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SensL Quick Facts 
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Business Low Light Sensors 

High Volume/Industrial Grade 

Markets Medical Imaging 

Radiation Detection 

3D Ranging and Sensing 

High Energy Physics 

Model Fabless Semiconductor 
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Since 2013 >1Million C-Series 

SiPMs Produced and Shipped 

Ultra Low Noise 

Exceptional Uniformity 

Cost Effective  

W

H

Y

? 



SensL SiPM Technology 
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Compatible with  

Fast Output (3-terminal) & 

Standard Output (2-terminal) 

P on N technology provides 

the highest levels of Blue 

and UV photon sensitivity 

Depletion 

Region 

N-type 

P-type 

5/29/2015 



Ultra Low Noise 
Lowest Dark Rate in the Industry 
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J-Series 



C-Series 

Characteristics  
Production Silicon Revision 
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C-Series Performance Overview 
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Cell sizes: 

10um, 20um,  

35um, 50um. 



PDE – C-Series 
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Fast Output Advantages 

SensL’s international patent application no. WO2011117309 

SiPM Type 
Fast Output 
Rise Time 

Fast Output 
Signal Pulse 

Width 
(FWHM) 

10035 300ps 600ps 

30035 600ps 1.5ns 

60035 1ns 3.2ns 

Proprietary and Confidential  April 2015 

Plots show 

pulsed outputs 

for a 30035 

sensor in 

response to a 

pulsed source 

F-output is proportional – 

i.e. suited to pulse height 

analysis as well as timing 

applications 



C-Series Pulse Response (6mm, 35um cell) 
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Rise Time = 1nSec 

FWHM = 3.2nSec 



Optical Crosstalk – B-Series V’s C-Series 
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http://authors.elsevier.com/a/1Q-00cPqbGa10 

 

http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10


Afterpulsing – B-Series V’s C-Series 
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http://authors.elsevier.com/a/1Q-00cPqbGa10 

 

http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10


Low Temperature Dependence of Operating 

Voltage 
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21.5mV/°C 



Best Uniformity in the Industry 
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+/-213 mV Vbr Uniformity ±8.74% Optical 

Uniformity 

Raw data from 60k pieces of 6x6mm C series SiPM 



+/-250 mV Operating Voltage Uniformity ±10% Optical Response  

Uniformity 
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Breakdown Voltage (V) 

Best Uniformity in the Industry 

Raw data from >200k pieces of 3x3mm SiPM 



SMT-MLP Devices – Mechanical Specifications 
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1mm MLP-SMT 3mm MLP-SMT 

 

6mm MLP-SMT 

 

Tiling pitch: 4.2mm Tiling pitch: 7.2mm 



SMA / SMTPA Test Boards 
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SMA Test Board 

(6mm Shown) 

SMTPA Test Board 



SMT-MLP Shipment – Tape & Reel 

1mm 

MLP 

3mm 

MLP 

6mm 

MLP 

• All parts shipped as tape and reel in moisture 

barrier bag to J-ST 033 

• MSL=3 reflow solder compliant 

• All parts ship 3000 units per tape 

• 1mm on 7” diameter (8mm width) 

• 3mm on 13” diameter (12mm width) 

• 6mm on 13” diameter (16mm width) 

• Full SMT Handling Guide & Array Reference 

Design available 
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MLP-SMT Array Variants 
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 Available for rapid testing  

– 8x8 of 1mm SMT/MLP 

– 1.7mm pitch 

– 4x4 of 3mm SMT/MLP 

– 4.2mm pitch 

– 12x12 of 3mm SMT/MLP 

– 4.2mm pitch 

– 8x8 of 6mm SMT/MLP 

– 7.2mm pitch 

 Passive Breakout Board 

(BoB) 

– Ability to readout any pixel  

– 3 SMA connection options 

 Full Reference Design 

Available 

 

8x8 of 1mm 

(2.49 cm2) 

4x4 of 3mm 

(2.74 cm2) 

12x12 of 3mm 

(25.2 cm2) 

8x8 of 6mm 

(32.94 cm2) 

Tileable 2x2 array of 6x6mm MLP: 



Passive Array Breakout Boards 
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8x8 of 1mm (2.49 cm2) 4x4 of 3mm (2.74 cm2) 

