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SensL Quick Facts

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

\/’\/4«»v

Ultra Low Noise
Exceptional Uniformity
Cost Effective
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SensL SiIPM Technology
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Ultra Low Noise

Lowest Dark Rate in the Industry
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C-Series Performance Overview

10000 30000 60000
series series series
10035 9 30035 9 30050 9 60035 9
Typical breakdown voltage (VBr) 24 .65V + 250mV
Bias range (above VBr) 1V -5V ;
X18 package option
Spectral range 300nm - 800nm
Peak wavelength (kp) 420nm
@VBr +2.5V 31% 31% 35% 31%
PDEat A
@ VBr +5V 41% 41% 47% 41%
Gain 3x10° 3x10° 6x10° 3x10°
X13 package option
Dark count rate - Typ. @ VBr +2.5V 30kHz 300kHz 300kHz 1200kHz
Rise Time (Fast Output) @9 300ps 600ps 1ns
Signal pulse width - Fast Output
(FWHM) 600ps 1.5ns 3.2ns
Temperature dependence of VBr 21.5mV per °C

SMT package option

aMeasured at VBr+2.5Vand 21°C

8 The breakdown voltage (VBr) is defined as the value of the voltage intercept of a parabolic line fit to the current vs.
voltage characteristic curve

9 Quoted PDE does NOT include the effects of cross-talk and afterpulsing

9 SensL naming convention: 30000 represents a 3mm sensor, 035 a 35um microcell. Therefore, the 30035 is a 3mm
sensor with 35um microcells.

¢ When read out from the anode line. See User Manual for details. Gain from the fast output is significantly lower,
~104

I Time taken for the signal to rise from 10% to 90% of the peak amplitude
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PDE — C-Series

PDE versus Wavelength
MicroFC-30035-SMT
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Fast Output Advantages
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C-Series Pulse Response (6mm, 35um cell)

Rise Time = 1nSec
FWHM = 3.2nSec

April 2015
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Optical Crosstalk — B-Series V's C-Series
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Afterpulsing — B-Series V’s C-Series
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Best Uniformity in the Industry

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

12000 14000
o Optical Current at 29.5V
Sample Size: 67,236
Product Type: 60035 C-Series 420nm - 520nm Source
Mean: 2450 Sample Size: 67,326 ) —
30 Range + 213 mv 12000 |- Product Type: 60035 C-Series
10000 Temperature: 25°C Measured 3o Uniformity: + 8.74 %
_— 10000
8000
8000
6000 B
— 6000
4000
] 4000
2000
2000
0 0
2430 2435 2440 2445 2450 2455 2460 2465 2470 2475 2480 2485 0.87 0.88 0.90 0.92 0.93 0.94 0.96 0.98 0.99 1.00 1.02 1.03 1.05 1.06 1.08 1.10
Breakdown Voltage (V) Normalized Optical Current (AU)

+/-213 mV V,, Uniformity +8.74% Optical
Uniformity

sensl
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Best Uniformity in the Industry

Raw data from >200k pieces of 3x3mm SiPM

35000 20000
Sample Size: 204k ] - - Sample Size: 140k
“Pnrg:#c;;l')é%% 30035 B-Series 1 Product Type: 340035 B-Series
124 — | Mean: 7.41x10"
30000 |- Std. Dev.: 0.08V 17500 Std. Dev.: 3.02x108
15000
25000 |
12500
20000
B 10000
15000 = =
| ] 7500 —
10000 I
5000
5000
2500
0
2435 24.4 2445 245 2455 246 2465 247 2475 248 2485 249 2495 0
Voltage (V) 0.00065 0.00067 0.00069 0.00071 0.00073 0.00075 0.00077 0.00079 0.00081

Current (A)
Breakdown Voltage (V)

+/-250 mV Operating Voltage Uniformity +10% OUpti_(f:aI R_et:ysponse
niformi
sensl
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SMT-MLP Devices — Mechanical Specifications

0.413
1.5 4.00 BSC 3
3.7 %58 Sl il ___Ji_ [
o : - 4 —-Ifd_ _h—]Ir—
z o [ :'a
] 4 3 - L Ik P Ll I
J—J\ H——L f— \] T _1! l|r
r‘I Ij rI h S 1 i | 1
e Pl 4 - ] i
r a T l -
| }: = . :I | IL | g5 H | I
N I — ool _ 7 m LA I
L i ~ o ! N ~lo & I
[ I > - = =
I i - — S| < Ol N
N I BT Voo T jls—::;—:::::—;;::lij_r 2
PR cl o | 1 0 D
i s _ 2 3 Pin 11D 1
K! 1 | | | .
- - J 3 i 60 (Active Area) To
1 2 Hr—
o | 6.17
ID Top View scale; 40 1 ) ! r I .
il 7.0:01

1mm MLP-SMT 3mm MLP-SMT 6mm MLP-SMT

-

Tiling pitch: 4.2mm Tiling pitch: 7.2mm
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SMA / SMTPA Test Boards

e U2.0 2013 S
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SMT-MLP Shipment — Tape & Reel

"op View sole: 401 1

I1mm 3mm 6mm
MLP MLP 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

sensl
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MLP-SMT Array Variants

