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Introduction

€ The gain of SiPMs increases with bias voltage V, and decreases with temperature T

€ To operate SiPMs at stable gain, V, can be readjusted to compensate for T changes

x10°

€ This requires the knowledge of dV,/dT, which is obtained § "~ [ \
from measurements of G vs V, for different T to extract 700

dG/dV and dG/AT and in turn dV/dT

650 .

€ Gain stability is important for large detector arrays O e son o N ]
such as an analog hadron calorimeter for ILC detector T -
10 20 30 ., 40
i i i Té Celsi
& We tested this procedure in a climate chamber at CERN omp [ Celsius]

® 1.) For each of 30 SiPMs, we measured G vs V, for different T to extract dV,/dT
from measurements of dG/dV, and dG/dT
® 2.) We performed gain stabilization of 30 SiPMs
from Hamamatsu, KETEK & CPTA
stabilizing 4 SiPMs simultaneously
with one dV,/dT compensation value
=» perform automatic compensation with
adaptive power supply

& Goal: define stable gain

sanlf AG/G <£0.5% in 20°-30°C range
G. Eigen PD18 Workshop, Tokyo November 27-29, 2018



Temperature Measurements

€ We shine blue LED light of similar intensity via optical
fibers on each SiPM

& At arate of 10kHz, the light is pulsed using sinusoidal
pulse above a fixed threshold; signal is 3.4 ns wide

& Each signal of the 4 SiPMs is recorded with a 12 bit

digital scope after amplification by a 2-stage preamp Measie

with 7 Pt1000
€ Hamamatsu & KETEK SiPMs are illuminated directly Sensors

=» light has to pass through the tile and WLS fiber
€ Vary 7 from 48°-2°C (20°-30°C ) in 2.5°C (2°C) steps

Temp [n Celsius
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Study of Hamamatsu MPPCs with Trenches

aveform and photoelectron spectra of 4 S13360 MPPCs (trenches)

= S13360-3025 (10103) S13360-3025 (10104)
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Removal of Parasitic Noise Signal

e remove a parasitic noise signal caused by a defective light pulser cable

€ First, we sample 21 points before the signal waveform starts (8.4 ns)

€ We fit the distribution with a Gaussian function and define a threshold by u—3c
& We select all pedestal distributions that lie above the threshold

& We determine the average and subtract it from all waveforms
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Removal of Parasitic Noise Signal

& Removing the parasitic noise signal improves the shape of the waveforms

& This, in turn, improves the determination of the peak positions

Before parasitic noise removal | After parasitic noise removal
8 10° § 10°
2 a
g <
10° 10°
10 100}~ 10
_120;_ ; 120~ -
0 20 40 60 80 100 120 140 160 180 200 ' 0 20 40 60 80 100 120 140 160 180 200

Time [ns] Time [ns]

& We then extract the photoelectron spectra using 2 methods

® Integrate waveform over variable time window (fixed start, variable end)
® Determine minimum of the waveform

G. Eigen PD18 Workshop, Tokyo November 27-29, 2018



Methods to Extract Photoelectron Spectra

€ We take 50000 waveforms at each V, and T point and store them for offline analysis
€ Integrate each waveform over t,-t;window & Determine minimum of waveform amplitude

= total charge, see integer # of pe 2 Apear: typically see integer # of pe
variable
8 A e L~ e g S t2 :variable I e
= . 3 d
£ t: fixed RN 10
- 10° g— k
< [=
_20: 10
10? F
-30F
10 _405 10
0,03; 7505_
—0.0350 N T N S 1
g | 1 0 20 40 60 80 100
0 20 /a 60 80 100 12(T)_ Time [ns]
. CPTA #922 ™ spectrum of pe
Hamamatsu 12571-10 Spectrum of pe 1 P P
— 1NnAa ;IE{HJ pe
58001 T 2;3 IL(I)‘)GC G =0.04718 = 0.00010 s - &= 4901 = 0.019
= - = =0. = 0. =~ szd.lwz +0.010
%700 - <> pe G,,q = 0.04780 = 0.00007 0 destal 2pe 5, = 0.356 * 0.005
s F ‘14 o,=0.00684 = 0.00006 il I o, = 0.561 = 0.007
S edestal ® o, = 0.00721 = 0.00006 £ = 0.769 + 0.021
=600 P j. o 02 = 0.00740 = 0.00007 800 o f; =0.338 +0.000
tE r re f., = 0.915 = 0.008 +Hdof =
8o ol i idol = 5.776
it ﬁ |4 j:» 3pe ¥Idof = 0.954 $= 25.40 “C
C o o0 ¢,
00E “t ;, ‘ j} T# o Data
- SM ; ~& Al e Data Tatal fit
300~ oTe 0t s 4pe Total fit Signal
IRy A ] o S
200 ?’ * '@. ‘I i 5pe - - -+ Background
- [§ 7 ¢3¢
100 § :r ! U, “ ‘ ‘ﬁ 6pe
- , , ¢
FERS) C \ B \ v u S A mte
~ A Ogen A ' =1 OI1 50 o - Max. amplitude [mv]
i; \: ' ' ' . charge T 250C
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Gain Determination

