
SiPM readout ASIC
@KIP Heidelberg

Shen Wei

Kirchhoff Institut für Physik,  Universität 
Heidelberg

ASIC Labor Heidelberg

1

The research leading to these results has received funding from the European Union Seventh 
Framework Programme [FP7/2007-2013] under Grant Agreement n256984 (EndoTOFPET-US) 
and n289355 (PicoSEC)



Outline

• SiPM readout Topologies

• SiPM readout ASICs developed in HD

















ASICs developed for SiPMs in HD



Overview: SiPM readout Chips in HD

• STiC :  SiPM  high resolution Timing chip (SoC)

• uTRiG :  SiPM high rate readout with high 
resolution timing performance (SoC)

• KLauS :  SiPM frondend for high resolution   
charge/energy measurement (SoC)



STiC :  SiPM timing chip



STiC : basic readout principle

• 64-ch SiPM readout ASIC for ToF applications

• UMC 0.18µm CMOS 

• Time + (linearized) Energy based on TDCs

• Analog Frontend + TDC + Digital(8/10b)

• SiPM bias tuning (~500mV) 

• jitter < 20 ps

• SiPM Dark Counts pile-up suppression



Measured Performance

pulse width vs. charge

linear from 2.5pC

Period measurement



PET 
coincidence

511keV

1.27MeV

Na22  β+ decay  coincidence with LSO 3.1x3.1x15 mm3 +MPPC-S10625-33-50

Energy Spectrum Timing Coin.



Mu3e Tile detectors



MuTRiG chip ver. 1.0

 Mixed-signal SiPM readout ASIC for precise 

timing applications
• 32 channels

• Individual SiPM bias tuning

• 50 ps time binning TDC

• Gigabit serial data link (1.25 Gbps)

• Switchable event length (48/27 bits)

• Analog channel inherited from STiC ASIC

 Digital functionality
• External trigger

• Cyclic Redundancy Check (CRC) for 

transmission error detectiaon

• Channel event counter

5 x 5 mm2

Version 1.0 in 2017



Front-End jitter measurements

1 p.e.

(Mu3e Fibre)

For charges  > 480 fC (1p.e. Mu3e Fiber)

FE Jitter < 12 ps

FE jitter < 18 ps, when FPGA, clocks and PLL 

are all on.

[Measurement setup, Capacitor = 15pF]



Test beam results

Channel N σ 

17 39.3 ps

23 45.6 ps 

25 43.0 ps

30 34.7 ps

Coincidence time resolution 

Achieved timing resolution for the 

tested channels  

σ = 40.6 ps << 100 ps!

Scintillator:

- type: EJ228

- size: 6.5 x 6.5 x 5 mm3

SiPM:

- Hamamatsu 50μm pitch

- Size: 3 x 3 mm2

At DESY, February 2018 with positron beam at 2.4 

GeV



KLauS :  frondend for charge measurement



KLauS overview



Charge measurement





Towards a SoC SiPM charge Readout     LoKas



















TestBeam Results



KLauS 6 , with 100/200ps TDC

• To be submitted @ July 29, design already finished


