
Progress of AC-LGAD 
sensor development

Mei Zhao

On Behalf of IHEP LGAD group
IHEP, CAS

2024-11-27

2024/11/27 CEPC DAY 1



Content
➢LGAD development and status

➢AC-LGAD development and performance

➢Proposal of AC-LGAD as OTK&TOF for CEPC

➢Issues

➢Plan

➢Collaboration 

2024/11/27 CEPC DAY 2



LGAD and AC-LGAD
➢Low gain avalanche detector be demonstrated to have timing resolution <35ps and will be used to 

provide precise timing information in ATLAS HGTD and CMS ETL for address pile-up issues.

➢AC-LGAD, a 4D detector, provides both timing  and position information at the same time. 
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LGAD (Low-Gain Avalanche Diode) AC-LGAD (AC-coupled LGAD)

• The read-out electrode is placed and 
connected to the N++ layer.

Segmented gain layer Continuous gain layer

• metal AC readout electrode and a thin dielectric layer (Si3N4, SiO2) 
above the N+ layer

• Less dead area and better position resolution
• Research institute: FBK, HPK,INFN, BNL, CNM, USTC, IHEP…



LGAD development and status
➢LGAD designed by IHEP will contribute to 90% of ATLAS HGTD sensors, owning to its good radiation 
hardness.

➢IHEP LGAD sensors pre-production has been finished(90 wafers fabricated). The performance meets  
the specification, and sensor production readiness review passed successfully in July, 2024. Final 
fabrication commenced.
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AC-LGAD R&D
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AC-LGAD development
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2022 2023

Pixelated AC-LGAD Pixelated and strip AC-LGADOne wafer
One wafer



AC-LGAD R&D
➢AC-LGAD R&Dv1: pixelated AC-LGAD

Large pad-pitch size: 1mm-2mm

To study the process parameter

➢Spatial resolution be better 

    as decreasing the n+ dose(10P to 0.2P)
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Spatial resolution: 15um Timing resolution: 15-17ps

Jitter contribution 



Strip AC-LGAD R&D
Strip AC-LGAD:  Strip length:5.65mm

                              pad-pitch size: 100-250um, 100-200um, 100-150um

Beta test
(Sr90)

Laser test

constant fraction 
discriminator (CFD) method

The timing resolution: 15~17ps

Jitter contribution Time residual sigma: 47.1ps
Time resolution: 37.5ps

Jitter and Landau
contribution 
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Strip AC-LGAD R&D
Strip AC-LGAD: Spatial resolution( Laser testing)

                  Amplitude information of two electrodes → position reconstruction → Spatial resolution

Best result: 8.3um
[Pitch size:150um]
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Proposal of AC-LGAD as OTK&TOF
CEPC OTK&TOF Barrel:
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Sensor size: 140mm x 160mm(may change a little)
Strip length: 70mm
Pitch: 100um
Capacitance: 10pF

One 8 inch wafer one sensor 
 Large capacitance 
 High ASIC power consumption(20mW/Channel)
 Transmission line affect, charge sharing

Sensor size: 87.5 mm x 52.2 mm, 90.00 mm x 52.2 mm
Strip length: 87-90 mm
Pitch: 100um
Capacitance: >10 pF

one 8 inch wafer four sensors 
 Large capacitance
 High ASIC power consumption(20mW/Channel)
Transmission line affect, charge sharing

Module (2×2 sensors) 

ASIC
DC-DC

1st Data aggregation

FPC



Issues or questions

Irradiation hardness:

         DC-LGAD be demonstrated to have very good radiation hardness(TID, neutron, proton) by HGTD groups.

