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IDRC Review Comment (OTK LGAD)
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5,680 mm

Stave (8 ladders: 4
 long and 4 short)

3600 mm

8’’ wafer

OTK Barrel Design with AC-LGAD Long Strips
Module (2×2 sensors) 

n CEPC outer silicon tracker (OTK) utilizes AC-LGAD (Low Gain 
Avalanche Detector) developed by IHEP-IME:

• Sensor size:  8.75 cm × 5.22 cm 
9.00 cm × 5.22 cm

• Strip number per sensor:  512
• Strip pitch size:            100 µm 
• Spatial resolution:        10 µm
• Time resolution:           50 ps
• Power consumption: ~300 mW/cm2
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Maximum usage of silicon wafers for OTK barrel: a total 3,520 wafers, 
with 15% higher efficiency compared to a conventional single-piece 
sensor cut from a wafer.
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5680 mm

3600 mm

8’’ wafer

OTK Barrel Design with AC-LGAD Short Strips
Module (2 sensors) 

n CEPC outer silicon tracker (OTK) utilizes AC-LGAD (Low Gain 
Avalanche Detector) developed by IHEP-IME:

• Sensor size:  8.75 cm × 5.22 cm (with 2 sets of strips)
9.00 cm × 5.22 cm  (with 2 sets of strips)

• Strip number per sensor:  512
• Strip pitch size:            100 µm 
• Spatial resolution:        10 µm
• Time resolution:           50 ps
• Power consumption: ~300 mW/cm2
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Stave (8 ladders: 4
 long and 4 short)

Maximum usage of silicon wafers for OTK barrel: a total 3,520 wafers, 
with 15% higher efficiency compared to a conventional single-piece 
sensor cut from a wafer.



Carbon fiber plane: 300 μm

Carbon fiber plane: 300 μm

Titanium cooling pipe (CO2)
ID:1.6 mm OD: 2.0 mm

Carbon fiber honeycomb: 2.4 mm

High thermal conductivity foam

Sensor： 300 μm

OTK Barrel Mechanical and Cooling with Long Strips

• The outer barrel of the TPC is made of a carbon fiber cylinder 
with stepped ramp rings used for OTK support.

• The installation of OTK stave begins with the carbon fiber 
honeycomb and cooling pipe (~6 m in length), along with the 
lower support carbon fiber plane.

• Afterwards, the OTK ladders are inserted one by one. Each 
ladder (~0.7 m) has its own support, consisting of 16 sensors, 
electronic components, and a carbon fiber plane.
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R=1800 mm

R=1814.09 mm R=1830 mm



Carbon fiber plane: 300 μm

Carbon fiber plane: 300 μm

Titanium cooling pipe (CO2)
ID:1.6 mm OD: 2.0 mm

Carbon fiber honeycomb: 2.4 mm

High thermal conductivity foam

Sensor： 300 μm

• The outer barrel of the TPC is made of a carbon fiber cylinder 
with stepped ramp rings used for OTK support.

• The installation of OTK stave begins with the carbon fiber 
honeycomb and cooling pipe (~6 m in length), along with the 
lower support carbon fiber plane.

• Afterwards, the OTK ladders are inserted one by one. Each 
ladder (~0.7 m) has its own support, consisting of 16 sensors, 
electronic components, and a carbon fiber plane.
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R=1800 mm

R=1814.09 mm R=1830 mm

OTK Barrel Mechanical and Cooling with Short Strips

n More electronic components and readout channels are 
introduced for the short strip sensor (~4 cm).
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CEPC OTK Endcap Electronic Components

Group A

Group B

Group C

Group D
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1/16 Sector:



OTK Assembly for Sensor Dimension <2 cm
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For sensors <2 cm, assembly is even more difficult. Mei ZHAO is conducting simulation to understand the 
correlation between capacitance (and related performance) and sensor size.

n For OTK sensor with dimension of ~2 cm and 
increased electronics component coverage, 
only flip chip with bump bonding is feasible.

Discussed with Xiongbo YAN and Jingbo YE. 
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Study of OTK Ladder Deformation

Under its own weight, including its electronics components, the maximum deformation of a single ladder 
(720 mm) is calculated to be ~0.135 mm.

Yujie LI and Quan JI



To make the model more realistic, the sensor structure and essential thermal components have been 
taken into account.