€ Gain: distance between two adjacent photoelectron peaks
& We choose distance between first and second photoelectron peaks
& Distance between pedestal and first photoelectron peak yields the same gain

& We fit the photoelectron spectra extracted from 50000 waveforms with a likelihood
function i

L- ]_1[ [fSFSIy(W")+(1—fS)Fbk

9 ( )] f: signal fraction

& We use two different fit models

Fro=Foudl 6, +(1-F  ~£)6

® First model: S i
separate Gaussian G; for pedestal, first p.e. & second pe peaks and fractions 7., f;
include background F,,, determined by a sensitive nonlinear iterative peak-clipping
algorithm (SNIP) available in ROOT

® Second model: /_—. _ 2" 1f5 +(1 f 2" lf)

> fit pedestal and all visible peaks with Gaussians G,., and G,, where all widths and fit
fractions are kept as free parameters, use no background pdf

Y G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 9



Two Fit Models

= First fit model Second fit model
s Hamamatsu B1
Hamamatsu ' k <> G =0.912 + 0.002 2501 G = 0.667 + 0.005
512571 i o : oy
:,: d:=0.142-’0..00| 200} k ﬂ;=0.140 + 0.003
~500} o, =0.179 + 0.002 = F 0, =0.151 £ 0.003
[ : s s2idof = 1.365 g ﬁ x/dof = 0.854
gmo}: i S 150/ ‘
?{:,;300%: * Data %'00 + Daa
3 ‘:F “ : Total fit
200— —— Total fit 1
% 50—
100%? [
E 2 3 4 5 6 7
Charge (pC)
Charge (oC)
& Use first fit model for bias voltage scans of all SiPMs and gain stability tests of
Hamamatsu MPPCs with trenches Hamamatsu S13360 with fit model 2
Hamamatsu £ A gy pientpppee Second fit 3 | aets o7
. S0 | o, = 0.2741620 = 0.0041026 . 350 0,=0.290 = 0.004
stase0win .y | mmime model yields S
fit model 1 é E é’ . 3 1:.=o.7os-o.ooe X 7 g | yidot = 6.983
NI BN A B tic e poor fits without
RN R modeling of
N I I Qg+ tails on right-
E O g
o hand side
° Graoe b el

& Use second fit model for gain stability tests of all Hamamatsu MPPCs without trenches,
i’%all KETEK and CPTA SiPMs, for bias voltage scans of some MPPCs without trenches

G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 10
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Measurement of G versus V, and T

d
<
5 7)
>

)

Overvoltage [V]
==  G. Eigen PD18 Workshop, Tokyo November 27-29, 2018

o G vs V,

& We explore the 2°C-48°C temperature range T P LeTTTTTTTTLY 7
L, =10 °C I=,;|r'

- ! 12— =15°C ]
& At different fixed T, we measure G vs V, ‘5’ - w20°C s
: - 25°C -
=> at each point we take 50k waveforms jor 230 ;
T «48°C .
& The dependences G vs V|, for each T and 8l -
G vs Tfor each V, are linear with similar slopes - .