= Avalilable for rapid testing
—  8x8 of Imm SMT/MLP

- 1.7mm pitch
—  4x4 of 3mm SMT/MLP
8x8 of 1mm 4x4 of 3mm - 42mmpieh
(2.49 sz) (2.74 sz) —~ 12x12 of 3mm SMT/MLP
—  4.2mm pitch
o —  8x8 of 6mm SMT/MLP
T» el ~  7.2mm pitch
rv*%r-;«?m : = Passive Breakout Board
T (BoB)
12x12 of 3mm 8x8 of 6mm —  Ability to readout any pixel
(25.2cm?) (32.94 cm?) ~ 3 SMA connection options

= Full Reference Design
Available

sensl

Tileable 2x2 array of 6x6mm MLP: .
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Passive Array Breakout Boards

8x8 of 1mm (2.49 cm?)
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Recommended Documentation

Document Type Document Description Current Revision Hyvr\)/eerﬁnk
Product Brief (PB) SensL SiPM Product Selection Guide Rev 2.4 -pbdf
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) I\G/lllJ_iZ;aSMT Device Handling and Soldering Rev 2.6 odf
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 -bdf
Tech Note (TN) gﬁg?g;h mS;[iZcr)gs for Arrays of Silicon Rev 2.0 _odf
ety ST ettty ey s
Complete Library is located at: http://sensl.com/documentation/ se nSL
*User Manuals and some technical materials require a login (instant access)
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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/documentation/academic-research-library/

COMTACT US:

Tel © +353 21 240 7110 (int)
Sel |S Tel © +1 850 841 3278 (USA)

sense light sales@sensL.com
ADDH(Z[IO“E Products Docs & Video Events News Partners About Us eStore Logm

Home > Docs & Video » Academic Research Library

Welcome to the SensL Academic Research Library

Below are over 80 papers published on SensL SiPM technology. Use the “Excel Interactive View” button below for even finer
sorts by key words or application area. You can also sort by columns to find papers on subjects or other sort criteria
Show 100 ~ entries Search:
Prienty | poc. First Pay i
- . - = - per . a Detector o a Main o Sub - ~
a(r):er ¥ Number > PaperTitle 2 Author T Link ¥ Years family ¥ Detector Used + Application ¥ Application ¥ Keywords S
1 1243 Details CMOS foundry fabrication, reliability stress assessment, and packaged Jackson, C pdf 2014 Micro MicroFB All Performance
sensor test results obtained during qualification of the SensL B-Series silicon
photomultiplier (SiPM).
2 1001 Performance evaluation of a PET detector consisting of an LYSO array coupledtoa  Hong, KJ -pdf 2m SPMArTay SPMATay3035G16 Nuc Med PET-MRI LYso
4= 4 array of large-size GAPD for MR compatible imaging
3 1193 ‘Qmmeg{_;inmulmn Performance Comparison for Fast and Standard Outputs of Dolinsky, S pdf 2013 Micro MicroFB-SMA- 30035 MNuc Med PET Timing studies, ToF
ensL Si
4 1002 MR Insertable Brain PET Using Tileable GAPD Arrays Hong, KJ pdf 2011 SPMArray SPMArray3035G16 MNuc Med PET-MRI LYSO
5 1191 Measurement of Energy and Timing Resolution of Veery Highly Pixellated LYSO Thompson, pdf 2013 SPMArray ArraySB- Nuc Med PET-MRI small animal, dual layer
‘Crys't_[al Blocks with Multiplexed SiPM Readout for Use in a Small Animal PET/MR. cJ 4-30035-CER scint, multiplexed
nsel
6 1003 D:vts\gprgem of PET using 4x 4 array of large size Geiger-mode avalanche Hong, KJ pdf 2009 SPMArray SPMArray3035G16 Nuc Med PET-MRI LYSO
photodiods

Neasured temperature dependence of scintillation camera signals read out by Hunter. WCJ | SPWArTay  SPMArray2 Nuc Med Dol ':AERT\ M10rg|0mm:‘ temperature
studies

Highlighted Paper Link

C Jackson et al., "High-wolume silicon photomultiplier production, Downl
performance, and reliability" Optical Engineering, August 2014, Vol 53

Photonics West 2015 — "Silicon Photomultipliers for High Performance Whitepaper
and High Volume Applications" PPT

Photonics West 2015 — "Through Silicon Via Developments for Silicon Whitepaper
Photomultipliers” PPT

sensl
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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

Nudear Insrument: and Marhods in Physic s Reseanch A TE7 (2015) BS-172

Conlents lists mailable at 5ciencelinea

MNuclear Instruments and Methods in
Physics Research A

journal homepage: www s lsevier comflocate/nima

SensL B-Series and C-Series silicon photomultipliers for time-of-flight

positron emission tomography
K. O'Neill *, C Jackson

Srogl, Covk, beband

@Dmh’hﬂ‘.

ARTICLE INFO ABSTRACT

Hiwailaide cnline 79 Mowemisr 204

Meywonts:
Time-af-flight

PO - MR- Tmea phy
Sl on [piboar-m gl
EPM

Silicon photomu itipliers from Sensl are designed for high performance, uniformity and kow cost. They
demaonsirate peak photon detection =fficency of 411 at £20nm, which &= matched o the output
spectrum of cerium doped lutetium orthosiliate. Coincidence resolving time of less than 220 ps is
demonstrated. New process improvements have lead o the development of C-Sevies SiPM which
reduces the dark noise by over an order of magnitude. In this paper we will show characeriztion st
reults which indude photon detection effidency. dark @munt rate, cosstalk probability, afterpules

FEQLCT probability and ooincidence resalving time @mparing B-Senies to the newest pre production C-Series.
E}_ﬂg Additionally we will discuss the dffect of silion phommultiplier micoel size on cainddena resalving

tomagraphy sysiems.

time allowing the optimal micoell size choie to be made for time of flight positron emission

& A4 Esevier BV, All nights ressrved.

