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OVERVIEW

[] USM: ACCEPTANCE TESTS AND DEVICE CHARACTERIZATION OF
2EL00 MPPLC'S

[1 JLAB: ACCEPTANCE TESTS AND DEVICE CHARACTERIZATION OF
1200 MPPCS

[l WU REGINA: SYSTEMATIC STUPIES OF MPPCS USING A VARIETY
OF EXPERIMENTAL TECHNIRUES
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[ usm: 2200 MPPLC’'S
[1] ON-SITE REVIEW PASSEP DEC 15, 2011

[l COMMISSIONING COMPLETED AND PRODPUCTION TESTING
STARTED WITH 2 OF THE 3 TEST STATIONS

[l COMMISSIONING OF TEST STATION 23 EXPECTED TO
FINISH WITHIN 2 WEEBKS

[ JULAB: 1200 MPPCS
[ HARPWARE SETUP IS ALMOST READPY
[[1 BOTHCONTROL AND ANALYSIS SOFTWARE ARE READY

[l PRODUCTION TESTING STARTING SOON
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RUANTITIES CHARACTERIZED, USM TESTS, PAGE 1L

# | Property Testing plan
1 | Gain at nominal operating voltage All cells at 2 temperatures
2 | Photo-sensitive area > 144 mm?2 Microscope inspection, all arrays
3 |Macroscopic active area coverage > 75% | Microscope inspection, all arrays
4 | Number of micro-pixels > 56000 Estimate lower limit from linearity
measurement
5 [Sensitivity to magnetic field Unmeasured, Hamamatsu exception
6 |PDE at 490 nm 3 MPPCS of 32 meas_ured directly,
estimate for the remainder
7 |Dark rate All cells at 2 temperatures
Dark current All arrays at 2 temperatures
Sensitivity to temperature All cells at operating voltage and 5°C
10 M_ax_lmum output difference of ?ny cell All arrays, operating voltage and 5°C
within one array from the array’s average
Variation of the average output of arrays
11 [under uniform illumination at their All arrays at 5°C
nominal operating voltage
12 |Nominal operating voltage All arrays at 5°C




RUANTITIES CHARACTERIZED, USM TESTS, PAGE 1

# |Property Testing plan
* 1 [Gain at nominal operating voltage All cells at 2 temperatures
2 | Photo-sensitive area > 144 mm?2 Microscope inspection, all arrays
3 |Macroscopic active area coverage > 75% | Microscope inspection, all arrays
4 | Number of micro-pixels > 56000 rasgggs:grlr?ev\rﬁr limit from linearity
5 |Sensitivity to magnetic field Unmeasured, Hamamatsu exception

3 MPPCs of 32 measured directly,

6 |PDE at 490 nm estimate for the remainder

)» 7 |Dark rate All cells at 2 temperatures
) 8 |Dark current All arrays at 2 temperatures
)' 9 [Sensitivity to temperature All cells at operating voltage and 5°C

Maximum output difference of any cell

10 within one array from the array’s average

All arrays, operating voltage and 5°C

Variation of the average output of arrays
11 |under uniform illumination at their All arrays at 5°C
nominal operating voltage

_ /

12 | Nominal operating voltage All arrays at 5°C




RUANTITIES CHARACTERIZED, USM TESTS, PAGE 2

13

Nominal operating voltage is above
breakdown voltage by 0.9-3.0V

All arrays at 5°C

14

Fraction of multiple photoelectrons in
dark noise < 5%

All cells at 2 temperatures

15

Package dimensions

Microscope inspection, all arrays

16

Package substrate

Reference to HAMAMATSU model #

17

Inputs (sign of bias voltage)

All arrays

18

Outputs (16 individual outputs)

All arrays

Reference to HAMAMATSU model #

19| Output connector and microscope inspection, all arrays
20 |Rise time 10%-90% All cells
21 | Pulse width 10%-10% All cells
22 | Sensitivity of signal-to-noise to radiation |[Unmeasured, Hamamatsu exception

Table 2. Mapping between specification document and unit testing plan. Each row matches a
row in Table 1. In the table, “all arrays” means 2800 MPPC arrays, and “all cells” means
2800x16 MPPC array cells.