& Plotting G vs overvoltage V, shows that for ? )
V,>1.5V all gains show a linear dependence 4r- -
on V, independent of T 7 A 7 Hamamatsu Al-20

G V 64 65 66 67 68 69
6 VS V,
) 14X| LIS B A B L B S For flt mOdeI 2 Vb [1"-"']
5 C ~ Gvs T

5, - dG/dV = (34.56 + 0.05) x 10°V . — 'f‘.ﬂ.ﬁ. A ey
) 12 = e NN ' i3
B - = sy
10 C g it
C . = Geav
- : -t
6/ . Sy
- : oay
o -
- 4 Hamamatsu A1-20 - - erev
2 ) S l L L L l LA LL 1 | L.l l LA LA l LA l L L L l I E:;E
TR, 1 1.5 2 2.5 3 3.5 4 " 83y




G=G(V,,T,)

0’°0

& We use fit model 2; we get consistent results with fit model 1

b

(V-V,))

L dG(V,T)
dT

(T-T))

Determination of dG/dV, and dG/dT

We perform a simultaneous fit of G versus V, and T to extract dG/dV, and dG/dT
dG(V,,T
n ( b )(

& We take averages for dG/dV,, and dG/dT; deviations from uniformity are < 2%

. dG/dVyvs T
x10
g : T T T T I T T L T T T T T T l L T T I T T ]
. _ " 5
= 3460/ 9GOV =(3435 0.03) x 1o+/v B
I + * !
T 3440 _—+_ -
34201 —
3400 -
33801 .
3360 ' -]
"Hamamatsu A1-20 ]
sl SN S SR SN NN SN SN TN SR ST TN TR SN SR S S SN | IS S T T N
0 10 20 30 40 50
T[°C]
105/V

'@ dG/dV,=(34.35+0.1) X

(=)
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dG/dT [1/°C)

-195

-200/-

-205[-

-210F

x|1 93 T ' T 7

dG/dT vs V,

-215

655

T T [ T T
- dG/AT = -(202.74 + 0.33) x 10%/°C

" 66.

LI DL B R L N B B B B B

Hamamatsu A1-20

ll'..'l;l
5 67

;llllllll.llll
675 68 685

Vo V]

€ dG/dT=-(2.0274+0.0033) X 105/°C
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Determination of dV./dT

€ We calculate dV,/dT from dG/dT and dG/dV, dVy/dT vs T
%'3' 2o T T T 1
dv, _ dG(V,,T)/dT 3 |
dT  dG(V,,T)/dV, g *r E
€ We determine O
dV,/dT=(59.1£0.1) mV/°C ®
€ The error includes the covariance of ®F  Hamamatsu A1-20 -
(dG/dVb’dG/dT) 0 10 20 30 40 TS{?C]
& From the breakdown voltage V.. vs T we extract Vbreak VS T
Ex es— =
dV,/dT=(58.7£0.3) mV/°C 2 s
€ For stabilization of Hamamtsu type A MPPCs o 1
we used dV,/dT7T=59.0 mV/°C 64.5 3
& The breakdown voltage increases linearly with T ” E
-l - Hamamatsu A1-20 ;
amamatsu - E
& The V(T) dependence can be calculated analytically i — 020 a0 a0 s0
;:Ea (see backup slides) T[C]
;%chﬂ%‘b’G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 13
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10
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Stabilization: Hamamatsu MPPCs w/o Trenches

& Fit p.e. spectra of all MPPCs without
trenches with fit model 2

- & All 12 MPPCs satisfy our requirement
of AG/G <=£0.5% in 20° —30°C

I range

In the entire T range 2° — 48°C

LRS
e\sl 7
(S "
“,

<108 Sensors «10° B sensors | J |
_I T T T T I I T T T T |.| T T T T — _I T T T T T T T T T T T T T T T T T T T ]
C A1-20 Gainvs T 4 - Gainvs T -
E-._. il - -- E 11_:_5_1_520__.——r—r-m—'—""—"..—.——-——'—__'_.'_—
- —Ch 1 (x0.002%) B —Ch 1 (+0.283%) ]
- —Ch 2 (£0.031%) 7 - —Ch 2 (£0.127%) .
- —Ch 3 (+0.093%) A 10— —Ch 3 (+0.230%)
n —Ch 4 (£0.042%) - - — Ch 4 (+0.308%) —
- A220 35 - B2-20 R
- - el e — 9 - - e —
- A1-15 I . n m . B1-15 i
C n - -.—-——I—_"__—'-_.-—
[ & = oy e —— == —m - ___._.___.__.__._...—.—.l--—r |
C ] 8 —]
C A2-15 7] ___._.__.——I—I—I—I—I"‘.—."'I—.—._.—_.—._—
- B C B2-15 ’
:| R T N P e S T S s L v 0 |: 7__ | | | L L | L | | -|:
0 10 20 30 40 50 10 20 30 40 50
700 ~ S12571sensors  T(C)