1. BE-Series amnd C-5eries SiPM

Sensl’s Silicon Photomultipliers (SiPM) are single-photon
sensitive detectors that can be wsed in a variety of low-light
and timing-critical applications. Here we discuss B-Series and
C-Series devices for Time-of-Flight Positron-Emission-Tomo-
graphy (ToF-PET) applications, including basic characterization
and functional test w determine ToF-PET level performance.
Both products have high Photon Detection Efficiency (PDE).
with a peak sensitivity comesponding to the spectral peak
of Cerium-doped Lutetium-Dnhosilicate (L¥S0) at 420 nm.
B-Series is a mature product and a complete characterization
can be found in [1]. C-5eries i a new ultra-low noise product
which i pin for pin compatible with B-5eries and improves on
the high PDE of B-Seres but with significantly reduced notse
measured o be less than 100 kHz/mm® at 2.5V overvoltage.
C-5eries 5iPM were produced in a new bundry process which
wsed process defect reduction techniques to reduce the dark
rnEn T e Lionificantly Roarth B-Series and C-Sanias deviees hoad

2. S5iPM characterization

In the following sub-sections the basic characterization results
are shown for PDE, dark count rate, oosstalk amd afterpulse
probability for B-Series and pre-production C-Series SiPM. Singe
device data is shown which is believed to be representative of
the overall populition. Devies were nil selected or binned for the
measnemnents perormed.

2.1, Photon derection efficiency

Fig. 1 shows the PDE of B-Series and C-Series a5 a function of
wavelength, at a bias of 50V above the breakdown vollage
(overvoltagel Devices tested were MigoFE-30035-5MT amd
MicroFC-30035- 5MT, which are both 3 mmox« 3 mm SiPM with
35 pm microce lls. The plot shown is tree PDE and does not contain
the alfects of afterpulsing and crosstalk. The wavelength varying
data was collected wsing the responsivity method and was con-

All RightsReserved -- SensL TechnologiesLtd.
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Fabrication

Methodology and wafer level results of SensL’s high-volume
fabrication process /

.‘L
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High Volume SIiPM Production

Wafer  Tier 1 commercial CMOS foundry
: * 8inch process
Processing . pemTest
» 1,000,000 product tests per batch
— Electrical (Dark)
— Electrical (Light)

' Pack age . M_icrr]o L(IeadframcledPackag?3 I(MLP)
o 2S5 @& igh volume mold assembly
N \@V Assembly « End of line product test
v — Electrical (Dark)
— Optical inspection
« Ship tape and reel

-
_—

Array « By SensL or customer

- : * Product is on tape and reel for
Fabrication integration with standard PCB
assembly flow

sensl
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Quality & Reliability:

Industrialisation of SIPM Technology

Overview of the MLP-SMT Product Reliability /
Assessment Program for High Volume Production

.4

5/29/2015
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Overview of Program

= 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
— Testflows all to integrated circuit industry standards (JEDEC)

« Sensl'’s Clear Micro Leadframe Package (MLP)

\/ N~ S . Typical product MicroFX-10035-SMT,
v N~ MicroFX-30035-SMT or MicroFX-60035-SMT

sensl
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SPIE Publication

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/10.1117/1.0E.53.8.081909

Optical Engineering 53(8), 081909 (August 2014)

Optlcal Englneer lng High-volume silicon photomultiplier production,

performance, and reliability

OpticalEngineering SPIEDigitalLibrary.org Carl Jackson,* Kevin O’Neill, Liam Wall, and Brian McGarvey
SensL, 6800 Airport Business Park, Cork, Ireland

Abstract. This publication details CMOS foundry fabrication, reliability stress assessment, and packaged sen-
sor test results obtained during qualification of the SensL B-Series silicon photomultiplier (SiPM). SiPM sensors

High-volume silicon photomu]ﬁplier with active-area dimensions of 1, 3, and 6 mm were fabricated and tested to provide a comprehensive review of
. SiPM performance highlighted by fast output rise times of 300 ps and photon detection efficiency of greater than
pl'Oductlon, perf()l'mance, and 41%, combined with low afterpulsing and crosstalk. Measurements important for medical imaging positron emis-
l'eliabilit sion tomography systems that rely on time-of-flight detectors were completed. Results with LSYO:Ce scintillation
y crystals of 3 x 3 x 20 mm?® demonstrated a 225 + 2-ps coincidence resolving time (CRT), and the fast output is

shown to allow for simultaneous acquisition of CRT and energy resolution. The wafer level test results from
~150 k 3-mm SiPM are shown to demonstrate a mean breakdown voltage value of 24.69 V with a standard
deviation of 0.073 V. The SiPM output optical uniformity is shown to be £10% at a single supply voltage of

%cf,li,{agflsqoe';u 29.5 V. Finally, reliability stress assessment to Joint Electron Device Engineering Council (JEDEC) industry
Liam Wall standards is detailed and shown to have been completed with all SiPM passing. This is the first qualification

g and reliability stress assessment program run to industry standards that has been reported on SiPM. © 2014 Society
Brian McGarvey of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.0E.53.8.081909]

