: ~ 40 mW/cm?

2025-11-25 10
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Test Overview

e CharTPix 180

» Electronics test:
v Basic electrical performance testing
» Laser test:
v’ Preliminary detection efficiency and position resolution testing

e CharTPix 130
» Fe55 test and laser test of 130nm 3T chip
» Electronics test
» Fe55 test:

v" Characterize charge collection performance and calibrate the injection capacitance

» Power consumption test

* Beam test: Evaluation of detection efficiency and position resolution
» CharTPix 180
» CharTPix 130

2025-11-25 11



CharTPix 180 test platform
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CharTPix_180

Power

Chip on board

Data|

ova
OINd

CK

Ana test | | CK |

oI E|

Kintex-7 FPGA

1GB
DDR3

JTAG
Interface

IPbus

Test system block diagram

2025-11-25

PC

oscilloscope power

chipboard FMC adaptor KC705 PC

general board

adaptor _
CharTPix_180 test platform

12
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Electronics Test

e Test of CharTPix 180 chip3, which includes two types of sensors E

» Strip-based 170 um X 31 pm m

» Pixel-based 170 um X 31 um

* Normal readout operation under -6 V substrate bias, with improved electrical performance (coarse
working point adjustment)

SUB/V Thr _mean/e Mismatch/e TN/e OUTA range/mV _ IR
2 343 8.2 455 263 w«| _ Strip-based ________________t’_’"____:
3 389 17.3 52.6 278 = A
» _— 5 ~ = R A ], N B s
3 295 8.9 343 244 S
6 298 10.6 36.8 240

SUB/V Thr_mean/e Mismatch/e TN/e OUTA range/mV | ]
2 402 10.7 18.2 523 ---*L___Pji‘_e[_t}?ﬁ?_qi________ _______________*t"_":_”:i
3 352 4.1 23 477 WJL“ i
4 318 1.2 23.1 417 mwﬁwwww WWMMW
3 267 8 17 348
6 273 10.7 18.2 292

2025-11-25 13
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Electronics Test

* With a -6 V substrate bias applied, S-curve scans were performed across various analog
configuration combinations to identify the optimal working point

e Threshold: ~ 330 e- Mismatch: 10 e-
 TN:35.0 e- TN sigma: 1.9 e

Threshoid Map Cafibrated Theosheld Ditrbuson Caleited Threchold Map Calibvated Threshoid Distibalion Calfraled
r -\._.:T“.T__'__!'.. ;
-E ol | :-:- e a 4

i fmi Ber ¥ fam w

mi" | ®
E 1 | =

" 1 = | l |
£ / |I 1"

L
'. ° [ |

m! J- |I " r— ‘L
n!'_._l_._..tiln.. " [ aﬁr-a-l;nﬁf &q— |-|'-5a_-|- a ‘.‘-.‘:IEI.M.“ﬂ"IHI.'iJ

as
]

Terrporal Moo Distribuion Calibrated

Temparal Moise Distrisusion Calibrased —

; == 5 TR ]
3 o e fer g
= Lo ] E

! "

- E
I 1 E

-H' | i
E E

H; |:|L

R 3 . |
| mE-

e

I.-.Iihl. uﬁ‘l:lmn.:.ua.n.. Jﬁtlj—ﬁm%h—.%&mﬁd.%la.u!:’h
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Laser test

» Laser-based detection efficiency testing

A laser intensity of ~600e- (<0.375 MIP) was
established via S-curve calibration

Efficiency 91.62% Efficiency 70.22%
= -1 = . 11
"E':.. 16.2— I D.g 'g
15-.15;~ " D.B=
[ 0.7
IE.t'r—
E 0.6
16.05- 0.5
6 0.4 fiber optic e
1595 i generator
: 02 trigger
159 0.1
Eaalsosudo o el oyalonyalasynlbasaelagiasloy 0 oo lery U u Naelany o
1537 15.38 1539 154 1541 1542 1543 ::[m:l 1537 15.38 15.39 154 1541 1542 1543 15:[?11:1'?:‘45 tt t
. . attenuator
Strip-based Pixel-based
 Strip-based array demonstrates better detection : I ' &
performance compared to the pixel-based array . —
chip data