L L L B |

12— ' -

- $12571-136 Gainvs T 7

e e e e ]

10~ 512571-137 Len1 o105 "]

: +-ch 2 (+0.012%) i

o 8 +Ch 3 (+0.289%) ”

- +Ch 4 (+0.210%) i

61— S12571-271 -

& Some MPPCs satisfy this requirement 43 - — -

- S$12571-273 ]

_I 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 {'

i 2 0 10 20 30 40 50
%Eﬂ%@G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 T (°C) 9



ain Stabilization: Hamamatsu MPPCs w Trenches

S13360-1325 & LCT4 sensors All S13360 sensors
x10° x10°

o A0 o o
80F- LCT4 #6 Gainvs T - i Gainvs T |
- ey - 451-513360-3025 10103 -
70p E R S i 2
- LCT4#9 . - -
601 —Ch1(:0.151%) ] 40/-S13360-3025 10104 —Ch1(@0281%)
- Ch 2 (+0.055%) 3 i Ch 2 (+0.136%) )
50 —Ch 3 (0.051%) . i —Ch 3 (+0.220%) 1

8 —Ch 4 (+0.045%) R 35 —Ch 4 (+0.185%)
aok- 3 -S$13360-1325 10143 ‘
- S13360-1325 10143 4 B S S R TR
30:-_- -8 -8 & ; 30:—_' PRPT————— | R AR S S S M = - :
sof 5133601325 10144 E :813360-132510144 :
| PR EETRT U BTSRRI S S | S S S o) = ST R PETEETEETE S B SR
0 10 20 30 40 50 0 10 20 30 40 50
T[°C] T[°C]

& Fit photoelectron spectra of all MPPCs with trenches with fit model 1
- @ All 6 MPPCs satisfy our requirement of AG/G <#£0.5% in 20° —30°C T range

€ Both LCT4 and some S13360 sensors satisfy AG/G <#£0.5% in 2° — 48°C T range

R
é\qﬁ S

%eg%@ G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 15



=
o Gainvs T
e aa N“‘-\ -
: _ -
26} PM3350-1 :
24—, - -
b M
ool PM3330-2 —cn 1 0s85% ks
© ) Ch 2 (£0.791%
20 i —Ch 3 (£1.616%
i —~Ch 4 (£1.429%
181~
-, W12-B
6= = * ‘ ety
L W12-A, , . L
0 5 10 15 20 25 30
T(()C)

& Fit all photoelectron spectra with fit model 2

Gain Stabilization of KETEK SiPMs

imultaneous gain stabilization for 4 KETEK SiPMs in two batches: dV,/dT7=18.2 mV/°C

«o¢ Gainvs T
T LS T T T 14 T T N
27&" . S . * - 'f
- PM3350-7 \ .
262 « P'YI33'50-5' - * N.\\:\\\
" a L . -
25" PM3350-8 \\_
F —Ch 1 (+1.408% ]
24t Ch 2 (+1.392% .
23 —Ch 3 (£1.650% -
—Ch 4 (£1.644% .
221 —
21 PM3350-6 ]
200, et 3
0 5 10 15 20 25 30
T (°C)
1600
G=2.554 & 0000
G, = 2297 +0.005

& KETEK SiPMs show more complicated V(T) behavior
=» linear correction is not sufficient

=» sensors do not function properly above 30°C
= G rises (1-18°C); uniform G (18-22°C); G falls off (22-30°C) .
=>» due to this complicated V(T) behavior, dV,/dT~ 21 mV/°C

K >
S )
‘ % N
|

*Csﬂ%

-

Evanés / | 007084086 |

o,=0.243 = 0.000
7, = 0524 = 0.004
oy = 0.597 = 0.007
yided = 9180

* [Data

— Total fit

10 15 =
M, ampitus (V)

Thus, no SiPM satisfies the <*0.5% requirement for 7=20° —30°C range
G. Eigen PD18 Workshop, Tokyo November 27-29, 2018
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Gain Stabilization of CPTA SiPMs