Keywords: silicon photomultiplier; photomultiplier tube; uniformity; reliability; volume production; low cost.
Paper 140385SS received Mar. 11, 2014; revised manuscript received May 29, 2014; accepted for publication Jun. 3, 2014; published

sensl
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Reliability Test of Silicon

Test Objective Required condition Lot size Duration/acceptance Status
High-temperature Junction stability Ambient temperature = 125°C; 3 lots of 1000 h/no change in any 100%
operating life bias =30 V 77 units parameter = 10% Pass
High-temperature Junction stability over Ambient temperature = 125°C; 256 units 2000 h/no change in any 100%
operating life longer siress time bias =27 V parameter > 10% Pass
High-temperature Package stress to examine Ambient temperature = 85°C; 1 lot of 1000 h/no change in any 10086
operating life chemical stability (e.g., bias =27 V 77 units parameter > 10% Pass
discolouration of package)
Unbiased highly Package stress to examine 110°C, 85% relative humidity; 3 lots of 264 h/no change in any 100%
accelerated stress delamination, transmission passive no bias 25 units parameter > 10%; no Pass
loss and wire bond failure crtical package
delamination
Temperature cycling Package stress to examine —40°C to 85°C cycle, 15 s 3 lots of 500 cycles/no change in 10086
delamination, transmission transition, 15 min dwell time; 77 units any parameter > 10%; no FPass
loss and wire bond failure  passive no bias crtical package
delamination
High-temperature Package stress to examine 504 h at 125°C; passive 3 Lots of 504 h/no change in any 1009
storage test chemical stability (e.g., no bias 25 units parameter = 10% Pass

discolouration of package)

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

5/29/2015
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Additional SMT Temperature Stress Detalls

0.9

0.8

0.7

0.6

0.5

0.4

Photon Detection Efficiency A.U.

0.3

0.2

0.1

0

300

1000hr @ 85°C

1000hr @ 105°C

| | 1 | | | | 1 | | 1 1

T T T T 1 T

Post Stress (1000hr 85°C)
Pre Stress

0.9

(N

0.8

0.7

0.6

0.5

0.4

0.3

Photon Detection Efficiency Normalized A.U.

0.2

0.1

| | | 1 | | 0 | | 1 | | | |

Post Stress (1000hr 105°C)
Pre Stress -1

350 400 450 500 550 600
Wavelength (nm)

650 700 750 800 300 350 400 450

500 550 600
Wavelength (nm)

650 700 750 800

No change in optical performance for +85°C and +105 ° C 1000hr temperature
stress. All data within PDE measurement system error. (No epoxy yeIIovving)SenSL
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Large Arrays & Signal-Driven Multiplexing

= Many applications require large NxM arrays of SiPM
Spectroscopic resolution & timing frequently required to be optimized

Signal Driven Multiplexing

TEGH NOTE

—
-

-

sensl
pemn

Signal Driven Multiplexing of Silicon Photomultiplier Arrays

Slicon PhatomuRipler [SPM) technology is rapidly Becoming the primary choioe of photosensor in & wide range of
applcations, such as medical imagin q and haard end |hm deiect] ThL-.se sersars fhave rlun\rac.\mnlug=: =0y n|h=

ypes of o
alse R the Berslt of alowing a grest deal of i

Sensl. pioduces & fangs of SPM sensans in compact Sursce mount FAckges tat are sukabie for refow solderng

2y in e craaiion of 20 arvays of e sereors for imaging appl:a'x.l 5.

L
large armays with minimal deadspace on PGB is now & weil deveioped process Mal Makes cusion amays easly avaiabk 1o 8
wide rangs of users. There is a Tech Nole avallable thal describes how io use these packages to creabe large anee armays.

The ehalisnge in many imaging sppications is how 1o resdeut and process the data from arys Sat may contain e

ruiriber of phets. Th

nert describes the specific cass of the use of Schottky dindes when the Sersl fast oulput is

muflipkesced, Another document found hens Gives a mose genenl discussion of Mulipleved readout of amays of SFMs, whers

the fast oulput is not used.

INTRODUCTION

specific
prebiens, When mullipisdng many chanmels logathes, the
dark neks boen essoh Bonnectsd anode or pbol B sumemd
tegether. This can resuil i sigrificant dark eument Lpen
which the sigral is supedmposed, This could impact the
detection of smialer sigras and cerainky worsen the signal-
to-ricise fatk of all signals,

Ancther imitation of mullipksing of SPA pisls i that of
unsumm capacitive oad connectsd 10 each readout

wmsmmmamm
channel can result in decreased signal fise fimes and pulse
heigh,

Sensl M-, B- and C-Series SPM sensors have 4 fast,

Seisa

Figura 1= 18, 32 and &4 Fol Evalastion Boards

5/29/2015

Readout
e S i

e L
Figurn 2 - Fast Cutput muliplaning vsing Schodtiy diodes

oufput that gves & fast signel for

mmmmmdmumluh
poar fiee fime and pulss height, By inreducing a. diode
pair {ypicaly fast Schotky) &3 shown in Figure 2, each
sl node i elfectively isolsted fom the comman noda,
Schottky diodes st non-linear, Nﬂdmﬂaﬁmm
e vary low capacitance and difer Trom normal dicdes
in that they have a lower valage drop Q1S 'V - 0.45 W
compared with 0.8 ¥ - 1.7V for & PiN). Bey ane very fas!
tewilching trmes of ~100 e and have minimal recoveny
fimie for high vekage senaces. Thais fain lrilatian s that
of & 50V riing. Howsves, i 15 of n0 cormsguence for
SansL SiPM sensors which ane bissed in the range of 25
V- musmsmmmmnuumem
of the Sch 185 T indviclual
pbeel readout, mdmmmpmmmama
of SIPMS are mRpleed jogether,

Wi & (B of G-Seties) SIPM sensar responds 1o incaming

Signal Driven Multiplexing

TECH NOTE

sensl

64 Pixels

e s

Figurs 7 - Piot showing tha beat CAT achisved with the &4-plwl SOM board.