（sensor: ~2 cm×2 cm）

Simulation of ITK Thermal Performance

Carbon fiber plane 0.15mm
Graphite layer 0.24mm（0.03mm×2×4）
Carbon fiber plane 0.15mm

Yujie LI and Quan JI
L=1001 mm
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The maximum longitudinal temperature 
difference on the stave: 4.39 °C

The maximum temperature difference on a single 
sensor: ~0.8°C

Using liquid CO₂ at -20°C with an inlet flow rate 
of 0.003 kg/s from one side:

Yujie LI and Quan JI
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The maximum longitudinal temperature difference 
on the stave: 3.75°C

Yujie LI and Quan JI

Using liquid CO₂ at -20°C with an inlet flow rate of 
0.003 kg/s from both sides:

The maximum temperature difference decreased 
compared to single-side inlet (4.39°C → 3.75°C), 
but the temperature gradient on a single sensor 
increased significantly (0.8°C → 2.24°C).

The maximum temperature difference on a single 
sensor: ~2.24 °C

max
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CEPC Tracker Performance from Simulation: 
Momentum Resolution

Silicon Tracker momentum resolution angular dependence
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The momentum resolution at endcap degrades due to the 
shorter lever arm (r) as:  σ(Pt)/Pt ∝ 1/r2. Is any way to improve?
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Change OTK endcap intrinsic spatial 
resolution from 10 μm to 5 μm

ITK adding 5th endcap

Sensitivity of Endcap Momentum Resolution

Improving intrinsic resolution is not beneficial.
Compared to the intrinsic spatial resolution, 
multiple scattering dominates momentum 
resolution below 50 GeV/c.



Sensitivity of Barrel Momentum Resolution
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overall track momentum resolution. 



CMOS Strip Chip Project Introduction and Review
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The CMOS Strip Chip project (CSC) explores a different approach for developing of fully depleted monolithic 
CMOS detectors. It utilizes domestic high-resistivity wafers (Tianjin Zhonghuan 2K) and CMOS foundry 
(CSMC, Wuxi Shanghua). The project combines efforts from both research institutes and industry (9 units 
currently participating).

Last Friday (November 1), we conducted the first review of CMOS strip project , inviting institute’s electronics 
group. The review was constructive and included a detailed discussion of the technical approach, 
development specifics, and project organization. Participants in the review included:  郭超英, 王铮, 魏微, 
叶竞波, 严雄波, 赵梅, 陆卫国, 张颖, 李刚, 李一鸣,…



The review discussed many key technical issues and was very beneficial (~4 hours 
discussion). The team has recorded them thoroughly:

对于20 um间距的硅微条，不只是微条之间的串扰，ASIC之间的串扰可能也很复杂。

当前CSC项⽬需要20 μm宽，1024通路，这是⾮常有挑战性的⼯作，在实际设计过程中⾦属电极是有
阻抗的，对于1000多路的传感器压降问题需要考虑。

CMOS每层⼯艺需要填充，填充如何解决？电路和sensor的不同可能会导致凹陷，由此导致的良品率。

⽬前计划在电路部分挖掉衬底来实现sensor和电路的隔离，通过20 um 的DTI来实现隔离，需要仿真
验证是否能够实现。

….

Key Discussions in the Review
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n The drafting of Silicon Tracker Ref-TDR has started.

n It’s ready to launch the 2nd review of the CMOS 
Strip Chip (CSC) project at institute level.

Next Plan
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Agenda
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CEPC OTK Endcap Design (AC-LGAD Strips)

• OTK endcap consists of 14 rings, arranged into 4 groups.
• Each group contains 2-4 types of trapezoid sensors, which 

can be fitted to one 8’’ silicon wafer.
• Each group of sensors is aligned to a 1/16 sector.
• The long sensor contains 2 sets of short-strip sensors.

Group D: 1400 mm-1816 mm

Group C: 1008 mm-1400 mm

Group B:  662 mm- 1008 mm

Group A:  406 mm- 662 mm

406 mm

1816 mm
r

Sensor: 8’’ wafer (group C sensors)1/16 Sector: Endcap (16 sectors, 10 m2): 
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CEPC OTK Endcap Electronic Components

Endcap (16 sectors, 10 m2): 
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Group D
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OTK Endcap Mechanical and Cooling Structure

Sensor: 300 μm 

Carbon fiber plane: 300 μm

Titanium cooling plate: 3 mm

Structure frame

Sensor

Structure ring
Titanium cooling plate

Carbon fiber back plate

Carbon fiber plane

Endcap 1/16 sector structure: Endcap mechanical and cooling layout: 
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CEPC OTK Mechanics and Installation Design
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