PTA SiPMs are illuminated via scintillator tile

We adjust V, with regulator board using dV,/dT7=21.2 mV/°C to stabilize
4 CPTA SiPMs simultaneously

& We test gain stability within 7=2°- 48°C taking > 18 samples of 50k waveform samples
ateach 7

The gain is nearly uniform up to 30°C

Gainvs T A 18 point
SiPMs in ch#2 and ch#4 look fine; 10° Verage over-1e pols
ch#1 is noisy, ch#3 changed gain Py AR AL LA RS
at T=45°C but looks ok :
35FTome — T T,
€ All 4 SiPMs satisfy our requirement of P #1065
>+0.5% within 20°C -30°C T range 30 —Ch | (£0.017%)

TTT T T T[T 7T
| |
H*
©
N
N

- Ch P (+0.307%) ]

25 —Ch B (£0.161%) =

- o o2z 2amz : —Ch ft (+0.032%) ]
6,=0324 +0.005 20 -

0,=0.698 +0.009 o ]

o 0= 0871 +0.018 - - -— | R - u u _
g yhidot = 2410 15 ?-#975 X 14 ) -
% 600 : = e P 3 u v e ! - - . s j
E 400 10:T PR S ST SR N S S S PR || IS T S T N S T T "T:
0#857 10 20 30 40 50

200 T (OC)

0
Max, amplitude (mV)
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Measured dV,/dT Values versus V,

€ Look for correlations between operating voltage and measured dV,/dT for all SiPMs

& For most SiPMs dV,/dT increases linearly with V,

& Exceptions:
® Hamamatsu B type MPPCs
® Hamamatsu MPPCs with trenches
=» They have lower V,, for similar dV,/dT

dv/dT [mV/I°C]

& KETEK & CPTA SiPMs have larger
dV,/dT spread than Hamamasu MPPCs
without trenches

&= G. Eigen PD18 Workshop, Tokyo November 27-29, 2018

dV,/dT vs V,
70
S13360-1325 12571
S$13360-3025  —&
60 F
e
'.l' ',TypeA 5 2
- Type B
40
30
w2 *
20 e
Pm33sg CFTA
10
20 30 40 50 60 70 80
v [V]
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oes Afterpulsing affect Gain Stabilization?

€ We determine the pe spectra from the waveforms in 2 ways

® integrated charge Q — Graph
® magnitude of the peak Apeax o S RS -

€ We analyze the scatter plot of
Q versus Apeax

€ Signal without afterpulsing lies on the diagonal LS L W, S——

Line oftuet [charge]

€ Signal with afterpulsing is Q hSpecPe2D
i i ol ; Entries 50000
shlfte.d upwards since wave | meanx 0.008854
form is broadened due to = {Meany  0.1496
delayed secondary signal

L J5%i® | Std Dev x 0.005228
R Std Devy 0.09436

10°

& Set slope with 2pe & 3pe peaks

& Dashed line is chosen to be in

valley between the 2 regions
=> best separation

=) J."‘_ e
a 10

T slope=Ay/Ax

& Redo analysis for region below 2
dashed line offset |-o

llllllllllllllllllllllllllllllllllll

0.005 0.01 0.015 0.02 0.025 0.(2 0.035
peak

4 & .
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dG/dT [1/°C)

dG/dT [1/°C)

-122F

-124
-126
-128

-130f

-132
-134
-136

-122-
-124

-126f
-128F

-130
-132
-134
-136

G/dV, and dG/dT for Reduced Afterpulsing

dG/d T

x1 _03]

all data

o dG/T

T T Ty T L B a2 Y
“reduced .
-afterpulsing

1 Lol e a L e L s PR T R S |
72 72.5 73 73.5 74 74.5 75
Bias voltage [V]

20

€ Ihe dG/dV, & dG/JT distributions for sample with reduced afterpulsing look
| look similar e dG/dV,
| as those S T
| for all data S 2260 all data l
| s |
} % 2240.— —
& Within r i
| errors get 22200 .
| the same 2200/ -
- fitresults [ :
| => visually 2180 . g
| slopes of TR TP T T TP T
‘ d | 5 10 15 20 25 30 35 40 45
| rea lines are Temperature [°C)
- thesame _ oag dGAVy e .
: E‘ 22301educed -
| > rafterpulsin ]
: 2 o TPUISING o
\ © i 1
| 2240/ s
2220 !
2200 .
2180 " ]
s 015 20 25 30 35 40 45
:?\qeks/% Temperature [°C]
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efine afterpulsing

