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Introduction

The gain of SiPMs increases with V,,.. and decreases with temperature T

To operate at a stable gain, V,,.. can be adjusted to compensate I changes

<

This requires the knowledge of dV/d T, which is :
obtained from dG/dV and dG/dT measurements 700

650 |

We tested this procedure in a climate chamber at CERN
in February 2016 using a linear approximation for dV/dT

600 |

[ —— Atfixed bias 33.4V 1
- slope: (-6.17 + 0.07) x10° B
| —— Compensated by testboard -

550 | slope: (+15.4 + 75.9)

10 20 30 . 40
Temp [ Celsius]

We tested gain stabilization on 30 SiPMs from Hamamatsu,
KETEK and CPTA measuring 4 SiPMs simultaneously with one dV/dT setting

We shine blue LED light via optical fibers on each SiPM

At a rate 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

preamplifier (8/15 ns shaping time)
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Temperature Measurements

& Hamamatsu and KETEK SiPMs are illuminated
directly by the LED light

€& CPTA sensors are glued to a WLS fiber that is
placed inside a groove in a scintillator tile
=> light has to pass through the tile and WLS fiber

€ Typically, we vary T from 50°C to 1°C in 2.5°C steps
reduced to 2°C steps in the 20°-30°C range

® T5p1=T.:x0.5°C (ramp up/down) » T
® T accuracy ~+0.2°C

® Use 7 PT1000 sensors to measure T in various places
one each is placed near a SiPM
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Gain Determination

€ For Hamamatsu MPPCs, we integrate each waveform over a variable time window, i.e.
the time for which the waveform stays below the baseline
=>» pe spectrum is obtained from the measured total charge

€ For KETEK and CPTA SiPMs, we search for the waveform minimum from which we

(@]
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Gain Determination

€ In both cases, we fit the pedestal, the first pe peak and the second pe peak with
Gaussian functions G; with fractions f, (i=ped,1, 2)

F.. -

sig pedé;ped

* f161 * (1 - fped - fl)gz

€ Besides the signal peaks, we include background F,, that is determined by a
sensitive nonlinear iterative peak-clipping algorithm (SNIP), which implemented in
ROOT TSpectrum class

& Thus the likelihood function is

50000

-1 o (W) (1) o (),

fs: signal fraction

€ The gain is defined as the distance between the first and the second pe peaks

€ The error on the gain takes the uncertainties of both peak positions into account

& We perform binned fits of the pe spectra O . = \/(72 +0°
gain u, U,
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CPTA dG/dV Measurements

_ Gain vs Vo
e explore the temperature range 1°C-45°C 60—

€ At fixed temperature, we vary V.

=» at each point we take 50k waveforms >0

& For each temperature point, we perform a 403—
linear fit for G vs V¢ to extract ©o

OOOOOOOOO
olelelelelolololele)

® Breakdown voltage 30
® JdG/AdV

& Breakdown voltage increases linearly with T

20

10k

€ dG/dV/~capacitance increases with T (use linear fit)
=2 6% increase in 1°C-45°C T range

19.2
Breakdown voltage 19
R A R e )
S g 18.8
3217 \° _31.504 + 0,002V -
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2 G 182
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G Eigen CALICE UTA September 14-16 2016~ ® dG/dV=(1.819=%0.002) X 107/V 7




CPTA dG/dT Measurements

Gain vs Temperature

x10°
& Forfixed V,.., we plot G versus T 1] A A AR A= "ozs
: . 50;— —; m327V
€ The gain decreases with temperature a5E- g ma2sv
g 0 - - m329V
= we perform linear fits to extract ok E Ry
dG/dT - J sy
o 35F 7 w332y
- 1 m333V
€ dG/dT increases linearly with V. 30F S
(8% variation from 32.5 V to 34 V) 25F 3 =sssv
: . = - =337V
=>» perform linear fit 20¢ E
15 — m339v
«10° dé/dTVSVb/'as el b e b b b b e by 1y ) W34V
R B L R T B 0 5 10 15 20 25 30 35 40 45
~380" dG/dT = -(409.90 + 0.85) x 10°/°C + - CPTA #922 T (°C)
—3903— -
2 400k 1 & From the fit, we measure
5 - ] dG/dT=(4.099+0.009) X 10°/°C
s —410F =
5 F
—420— -
—430; -
324 326 326 33 332 334 336 338 34