2025-11-25 15
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Laser test

» Laser-based detection efficiency testing

A laser intensity of ~800e- was established via S-curve calibration

Efficiency  98.17% Efficiency 95.74%
’E 'k E B
162 £ :
= = 1550
16.15 B  mm 1A —— E*—..
16,1 15.4
1605 1535
= - 1532
B ———  — - U
15.85— 15.25—
159 15.21
:||||||||||||||||||I||||||||||.|||||| Bt e Wog gy ey e g by el g B prpr ooy
15,37 15.38 15.39 154 15.41 15.42 15.43 15.44 15.37 15.38 15.30 15.4 15.41 15.42 15.43 15.44
x{mm) xirmmy)

Strip-based Pixel-based

2025-11-25 16
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Test of CharTPix 130 3T chip

» CharTPix_130 3T Chip

» 6 X6 pixel test structure with parallel
analog readout of all pixels

» Available in 45 combinations of sensor = L= ; il ery‘:‘:{f’ Y
variants T ey ; ; - =S

Chip carrier boa i i
 IstVer. 3T test system P Wire bonding

» up to 16¢ch. data acquisition

1st Ver. Mother board

» 2nd Ver. test system construction on-going
v" Up to 32ch. Data acquisition

e Test methods coLo COLL smswr  COL2 coL3

ash Channel 1,amp = 1.7486 mV. P Channel 2,amp = 4.6959 mV. Channel 3,amp = 2.7693 mV' Channel 4,amp = 1.126 mV.
s = = s
RO Wo E 400 E 400 E 400 E 400
g H H H
350 350 350 350
. .
Radioactive source /I aser T S T B0 9% 06 B 5 % G5 5w A B
t(ns) t(ns) Yns) (ns)
- Channel 5,amp = 24705 mV. P Channel 6,amp = 31.1892 mV. Channel 7,amp = 5.3038 mV' Channel 8,amp = 1.2601 mV
s s i s s
R 1 &= £ Seed Pixel £, £
owli:"—— | ¢ g g
350 350 J\———\-‘__‘___ 360 e ] 350

0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000 0 1000 2000 3000 4000 5000
ns) A(ns) t(ns)

t(ns) )
Channel 9.amp = 1.2184 mV Channel 10,amp = 1.3156 mV Channel 11,amp = 1.2317 mV Channel 12.amp = 1.2475 mV
C 0 nt d at a 1 C el 5 annel 9,amp m - annel 10,amp m o annel 11,amp m - annel 12,amp m
o fad e Lo

:
€ 400 4 4
ROW?2 : £ .
. &
negative-edge
4

I
—

mp(mV)
H

mp(mV)

mp(mV)

ADC(8ch)

LY t(ns) t(ns) t(ns) t(ns)
t . 5o, Channel 13.amp = 0.84945 mV. 150 Channel 14.amp = 1.0317 mv 450, Channel 15,amp = 0.84663 mv 150, Channel 16,amp = 048797 mv
— rigger i . ] .
E 400 E 400 Ea00 E a0
ROW4 § = g n
5 H
350 35
30 00 00 2000 4000 501 00 3000 00
(ns) t(ns) {(ns) tns)
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25
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151
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05
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30Ff

Preliminary Results for 3T sensors

FRBEZLELXS
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* Sensor variants: NW size=2um, PW spacing=2um, diode reset; Pitch 28um X 28um
* Full energy peak can be seen from SUB bias=-6 Vto 0 V

* Calculated Cs = 1620 e- / (Voyt peak/Av)— Cec — Cre, Coe & Crg extracted from layout

e Laser measurement: Efficiency drops to O at pixel edge

» Possibly due to laser light being reflected by the metal line

Fe55 source measurements SUBO
SUB1
SUB3
SUB6 " :
1 [—e—cs]
[
[
w
i
(]
Q
=
8
k]
(1]
joR
8
S
w
=
[}
(%]
. . BV VCL . .
0 20 40 60 80 10 e
2025-11-25 Amplitude of Sensor/mV