R=events above dashed line/all events

€& Study R as a function of V, foreach T

& R shows rapid increase with V,

€ R shows no explicit T dependence (7>0°C)
= Spread may indicate systematic

Area

effects of procedure

E .- ;_ a 10°
3 AN
251 il
C _|4n2
oF l 10
1.5
1:_ — 10
0.5
0 E—I .P I- .l- -I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 I 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0.12
Maximum Amplitude
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Afterpulsing of LCT4 MPPCs

LCT4#6
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20F -
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10F -
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1 B ]
Y5 T 15 2 25 3 85 4
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i T I' T l' T I T I I T T T ‘l T T T T l.‘/_‘
30__ s 5C 7
- u 10 C
: n 15 g :
25_ - 20 ]
- 25C -
v - - / B
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- g .. .
150 S5 5
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5F- =
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Conclusion and Outlook

We successfully completed gain stabilization tests for 30 SiPMs and demonstrated that
batches of similar SiPMs can be stabilized with one dV,/dT compensation value

All 18 Hamamatsu MPPCs satisfy the stabilization goal: AG/G < £0.5% for T=20°C-30°C
= most MPPCs satisfy AG/G < £0.5% in the extended T range 2°C-48°C

Gain stabilization of KETEK SiPMs is more complicated
® Range of stabilization is limited to 2°C-30°C T range
® No SiPM satisfies our requirement =»need individual dV,/dT values

Gain stabilization of CPTA SiPMs works fine
=> for all 4 SiPMs, AG/G < £0.5% is satisfied in 20°C-30°C range

Afterpulsing does not affect gain stabilization results

Afterpulsing strongly depends on overvoltage not temperature (T>0°C)
Results are in the process of publication in JINST

In the analog HCAL, V,, adjustment can be implemented on the electronics board
=>need array of temperature sensors to monitor 7 adequately in entire AHCAL

7 G. Eigen PD18 Workshop, Tokyo November 27-29, 2018 22
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Hamamatsu S
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5

G/dV,, dG/dT & dV./dT Results for Fit Model 1

Fit dG/dV,, and dG/dT with linear functions, use only constant (slope are small <1%)

dG/dT [1/°C)

-260

265/

-270

-275

«10°

I

dG/dT = -(267.75 + 0.40) x 10°/°C

- d6/dT vs W,

555 56 565 575 58

Vs [V]

& Forfixed T, measure 34
Gvs V, = dG/AdV, 82
30
& Forfixed V, plot 28
Gvs T = dGAT 26
€ Extractall dV,/dTfor
fixed T& average them
€ Do this for each SiPM
=
. «10°
s T l
S 4680 o dG/dV = (46.36 = 0.02) x 10°V
© 4660~ T~ ]
d6d0i- _ _ % ___ 3“_\< _______ .
4620 \\\\\\\; |
woo. A6/dVovs T v
5 10 15 20 25 30 35 40 ?[LCl
€ dG/dV=(46.36+0.02,,) x 10°/V
;ﬁ € dG/dT=(2.6775+0.004) x 105/°C
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58.5

5 N -
&
E 62 <dV/dT> = (57.77 + 0.61) mV/"C 3
5 r 1
S 60 E
. S N - LI
56}
54»-
dW,/dTvs T
S25ETN0 15 20 25 30 35 40 45
T(°C)
€ dV/dT=(57.8£0.1,,,) mV/°C
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Comparision of the 2 Fitting Strategies

