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Latest Outer Silicon Tracker R&D Plan
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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: 
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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



Sensor and LATRIC Combined 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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High-precision picosecond 
laser TCT system for 
performance testing of 
sensors and readout ASICs.

2-3 μm focused spot achieved via edge scanning 
with developed Z-axis auto-focus system



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 (pad)



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

• RV32IM指令集

• 三级流水线

• CoreMark/MHz = 2.4

Ø JTAG接口

• 支持OpenOCD

• 支持GDB调试启动

Ø 外设

• 4 KB ROM, 32 KB RAM

• 支持I2C, UART, and SPI

• 集成ADC数据收集模块并通过UDP协议传输

• 55 nm 工艺制程

• 工作频率 50 MHz

• 芯片面积 1.020 x 1.196 mm

• 工作电压 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



Latest Status of LGAD Sensor

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.

2 cm AC-LGAD 1cm AC-LGAD

4 cm AC-LGAD
I-V C-V

9AC-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. To date, 7 out of 18 wafers have been fabricated, 
and process optimization are ongoing. 2 wafers with lower n+ dose been delivered in May 2026.



Next LGAD Sensor R&D Plan
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Compared AC-LGAD with different process parameters
• Different n+ dose, different coupling capacitance, 

different pad-pitch size, different strip length

Tape out other wafers with different process 
parameters：11 wafers in IME

New submission is planed in June, 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, high-precision, low-
power operation.

New designed 8 channel strip sensor test board

Optimization of sensor 
process is ongoing

Long strip sensor 



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

x

y

z 激光位置对齐(X)

真空箱

位置必须可远程调整

1m ~ 1.5m 0.5m ~ 1m

0.5m ~ 1m

距离可调，

越近越好
(减少散射
影响)

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).



水平运动滑台

底板（可连同运动件整体吊出）

箱体
待测传感器运动部件

定位销

固定机构

起吊机构

定位销

LGAD Beam Telescope



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.
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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.



显示屏

制冷机组

负载连接处

负载箱

制冷机组

二氧化碳系统

控制柜放置处

负载连接处

Ø System Design Layout

Ø System Electrical Schematic

Design of the CO2 Cooling System
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压缩机 板式换热器 膨胀阀驱动 过滤器-R404A 视液镜-R404A 油分离器

增焓阀驱动 温度传感器 加热棒 压力传感器

流量计 视液镜-CO2

过滤器-CO2 差压传感器

Integration of the complete system is ongoing and is scheduled 
to be completed before October 2026.
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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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