Fe55 measurement

Substrate bias/V

Y position (um)

50 -

a0 f

30 T

10 -

Thr.=13.18 mV

Signal{@center)=16.5 mV

10

Layout of 4 pixels

Efficiency distribution

20 30 40 50
X position (um)

Laser measurement

60

18

100

80

60

40

N 20



CharTPix 130 chip4 test platform

FRARZELXE
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T i
jadling

i T

Wire bonding

PC

1GB
. - % - DDR3 IPbus
&| | chiponboard | | = > = Kintex-7 FPGA — —
i CK Interface
matest | | oK |
Test system block diagram
2025-11-25

chipboard

KC705

CharTPix_130 test platform
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Electronics Test

e Threshold: 252.0 Mismatch: 31.0
* TN: 7.1 TN sigma: 2.3(@SUB = -4 V)

Threshold Map Calibrated e T Temporal Noise Map Calibrated '
Mean x 71.11 Temporal Noise Map ...
_ = Mean y 300.9 e - Entries 81689
g = = 3 - Std Dev x 41.78 ; = = Mean x ra i
(@] B St Devy 1653 e} B Meany 293.4
o g 2 = 04 = e — e S=Cn ol | Std Dev x 416
5002 500 BBt = == ~== © - - - EETEEERLY
400 400 L - = e
300 300 [
200 200
100 [ . s = = — =
o B L s HEE oD G Sdtpso el N~ = = = -EE
0 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
COL coL

2025-11-25 20
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FeS5 test

e Per-pixel ToT - Qinj calibration

* The Ka peak 1s clearly observed, with its spectral position consistent with expectations

Cluster Seed ToT triggered in ROI Cluster Charge triggered in ROI

x10° Seed_ToT_triggered_ROI - il Cluster_Charge_trigg...
4 C Enies 53299125 Q@ B Entries 93299125
;E 12— Mean 1734 ‘E L Mean -
wo- Std Dev 1318 wooq Std Dev 3206
1 -
N 0.8—
0.8— B
: oF ~1610¢-
0.6— 8-
0.4 04 L
0.2 0.2
0 _I L1 1 ‘ L1 1 1 I T O [} I Ll L1 | | | L1 1 1 | | L1 1 | | 1 L1 1 | I I :
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 _ 10000 ol L T e
ToT(ns) 0 500 1000 1500 2500
Charge(e-)
ToT Distribution Spectrum
2025-11-25 21



Power consumption test
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* The power consumption generated by different sections of the CharTPix 130 is as follows:

Design Value Measured Value
Contribution power consumption Remarks power consumption Remarks
Pixel Array Analog Power 16.3 mW/cm? Pitch 33.2 pm 209 mW/em?  [Mmeluding analog configuration
circuit power consumption
Timestamp Distribution Power 11.0 mW/cm? 40 MHz 6.3 mW/cm? 25 MHz
Pixel Array Dynamic Power 2.1 mW/cm? 8.7 MHz/cm?
31.3 mW/cm? End-of-column driver anomaly
Peripheral Digital Circuit Power 6.4 mW Double column X 6
PLL + Serializer + SLVS Power 5SmW
DAC + End-of-
Analog Configuration Circuit Power 6.3 mW Column Current
Mirror
Total Chip Power Consumption 44.5 mW ~60 mW/cm?