12x12 of 3mm (25.2 cm2) 8x8 of 6mm (32.94 cm2) 



Recommended Documentation 
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Document Type Document Description Current Revision 
Web 

Hyperlink 

Product Brief (PB) SensL SiPM Product Selection Guide Rev 2.4 .pdf 

Tech Note (TN) Introduction to SiPM Technology Whitepaper Rev 3.1 .pdf 

Data Sheet (DS) C Series (Low Noise) SiPM Datasheet Rev 1.6 .pdf 

User Manual (UM) C Series (Low Noise) SiPM User Manual Rev 1.4 .pdf 

Tech Note (TN) 
MLP-SMT Device Handling and Soldering 
Guide 

Rev 2.6 .pdf 

Tech Note (TN) Design guide for SMT Arrays Rev 2.0 .pdf 

Product Brief (PB) Array-SMT Product Brief Rev 2.2 .pdf 

User Manual (UM) Array-SMT User Manual Rev 2.3 .pdf 

Tech Note (TN) MicroFB/FC-SMA-30035  Experiment Guide  Rev 1.0 .pdf 

Tech Note (TN) 
Readout Methods for Arrays of Silicon 
Photomultipliers 

Rev 2.0 .pdf 

App Note (AN) 
Signal Driven Multiplexing Method For 
Channel Reduction -- Detailed App Note 

Rev 1.0 .pdf 

Complete Library is located at: http://sensl.com/documentation/  
*User Manuals and some technical materials require a login (instant access) 

http://www.sensl.com/downloads/ds/PB-Product_Selection_Guide.pdf
http://www.sensl.com/downloads/ds/TN - Intro to SPM Tech.pdf
http://sensl.com/downloads/ds/DS-MicroCseries.pdf
http://sensl.com/downloads/ds/UM-MicroC.pdf
http://sensl.com/downloads/ds/TN-Handling and Soldering Guideline for  SMT Devices.pdf
http://www.sensl.com/downloads/ds/TN-SMT Array Reference Design.pdf
http://www.sensl.com/downloads/ds/PB-ArraySMT.pdf
http://www.sensl.com/downloads/ds/UM-ArraySMT.pdf
http://sensl.com/downloads/ds/TN-SiPM_SMA_Experiment_Guide.pdf
http://sensl.com/downloads/ds/TN-Readout_Methods_for_Arrays_of_SiPM.pdf
http://www.sensl.com/downloads/ds/TN-Signal_Driven_Multiplexing_Method.pdf
http://sensl.com/documentation/
http://sensl.com/documentation/
http://sensl.com/wp-login.php?action=register


Academic Research Library 
http://sensl.com/documentat ion/academic-research-library/ 
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Highlighted Paper Link 

C Jackson et al., "High-volume silicon photomultiplier production, 

performance, and reliability" Optical Engineering, August 2014, Vol 53  

Download 

Photonics West 2015 — "Silicon Photomultipliers for High Performance 

and High Volume Applications"  

Whitepaper  

PPT  
 

Photonics West 2015 — "Through Silicon Via Developments for Silicon 

Photomultipliers"  

Whitepaper  

PPT  
 

http://sensl.com/documentation/academic-research-library/
http://sensl.com/documentation/academic-research-library/
http://sensl.com/documentation/academic-research-library/
http://sensl.com/documentation/academic-research-library/
http://sensl.com/documentation/academic-research-library/
http://sensl.com/downloads/irp/2014_SPIEOE_CJackson.pdf
http://sensl.com/downloads/general/PW15_Uniformity_SensL_WP.pdf
http://sensl.com/downloads/general/SPIE PW 2015_Uniformity_PPT.pdf
http://sensl.com/downloads/general/PW15_TSV_SensL_WP.pdf
http://sensl.com/downloads/general/SPIE PW 2015 TSV _PPT.pdf


New Publication 
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http://authors.elsevier.com/a/

1Q-00cPqbGa10 

 

http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10
http://authors.elsevier.com/a/1Q-00cPqbGa10
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Fabrication  
Methodology and wafer level results of SensL’s high-volume 

fabrication process 



High Volume SiPM Production 

25 

Wafer 

Processing 

• Tier 1 commercial CMOS  foundry 

• 8 inch process 

• PCM Test 

• 1,000,000 product tests per batch 

– Electrical (Dark) 

– Electrical (Light) 