RUANTITIES CHARACTERIZED, USM TESTS, PAGE 2

13

Nominal operating voltage is above
breakdown voltage by 0.9-3.0V

All arrays at 5°C

>

14

Fraction of multiple photoelectrons in
dark noise < 5%

All cells at 2 temperatures

15

Package dimensions

Microscope inspection, all arrays

16

Package substrate

Reference to HAMAMATSU model #

17

Inputs (sign of bias voltage)

All arrays

18

Outputs (16 individual outputs)

All arrays

Reference to HAMAMATSU model #

>
>

19| Output connector and microscope inspection, all arrays
20 | Rise time 10%-90% All cells
21 | Pulse width 10%-10% All cells

22

Sensitivity of signal-to-noise to radiation

Unmeasured, Hamamatsu exception

Table 2. Mapping between specification document and unit testing plan. Each row matches a
row in Table 1. In the table, “all arrays” means 2800 MPPC arrays, and “all cells” means
2800x16 MPPC array cells.
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STATION 1 - INSPECTION STATION

0 HIGH-RESOLUTION PHOTOGRAPH, OBSERVATIONS

STATION 2 - PPDE MBASUREMENTS FOR 107 OF MPPCS, PULSE
SHAPE MEASUREMENTS FOR 1000 OF MPPCS

[l ROOM TEMPERATURE, ONE MPPC AT A TIME

STATION =2 - DARK RATE, [-V CURVES, GAIN, CROSS-
CALIBRATION TO DPETERMINE RELATIVE PDE

[1 TEMPERATURE-CONTROLLED FROM 5-20 DPEGREES C

[1 32 MPPCS AT ATIME

-
S e o




Layout of two rooms for MPPC tests at USM
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Temperature-Controlled Station (Stage Ill) '
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USM Light Sources

e Light source for PDE station: blue LED illuminating green
fibers (LED - clear fiber - mixer - |7 fibers out)

* See picture next page for PDE station

* Light source for temperature-controlled station is a green
LED with a variable current driver, and a diffuser, at a
distance |.5 meters from MPPCs

12



USM PDE Station Light Source

Recessed
positioner;
fibers on this

side, MPPC on
other side

Light mixer
(clear fiber goes
into center)

Output of 16
green fibers
following

Blue LED
feeding clear

|-fiber input, |7- fiber
fiber output
(16 to MPPC, 17th
to monitor PMT




Archiving of SiPM parameters

e MySQL database with
RAID backup

e |nterfaces for each of the
three stations for manual
and automated entry of
data

e Web interface

Data from database available via the web here

| 4


http://atlasusr.fis.utfsm.cl:8000/
http://atlasusr.fis.utfsm.cl:8000/
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WE HAVE 20 MPPCS THAT_JLAB HAS ALREAPY MEASURED

[0 MEASURE PPE IN STATION 2 FOR ALL 20 (PONE)

[1 COMPARE WITH JLAB AND REGINA MEASUREMENTS
(PONE, BUT STILL UNDER DISCUSSION)

[l INSTALL THE SAME 20 MPPCS IN STATION =

[l COMPARE WITH JLAB/HAMAMATSU MEASUREMENTS
(DONE, UNDER DISCUSSION)

[0 DETERMINE LIGHT INTENSITY PATTERN (FIRST PASS
ATTEMPTED, MORE WORK NEEDED)

[[] PERFORM CROSS-CHECKS (BE.q., CHANNEL MAPPING),
FIXING PROBLEM CHANNELS, CHECKING AMPLIFIER
GAINS, CHECKING &PC CALIBRATION, ETC




