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Latest Outer Silicon Tracker R&D Plan
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LATRIC2

32 channels

LATRIC3
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64 channels Improved 64 channel

LATRIC3+
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LATRIC4
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Improved version
n Two phase CO2 cooling system:

2029 June

2026 Oct 2028 Oct
System
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n Prototype detector system:

System
2030 March2027 Oct

2026 July 2028 April 2030 Feb
System

Improved Trench LGAD

n LGAD sensors are evolving toward improved process, larger size, higher performance, and lower power consumption:

n LGAD readout ASIC, LATRIC, is being developed towards multi-channels: 

Submission

Submission

n Beam telescope system:

LATRIC1 (8 channels)

128 channels

Full mask large size 
sensor 

Improved full mask 
large size sensor 

n System on Chip (HERIS)：

Submission

HERIS-V1 (Tiny-RISCV)

2025 Oct 2027 Jan

HERIS-V2 (PULPissimo) HERIS-V3 (PULPissimo)

2028 Jan
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CH1 LSB ≈ 29.44 ps

CH3 LSB ≈ 27.58 psCH2 LSB ≈ 27.09 ps

CH0 LSB ≈ 29.80 ps

LATRIC1 layout

n The second version readout ASIC, LATRIC1, adopts an 8-channel was designed and submitted for 
tape-out in October 2025.

• The channel pitch is 100 μm.  Four channels integrate the analog front-end and TDC. The other four 
channels consist of TDCs connected to differential pulse receivers.

n Performance optimizations include:
• An enhanced analog front-end with increased preamplifier gain to improve the signal-to-noise ratio.
• Refined encoder logic. Addition of an event builder and timestamp functionality, etc.

LATRIC1 measured TDC LSB After ASIC  Return in March 2026

The latest designed LATRIC1-Sensor Integration Test Board

Latest Progress of the LATRIC Readout ASIC

高压焊盘

LATRIC芯片

LATRIC芯片
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Sensor and LATRIC Test Setup

(Nanometer-scale precision stage)

A 1064 nm infrared laser. The pulse 
width is about 8 ps, with a tunable laser 

rate ranging from 24 kHz to 24 MHz.

High-precision 3D stage with 
programmable 3-axis motors 
and piezo stage (10 nm step, 
100 nm repeatability) for 
precise scanning of large-
area sensor arrays.

DUT

Micron-scale focused spot 
scanning using Z-axis 
controlled focusing lens

Piezoelectric stage 
controller

Stepper motor 
controller

Raspberry 
Pi

Sensor–LATRIC0 Integrated Test Board

Keysight EXR608B

(Micrometer-precision）
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In addition to the infrared test system, a customized 
UV laser test platform for SiC sensor has been 
developed. Both Si and SiC sensor development 
activities share a unified R&D framework with 
common test infrastructure, front-end electronics, and 
system integration resources.

Camera Optical Focusing System

Automatic Focusing 
with CMOS  Camera

Precision DUT 
positioning control z
x

y
• 355 nm UV laser
• Repetition rate: 1–10 Hz
• Pulse width: ~10 ns

Stepper motor with 
magnetic encoder 
feedback: positioning 
accuracy <0.1 μm

Raspberry Pi
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Hardware–Software Co-Designed Test System 
(Automated Knife-Edge Laser Scanning)
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Automatic piezo-stage motion control → Data acquisition and transfer → Laser spot analysis → Automatic Z-
axis adjustment → Iterative optimization of Z₀ (micron-level focusing precision) to minimize the laser spot size

X-axis motion Amplitude 
extraction

Scan output

Edge scanning with synchronized Z-axis 
autofocus and minimum-fit analysis 
achieves a 2–3 μm laser spot size



LATRIC0 (Single Channel) and Sensor Combined Test
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A time resolution of 18 ps was measured for the 
combined LGAD+LATRIC at 100% laser intensity.

A time resolution of 36 ps was measured for the combined 
LGAD+LATRIC at a MIP-equivalent laser intensity (0.5%).

At MIP-equivalent laser intensity, the time resolution 
improves with increasing threshold and stabilizes at 
about 36 ps in the 0.89–0.92 V range.