MWMMMFMWMWH
mwmmsum\nmdmmm
148,

Fir the B4-phisl board Il wis found thal a Stias vellige
&l 0V gave bast resiils With & CAT of ATIpS, Howeves, i
wiss found thal with & Sbias of 20v & CAT of 480ps could
be consistently maasured over difiesent phosl combinations:
inciuding the two pixels DS, D54) farthest fiom the Fast
Culput SMA connectos

Conclusions

Evaluation of the three differsnt boands showsd that,
for amiys of up 1o 32 pikels the Schofiky-based SDM
technique enabled Fast Culput signals to be combined
whilsl maimaining sub-400ps fiming. As the degres of

Fililipidng incrsssed the fining degraded such that, for
thes E4-pinel board, orly iming of ~480ps was schisvatis,
Figure 8 shows a piot of the change of CAT value with
e of muliplexing o, of phes). & B beleved that
the main conlributer 1o this degradalion in timing i the
parasitics of the PGB,

sensl

sansa light

il ey
[ b o it e wae swrnines
- IWM=AED LB
e /
-
-
-
-
= = » " “ “ )

Figure 8 - CAT as & dnofion of the number of phists in the amay

weeenaEn.Com

e semEs
4363 21 240 TI10 fraaerrionsl
+1 B50 841 327E (Morth Amaica)

A apoeificatinns s subjact to changs wilhoa nolise
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Recent 3™ party publications

- ArDM - Dark Matter research
- DUNE - Neutrino physics /
- NEXT — Neutrinoless Double Beta Decay

.4
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ArDM Publication

Status of ArDM-1t: First observations from
operation with a full ton-secale liguid argon target

1 Carwve!, C. Carerea®, M. Dasme?, U, Decwsoa?, 8. Ih Lees!, L. Ereasoer?, http ://arXi\/' Orq/pdf/1505 . 02443 - pdf

A Cmvpornt, 5. Hoemews!, L. Kxsowr!, B, Mosmes?, W. Mo, M. Musoz!, 5. Muneny?,

C. Narremes', K. Nouvyves!, K. Nikowos', Lo Perace’, ©. Reoesros!, Lo Rossno®,
A. Rupma, B Sanrosme?, Fo Smooaowrem’, [ Scavammna!, T Viast! aso 5. Wo!

igTH bnsisinie o Parinale Phopmas, O Tirnad, Cemiarclema
ST, D de .:.ni'_.n.,w.c. r.-...l.::u 02800, Bades, S

The ArDdM Collaboration
May 10, 2015

Abstiract

ArDIM = the fmst operating ton-scake bquid agpe detoetor for direet search of Dark
Matter particlms. Developed st CERN a3 Hecognized Experimemt RE 18, the expertment
bas beon approved In 2000 to be mstalled I the Spanish underground site LEC {Labom-
toro Subterranes de Candrane). Under the label of LBC EXP-08-2010 the ArDM detector
underwent an imensive period of techmienl completion and safoty approval il the reeeni
illing of the target vessol with abmeet 2t of liquid argen. This repont deseribes the expert-
mental achlevements during commissioning of Arl)M and the transition Into & stage of finst
physies datn taking In single phese operstional mode (ArTi Run ). We present preliminery
pbscrwations from this run A st mdication for the background diseriminstion power of
Lr detertors at the ton-seale s shown. 'We present an outlook for eompleting the detoctor
with the deetrie drift field and upgradoe of the seimiillation gkt roadost system with novel
deterior moduls based on SUPMs 1o order o Improve the light yeld.

det] 10 May 2015

ics.ins-

1 Introduction

In Febronry 3015 the ArDM experiment |1, 2, 7] sehieved o major milestone by eonpleting the
filling of the detector vesmel with o total of mearly 2t of Gguid negon (LAr). Now the project has
entered the frst period of physies datn taking in the single-phase operation mode {(ArDM Ran ).
This paper is based on o report sabenitbed to the seieptifle committee of L3C in Apeil WG and
prescors repent experimental sceomplishments of ArDM, inclading the statws of the andergronnd
operation b LSO, the progress in datn taking nnd nmalysis, ns well ns the in-site measurement of
the enviroament nl newtroan fiux in Hall A Emphnss is also pet on the mid-term Futare deseribing
for the first time potentin] upgrades of ArDA.