Vbias (V)
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Determination of dV/dT

c1V9Q17’vs T
€ Ateach T point, we the determine dV/dT 24-55—' | | CPTA #92'2
distribution by dividing all dG/dT 24¢ -
measurements by all dG/dV values _BSE ‘ E
3 E
€ Ateach T point, we average dV/dT values E 22.5F 1 ‘ E
and compute the standard deviation 5 22F 1 =
> 21.52—+ + E =
& We fit the resulting distribution with o1t + ﬁ E
a uniform distribution 2055 ' =
=>» we estimate the systematic error by 205 |+ IIIIIIIIIIIIIIIII =

taking the fit parameter uncertainties 590 1520 25 30 35 40 45

(°C
€ We obtain: dV/dT=(22.620.2,,.) mV/°C dv/dTVs T

<dV/dT> = (22.6 £ 0.2) mV

€& We then test gain stability, typically in the

1°C-50°C T range | E
©)

€ We determine the deviation from gain E N | ~ l o, l |
stability in 20°C-30°C T range 5 2250 o T ‘ | | T E
3 22 E
21.5F | =
21 =
R et SPTA 922

0510 15 20 25 30 35 40 45

9
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Gain Stabilization of CPTA SiPMs

€ We adjust V,, . with regulator board using dV/dT7=21.2 mV/°C to stabilize 4 CPTA SiPMs
& We test gain stability within T=1°-48°C taking = 18 50k waveform samples of at each T
€ The gain is nearly uniform up to 30°C, then falling off rapidly
€ SiPMs in ch# 2 and ch#4 look fine; ch#1 is noisy, ch#3 changed gain but looks ok
€ Three SiPMs satisfy our requirement of =0.5% within 20°C -30°C T range
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Study of CPTA #975

€& CPTA sensor #975 changed gain during
operation at 45°C by a factor of ~2

Spectrum of pe before

© 600
g G = 4.569 +0.027
e G, =4.332 £0.018
o . 500 c,=0.333 +0.007
& After the gain change, the SiPM seemed to s 5, =0.645 +0.014
2 00 o, = 0.878 +0.037

feg = 0.255 = 0.014
#2/dof = 2.085
T=2543 °C

operate "normally”

300

e Data

Total fit
Signal

----- Background

€ The stabilization looks fine after gain change 200

100

I]IIIIIlllllllllllllllllllllll

1 1 | 1 1 1 1

1 L1 | | veul
10 20 30 40

x10° =
O 55 T 7 |C ™ LI B B T T 1 A Max. amplitude [mV]
- m1° =
50 " }g 8 E Spectrum of pe after
- m20°C - g C
45 23°C 3 s b G =2.354 +0.026
- = gg 08 3 $500— G,y = 2.063 0.016
40F .30°C - 3 r o, =0.221 +0.008
F =35°C 3 S b 6, = 0.502 +0.022
35 j:g 08 — £ 400— o, = 0.680 + 0.050
E Ssee 3 & fgp = 0.313 0.044
30 — = N x2/dof = 1.701
o5F = S00— T=23.42°C
- = C e Data
20 — 200— Total fit
C ] C Signal
15F< — - neAh Y & e Background
- 3 100/—
1 O +_ 1 I 1 I 1 1 1 I 1 1 1 1 I 1 1 1 1 | _T :
32 32.5 33 33.5 34 34.5 C

Vbias [V]