Developed DAC Controller “PicoCalc” Isolated Remote SPI Module 
(RSM) for DAC Control

Time difference measured with two LATRIC0 chips

Sensor–LATRIC0 
Integrated Test Board

AC-LGAD (Pixel 2.5mm*2.5mm)



Development of the First System-on-Chip (SoC)
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Ø Core (Tiny RISC-V)

• RV32IM instruction set

• 3-stage pipeline

• CoreMark/MHz = 2.4

Ø JTAG interface

• OpenOCD support

• GDB debug support

Ø Peripherals

• 4 KB ROM, 32 KB RAM

• I²C, UART, and SPI interfaces

• Integrated ADC data acquisition module with UDP-based data transmission

• 55 nm CMOS process

• Operating frequency: 50 MHz

• Chip area: 1.020 × 1.196 mm²

• Operating voltage: 1.2 V

• HERIS: Radiation-Hard RISC-V SoC for High Energy Physics
Traditional ASICs are based on fixed hardware logic and lack flexibility for next-generation detectors. HERIS introduces a 
programmable SoC architecture (CPU, memory, bus, and peripherals), enabling a transition from passive readout to 
intelligent, adaptive front-end systems. HERIS-V1 (based on TinyRISC-V) was initiated in early 2025. The full design flow—
including RTL development, FPGA validation, and digital backend integration—was completed, and the chip was taped 
out in October 2025 using a 55 nm CMOS process. In the future, HERIS will be integrated with the LATRIC readout ASIC to 
realize a “high-precision measurement + on-chip intelligence” architecture.



Test of HERIS-V1 SoC Chip
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Ø The ROM and SD card boot functions work properly, and the SPI module operates correctly.

Ø First power-on: OpenOCD works normally, ROM code runs successfully.

断电后再次运行

UART输出

UART输出

Ø The on-board EEPROM has been successfully 
verified to operate via the I2C protocol

The first RISC-V Soc chip, HERIS-V1, has been successfully validated.

Ø The GPIO functionality 
has been verified.



Frequency: 50 MHz; maximum operating frequency: 150 MHz.

Performance benchmark：
Ø ARM Cortex-M0/M0+： 0.9 ~ 1.0 
Ø PicoRV32 (RISC-V)： 0.5 ~ 0.8 
Ø HERIS-V1： achieves a score of 1.75, consistent with FPGA results.
Ø VexRiscv / 蜂鸟 E203： 1.5 ~ 2.2 
Ø ARM Cortex-M3 / M4： 3.3 ~ 3.4 

HERIS-V1 benchmark score

HERIS-V1 Performance Test
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LATRIC0 Paper Published and HERIS-V1 Paper 
Submitted This Week

11



AC-LGAD Sensor with Long Strip

The design explores different microstrip geometries, including:
• strip length: 1 cm, 2 cm, and 4 cm
• strip pitch: 100 μm, 200 μm, and 500 μm
• electrode width: 25 μm, 50 μm, and 100 μm
• The n⁺ doping is tuned to optimize position resolution performance, and the EPI thickness is optimized to reduce 

capacitance and thus lower readout power consumption.

I-V C-V

12AC-LGAD LAYEROUT AC-LGAD Wafer

AC-LGAD microstrip sensors (≥2 cm × 2 cm), aiming at optimal position resolution, timing resolution, and lower 
power consumption. The latest tape-out was submitted in 2025. 



Latest Status of LGAD Sensor
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AC-LGAD LAYEROUT

To date, 7 out of 18 wafers have been fabricated, and process optimization are ongoing. In May 2026, 2 wafers 
with lower n+ dose been delivered in May 2026.

Wafer 
number

EPI 
thickness

n+ dose

1 50um 10p
2 50um 10p
3 50um 0.01p
7 80um 10p
8 80um 0.01p
4 50um 1p, 0.1p
5 80um 1p, 0.1p

The primary improvement was in sensor position resolution.