New fit old fit
R I L I I I I I R I 7 O P T T
- o 45 o o
e We Obtain the same dV/dT for 625 av/dT=57.0x0.7mV/°C ] é sor aV/dT7=56.5+0.4mV/°C E
Hamamatsu A, B & S12571 s ¢ 13 s E
MPPCs within errors for both & =~ j J HEEERE SN l E
fitting strategies S s | | | I T * | T 1 s T | ‘ | T | ‘ -
€ For KETEK and CPTA SIPMs [ Hamamatsu B2-20 EI o
we have tested the new fitting SEHCTiS TR0 25 a0 55 40 45 596" 1550 2530 85 40 45
T (°C) T[C]
methodology on one channel e
so far T R S AR ADN A :
® dV/dT=23.0+0.3mV/°C | dV/dT=22.3+0.2mV/°C " |
251~ e a ]
© Forthese two SIPMs, dV/dT ¢ . | | \ e ‘ )
> 8 135 23f -
values agree within two agree £ 237 i - | | L 48 | | l | ‘\ o] ]
within 2 standard deviations 3 2 k + T T 15 = | ‘ H ‘ T T ]
. 5 1 cPTA 1065 ER S :
& We will do the remaining T B S ]
KETEK and CPTA SIPMS 0 10 20 reo) 30 40 5(C 0 10 20 reo 30 40 5C
Soon 24; “““““““““““““““““““ - § SRR
- dV/dT=20.1+0.4mV/°c & *F dV/dT=19.1+0.3mV/°C -
s E % 20
i*ll | 19)iHj |
= 0F = L
= 19T ‘ ‘ T I I I ‘ T [ é 18; I -
"} KETEK PM3350_6 1t k
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SiPM Properties

e
SiPM Serial# Size Pitch #pixels Vbias Gain
[mm?] [um] vl [10]
Type A A1 1x1 15 4440 67.22 0.2
Type A A2 1x1 15 4440 67.15 0.2
Type A A1 1x1 20 2500 66.73 0.23
Type A A2 1x1 20 2500 67.7 0.23
Type B B1 1x1 15 4440 74.16 0.2
Type B B2 1x1 15 4440 73.99 0.2
Type B B1 1x1 20 2500 73.33 0.23
Type B B2 1x1 20 2500 73.39 0.23
S12571 271 1x1 10 10000 69.83 1.35
S12571 273 1x1 10 10000 69.87 1.35
S12571 136 1x1 15 4440 68.08 2.29
S12571 137 1x1 15 4440 68.03 2.30
LCT4 6 1x1 50 400 53.81 1.6
LCT4 9 1x1 50 400 53.98 1.6
S13360 10143 1.3x1.3 25 2668 57.18 0.7
S13360 10144 1.3x1.3 25 2668 57.11 0.7
S13360 10103 3x3 25 14400 57.6 1.7
S13360 10104 3x3 25 14400 56.97 1.7

e 725
&

est 18 Hamamatsu MPPCs (6 w trenches), 8 KETEK SiPMs and 4 CPTA SiPMs

SiPM Serial# Size Pitch #pixels Vbias Gain
[mm?] [um] V] [10]
W12 1 3x3 20 12100 28 0.54
W12 2 3x3 20 12100 28 0.54
PM33 1 3x3 50 3600 28 8
PM33 2 3x3 50 3600 28 8
PM33 5 3x3 50 3600 28 8
PM33 6 3x3 50 3600 28 8
PM33 7 3x3 50 3600 28 8
PM33 8 3x3 50 3600 28 8
CPTA 857 1x1 40 625 334 0.71
CPTA 922 1x1 40 625 33.1 0.63
CPTA 975 1x1 40 625 33.3 0.63
CPTA 1065 1x1 40 625 33.1 0.70

& Use 3 types of MPPCs with trenches
® Two experimental samples (LCT4)
® Two 1.3 x 1.3 mm?2 sensors
® Two 3 x 3 mm?2 sensors
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Exact dV,/dT Relation

| av  (06(v.T)/aT)
€ Forstable gain, extract @ —=-
dT (a@(v,r )/ av)
: vV(T) Hamamatsu BZ
€ We observed linear dependence S  F
= 745:
GG(V,T) _ +bT and BG(V,T) _ i dV 74?
oT oV

€ The analytic solution is

V(T) = _a, K K: integration
b b/d
(c ; dT) constant
for b#0, d#0

73.5F
73F
72.5F

72F

- 1 3
051015 20 25 B0 s 4550
I [°C]

€ By plugging the values for a,b,c,d for Hamamatsu B2 yields V(T) dependence
=> in the 2°C-50°C range this yields an excellent linear approximation

a=(-0.48266+0.0002)x10% b=4835.9+0.3; c=(2.17+0.003)x10% d=1295+152

TER S5\

S
§i?ﬁ
& o
& ~
“;'C.‘F_v\"3
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