0
Max. amplitude [mV]
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Study of KETEK SiPMs

e e decay time in KETEK SiPMS iS I"ather 3 Ketek_W12_A_ch1_Temp25_BV28.5_Run275_Time1456157888_DataWave
> T T S eI L S -, - L
long, much longer than that for CPTA I e ._ .
and Hamamatsu MPPCs E -
2 |
Y s a - 3 5 < = S
€ Within a 200 ns wide integration window 3 e
the waveforms of multi photoelectrons E 5
typically do not return to the baseline g I
-25—
€ In addition, signals are rather noisy —302— A
and have many afterpulses 0 20 40 60 80 100 120 140 160 180 200

Time [ns]

€ Thus, we also use the method of minimum

amplitude to determine the pe spectra WIZA Spectrum of pe
Spectrum of pe ggoo G = 2.3250115 + 0.0141131
& Forthe 2 S 200 G, = 2.0700105 + 0.0142611
or the <800 g o" = 0.3558460 + 0.0160350
W12 sensors 8 F G = 27709425 + 0.0174321 <700 o, = 0.5565825 + 0.0128112
= 700 G,,, = 2.5411652 + 0.0207606 2
we could also 57005 o1 = 0.4342865 + 0,0223859 S 00 :’3 = 00'574‘:29115 1i0 :-0238525
2600 = 0.6474726 + 0.0170416 w ‘ s =0-742 = 0.
use total the 5 o0 Z: = 0.7725571 + 0.0256656 500 . x?/dof = 2.822
U ob fgg = 0.776 +0.117 B T =25.60 °C
total charge s00- =075 = o 14 ! ? .
to obtain 400 i T=2529°C b § ¢ i% * Total fit
- Dat 300 2 Signal
the pe spectra - 3 * Tomitn 2S5 SE— o und
= § Signal 200 & t X1
200[— § g ----- Background ; ii
- 100 %
" ? v\ “1 A i T i b|
E I~| 0 11 1 5 L1 11 10 111 1 5 | | 20 5
0 20 30 Max. amplitude [mV]

Max. amplitude [mV]
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KETEK dG/dV Measurements

LI LI LI LK << < <L 1L 1L < < <1l <1<

: . . KETEK
& We perform the amplitude analysis for all 8 KETEK SiPMs WI12A
Z<|1|0|6||||||€au||r|‘|vuusu ||(b|/.ua'us‘n|nnnn|nnll| lllll 5106 ..qun.ys..l—-- m 28V
€ Results for 30 w1C 7 a0 . s
other KETEK SR ] :
g 25[ °C . 251~ n 554
SiPMs look [ =B ] B a2
==Y - °C . - 51
very similar [ 235°C ] - 202
ry o 2O TR lo %% 1
© ThePM3350  '5¢ 1"
SiPMs do - : - 2
not work 10F 1
o B ] T T T R T D T -ggﬁg
properly > 30°C L s s s AR 6 E WS B % w0 a5 W
. \ ias (V) T(OC)
& The capacitance o oAV T e dB/dTS Ve
iIncreases 7150§— dG/dV = (70.18 £ 0.03) x 10°NV W —i _:zg_ ** 0G/dT =-(146.16 + 0.29) x 10°7°C E
by ~2% in the 7100F- =N b
- ] - o L] =
5°C -40°C s 70%0F 15 145 _”* tht T
T range < 7000f 4 -150F ; y 't =
2 go50r % 1ssE ' y E
) - 1% =3 ' E
e dG/dV= c000L R +
= 3 165 ' E
(7.02+0.03) x 10¢/V 0890 1 —170F & -
68005‘ E —1755— | \ \ \ \ \ 1E
= TR T ~"28 285 29 295 30 305 B
e dG/ dT_ Vbias V)

1.462+0.003) x 105/°C T
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Determination of dV/dT

KETEK W12A dl//dTvs T

= t each T point, determine dV/dT distribution SR ——

by dividing all dG/dT measurements by 25—+ =

all dG/dV measurements 4241—3 e

€ Ateach T point, we average dV/dT values =3 E
221

and compute the standard deviation

dV/dT (mV/°C)

€ We fit the resulting distribution with
a uniform distribution

=>» we estimate systematic errors by

taking the fit parameter uncertainties

||||
- HE— I .-

oy .
s! z

I:|IIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIlII_
0 5 10 15 20 25 30 35 40

dv/dTvs T TC)

|||||||||||||||| IIIIIIIIIIIIIIIIIIIIII_
i <dV/dT> (212+o4) mvV

- T ..