V4: 8-Channel Double-
Sided LGAD Pre-Amplifier 
Board:
• Enabled double-sided to 

support different LGAD 
types (pixel and strip)

• Optimized routing with 
equal-length traces for 
all 8 channels

• Reduced board 
thickness to ~5 mm

V2: 8-Channel LGAD Pre-
Amplifier Board:
• Increased number of 

channels 
• Extended high-voltage pads 

for better compatibility with 
strip sensors

• Optimized HV pad geometry 
with cut-outs to improve 
particle detection efficiency

V3: 8-Channel LGAD Pre-
Amplifier Board 
• Reduced board size for 

better integration
• Simplified power connectors 

for easier cabling
• Optimized HV pad cut-out 

geometry to further 
enhance particle detection 
efficiency

V1: 4-Channel LGAD Pre-
Amplifier Board:
• Provides high-voltage 

bias for LGAD sensors.
• Four signal readout 

channels
• ~100× amplification per 

channel

高压焊盘

10cm x 13cm
13cm x 13cm

10cm x 13cm10cm x 13cm

LGAD Pre-Amplifier Board Optimization



PD

CH-1

CH-2

CH-3
CH-4

Typical Event Waveform
(Sensor: W4-AC-D9, 0.2% laser intensity)

Sensor Characterization
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LGAD or
LGAD+LATRIC

Laser

PCB

Data analysis

Oscilloscope

Photodiode 
(PD)

Attenuator 
and focusing 
system

Polarization-maintaining 
beam splitter

50% 50%

Trigger

Laser 
scanning

DUT sensor

Timing resolution 1.2 ps

CH-1
CH-2
CH-3
CH-4



Strip Sensor Spatial Resolution (0.2% Laser)
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Electrode
Window

A₂ and A₁ are the waveform amplitudes of the seed (maximum amplitude) strip and the second strip, respectively.

Laser 
scanning

DUT sensor
CH-1
CH-2
CH-3
CH-4

The latest tape-out optimized n⁺ 
strip sensor (W4-AC-D9, 2 cm, n⁺ 
dose = 0.1 p) achieved a spatial 
resolution of ~1.4 μm.



Sensor Spatial Resolution Using Different 
Amplitude Estimators
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Achieving a spatial resolution below 10 μm using ToT information (LATRIC) with a 100 μm strip pitch 
appears to be challenging and may offer limited flexibility.

1) Max 
amplitude

2) Integral 
charge

3) TOT

Preliminary 



Beta Test for Sensor Timing Resolution

1818

Readout board for sensors

机械载台

低压源

高压源 低温恒温箱

2 DC pads(W4-DC-
D6,W4-DC-12):
1.5 mm*1.5mm

Timing resolution:
51 ps/√2~36 ps



Strip Sensor Timing Resolution

1919

Laser 
scanning

DUT sensor
CH-1
CH-2
CH-3
CH-4

The signal rise time of strip sensors is substantially longer than that of pad sensors.
The strip sensor (W4-AC-D9 2, cm) achieved a timing resolution of ~80 ps.

Strip Sensor Timing Resolution:
√ (90 90-36*36)~80 ps

(DC)

Preliminary 

CH-1

CH-2

CH-3



Next LGAD Sensor R&D Plan
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Tape out other wafers with different process parameters：11 wafers in IME

New submission is planed, 2026

• isolated AC-LGAD, isolated DC-LGAD (DC-RSD)

Ø The process and structure simulation, design 
of LGAD with isolation structure is ongoing

Trenched LGAD

Trench-isolated LGAD: a key step toward final performance, 
reducing capacitance for large-area, enabling high timing 
resolution and low-power operation.



Development of the Beam Telescope for BT
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X,Y, y-rotation

x

y

z Laser alignment

Vacuum box

Remote adjustment of the position is required.

1m ~ 1.5m 0.5m ~ 1m

0.5m ~ 1m

Adjustable 
distance, kept 
as small as 
possible to 
minimize 
scattering.

A test beam campaign for the next sensor/ASIC validation is planned. The beam telescope design is currently 
ongoing, with completion planned within 1–2 months. The vacuum valve box is also also under design, and the 
beam tests are planned to be carried out in China (could be at the PWFA facility at IHEP).



