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1. Abstract

§ The Circular Electron Positron Collider (CEPC) 1s a next-generation electron positron collider for precision studies of Higgs, flavor physics and beyond. A key component of its tracking system 1s the Inner Tracker (ITK) using High
I Voltage Complementary Metal-Oxide-Semiconductor (HV-CMOS) sensor technology. We will introduce the design of the CEPC ITK, which consists of three barrel layers and four pairs of endcap disks, covering a total active area of
: about 20 m?. The HV-CMOS sensor fabricated with advanced 55 nm process is used to achieve a few-micrometer spatial resolution and a few-nanosecond timing resolution, with a moderate power consumption. The design of modules
11s shared between barrel and endcap to facilitate production. The whole system 1s designed for minimal material budget, with ~0.7% XO per layer in the barrel part. The design has been implemented in CEPC software framework for

:loerformance study and future optimization.

2. Introduction 3. Sensor for ITK

1 > The tracking system is composed of the Vertex Detector (VTX) and the Inner Silicon Tracker (ITK), the Time | 1> The cost effective monolithic HV-CMOS sensor: P-stop o wos wos s :
: Projection Qhamber (TPC) and the O.ute.nr Silicoq Tracker. (OTK), as shown below. More details about the : : O Large collection electrode I
I CEPC tracking system can be found 1n its Technical Design Report of Reference Detector (Ref-TDR) : I O Large depletion, radiation hard :
: at arX1v:2510.05260 I : O Sufficient timing resolution for accurate bunch tagging (23 ns) . I
: » The HV-CMOS ITK is a key subsystem. Its baseline design consists of three barrel layers and four endcap : 1 O Low material (~0.16% XO0) . e :
I layers positioned between the VIX and the TPC l : » The 55 nm process HV-CMOS sensor key specifications: | — — :
: » The overall track momentum resolution requirement: ~0.1% for momenta below 100 GeV/c : : O Sensor size: 2 cm x 2 ¢cm (active area: 1.74 cm x 1.92 cm) E :\:j:. I
I Voke "/\\\\\\ 2000 T T : 1 O Sensor thickness: 150 um EXE oceote :
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I Magnet / 1500 f | o NE : : O Pixel size: 34 pum x 150 pm, spatial resolution: 8 um x 40 ym “ e — ’ | :
: P]IECCI:‘;LL _1250;— e p S : 1! [0 Time resolution: 3 - 5 ns J' L I
! e £ 1o : ! O Power consumption: 200 mW/cm? el | == |
: gli g :Z I : » Two small prototypes (COFFEE2 and COFFEE3) have been f en— :
: LZrTn}f / | - 250; : I designed and produced, for validation of the process and the i & B I i
! Beam pipe e o 1 : readout architectures, respectively. A full-size fully functioning [S&g s 3 !
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4. The Design of ITK Module and Stave I ONIM A1069(2024) 169905 i 1
\ : O JINST 20 (2025 ) C10011 The latest sensor design includes two validation I
: » The standard module: ‘,E § \ : I areas with different pixel size schemes :

I 0O Module dimensions: 140.6 mm x 40.1 mm '3 LR !
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: O Sensors §lectrically connected to Flexoible Printed Cir.cuit (FPC) via wire bonds 'Fg i - :

: O FPC carries power, data, clock and chip commands signal "E \‘ : : » The ITK layout was optimized through analytic calculations and simulations :
. N ) . . 2\
i O Direct Current-Direct Current (DC-DC) converter and data aggregation chip 0 ”!5 % 2 | : O Details in poster: Tracker optimization for the Fourth Detector Concept of CEPC, Jiang et al., CEPC 1
: % ] 3 5 : I Workshop 2023 I
" FPC (Flex Printed Circuit) Z NN = 11 , !
I == == = 2 E 3 1 » Staves constitute the three ITK barrels: :
' c (IR 2 .

: E | 22 I : O Barrel radii: 235.0 mm, 345.0 mm, and 555.6 mm I
I S| ’ ',’5 : 1 0O 44, 64, and 102 staves for the three barrels, respectively :
I v ;:; N %@é I : 0 Mounted in a staggered structure to minimize dead region I
: e e e i > ’é \ 9{‘ : 1 O Integrate 33264 sensor chips :
: - | ITK module, with sensors backside glued to a FPC board integrated with electronic components 2}% ‘\ /‘@l% : : > Four ITK endcap disks (ITKEl, ITKE2, ITKE3, ITKE4)Z :
: ave: | ",Es § i : : O 3 types of modules: 8, 12, and 14 sensors Wt I
- O 7, 10 or 14 modules, with lengths of 986.6 mm, 1,409.6 mm, and 1,973.2 mm "!i § A 1 1 O Modules in both sides of a carbon fiber honeycomb sup :
1 O Oneortwo long FPCs pe.r stave | . . "'i! \\ 1 : O 81.5 mm <r <242.5 mm (ITKE1), I
: IS iPC (b;entgb Corrllptoner}ttﬁ. a clijatgénzlk c}ilp, ar(l1 OptIC?l cotmlf)erter and DC-DC per FPC "E i ‘ : I 110.5 mm < r <352.3 mm (ITKE2), :
I O A carbon flbel‘ plate ;Vl “nbe . de PO }Eml. GICOO g tbes f,i ‘i ‘ 1| 163 mm <1 <564 mm (ITKE3 )’ The ITK consists of three barrels and four endcap disks |
I carbon fiber truss frame provides mechanical support 3§ 1 : 223 mm< r < 564 mm (ITKE4) I
L O A graphite foil layer and two carbon fleece layer ShA : 1 [O13760 sensors :
: » The ITK detector geometry is implemented in CEPCSW for simulation :

6. Performance S T -

1 » The tracker momenta resolution: :
, , i —— only silicon tracker :
: O The total momenta resolution mainly determined by 1.91 only TPC CEPC ReH-TDR I 1> Data transmission rate: :
. . . . . . = . . i e
: 1gtr1n31c spatial reso.lutlon and multiple scattering. Ata X e combined | : O Module 86.67 Mbps x 14 > Customized | !— Commn dat plattorm | :
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: O wherea=2.1 x 10°,b=2.2 x 103 : => A full simulation was performed to evaluate the 1l __ Y B b I
1 O Athigh momenta, the silicon tracker significantly : | 1 Dbeam-induced background hit rate under various ' Power Management (Pa1 » e power :
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I momenta resolution is about 0.1% from the simulation P_ [GeV/c] : " system.. | | !
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: SN R - 8. Summary and Future Plan
: T Tx B I : » The Inner Tracker R&D has been included in the Ref-TDR I
E [ I
I S +K T Hx 1> Scaling up HV-CMOS sensor production and completing the development of integrated modules and systems I
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I g L T proton > 0 |tk : I » Detailed testing of the latest sensor version, which features a data-driven readout with in pixel Coarse-Fine :
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: A S I R R v AN N : : » Advancing prototype detectors, with the goal of transitioning to an engineering-ready system within the next |
I \ | ‘T':.::.l.; e i I TR e o B0 i N o ==~ # -------------- ! I ! few years :
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[GeV/c] L . . . . . . .
: dE/dx resolution as a function of momentum 026 1 - I : » Continuous innovations in sensor technology, readout electronics, mechanical design, and the development of |
I P [GeViel 1 | the cooling system to ensure that the ITK meets the high demanding requirements of CEPC physics :
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