The commissioning of the detector went soothly and is deseribed i defadl in chapter 2.1
The next step in the experimental program is to complete the external newtron shield with the
missng tiks from the top cover which were not yet instnlled for betber aeomss to the main wesel
durimg the Slfing period. After we plan to continoe mass detn taking in the sngie-phase operntion
moide: throwgh Jume HHG. This will provide n previse nssessnent of the long-term stahility of the
system by realar enlibrotion runs with radionetive test sourees. Hoving nchieved these mnjor
milestones, ArDVM proposss to evelve in the near fotere with detestor upgrades and o second
period of physies data taking in the double-phinse TPC operntion mode.

* mecire rubbmillcors ch

arXiv:1505.02443v1 [phys

sensl

sense light
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http://arxiv.org/pdf/1505.02443.pdf
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NEXT Publication - Radiopurity

http://arxiv.org/abs/1411.1433

é & amiv.org/abs/ 141114331 C || Q Search 3

gee® Cornell University
@

ﬂ; Library

Search or Artick

arXiv.org > physics > arXiv:1411.1433v1

Physics > Instrumentation and Detectors

Radiopurity assessment of the tracking readout for the NEXT double beta decay experiment

V. Alvarez, |. Bandac, A.l. Barrado, A. Bettini, F.1.G.M. Borges, M. Camargo, S. Carcel, S. Cebrian, A. Cervera, CAN. Conde, E. Conde, T. Dafni, J.
Diaz, R. Esteve, L M P. Fernandes, M. Fernandez, P. Ferrario, A L. Ferreira, E.D.C. Freitas, V.M. Gehman, A Goldschmidt, H. Gémez, J.J. Gomez-
Cadenas, D. Gonzalez-Diaz, R.M. Gutiérrez, J. Hauptman, J A. Hermando Morata, D.C. Herrera, F.J. Iguaz, |.G. Irastorza, L. Labarga, A. Laing, |.
Liubarsky, D. Lorca, M. Losada, G. Luzdn, A. Mari, J. Martin-Albo, A. Martinez, G. Martinez-Lema, T. Miller, F. Monrabal, M. Monserrate, C.M.B.
Monteiro, F.J. Mora, L.M. Moutinho, J. Mufioz Vidal, M. Nebot-Guinot, D. Nygren, C.A.B. Oliveira, A. Ortiz de Soldrzano, J. Pérez, et al. (21 additional
authors not shown)

(Submitted on 5 Nov 2014)

The 'Neutrino Experiment with a Xenon Time-Projection Chamber' (NEXT) is intended to investigate the neutrinoless double beta decay of 136Xe, which requires a
severe suppression of potential backgrounds; therefore, an extensive screening and selection process is underway to control the radiopurity levels of the materials
to be used in the experimental set-up of NEXT. The detector design combines the measurement of the topological signature of the event for background
discrimination with the energy resolution optimization. Separate energy and tracking readout planes are based on different sensors: photomultiplier tubes for
calorimetry and silicon multi-pixel photon counters for tracking. The design of a radiopure tracking plane, in direct contact with the gas detector medium, was a
challenge since the needed components have typically activities too large for experiments requiring ultra-low background conditions. Here, the radiopurity
assessment of tracking readout components based on gamma-ray spectroscopy using ultra-low background germanium detectors at the Laboratorio Subterraneo
de Canfranc (Spain) is described. According to the obtained results, radiopure enough printed circuit boards made of kapton and copper and silicon
photomultipliers, fulfilling the requirements of an overall background level in that region of at most 8§ x 10-4 counts keV-1 kg-1 y-1, have been identified.

Subjects: Instrumentation and Detectors (physics.ins-det); High Energy Physics - Experiment (hep-ex); Nuclear Experiment (nucl-ex)

Cite as:  arXiv:1411.1433 [physics.ins-det] L

sense light
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DUNE Publication — Cryogenic tests

Scintillation Light from Cosmic-Ray Muons in Liquid Argon

D. Whittington! and 5. Mufson®

'Indiana University, Bloomington, Indiana 47405, USA
{Dated: August 3, 2014)

This paper reports the results of the first experiment to directly measure the properties of the
scintillation light generated by minimum ionizing cosmic-ray muons in liquid argon. Scintillation
light from these muons & of value to studies of weakly-interacting particles in neutrino experiments
and dark matter searches, as well as for particle identification. The experiment was carried out
at the TallBo facility at Fermilab using prototvpe light guides and electronics developed for the
Long-Baseline Neutrine Experiment. Analvsis of the timeresolved structure of the scintillation
light from cosmic-ray muons gives {rr) = 1.43 & 0.0d (stat.) £ 0.007 (sys.) ps for the triplst light
decay time constant. The ratio of singlet to triplet light measured using surface-coated light guides i
R = 0.39+0.01 {stat.} £0.008 (sys.]. There is some evidence that this value is not consistent with R
for minimum ionizing electrons. However, the value for B measured here clearly differs significantly
from R found for heavily ionizing particles like alphas. Furthermore, there is no apparent difference
in B messured using light guides coatad with TPBE versus bis-M3E, adding additional evidence that
bis-M3B is a promising alternative to TPB for detecting scintillation light in lquid argon.

PACS numbers: 13.85.Tp, 14.60.Ef, 20.40.Mkc, 75.47.jd

I. INTRODUCTION minimum onizEng cosmic-ray muons and to characterze

Ligquid argon (LAr) is proving to be a sensitive and
cost-effective detector medium for the study of weakly-
interacting particles in neutrino experiments and dark
matter searches. Signals generated in LAr by these
particles’ interactions include ionization electrons from
charged daughter particles which can be detected directly
bv & time projection chamber or by photodetectors sen-
sitive to the scintillation light from excited argon. In
this paper we study the properties of the scintillation
light generated by cosmic-ray muons in LAr using light
collectors, photodetectors, and readout electronics being
developed for the Long Baseline Meutrino Experiment
(LBNE).