Horizontal translation stage
Base plate

(liftable together with motion system)

Box

Sensor DUT moving stage

Locating pin

Vacuum valve

Lifting mechanism

LGAD Beam Telescope

Beam window

Beam Direction



Mechanical Design and Fabrication R&D for 
Semiconductor Detectors
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The team conducts research on lightweight carbon-fiber composite structural design, advanced 
manufacturing processes, thermal management, and cooling integration. The laboratory aims to promote 
the engineering application of lightweight composite materials and related technologies in semiconductor 
detectors, providing critical technical support for the development of next-generation particle tracking 
detectors for high-energy physics experiments.

Silicon tracker require low material 
budget and minimal deformation 
(single layer < 1% X₀, deformation at 
the micrometer level).

Latest engineering prototypes designed and fabricated by the team

M55J预浸料 M55J碳纤维丝 碳纤维树脂和脱模剂
烘箱

碳纤维预浸料裁剪带 碳纤维预浸料铺层 涂脱模剂

设计加工的碳纤维热压磨具

成型样样件



Mechanical Design and Fabrication R&D: 
Manuscript Under Preparation for Submission
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Plan and Others 
q Team funding support: None; personnel 

talent program funding only. 

q The project aims at engineering-
oriented research with a strong focus 
on silicon tracker development. It 
establishes an integrated R&D 

framework covering sensors, dedicated 
readout electronics, and mechanical 
and cooling systems.

2026 plan: tape-out of trenched LGAD, development of LATRIC2 readout ASIC 
(32 channels), R&D of HERIS-V2 SoC; beam telescope construction and beam 
test, and development of two-phase CO₂ cooling system with full system 
integration tests.

2026

2026
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Development of Two-Phase CO₂ Cooling System
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We are developing the first two-phase CO₂ cooling system together with TIPC. The integrated system is going 
be completed in October 2026. The system features a compact and portable design, with a nominal heat 
load capacity of ~1.2 kW (upgradeable to >2 kW), an operating temperature range from −40 °C to 20 °C, and 
a temperature stability better than ±1 °C.

Design Layout of the Developed Two-Phase CO₂ Cooling System
P–h Diagram of the Two-Phase 

CO₂ Cooling System

The system can be integrated with a variety of thermal load systems, making it suitable for different experimental setups 
and application requirements. The system features a compact layout with a total weight of approximately 100 kg. It also 
provides a scalable platform for the development of larger cooling systems.



Screen

Chiller system

Load connection interface

Electronic load box

Chiller system

CO₂ cooling part

Control cabinet location

Load connection interface

Ø System design layout

Ø System electrical schematic

Design of the CO2 Cooling System
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Compressor Plate heat exchanger Expansion valve driver Filter (R404A) Sight glass (R404A) Oil separator

Electronic expansion 
valve (EEV) driver

Temperature sensor Cartridge heater Pressure sensor

Flow meter Refrigerant sight glass for CO₂

Filter (CO₂) Differential pressure sensor

Integration of the complete system is ongoing and is scheduled 
to be completed before October 2026.
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高斯光束示意图

高精度皮秒激光TCT测试系统

30

被测器件
AC-LGAD or

AC-LGAD+LATRIC

皮秒激光器

PCB

数据分析

示波器

光电二极管

减光片和
聚焦系统

保偏分束器50% 50%

触发

激光扫描线

精密位移平台(纳米级)

（微米级精度）

为实现度位置分辨率和时间分辨率的高精度
表征，激光光斑需聚焦至微米尺度，要求Z
轴以微米精度对焦至焦平面：

• 实验平台采用Mitutoyo 20X扩束镜（焦距 

f=10mm、数字孔径NA=0.42mm）对1064nm

激光进行聚焦。根据光学理论，物镜入瞳直

径D=2*NA*f=8.4mm, 对应高斯光束腰部直径

≈!"#
$%

= !∗'.)*+,-∗')--
$∗..!--

= 1.62𝜇𝑚

• 考虑艾里效应，实际光斑约为高斯光束腰部

直径两倍，光斑理论最小值~𝟑. 𝟐𝟒𝝁𝒎

被测传感器
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