JLAP & USM

-USM m-JLAP

* PUE for 29 MPPCs
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| R VY

LED unstable? REGINA MEASUREMENTS

i

—+— PDE1

—+— PDE2

L__ED —+— PDE3

I I 1

0.4_
0.35—
03— .
L T A
— T T TT 1.1
0.25 — LIr 1411 o 1 A4 alidia 1
- ] TATA 24 A T J'TRIT 1A 71
li | ! ‘o W
— 1 1 Lol
02— -*l-j LR L "X
0.15—
011_ | L L L | | 1 ] 1 1 | L L L | L ! ! | 1 1 L L |
. 50 60 70 80 90 100
30
i 25 -
| €
g 2l
! 8 X
| © s
| © . MPPC #78
| S 10 1‘4
5_
10_ """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" ] O—I |
| | | | | 1
2 4

3
LED Intensity Position

MRS e SR ER et A ShiRdR e ae o — - L



JLAD & USM

RESULTS FROM STATION 2

* Gain for 29 MPPCs ~ -USM B - JLAB
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Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
88

- gain xE5
—li—voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 88

——]Lab dark_rate/10 (%)
——Hama dark_rate/10 (%)
~—JLab cross_talk/10 (%)

8 10
MPPC cell number




Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
86

- gain XE5
——voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 86

——JLab dark_rate/10 (%
——Hama dark_rate/10 (¥
~{—JLab cross_talk/10 (%

8 10
MPPC cell number




) Vop-70 Gain(chan/10)
Vop-70 Gain(chan/10)
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Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
59

- gain xE5
——voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 59

——JLab dark_rate/10 (%)
——Hama dark_rate/10 (%)
~{—]Lab cross_talk/10 (%)

8 10
MPPC cell number




Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
58

- gain xE5
——voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 58

——]Lab dark_rate/10 (%)
——Hama dark_rate/10 (%)
~{—]Lab cross_talk/10 (%)

8 10
MPPC cell number




| Graph |

VUnn (fram Hamamatcu far nain=7 K FR) and £ain /11 ah)Y MDD

Gain(comp

gain xE5
voltage-70

MPPC cell

5°C

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 58

ate/10 (%)
rate/10 (%)
alk/10 (%)

MPPC cell number




Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
56

- gain xE5
—li—voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 56

——]Lab dark_rate/10 (%)
——Hama dark_rate/10 (%
~{—]Lab cross_talk/10 (%)




Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
57

- gain xE5
——voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 57

——]Lab dark_rate/10 (%)
——Hama dark_rate/10 (%)
~{—JLab cross_talk/10 (%)




Vop-70 Gain(chan/10)
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Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
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Vop (from Hamamatsu, for gain=7.5 E5) and Gain (JLab), MPPC
94

- gain xE5
——voltage-70

8 10
MPPC cell

Dark Rate (from Hamamatsu), Dark Rate (JLab), Cross Talk (JLab), MPPC 94

—#—)Lab dark_rate/10 (%)
——Hama dark_rate/10 (%
~{—]Lab cross_talk/10 (%)

8 10
MPPC cell number
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OBSERVATIONS

USM PDE MEASUREMENTS ARE FAIRLY CONSISTENT WITH
THE AVERAGE OF REGINA'S LASER MEASUREMENT, AND ARE

LARGER THAN JLAR'S PPE BY ABOUT 20% (PPE~21Y VS. ~25%).

THESE MEASUREMENTS ALL USE DIFFERENT APPROACHES.

USM CROSS TALK MEASUREMENTS GQIVE RESULTS VERY
CONSISTENT WITH JLAB'S MEASUREMENTS.