Package 

Assembly 

• Micro Leadframe Package (MLP) 

• High volume mold assembly  

• End of line product test  

– Electrical (Dark) 

– Optical inspection 

• Ship tape and reel 

Array 

Fabrication 

• By SensL or customer 

• Product is on tape and reel for 

integration with standard PCB 

assembly flow 

All Rights Reserved -- SensL Technologies Ltd. 5/29/2015 
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Quality & Reliability: 
 
Industrialisation of SiPM Technology 

Overview of the MLP-SMT Product Reliability 

Assessment Program for High Volume Production 



Overview of Program 

27 

 The problem:  

– No standard reliability assessment program exists for SiPM 

 The solution: 

– SensL follow industry standard test flows designed for integrated circuits 

 

 Recommended assessment program 

– Multiple wafer production batches 

– Multiple package assembly batches 

– Test flows all to integrated circuit industry standards (JEDEC) 

 
• SensL’s Clear Micro Leadframe Package (MLP) 

 

• Typical product MicroFX-10035-SMT,  

MicroFX-30035-SMT or MicroFX-60035-SMT 
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SPIE Publication 
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Citation: 

Carl Jackson ; Kevin O’Neill ; Liam Wall and Brian McGarvey 

"High-volume silicon photomultiplier production, performance, and 

reliability", Opt. Eng. 53(8), 081909 (Aug 15, 2014).  

http://dx.doi.org/10.1117/1.OE.53.8.081909 

 

http://dx.doi.org/10.1117/1.OE.53.8.081909


Reliability Test of Silicon 

29 

All stress and test steps were carried out as per Joint Electron Device Engineering Council (JEDEC) 
standard conditions – JESD22-A108D “Temperature, bias and operating life” 

All Rights Reserved -- SensL Technologies Ltd. 5/29/2015 



Additional SMT Temperature Stress Details 

30 

1000hr @ 85˚C 1000hr @ 105˚C 

No change in optical performance for +85˚C and +105 ̊  C 1000hr temperature 

stress. All data within PDE measurement system error. (No epoxy yellowing) 

All Rights Reserved -- SensL Technologies Ltd. 5/29/2015 



Large Arrays & Signal-Driven Multiplexing 
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 Many applications require large NxM arrays of SiPM 

 Spectroscopic resolution & timing frequently required to be optimized 

 

Technical note available at 

Sensl.com/documentation 
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Recent 3rd party publications  
• ArDM – Dark Matter research 

• DUNE – Neutrino physics 

• NEXT – Neutrinoless Double Beta Decay 



ArDM Publication 
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 http://arxiv.org/pdf/1505.02443.pdf 

 

http://arxiv.org/pdf/1505.02443.pdf
http://arxiv.org/pdf/1505.02443.pdf


NEXT Publication - Radiopurity 
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 http://arxiv.org/abs/1411.1433 

 

http://arxiv.org/abs/1411.1433


DUNE Publication – Cryogenic tests 
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Through Silicon Via Technology 
Overview 



Package Technology Comparison 
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Parameter Poured Epoxy Clear MLP TSV
Array Fill Factor Good Good Best

Optical Transmission Poor Good Best

Output Impedance Poor Good Best 

Operating Conditions 0°C to 40°C -40°C to 85°C -40°C to 95°C

Reliability
Manual processing, 

reduced reliability
Good Best 

Service life

Yellowing of potted 

epoxy is not well 

controlled

Good Best 

Uniformity and 

Reproducibility
Poor Good Best

Cost

Not recommended for 

use in volume. Suitable 

for research and 

prototype testing.

Low

Low, but higher than 

MLP when used in high 

density arrays using 

minimal spacing design 

rules.



Why TSV? 
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Wire Bonds 

Micro Lead Frame 

Clear Molded Epoxy 

SiPM 

Die Size Package Size 
(MLP) 

Active Area Fill 
Factor 

 1mm x 1mm 1.5mm x 1.8mm 37% 

3mm x 3mm 4mm x 4mm 56% 

6mm x 6mm 7mm x 7mm 73% 



SensL’s Through Silicon Via (TSV) 
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• No ferrous metals (MR compatibility)  

• No wire bonds (better reliability & timing) 

• SensL’s TSV process is a true wafer scale package 

– SiPM can be placed directly on PCB by customers with minimal deadspace 

All Rights Reserved -- SensL Technologies Ltd. 