2025-11-25
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Beam test

- - ~ .
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5, e
P g 1

* Telescope System Introduction
v’ Particle Species

Clock Distribution Board

» 4 GeV hadron
SYNC

> 10 GeV hadron | JO T
» 10 GeV muon J

» 1 GeV electron+

YNC

' 200MHz clock

LA l CharTPix_180 ﬂlNC J4 €
CharTPix 130 WNTC

Jo J1 )2 purt ourz 35 14 13

2025-11-25

LGAD

‘ IPbus

PC

* Telescope System

» Six layers of Jadepix-3 chips
serving as reference tracking
detectors (JO-J5)

» One layer of LGAD as the timing
reference detector

» Two DUT layers: CharTPix 180
and CharTPix_ 130

23
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Preliminary Analysis of Beam Test Data

* CharTPix 180 detection efficiency
SUB=-6V, 10GeV hadron SUB=-4V, 4GeV hadron

100.005% 100.00%

95.00%
98.00%
90.00%

96.00% N B0k
& - 80.00%
o 94.00% o $ 7500%
£ —a— strip based E.:H —a— strip based
: ixel based % RO —e— pixel based
92.00% —— pHE p— pixel base
o 60.00%
' 55.00%
e 50.00% - -
250 350 450 550 €50 750 850 = ok i me 2pn 93
Threshold/e Threshold/e
* Even at a threshold of 700e, the  Under a -4 V bias voltage, although the
efficiency of both types of pixels can detection efficiency shows some
exceed 90% degradation, it still maintains a level
* 1indicating the excellent charge collection above 98% at a threshold of 500 electrons.

performance of the strip based pixels.
2025-11-25 24



Preliminary Analysis of Beam Test Data

-/ University of Science and Technology of China

* CharTPix 180 spatial resolution

Residual in local Y

Residual in local X

oo Mty \ _ b &
200/ | V | H[ | 50/ | AACE k N M 1
=T

o rl‘ | i3 U ‘ ‘1

i J - J)W |

i ”# 3 'z'o'ﬂ%ﬁ"’f?““';;;fcf%; s’ el Mur;s =

@SUB =-6 V, Threshold =500 e

* Position resolution (without track error subtraction)
» Long-side 49.1 um
» Short-side 10.8 um

2025-11-25
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Preliminary Analysis of Beam Test Data

* CharTPix 130 detection efficiency

* 10 GeV hadron beam, -4 V substrate bias
» Detection efficiency >99% at 250 e~ threshold

» Higher efficiency at pixel center, lower at edges —
correlated with charge sharing

* 4 GeV hadron beam, -3 V bias:
» Detection efficiency ~98.9% at 240 e~ threshold

0.995

0.99

iN-piXel Yo, UM

0.985
0.98
0.975
0.97
0.965

0.96

0.955

0.95

» More pronounced efficiency degradation with decreasing | R In-pIXS) X ]
threshold Threshold 250 ¢
90.00% CharTPix_GSMC Pixel efficiency map

-
(&

B80.00%

T0.005%

-

in-pixel Y .o UM

60.00%

50.00%
—e— -4V, 10GeV hadron

efficiency

40.00%
—a—-3V, 3GeV hadron
30.00%
20.00%

10.00%

0.00% | | -
200 250 300 350 400 450 500 550 i ; : o~

2025-11-25 Threshela/e Threshold 520 e 26
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Preliminary Analysis of Beam Test Data

Size distribution of associated clusters

w

x10 clusterSizeAssociated
« CharTPix 130 spatial resolution ggOZJ v 2o
* gof :
@SUB = -4 V , Threshold = 260 e nof-
 Position resolution (without track o0F-
. 50—
error subtraction) o
» Column-direction 7.5 um g
» Row-direction 6.8 pm 20/
» Average cluster size 2.57 g
= P R R
0 20 5}
cluster size
Residual in local X
. residuaisX Residual in local Y
g E Entries 249596 residualsY
= . Mean 0.1446 _@ E Entries 249596
s - Std Dev  7.523 E it Mean  -0.1157
- 2 = Std Dev  6.821
3000/— =
2500; 3000;
2000; 2500;
1500 2000?
1000; 1500;—
- 1000}
500[— -
- 500
O_L 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I [ Ll 1 L. :
240 30 20 10 0 10 20 30 40 i ieian ] AR R E T R, T N
XyrackXnt  [HM)] 40 30 -20 -10 0 10 20 30 40
VirackYnt  [MM]
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Outline

e MAPS-based Inner Tracker for STCF

* R&D of MAPS
» Prototype chip design
» Test of MAPS

* Stave & Mechanical Design

* Conclusions

2025-11-25 28



Stave design
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Inner Stave

Mount

Cooling Tube Wall

Coolant

Cold Plate

" Pixel chip

E " * Glue

FPC

v 300mm Length Inner Structure — Maximum Deformation: 49.3 um
v" 500mm Length Inner Structure — Maximum Deformation: 330.9 pm