          AC-LGAD, TID affect to the dielectric layer  (TID Testing)

Timing resolution:  capacitance (power consumption )→ short length, optimized design

Spatial resolution:  variation of gain layer, electrode dimensions→ New design to check this

Sensor size: particle rate, yield → Physics simulation or calculation, yield calculation
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Timing performance

Irradiation hardness

Spatial resolution

ASIC’s power consumption

Size < -- > Performance
Large size, maintain the performance 



Proposal of AC-LGAD as OTK&TOF
CEPC OTK&TOF Barrel: Changed by Qi Yan
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Sensor size: 87.39 mm x 52 mm, 89.89 mm x 52 mm
Strip length: 43-45mm
Pitch: 100um
Capacitance: 6-7pF

one 8 inch wafer four sensors 
 less capacitance, more readout channels, Power consumption?
Transmission line affect, charge sharing

The performance of sensors 
with ~4cm long strips
needs to be demonstrated.



Plan
Short term plan: (2024.12-2025.2)

Simulation:

         Simulation of Strip length and its affect (signal shape)

         Simulation of method to reduce capacitance (isolation structure)

         Simulation of process parameters to optimize spatial resolution (AC coupling capacitor, n+ dose)

Testing:

        Multi-channel readout board with low noise design and fabrication(2 stages of amplifier)

        Testing of short strip connected together, radiation testing(TID)

New submission 1:

       Strip AC-LGAD with different length and pad-pitch size, [1cm, 2cm, 4cm] [50um, 100um to 500um] 

       Strip AC-LGAD with different process parameters: n+ dose, dielectric material and thickness, …

       Strip AC-LGAD with different isolation structure  →Capacitance

       Strip DC-LGAD

       sensors with EPI layer of different thickness(50um, 65um, 80um)
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4cm x 100um pitch
2cm x 250um pitch 
1cm x 500um pitch



Plan
Long term plan
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time work

2025 • Testing the sensors from first submission, clarify the sensors performance 
and requirement (include Test beam and radiation test)

• Find out how to optimize the sensor performance(structure and process)
• Submission 2
      Based on the results from first version and more simulation
      sensors with strip length ~4cm

2026 •  Test of sensors from submission 2(basic properties and together with ASIC 
and BEE?)

• Submission 3
      large area sensor design and fabrication

2027 • Submission 4 if needed
• module: sensor + ASIC module built and test 



Collaboration
➢Project be proposed: DRD3 WG2: LGAD based timing tracker development for electron collider

➢First discussion meeting be held on Nov. 26th

     Good suggestion be given by Gregor and Gordana about the new layout , testing and how to include more institute to join 
the collaboration.
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Topic：
    1、AC-LGAD simulation, design and fabrication
    2、 AC-LGAD testing：IV, CV, timing, spatial resolution, etc 
    3、AC-LGAD Test beam testing
    4、Radiation performance（TID, neutron, proton）
    5、Reconstruction methods 
    6、Design optimization for electron collider
    7、Sensor with ASIC(TDC board) testing

➢Institute of high energy physics, Chinese Academy of Sciences(IHEP)

        Mei Zhao, Zhijun Liang 

➢Institute of Microelectronics, Chinese Academy of Sciences(IME)

➢Jozef Stefan Institute, Ljubljana (JSI), Gregor (DRD3 management)

➢University of Montenegro, Gordana

➢Shanghai Jiao Tong University(SJTU), Kun Liu

➢Shandong University (SDU), Kun Hu

➢Nankai University (NKU), Bo Liu

➢Zhengzhou University (ZZU), Yi Liu



Backup
LGAD performance with operation temperature changing(before radiation)
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Sr90 testing results

Need to change operation voltage

Best timing resolution change worse



Backup
DC-LGAD with long strip(1.9cm) and  large capacitance
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Sr90 testing results



Backup
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Results

HPK 
Strip length:1cm
Pitch size:500um

EIC: barrel strip LGAD 
baseline design



Testing setup
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ALTIROC power consumption
2.7mW

11mW

ALTIROC Cd：4pF
OTK Cd：10pF
FEE power consumption:
15mW

保守估计：occupancy 100%情况下，功耗至少30mW

TDC part: 5mW
Not include Clock system and other digital part

By Xiongbo Yan 
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