TSV High Array Fill Factor (packing fraction) 
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Clear MLP SMT Arrays 

TSV Array Fill Factor Comparison 

TSV Arrays provide 93% fill factor  

for 6mm x 6mm SiPM 



Photon Detection Efficiency (PDE)  
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TSV Test Board – SMA Output 

TSV glass has higher transmission  

compared to clear MLP at short  

wavelengths. No need for silicone 

resin. 



TSV Arrays 
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4x4 array of 3x3mm TSV SiPM 

Low pitch 12x12 array of 3x3mm TSV SiPM 



16x16 TSV Array (3mm x 3mm SiPM) 
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Courtesy of A. Gonzalez, I3M 

& MindView FP7 Programme 



J-Series Overview 
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J-Series Preview 

J-Series Silicon Photomultiplier Targets: 
 

 Improved PDE (>50% target)  
 Improved microcell fill factor 

 Improved cell recovery time  
 Low time delay 
 Faster rise time  
 Low SPTR 
 Low dark noise (<100kHz per mm2) 
 Low cross talk & afterpulsing 
 TSV package 

 Improved array pitch – zero edge dead space 
 MSL-1 (Moisture Sensitivity Level) 
 MR-Compatible (non-ferrous materials) 
 Enhanced UV transmission (for Cherenkov light) 
 Improved rise & recovery times 
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J-Series Preliminary Datasheet 
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J-Series Preliminary Target Parameters 

Short wavelength enhancements 

are achieved using glass – this 

enhances the device moisture 

sensitivity level  to MSL1 and 

avoids need for silicon resin / 

epoxy & enhances reliability 
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J-Series Preliminary Target parameters 
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J-Series Preliminary Target parameters 

20um cell 

 

9% x-talk @ 

40% PDE 

 

35ns cell 

recovery time 
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J-Series Preliminary Target parameters 

35um cell 

 

15% x-talk @ 

47% PDE 

 

100ns cell 

recovery time 



TSV SiPM Design 
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Wafer dicing saw accuracy allows for ± 20 µm edge tolerance 



C versus J 
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30020 C 30020 J 

Rise Time (fast output, 10-90%) 600ps 300ps 

Microcell Recovery time 90ns 35ns 

DCR/mm2 @ 2.5V over, 20C 30kHz 35kHz 

Temp Dependency of Vbr per degree 21mV 21mV 

Spectral range 300-800nm 250-900nm 

Breakdown voltage 24.5 24.5 

Package Size 4x4mm 3.16x3.16mm 

Number of Microcells 10,998 14,256 

MLP-SMT TSV 



J-Series Availability 
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 Availability: 

– 6x6mm (35um versions) 

– July 2015 – First products available on tray & on SMA boards 

– Engineering samples of 20um variant in July 2015 

– Tape & Reel: September 2015 

– Volume availability from October 2015 

 

– 3x3mm (20um & 35um versions) 

– Aug/Sept 2015 - 1st products available on tray & on SMA boards 

– Tape & Reel: Oct/Nov 2015 

– Volume availability from December 2015 

 



Questions 
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– Detector volumes – 100k approx. pieces (6x6mm)? 

– Funding status of CTA 

– Timelines: 

– Prototype completion & camera design(s) fixed 

– SiPM Target specification released to manufacturers (size, microcells, timing, PDE, x-talk….) 

– Vendor selection & procurement timeline 

– SiPM delivery timescale & logistics – shipment of finished arrays or reels of detectors? 

– If arrays – array target spec completion timeline 

– Trade offs & compromises: 

– Best science versus commercial reality  

– PDE V’s cross talk – PDE in isolation is not full picture – what x-talk can CTA tolerate? 

– Standard die size versus custom sizes  

– Fully integrated module – cost/volume commercial concerns and “one size does not fit all” 

– Electronics & Readout Scheme: Discrete or ASIC: 

– Capability of  electronics to handle range of bias supply voltages, capacitances etc. 

– Multi-vendor compatible 

  

– Test sites:  

– MPI, S. Cruz, Gva/CERN, Catania, Leicester/Heidelberg/Nagoya, GATECH 

– “New” groups now testing? 

– “who’s who” 

 

 



Thank you! 
john@sensl.com 
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