Outer Stave

» Mount
» Mount

Cooling Tube Wall

Coolant

Cold Plate

» Pixel chip

Glue
FPC

Power line

v 1.45m Length Outer Structure — Maximum Deformation: 204 um

The ITKM employs an Inner Stave structure for its innermost layer, while the outer two (or three)

layers use an Outer Stave structure.

2025-11-25
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Stave design

* Material Budget Estimation

e aerial Buge Bsimation (XX0

Support Structure (Mount + Cold Plate) ITS2 Inner Structure (single-row chips): 0.05%
ITS2 Outer Structure (double-row chips): 0.08%

Cooling Circuit (Piping + Water) (Based on 0.5mm radius) 0.03%(Single Pipe & Water)

FPC(2*25um Al+Kapton) 0.11% + 0.04~0.05%(Per Additional Aluminum Layer)
Chip (based on 50pum Si) 0.06%

Glue (based on total 100um Epoxy) 0.03%

Total (including n additional aluminum layers and two cooling pipes) ITS2 Inner Structure: 0.31% + (0.05%) X n

ITS2 Outer Structure: 0.34% + (0.05%) X n

OuterStave MaterailBudget
Inner Stave MaterailBudget

0.7~

- Pixel Chip (15.65%)
B e o5
4 Glue (6.12%)

- ColdingPlate & Cooling Pipe Walls (20.18%)

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

Water (8.87%)

- Carbon Frame (8.86%)

Mean X/X0 = 0.305151%
Mean X/X0 = 0.386233%

30
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Mechanical Structure

* Spatial Geometry Dimensions Between Inner Barrel and Beam Pipe

X-direction

Cooling Pipes (Total: 4)

The minimum distance in the X-direction to the beam
pipe is about 15.6 mm.

The minimum distance in the Y-direction to the beam
pipe cooling pipe is about 12.58 mm.

2025-11-25
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Conclusions

 MAPS-based inner tracker for STCF is under R&D, aiming at:
» 0,,<100 um
» time resolution ~20 ns
» power consumption ~50 mW/cm?
» material budget ~0.3% X, per layer

* The design work for Version 1.0 prototype chips implementing two different technologies has been
completed, along with preliminary testing.

* Promising test results have been obtained, and technical optimization 1s currently underway.
» CharTPix_ 180
Detection efficiency:almost 99%
spatial resolution:49.1 um and 10.8 um
» CharTPix_ 180
Detection efficiency:almost 99%
spatial resolution:~7 pm

e ITKM mechanics also under design.

2025-11-25 32
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Conclusions

MAPS-based inner tracker for STCF 1s under R&D, aiming at:
» 0,,<100 um
» time resolution ~20 ns
» power consumption ~50 mW/cm?
» material budget ~0.3% X, per layer

The design work for Version 1.0 prototype chips implementing two different technologies has been
completed, along with preliminary testing.