Az charged particles pass through LAr, they create ex-
cited argon atoms that can pair with neutral argon atoms
to form an excited argon dimer, which subsequently de-
cays by emitting & scintillation photon. This process hap-
pens through two mechan=ms:

5/29/2015

the relative fraction of early light to late light that they
produce.

Detecting the VUV scintillation photons from LAT in
large neutrino detectors like LBNE iz technically chal-
lenging because of the difficulty in detecting the VUV
photons efficiently. Since significant photocathode cover-
age of the detector is prohibitively expensive, the scintil-
lation photons are gathered by light guides that collect
them, waveshift them into the optical, and then channel
them to optical photodetectors. This detection scheme
is inherently inefficient, but can be mitigated by two fac-
tors. First, LAr is a copious source of scintillation light,
producing tens of thousands of VUV photons per MeV
along & track 3. Second, pure liquid argon is transpar-
ent to its own scintillation light, meaning the scintilla-
tion signal can be detected at a sigmificant distance from
its source. Many designs for the LBNE light guides are
currently being evaluated. This investigation uses four
prototype light guide designs for the measurements.

All RightsReserved -- SensL TechnologiesLtd.
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Through Silicon Via Technology
Overview
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Package Technology Comparison

April 2015

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°Cto 40°C -40°C to 85°C -40°C to 95°C

Manual processing,

Reliability reduced reliability Good Best
Yellowing of potted
Service life epoxy is not well Good Best
controlled
Uniformity and
Reproducibility Poor Good Best
Not recommended for Low, but hlgher. thgn
. : MLP when used in high
use in volume. Suitable . .
Cost Low density arrays using
for research and - ) .
rototvpe testin minimal spacing design
P yp g: rules.
f\/ \“/
N\ S

Proprietary and Confidential
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Why TSV?

Micro Lead Frame

Clear Molded Epoxy

Wire Bonds
(MLP) Factor
1mm x 1mm 1.5mm x 1.8mm 37%
3mm x 3mm 4mm X 4mm 56%
6mm x 6mm /mm X 7/mm 73%

sensl

sense light
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Sensl’s Through Silicon Via (TSV)

SiPM 7 Bump bonds

T Y hv
\: e /'J Cover Glass

90000
\\\ ey pa—— {

e ]
ca9o00*™2"0"
>
-~

®P00090090 O

hegpedenoes Microcells _//’
TFEYE K. -: q <,h
Sensor Contact Through Silicon Via (TSV)
Solder Ball

Top view Bottom view

* No ferrous metals (MR compatibility)
* No wire bonds (better reliability & timing)
+ Sensl’s TSV process s a true wafer scale package

— SiIPM can be placed directly on PCB by customers with minimal deadspace
sensl

sense light
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TSV High Array Fill Factor (packing fraction)

TSV Array Fill Factor Comparison

100%

Clear MLP SMT Arrays w55 s -

- (- 8mm x Bmm 'X

90%

v = A 0,
8x8 Array of 6x6mm? —> : LI - R 85%

| Dead space
7 80%
4x4 Array of 3x3mm2 ——= :7 SiPM 75%
l —
; 70%

|

8x8 Array of 1x1mm?

12x12 Array of 3x3mm? —————————>

TSV Arrays provide 93% fill factor
for 6mm x 6mm SiPM

25%

20%

Epoxy MLP TSV
Package Technology

sensl

sense light
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Photon Detection Efficiency (PDE)

— - — Epoxy
MLP -
— — TSV

------ Bare Die

09

0.8

0.7

06

0.5

TSV Test Board — SMA Output

0.4

03}

Photon Detection Efficiency Normalized A.U.

TSV glass has higher transmission
compared to clear MLP at short 01

wavelengths. No need for silicone ol 0y

resin_ 250 275 300 325 350 375 400 425 450 475 500 525 550 575 600 625 650
Wavelength (nm)

sensL

sense light
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TSV Arrays

fArrayes-3
1) // "J’

BEPEEDDDED
B PEEERDDC

4x4 array of 3x3mm TSV SiPM

sense light
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16x16 TSV Array (3mm x 3mm SiPM)

A P

Courtesy of A. Gonzalez, I3M
& MindView FP7 Programme
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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 mm?)
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

sens!,

April 2015 Proprietary and Confidential



J-Series Preliminary Datasheet

J-3eries High-Density Fil Factor Siicon Photomultipliers Sen S L
DATASHEET - semse lant

N
{
A

4

v

- e TN Vol i ot
High-Density Fill Factor Silicon Photomultipliers

Sensl’s J-Seriea low-light sensors feature an industry-leading low dark-count rate and PDE that extends much further into
the blue part of the apectrum using a high-volume, P-on-M ailicon process. Improvements have been made to both the
standard (anode-cathode) rise time and the recovery time, in addition to the inclusion of Senal’a unigue fast cutput that
offers asub-nancescond pulse widths. J-Series sensors are available in different sizes (1mm, 3mm and 6mm) and use TSV
{Through Silicon Via) technology to create a CSP (Chip Scale Package) with minimal deadspace, that is compatible with
industry standard, lead-free, reflow scldering processes.

