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LGAD-timing detector 
Low Gain Avalanche Detectors(LGAD) is an avalanche PN diode which work below breakdown 
voltage(liner mode) and with Gain >10 for effectively charge collection. Results show LGAD 
sensors have timing resolution better than 50ps . 

Because of its good timing performance,  LGAD has been chosen  as sensors for  tracking timing 
detectors, including ATLAS  High Granularity Timing Detector (HGTD) project and CMS Endcap 
Timing Layer (ETL). 
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LGAD sensor structure

Timing resolution of 
LGAD sensors



LGAD-timing detector 
Many semiconductor producers and institutes (HPK\FBK\CNM\IHEP\USTC\NDL\BNL) have done 
researched of LGAD for years
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Performance of LGAD
The key property is collection of 4 (ATLAS) /5 (CMS) fC at safe operation voltage over the entire 
lifetime of the experiments (2.5e15 cm-2 ).

The timing resolution of many sensors all be lower than 50ps and can collect 4fC charge before 
irradiation.

Breakdown voltages at -30℃ are much lower than at room temperature (50-80 V) 

Small difference in doping concentration results in very different performance 
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Full size devices

The production of 
uniform gain layer 
on large devices has 
been shown for 
several vendors.
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Performance of LGAD
After irradiation Issue:       

high voltage needed to get enough charge after 2.5e15 n irradiation was large than 600V；
mortality problem during beam testing. 
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Gain decreases and timing 
performance change worse as 
increasing the irradiation 
fluence



Performance of LGAD
Higher than 600V voltage for 4fC charges (higher electrical field) 

It is observed that destructive breakdowns of sensors at very high bias voltage ~600+/-50V for 
50um thick detectors in the test beam
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Recent results of  LGAD after neutron irradiation of 2.5e15 neq/cm2 

FBK and IHEP-IMEv2  sensors can collected 4fC at voltage <600V and timing resolution also be 
lower than 50ps 

Beam testing of these sensors recently been done at CERN to check the mortality issues 
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Development of IHEP LGAD sensors
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4fC

50ps

IHEP-IMEv1 

8 inch wafers with 50um EPI layer were used  

Submit at May 2020, finish at Sept, 2020 



Development of IHEP LGAD sensors
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Development of IHEP LGAD sensors



Standard LGAD vs AC-LGAD
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Development of AC-LGAD
BNL、FBK、IHEP etc. have done research on AC-LGAD(RSD), the spatial resolution of this sensor 
can be lower than 10um.
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AC-LGAD sensors developed by IHEP
IHEP AC-LGAD  first batch :

Sensors with different pad-pitch size 
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AC-LGAD sensors developed by IHEP
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Timing performance of IHEP AC-LGAD
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Application of LGAD in CEPC

Clear the requirement 

area, channels, spatial resolution, timing resolution 

New design for this application 

Strip or pixel，pitch-pad size, process parameters for Gain layer 

New readout board (electric circuit) 

less charge and high timing requirement 

More Beam testing about timing and spatial performance 
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Summary
◆The recent performance of LGAD sensors, especially the improved post-irradiation 
performance by changing process for LGAD sensor fabrication including IHEP carbonated LGAD 
sensors

◆The performance of AC-LGAD sensors designed by different institute show spatial resolution of 
these sensors can be lower than 10um. 

◆Application of AC-LGAD in CEPC also be discussed and we still need do more research for this 
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Backup
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