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KIP ASICs for SiPM readout

Two families of chips developed at KIP

- KLauS ASIC: Charge readout
- Developed for calorimetry applications (ILC & FCC)
- Very low power (3mW/ch ; 25uW/ch with power pulsing)
- Amplitude sampling
- TDC with 195ps bins (total electronics contribution ~ 90ps)

- STiC (64 channel) & MuTRiG (32 channel)
- Timing chips for SiPMs
- Originally developed for medical applications (ToF-PET)
- Further developed for high-rate applications - MuTRiG

→ Scintillating Fibres & Tiles in Mu3e
- Sharing similar analog front-end
- Leading edge discrimination
- ToT for energy estimation

36-channel KLauS6b

64-channel STiC3 32-channel MuTRiG3
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STiC & MuTRiG : Analog frontend
STiC & MuTRiG channel layout

Measurement principle

- Low impedance input stage
- Channel-wise tuning of SiPM bias voltage: 0.5V range
- Single ended or differential connection to SiPM
- Internal shaping (PZC) to minimize pileup from DCR
- DC compensation of SiPM leakage after irradiation

- Hit discrimination
- Separate leading edge comparators

- Timing with low threshold
- Energy with optional shaping & linearization

- Digitized by common TDC
- 50ps bin width @ 625MHz reference clock
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MuTRiG - Timing threshold tuning

- After finding a good working point …
- Rate-scans on SiPMs, tune for 0.5, 1.5 … PE
- Extended Threshold range since Mutrig3:

Issue with larger area SiPMs: Leakage current after irradiation

- Recently started: FPGA integration of the tuning algorithms

SciFi MPPC array Extended tuning of 9mm² MPPCs (Mu3e Tile) Irradiated SiPMs @ 15°C

[BSc H.Bühler]

Mu3e Tile matrices: Timing optimization 
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MuTRiG - Energy branch

- Measurement of energy using Time over Threshold
- Separate comparator with configurable shaping
- Used for hit Validation (optional)
- Since MuTRiG2: 

- Flexible configuration to also detect small (few PE) signals
- Linearized ToT

Linearized ToT: before discrimination

Simplified schematic of the Energy branch

Fired Pixels (typical ~50um pixel SiPM)
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ToT response for different readout schemes

E-Comparator ( →
 Energy measurement) 

AC coupling

T-Comparator ( →
 Deadtime)
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MuTRiG - Performance

- Excellent jitter at small charges
- Timing with small Mu3e Tiles @ DESY
- Timewalk correction from ToT energy measurement

[PhD H.Chen]

Charge injection - full chain jitter Mu3e Tile Prototypes @ DESY (2.5 GeV e-)
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Mu3e Tile matrix

~ 37 ps
single channel



Digital features - Interfaces

- Differential SPI for configuration

- LVDS @ 1.25Gbit for data readout
- Framed, 8b10b encoded datastream
- Status and frame counter in header, 

CRC16 in trailer
- Different modes:

- “Long event” (630kHits/s ch)
- All data, 48b/hit

- “Short event” (1.2Mhits/s ch)
- no ToT 3.5byte/hit

- [Also: Random data injection ; Scaler] [PhD H.Chen]

Data transmission: Frame structure

Data transmission: LVDS @ 1.25Gbit
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Digital features - Coincidence logic

Reduce rate-limitations from readout speed

- On chip hit validation based on simple internal triggers:
- Clustering of neighboring hits

- Cross validation of hits
- 1-3 nearest neighbors [+ Crossover to next chips]
- Coincidence window 1-3 clock cycles (~ 6-19ns)

Laser

Noise

Validation of hit from neighboring channels

Laser on linear (LHCb-Type) MPPC array
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MuTRiG - Test setup

- ASIC board with one Wire-bonded (or BGA-packaged) ASIC
- Adapter to SiPMs typically designed by users
- DAB to Frontend-FPGA, accepting 2 boards

- Focus on simple interconnection in a test & testbeam environment
- Sturdy connections, display-port cable, cable drivers
- Small footprint of ASIC board
- Accepts external I2C temperature sensor on sensor board

- Compatible with existing in Mu3e DAQ
- FEB Firmware with minor adaptations
- Slow control commands same as for Tile/SciFi
- Existing scripts for tuning & calibration
- Efforts to simplify the software stack ( → MK )

Mu3e FEB
(FPGA)DABASIC board

Adapter/
Sensors
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Summary

MuTRiG: Timing chip for SiPMs
- Excellent timing capabilities (jitter < 25ps for small 1mm² MPPC)
- ToT for energy measurements
- High rate (up to 1.2MHits/s/ch)

Easy to use Test system under development
- Small form factor, intended for testbeam integration
- Based on (simplified) Mu3e DAQ
- System under development

Hardware at hand → Sufficient boards for users available
Slow control & Monitoring (Main difference to Mu3e) → Done 
Data taking → In Progress
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MuTRiG: Alternative readout schemes
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- Mutrig allows to read out the sensors in various schemes
- Differential
- Single ended DC-Coupled
- Single ended AC-Coupled (not recommended)
- All also with opposite polarity - e.g. negative HV

(“edge”-bits ; T-Threshold > 32)

Differential
HV
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Single Ended - DC (P)
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Digital features - Interfaces

- Differential SPI for configuration

- LVDS @ 1.25Gbit for data readout
- Framed, 8b10b encoded datastream
- Status and frame counter in header, 

CRC16 in trailer
- Different modes:

- “Long event” (630kHits/s ch)
- All data, 48b/hit

- “Short event” (1.2Mhits/s ch)
- no ToT 3.5byte/hit

- [Also: Random data injection ; Scaler]

Data transmission: Frame structure
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KLauS ASIC: Low-Power charge readout 

SiPM readout ASIC developed for CALICE AHCAL & ScECAL
Target on low gain SiPMs (10/25μm pixel, 1x1/3x3 mm² area, charge range 15fC – 150pC)
Process : UMC 180nm mixed-mode 1.8V/3.3V CMOS technology
Power consumption : ~3 mW/channel (~26uW @ 0.5% duty cycle)
Current version KLauS6b with 36 channels
Analog front-end + ADC + TDC + Digital interfaces (I2C, SPI, LVDS
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KLauS ASIC: Low-Power charge readout 

Chip performance

Single photon spectra with low-gain SiPMs
Charge measurement
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