WE SEEM TO FIND LESS PARK CURRENT THAN JLAB OR
HAMAMATSU, EVEN TAKING TEMPERATURE INTO ACCOUNT

WE MEASURE A SMALLER GAIN IN STATION 3 THAN IN
STATION 2 - NEEPS TO BE UNDERSTOOD - 10% EFFECT
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Production SiPM Units Test
at Jefferson Lab

) Thomas Jefferson National Accelerator Facili
.geffegon Lab ¥ @ @JSA



Hardware Setup: Dark Box
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Cable -
/ SiPM arrays (256 |  labyrinth "%A"A" -

channels) tested

1 f2 Aluminum plate simultaneously system
with copper cooling tubes

: Thomas Jefferson National Accelerator Facili
4ef£;?son Lab ¥ @ @JSA




SiPM Test Station — SiPM Test Plate

......

Refrigerant
Tubing

One (4 total) readout
board with SiPM

Thomas Jefferson National Accelerator Facili
.geffegon Lab ty @ @JSA



SiPM Test Station — SiPM Illumination

Curved reflective

T

screen \

1 ft2 Aluminum plate with
copper cooling tubes

.!effegon Lab

Power Cables Data Cables

Thomas Jefferson National Accelerator Facility

Pulsed LED + filter
wheels + diffuser

&

gJSA



Diffuser

.!effegon Lab

SiPM Test Station — Light Source

Pulsed blue LED

Dual filter

wheels

Thomas Jefferson National Accelerator Facility
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DAQ Hardware

Temperature

| .3 /,
\ USB-VME

Controller
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Software

» MySQL database to store spec and test info
O Server: halldwebu.jlab.org
0O Database: halld_sipm
O Tables: sipm_spec, sipm_data ...
» LabVIEW Control of all hardware components
O Light source, pulse frequency, filter wheels
SiPM HV control and read back including current
Temperature read back
DAQ control and record data
Upload data to JLab farm disk: /work/halld/Subsystems/SiPM/production
0O Automatically fill new info to MySQL database

U 0O 0O O

> Analysis scripts
0 ROQOT fitting scripts: extract gain, PDE, cross-talk ...
Q Perl scripts to do batch analysis locally or on JLab batch farm
O Automatically exchange info with MySQL database

» ELOG: https://halldwebau.jlab.org/elog-halld/SiPM/

Thomas Jefferson National Accelerator Facili
.geffgzon Lab ty @ @JSA



{3 SiPM_Production_V2.0.vi

LabVIEW Screens

100 200 300

SiPM Production Test

2. SiPM Voltage/Channel

QDC Histograms | History Charts I

Cell Selector  Cell 12-15 !

Conflict SiPM Selector

v2.0 Yi Qiang <yqiang@jlab.org>

SiPM No.40

Temperature (C)

9.17
Voltage@25 C
72

Configuration e i
Voltage Offset (V)
Temp-HB [ HV-HB o
Hist Min |o Hist Max | 1000
T ' o)

500 600 700 900 1000 100 200 300

ADC

400 800

o |

400

IR o

(umminﬂsuzj

1 viaziii -
[ V792 Initializati SNLsting Handie pr— I
nitialization e configurationfile p
| £ T §0\SPUL Tt oW et 2
4 6 8 10 12 14 16 18 20
Enable  Ready Enable  Resdy Ready Enable  Ready Enable  Ready Ensble  Ready Enable  Ready
L o ° ° ° =0 - °
Sase Addres Base Address Sase Addre: Base Address Base Addres: Base Address Base Addres: Sase Addres Base Address
B Ba2220000 Hss30000 Bassioono Hsssso000 Bosscooo Hrrroonn Besssooco Hosssoono
GE0 Aderess G0 Address GE0 Aderess G0 Address GE0 Address G0 Adress 6E0 Address G0 Adress G0 Address
] I Is fo te T fis I
Disble Threshold Disable Threhld Disble Threshold Diable Thrshld Disabl Threshald Disable Threshold Diable Thrshald Disable Threshold Diable Threhald
Threshola Threshola Threshola Threshola Threshola Threshola Threshola Theeshola Threshold
o o o o o o o 0 o
Threshold Range:
| s as | P a6 Fu)_ < s 6 Fu)_ < s @< P
Pedestal Cunent Pedestl Current Pedestal Curent Pedestl Current PedestalCurent Pedestl Curent Pedestal Current Pedestal Curet Pedestal Current
3 55 25 55 25 5 25 5 5
ChamnelList ChannelList ChanneiLit ChannelList ChanneiList ChannelList ChanneiList ChannelList ChannelList
o [ o 1l o o ol s 1[0 o 1 1[0
| = = = = = = = = =
= = = = = = = = = = =
= = = = = = = = = =
= = [ | = = = = =
= = = = = = = = =
= = = = = = = = = =
7 7 »E 7 2 75 » 7l s
sfd 2 s »fa sfw e sl 2wl sfa uf
= = = = = = = = = = =
= = = = = = & = = =
o | [ | = = = | = =
= = = = = = = = =
= = = = = = = = &= = =
= = = = = = =~ = =
sha o || sE B ||| sE 25 15k sh nh ||| s af