€ We obtain: dV/dT=(21.210.4,,) mV/°C

&€ Adjust V,,, with regulator board
® use compensation of 18.15 mV/°C
stabilize W12A, W12 B, PM3350-1,2

® use compensation of 18.3 mV/°C to

22| -

dV/dT (mV/°C)

T " " ' a n w w _:

stabilize PM3350-5,6,7,8 al: . :

20 -~

€ Test gain stability in 1°C-30°C T range ]
19 .

0 5 10 15 20 25 30 35 40
KETEK W12A T (°C) 14




& KETEK sensors
show more
complicated
V(T) behavior

=»linear correction
is not sufficient

€ Grises from

1°C -~18°C

G is uniform
in 18°C -22°C
T range

G falls off
rapidly in
22°C -30°C
T range

€ Only 1SiPM °
has <+0.5%
deviation from
uniformity
in 20°C to

0°C range
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Gain Stabilization of KETEK SiPMs

imultaneous gain stabilization for 4 KETEK SiPMs in two batches
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Gain Stabilization for MPPCs w Trenches
LCT/513360

X
—_
1O
[e)]

€ Hamamatsu MPPCs gain stabilization results

are finalized 80
w 13360-1325-1 o |3360 1325-2

IIII|III'1—

. . 317F = 3 E 70__ g

€ Lineargain i il o= T : 1
ilizati :’f’é 111 A =oF Zf:."' - —Ch1(+0.196%) 7
stabilization R L I SHA T RIS I _ch2 w000o%y 3
works well 21{21; Egﬂ : 2;5:“ 50 —Ch 3 (+0.089%) —
for MPPCs S0 R " S - —Ch 4 (+0.062%)
with trenches =t—s—s—s—s—s =% 40 E

30

l

= all sensors "} o
satisfy a il #gg@@g;g
<+0.5% i
deviation from Jjjit = [ 1 513360 T (°C)

nOn'Unlformlty 0 0 20 30 40 727- 20 = 48
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& Gain stabilization works well for all tested

Hamamatsu MPPCs without trenches

€ All 12 MPPCs satisfy the requirement a
<=%*0.5% deviation from uniformity
within the 20°C -30°C T range

10.5

10

9.5

8.5

7.5

><|1 0|6 T T T T Ilelple IAI T

= —Ch1 (£0.004%) 1
= Ch2(x0.024%) ]
- —Ch 3 (+0.103%) ]
- —Ch 4 (+0.052%) -
C _-_l_l—.—-—.—I—I—I—'"—.—._._.—_._._.- ]
5" 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 "E
0 10 20 30 40 50

T (°C)
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Gain Stabilization for MPPCs w/o Trench
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Measured dV/dT Values vs V, ;..

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

& dV/dT increases with V. MPPC dV/dT [mV/°C] SiPM dV/dT [mV/°C]
SiPM dV/dT vs V A1-15 59.45+0.49 W12 21.2+0.4
bias

70 A2-15 57.84+0.67 W12 23.0+0.2

L S$13360-1325  S12571
5 S13360-3025 3_’_ A1-20 59.84+0.78 PM3350 20.0+0.3
g 60 o A2-20 59.06+1.47 PM3350 18.7+0.4

= <+ TypeA ¥
g - Type B B1-15 56.80.2 PM3350 18.840.2
- 50 LET B2-15 58.00.1 PM3350 19.1+0.3
B1-20 57.120.2 PM3350 20.520.2
40 B2-20 56.9+0.1 PM3350 19.840.4
S12571-271 64.31+0.23 #857 21.6+0.4
30 S$12571-273 65.32+0.19 #922 22.6+0.2
W12 S12571-136 63.36+0.29 4875 25.9+0.3