The J-Series Silicon Photomultipliers (SiPM) form a range of high -

‘gain, single-photon aensitive, UV to visible light sensors. They have

performance characteristics similar to a conventional PMT, while = -
benefiting from the practical advantages of solid-state technology:

low operating voltage, excellent temperature stability, robustness,

compactness, output uniformity, and low cost. For mare ir i ME‘Z‘E*’"" ook %mg M’_ﬁwm
on the J-Series sensors please refer to the website, www.senal.com. - o :shm .'h“ s ars subject

PERFORMANCE PARAMETERS

3mm 20u, 350 v
Bmm 20u, 350
3mm 20u, 360 v
Bmm 20u, 350
3mm 20u, 350
e
6mm 20u. 350
3mm
20u. 35 — 420 e
Bmm 20u, 350
% b+ 2.8V 217 :
3mm =
SR :I Vir + 5.0V : :
=2 FDE* - -
1»:: — Vor +2.5V s -
40 %
20u Vbr + 5.0V
EX 51 %
20u, 360 | Vbr + 28V ES [rrs—y
Vobr
20u, 350 | e e BV ™ [resr—
20u. 350 | Vor +2.5V ) KHzim
20u, 350 Vbr + 5V 7 FHzimo
1 AN mazsuremants made at 2 5 and 21°C unise: atatad.
# The braakdown voltags (Vi is defined s ths valus of fhe voliags infsrcept of 2 parabalic fins fit fo the cumsnt vs. voltage charsctsristic curvs.
2 The rangs whers FDE =2.5% at Vbr + 51/ Actus! lowsr lmit is <250nm but cumsnt charscterization method cannot axdand to shorfsr wavelsngths.
“ Nots this is frus “ssnsor PDE" which doss not cantain aftspulsing or crosstalic

sense light
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J-Series Preliminary Target Parameters

PDE versus Wavelength
MicroFJ-60035-TSV

95 rrrrrrrrrrrrrrrrrrrrrrrrrirrrTrTTrTrd

50 Overvoltage =50V  _

45
g 40
g Short wavelength enhancements
§ % are achieved using glass — this
5 30 enhances the device moisture
s . |_ sensitivity level to MSL1 and
[3) . . pe .
g avoids need for silicon resin/
g ® epoxy & enhances reliability
5
i 15

10

5

0 [N 1 [N I Y Y N N N I |

250 325 400 475 550 625 700 775 850 925 1000 1075 SenSL

Wavelength (nm) sense light
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J-Series Preliminary Target parameters

PDE versus Wavelength

MicroFC-60035-SMT vs. MicroFJ-60035-SMT at 5V overvoltage

55IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

50 I —— — MicroFC-60035-SMT _|
MicroF J-60035-SMT

45

40

35

30

25

20

15

Photon Detection Effeciency (%)

10

5

OIIIl[IIlIIIIllIIlIIIIllIIIl

250 325 400 475 550 625 700 775 850 925 1000 1075 L
Wavelength (nm) Seqen% light
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J-Series Preliminary Target parameters

PDE versus Crosstalk
MicroFJ-30020-TSV

40 | 1 1 | I | | I I

—-6— & MicroFJ-30020-TSV /«3
39 |

38 - / -

20um cell § L / |
0% x-tak @ 2 a) / |
40% PDE ; /

§ 35 / -
35ns cell : wul / i

. a

recoverytime ¢ /

é 33| / -

32 / -

31 -

30 ] | ] ] | | ] | |

0 1 2 3 4 5 6 7 8 9 10 SenSL

Crosstalk (0/0) sense light
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J-Series Preliminary Target parameters

35um cell

15% x-talk @
47% PDE

100ns cell
recovery time

5/29/2015

Photon Detection Efficiency (%)
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41

40

PDE versus Crosstalk

MicroFJ-30035-TSV

-B8—8- MicroFJ-30035-TSV

| | | ] ] | 1 | | | | 1

7 8 9 10 11 12 13 14 15 16 17 18
Crosstalk (%)
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TSV SIPM Design

MicroFJ 30000 Seriea TSV Package

158 (022 Solder bumps (9x) N ‘|
| L\ >
| - |
-Tr M p— @ _El[x_ —
| | | | %
3 | i
I s e e B b G :
| “5|}‘ | | o
L d B C—ﬁjﬁ T }—
| T —
0.33 ‘ ‘ E
3.6 032 630
/Eluss - A027 ()
! T | _ aZ Anodes
- - N c2 Fast Cutput
ca Cathods
SiPM Chip All others Mo Connect
Wafer dicing saw accuracy allows for £ 20 um edge tolerance sensL

sense light
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C versus J

MLP-SMT TSV

. [30020C__[30020]

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

Microcell Recoverytime 90ns 35ns

DCR/mm? @ 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 Ax4mm 3.16x3.16mm

Number of Microcells 10,998 14,256

sensl

sense light
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J-Series Availability

= 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 - 15t products available on tray & on SMA boards
— Tape & Reel: Oct/Nov 2015
— Volume availability from December 2015
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Questions

—~ 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

— Tradeoffs & 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

— Testsites:
—~  MPI, S. Cruz, Gva/CERN, Catania, Leicester/Heidelberg/Nagoya, GATECH
—~  “New” groups now testing?

“who’s who” SeﬂSL
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Thank you!

john@sensl.com /

555555555
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