J)effel SUIT AU

4

|
“lional A

800 900 1000

=i |
Set Voltage (V) Frequency (Hz)
71.124 2000
Read Voltage (V) Filter Settings
71.125 4% (4.49%) -
Current (uA) Gate Width (ns)
0.8275 200

Save Data ( »)
Data Directory

% D:\SiPM_Test\Data\Production

=|

Folder Name

Status
DAQ just finished. Upload data first

then start a new one or exit. Done e
forget to turn off High Voltages Time Elapsed (s)
before exit. 63

Event Count Event Limit  StartTime

10:39:56
1| 200304 200000 2/7/2012
3. START
Comments 0 (100 characters MAX)

{3 SiPM_Configi

-—

13 Channel Selector_Litexi — o

SiPM DAQ Channel Configuration

Voltage Channel SiPM # GEO Address
6 40 4 il
Channel Map

|y g o | PR

DAQ Module Slot No.6 7
DAQ Channel Channel No.0-15

@ |

Mapping
Error

LX il -

Voltage Offset (V)

SiPM Voltage Configuration

Temperature (C)

9.63 Map File § D:\SiPM_Test\LabVIEW\Settings\DAQ_Map.ini

IP Address Position  Power SN Voltage@25C PreferedV  SetV (V) Read V (V) Read I (uA) DAQ Config
1205736152 foo | 1 @0 I 0861 fo748 J0.036 J0.000961
Module Location o0 | 2 @5 |-0361 1748 J0.039 0.000584
Lsetiwl S 3 @ I |-0861 |71.748 Joozn 10.000747
Channel Connt foo | a @0 J-0861 [3708 J0062 J0.000668
15_ foo | s @0 I 0861 71748 Jo0s2 J0.000702

Powss 2-2 6 ) Jo 12 I71139 I71.139 |73 Jos37

g oo |7 @ |-0861 J6748 Joos 10.00066
SetRamp Rate (V/s) J00 | 8 @0 |-0s61 [7.748 Jo0s3 J0.000667
10 31 | o @5 0861 Jo127 J003 | -0.000611
RampRate(V/9) |32 | 10 9 o |-0861 fo127 Jooss 0000603
10 33 | n @ I J-0861 Jox27 0.066 0.000627
34 | 12 @0 0861 Joa27 J0.063 0.000687
i1 | 13 @ 0861 o127 Jo.0s8 0.000517
— fo2 | 14 @5 |-0861 fo127 Joos2 Jo.000s47
i3 | 15 @ I J-0861 Jox27 J0.0s4 0.000672
m faa | 16 @0 |-0861 Jox27 Jo07s 0.000603