®
20 1 -‘- S12571-137 64.80+0.30 #1065 22.3+0.2
PM3350 CPTA LCT4#6 53.9+0.5
10 LCT4#9 54.0+0.7
20 30 40 S0 60 70 80 S13360-10143 55.85+0.26
Vbias [V] S13360-10144 58,17+0.09

S13360-10103
S13360-10104 54.47+1.5
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Conclusions and Outlook

We tested gain stabilization for 30 SiPMs in a climate chamber at CERN
testing 4 SiPMs simultaneously with one dV/dT value

All 18 Hamamatsu MPPCs, 6 with trenches and 12 without trenches, show excellent

gain stabilization

=» non-uniformities <*0.5% in the 20°C-30°C T range, work well in extended T range
1°C-50°C

Gain stabilization of KETEK SiPMs is more complicated,
® Signals are rather long and are affected by afterpulsing
® range of stabilization is limited to 1°C-30°C T range
® SiPMs have more complicated V(T) behavior in the 1°C-30°C T range
= different dV/dT values are needed to stabilize the gain in 1°C-30°C T range

Gain stabilization of CPTA SiPMs works fine
=» for 3 SiPMs deviations from uniformity are less than £0.5% in 20°C-30°C range,

We need to check the KETEK results

We completed the first draft for publication in JINST

GG Ficen CAIl ICF IITA Sentember 14-16 2016
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SiPM Properties

= t 18 Hamamatsu MPPCs (6 w trenches), 8 KETEK SiPMs and 4 CPTA SiPMs
SiPM Serial# Size Pitch #pixels Vpias Gain SiPM Serial# Size Pitch #pixels Vpias Gain
[mm?]  [um] V] [10¢] [mm?2]  [um] V] [106]
Type A A1 1x1 15 4440 67.22 0.2 W12 1 3%3 20 12100 28 0.54
Type A A2 1x1 15 4440 67.15 0.2 W12 2 3x3 20 12100 28 0.54
Type A A1 1x1 20 2500 66.73 0.23 PM33 1 3x%3 50 3600 28 8
Type A A2 1x1 20 2500 67.7 0.23 PM33 2 3x3 50 3600 28 8
Type B B1 1x1 15 4440 74.16 0.2 PM33 5 3x3 50 3600 28 8
Type B B2 1x1 15 4440 73.99 0.2 PM33 6 3x3 50 3600 28 8
Type B B1 1x1 20 2500 73.33 0.23 PM33 7 3x3 50 3600 28 8
Type B B2 1x1 20 2500 73.39 0.23 PM33 8 3x3 50 3600 28 8
S12571 271 1x1 10 10000 69.83 1.35 CPTA 857 1x1 40 625 33.4 0.71
S12571 273 1x1 10 10000 69.87 1.35 CPTA 922 1%1 40 625 33.1 0.63
S12571 136 1x1 15 4440 68.08 2.29 CPTA 975 1x1 40 625 33.3 0.63
S12571 137 1x1 15 4440 68.03 2.30 CPTA 1065 1x1 40 625 33.1 0.70
LCT4 6 1x1 50 400 53.81 1.6
LCT4 9 1x1 50 400 53.98 16 € Use 3 types of MPPCs with trenches
S13360 10143 1.3x1.3 25 2668 57.18 0.7 ‘ TWO eXperimental SampleS (LCT4)
S13360 10144 1.3x1.3 25 2668 57.11 0.7 ‘ TWO 13 X 13 mm2 sSensors
S13360 10103 3x%3 25 14400 57.6 1.7
® Two 3 x 3 mm?2 sensors

S13360 10104 3x3 25 14400 56.97 1.7
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€ KETEK W12 & PM3350 SiPMs show non linear V vs T dependence
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Gain Stabilization of KETEK SiPMs

he 5°C -15°C T range is better stabilized
=» Here 6 of the 8 SiPMs are non-uniform to less than =0.5%
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