Promising test results have been obtained, and technical optimization is currently underway.
» CharTPix_ 180
Detection efficiency:almost 99%

spatial resolution:49.1 um and 10.8 um [ q I.\ra =

» CharTPix_ 180
Detection efficiency:almost 99%

spatial resolution:~7 pm

ITKM mechanics also under design.
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STCF ITK Physics Requirements

S, ey
e g T

STCF Physics target
Optimized
Process Physics Interest Requirements
Subdetector
T - Knv,, CPV in the 7 sector, acceptance: 93% of 4r; trk. effi.:
J — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c;|> 90% at pr = 0.1 GeV/c
Dy, tag Charm physics o,/p=0.5%, 0y =130 um at 1 GeV/c

Challenges in the detection of particle tracks in the low momentum energy region

» Multiple Coulomb scattering leads to low efficiency of track detection
» For BESIII, the tracking efficiency drops sharply below 100MeV
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£ 086 F protons 4 £ 086F pions E
T os4f 3 0.84 -4 =
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Testbeam Detector Alignment

: : X1
* Using the first Jadepix-3 layer as reference,
align the positions and orientations of all
_
other detector layers Telescope alignment %7
* The alignment procedure consists of three
steps:
» Pre-alignment: Performs initial position DUT alignment %2
corrections based on correlations between
hit positions on each detector layer.
» Telescope alignment: Conducts global
track fitting by minimizing the total chi- Jacopixa 2Local Residual X
square to determine positions and 2 s - e RO e
orientations of all telescope layers. S a0 Sev00st | € el
> DUT alignment: Performs global track s g
fitting by minimizing residuals between 000
extrapolated tracks and DUT hits to 2000 2000
determine positions and orientations of =~ roa0t
each Device Under Test. soof- suof-

XXyaue [MmM] Y-Yiack [MM]
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CharTPix 180 Characterization chip

Chip 4
* To study performance of different pixel layout
* 5%35 array for each type of pixel

* Pure analog readout: source follower + matrix parallel readout
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Thermal Design

e Thermal Solution Alternatives

» Utilizing High-Thermal-Conductivity Pyrolytic Graphite(HTPG) to conduct heat to both ends of the
stave for cooling.

» Thermal conductivity can reach 1500-2000 W/(m-K) or higher, which is over four times that of copper.

Cooling Water Pipe Cooling Water Pipe
Natural convection cooling
with 300K air

Natural convection cooling
with 300K air

Cooling Water Pipe Cooling Water Pipe

A 50pm layer of HTPG is coated on the
carbon fiber top surface

NT11(K)

NT11(K)
. & +3.093e+02
Natural convection 3203 Natural convection +30656102 A 50pm HTPG layer is coated on both
cooling with 275K 13053108 cooling with 275K 13.0106402 the t d bott f fth
. igggggig% 3 = 12:9552102 ¢ top an ottom surraces o ¢
cooling water 129876402 cooling water | +2.928e402 carbon fiber

+2.873e+02
+2.845e+02
+2.817e+02
+2.790e+02
+2.762e+02
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On-chip crosstalk 1ssue

» After injecting charges, continuous reading occurs in the current column:

» Crosstalk from the priority readout circuit to the input

C . : Pixel
» Crosstalk from the discriminator output to the input .

[ N\

Amplifier
* Solution ‘ .

» Digital reset: After the FPGA receives the readout data,
it performs a global reset

» Analog reset: After the FPGA receives the readout data,
it resets the bias current

 All subsequent tests only read the first hit signal
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CharTPix 130 Super Pixel

- P F3 Adjacent pixels are OR-ed pios  ————\
il Bl Sl il Bl B v" Loss of ToT for small signal
l pixels (when cluster size > 1) Rep il
P3_DI5 / e ot er
Gti:n.rp'l
B Pz P3| 2,7 I e s S s . Wl
" EE N oR .
o1 H — Offset pixels are OR-ed
Group. add< : v" Prevents ToT loss for small-signal pixels (when cluster size >
, Group1 . Group?2 . 1) .
I v" Reads out the address of the valid group
s I ] v" Position information is lost when multiple groups are valid at
wfﬁﬁ‘: u H the same time

Offset pixels are OR-ed, Staggered group layout

T1 Tz n' n’ T3 T4 s’ ' v Prevents ToT loss for small signals

OR_B1 < v" Prevents loss of position information

EE‘EE 2 v’ Additionally reduces digital power consumption
o —1-

Group_R < ]
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ToT _vs charge Row 0 Column_70_graph
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