Voltage File § D:\SiPM_Test\LabVIEW\Settings\Voltage.ini =

=l

Conflict.
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Illumination Uniformity of Test Plate

c-1 Cc-2 co €-3 C-4 Columns
O — S o —
/ \
[100.1] pA [102.9] [103.5] [102.3]
R1 L ® ¢ a R-l
Example Current
[105.3] [107.2] [107.5] [105.7]
Scan with 52281 "2 . . . . N
diode ~ 1 cm @
run LED at high o y “°‘;” y “;8-2] P —
freq (300 kHz) to ~ mid-line
get good signal [106.3] [108.3] [106.4]
/R3 ® o . ® R-3
SiPM [105.5] [107.4] [107.6] [105.5]
position
. o e ° R-4
R4
[101.5] [103.3] [103.4] [101.6]
Rows
\ y,
O

- Thomas Jefferson National Accelerator Facili
.gef£e20n Lab % @ @JSA



Illumination Uniformity of Test Plate

30
T Ot
:' Col 1.Col 2- qu 3- Col 4
TE" 25 /’; 9 €—Row 1
T 7/
/
Y/ a's4
20 /4
Variation in Rows (1,4) & # «— Row 2
15 @ «— MidLine
Inner Rows (2,3) are 4%
> Outer Rows (1'4) ) € Row 3
NN
10 N\
N\
\
5 n <— Row 4
0
120 115 110 105 100 95 90

Output Current [pA] < Increasing Intensity
_!effé?son Lab Thomas Jefferson National Accelerator Facility @ @JSA



Illumination Uniformity and Photon Flux Calibration

» There is also albedo effect - when bare Al plate in

place, 4% increase in intensity compared to covered plate
(w. black cloth)

» Need to re-measure this with all boards, connectors
and cables in place - expect it to be much smaller effect

> Basic photon flux calibration:

Measure flux at center of plate - then correct for
albedo and row position (inner, outer pairs)

»Will check this with 15" article samples for comparison

Thomas Jefferson National Accelerator Facili : -
J)effegon Lab ¥ @ @JSA



Illumination Uniformity and Photon Flux Calibration

Current
[amp] (Example) Photon Flux Calibration
6107
Slope = [charge] / [pulse]
LED emission spectrum le=1602x 10" Coul
And 5100 L —» <«QB> =62.8% »
Photodiode QE —_— Photodiode area = 100 mm®

410™° ‘

Photon flux =17 vy mm

Panasonic blue LED spectrum 10
Calibrated Hamamatsu S2281 photodiode QE - B
e AT AU AnaAanan ol 52281
output 7T T /| photodiode
0.8 e / 80
. . -10
I A / | 210 - ]
r 1 ST ps—— o L
0.6 fesseeneseres : . 160 :
, : . . 1107 .
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Distribution of all V  values for all JLAB samples

V Distribution for all JLAB Samples
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Z.oom in on samples 900 - 1100
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Dark Rate distribution for all JLAB samples

Dark Rate Distribution for all JLAB Samples
5

Dark Rate
[MHZz] / cell

4

H - o w . . e . s a0 o @ eme

Gemme s ss s e @ e cemmowmems wm oi s o sewm e o om se o o e memme @ o wss awes o

sttt ——
T S ——

L t TP T ST T WY MW Y

0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

Sample Serial Number

Thomas Jefferson National Accelerator Facili g —
.{effegon Lab ¥ @ SBA



Dark Rate distribution — zoom in on #700 - #900
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Dark rate distribution - #1300 - #1481
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Average V , per sample (JLAB)

Production Samples Stats
Average Vop per Array
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Total Dark Rate per Sample (JLAB)

Production Samples Stats
Average Dark Rate (MHz) per Array
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% variation in average V  per sample
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% variation in Dark Rate per sample (JLAB)
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Summary of Jlab SiPM Test

» Hardware setup is almost ready

Q All preamplifier boards will be modified to be AC
coupling to address positive DC offset issue

o First modified board tested working properly
o Waiting for the rest of the boards

0 Light uniformity better than 2%, needs to be verified
with preamplifier boards installed and cables
connected

> Both control and analysis software are ready to go

» Will start production test shortly

Thomas Jefferson National Accelerator Facili
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MPPC Specifications, page |

Table 1. Technical requirements for silicon photomultiplier arrays for the Hall D
BCAL. All requirements must be met at the nominal operating voltage and at a

specified temperature in the range between 5 and 30° C.

Property Specification
Gain at nominal operating voltage (0.5-2)x10°
Photo-sensitive area >140 mm?
Macroscopic active area coverage >75%

> 56000

Number of micro-pixels

Sensitivity to magnetic field

<1% gainchange at2 T
independent of orientation

PDE at 490 nm [Note 1]

> 19 % [Note 2]

< 100 MHz [Note 2]

Dark rate
Dark current <40 pA
< 10% charge amplitude
Sensitivity to temperature change/deg C
Maximum output difference of any cell within one array <+/-T7 5%
from the array’s average 70
Variation between average output of arrays under <+/- 5%

uniform illumination at their nominal operating voltage
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MPPC Specifications, page 2

L3 ot

Nominal operating voltage 25-80V
Nominal operating voltage above breakdown voltage 0.9-3.0V
[¢)
Fraction of multiple photoelectrons in dark noise < 5%
| See Drawing
Package dimensions D00000-01-07-3000
AlL,O;

Package substrate

Positive bias voltage

Inputs

Outputs 16 individual outputs
Cu alloy pins on 0.05”

Output connector centers

Rise time 10%-90% < 16 ns [Note 3]

Pulse width 10%-10% <100 ns

< 1%/Gy

Sensitivity of signal-to-noise to radiation

[Note 1] The PDE measurement is made in pulsed mode.

[Note 2] There is a tradeoff between specific values of PDE and dark current to obtain a fixed
detector resolution. The tradeoff is made explicit in the following equation: PDE > 0.0518 +
v(0.002685 + 0.01629+DR(MHz)/100), where the dark rate DR is given in MHz;

[Note 3] Measured with a light input pulse of less than 7 ns.
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Revision and Corrections ...

* we got the spectral response of our reference pin

diode ($3590-02)

Figure 1: Spectral Response
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Y11 (200)

* average QE for PIN with WLS fiber is 64.07 (instead 75%)
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Set up wais tested for symmetry:
PDE from relative measurement
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Area =51.39 mmA*2

Laser Profile

Pulse Height (mV)

Monday, January 16, 2012
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SLPM tested alone:
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Run specifics

*Laser trigger externally (44kHz and wp...)
*Photodiode - Hamamatsu S2281
*SIPM - Hamamatsu S10943-0258 (X)

SiPM-PMT Setup, SiPM Values, External Trigger |

| SiPM-PMT Setup, PMT Values, External Trigger

300
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.
e 1y by by L b Ly ]
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ADC - ADCdark 200 300 400 500 600 700 800
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Checks

Laser Intensity Study, SiPM, External Trigger@44.9kHz
Laser Intensity Study, Photodiode, Internal Trigger@2.5MHz
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Extraction Methods

*Method 1: NPk = (ADC-ADCdark)A2/(RMSA2-RMSdarkA2)
.Meth 0 d 2.: NPE = scope pulse height* pulse width/(2* 50 ohm* electron charge*(gain=1.7*6*e5)

‘Metl’lod 3 NPE (ADC)=(ADC-ADCped)*(0.25pc/chan)/((1.6e-19)*(gain= 1.7*6ES5))
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N ‘P l/l O — Npho of photodiode (N= (I-Idark)/((Eof460nm)*(Sof460nm)*(LED frequency))
E of 460 = 4.3E-19 ; S of 460 = 228E-3 A/W; LED frequency ~ 1.72E5 Hz
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Measurements

SiPM-Photodiode Setup, Internal Trigger {l 2/ ndf 0.0003417 /19 ’

I-dark=0.000276E-9 ADC Nphotons
—+— NPE1
—+— NPE2
—— NPE3
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