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Gain Stabilization of SiPMs

€ The gain of SiPMs depends both on bias voltage and on temperature
® Gain decreases with temperature (T) & increases with bias voltage (V.

€ For stable operations, the gain needs to remain constant
® This can be achieved for example by readjusting Vy,;,s

= Determine dV/dT from measurements of dG/dV and dG/dT
=> Build Vi, requlator that keeps gain constant (<1%) if T changes

€ We measured dG/dV and dG/dT for 15 SiPMs from 3 manufacturers
in a climate chamber at CERN (6 of these are not in the catalogue)

€ We built V,, regulator test board to show proof of principle on 4 SiPM:s
€ We used the results to produce the first board in industry and test it

€ Work is performed in the framework of AIDA
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Gain Determination
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Gain vs Voltage for CPTA 857

€ Take samples of 50k at different T and V values
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€ dV/dT=<d6/dT>/<d6/dV>= = -13.33+0.35 mV/K
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€ First test board prototype
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€ Voltage range: 10 V 10 80 V

€ Voltage range: SiPM: 10 V t0 130 V
€ Temperature slope: APD: 10 V t0 450 V
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S L € Delivered to CERN February 2014
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x10°

€ Adjust voltage continuously using Vi, 5 7 .
regulator test board
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€ Perform similar study with 3

other SiPMs from CPTA, KETEK
and Hamamatsu
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€ CPTA 1677: non-uniformity <+ 0.3%
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€ KETEK W12: non-uniformity <+1.2% s00

€ Hamamatsu 11759: non-uniformity <1 7%
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6gin after V.. Adjustment for other SiPMs
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Voltage Temperature Relation

€ For stable gain dV/dT is determined by @V _ aG(V,T)/oT
dr  oG(V,T) oV

€ The partial derivatives can be expanded in form of polynomials
® dG/dT=a+b*V+O(V?)
® d6/dV=c+d*T+O(T?)

€ If both partial derivatives are first order V(T)= g+(c+a!-T)" (d=0)
polynomials = -

‘FO"'CPTA857weob‘rain\>§i;

by > 335"

€ Ford=02> yp)=2+C e oy
¢ 333

€ If the partial derivatives are constant — 32
2 V(T) is exactly linear 3.1,

0 10 20 30 40 50

€ For quadratic dependence V(T) has a T
more complicated solution In the 20° -30° C range a linear
~ Tan{f(T)} model is a good approximation
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Study of KETEK 12 SiPM

€ We started with the analysis of the data taken with the bias voltage
regulator prototype board

€ We extended the temperature range from 1°C to 50°C

€ We try several fitting procedures

® Fixed-peak Gaussians: sum of Gaussians with fixed distance
between peaks
Sum of Gaussians with 1.50 range between 2 p.e & 1. pe. peaks
Sum of Gaussians with full range between 2 p.e & 1. pe. peaks
Sum of Gaussians with 1.50 range between 1 p.e peak & pedestal
Sum of Gaussians with full range between 1 p.e peak & pedestal

Charge distribution run 1422, spill 18 (5 points ignored)

rebinned hSpill_18
Entries 2000
Mean 2258
RMS 116.8

Charge distribution run 1427, spill 1 (5 points ignored)
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Run Overview
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@m Extracted from Different Fit Methods

€ Compare measurements for new board with those for old board

€ Fixed-peak distance and multi-kernel fits yield more stable results

New board

-Fixed peak distance
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T
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=> For high T, preamplifier probably did not perform properly

160 T

!
. fixed peak dist —+—
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Gain versus Bias Voltage: Fixed-Peak

€ For low T, slopes are parallel and spread of individual fits is small

45



ain versus Bias Voltage: Full Range 1-0 p.e.

€ Slopes are also parallel, but spread of individual fits increases
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: 1.50 Range 1-0 p.e.

€ For low T, slopes of individual fits are parallel, larger spread

160 ; ! 45

| I
distance between 1st photopeak and pedestal —+—

100 - = A% e;t 4 _:2?\;;i  N s e Aé.A._A._A_.A_.A . AuéA“ B

90 | e e e

80 i i I I
27 27.5 28 28.5 29 29.5

G. Eiaen CLICdp workshop CERN. 11/06/2014



Gain versus Bias Voltage:Full Range 2-1 p.e.

€ For low T, slopes are parallel spread of individual fits is larger
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Gain versus Temperature

€ Use fixed-peak method to determine temperature dependence
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€ Gain after bias voltage readjustment for KETEK SiPM 12

Preliminary Results with New Board

€ There seems to be a slope up to 20°C? It also drops above 30°C

=> is this real or is it an analysis bias?

€ Fixed-peak method is more robust than 1.50 fits for 1 p.e. - pedestal

& 2 p.e.-1p.e. peaks
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Conclusion

€ For studies with the first bias voltage regulator board, the gain
stabilization works very well

= for all four tested SiPMs, gain stability is < 1% as required

€ We are analyzing the gain stabilization of 5 SiPMs with the new bias
voltage requlator board prototype
= see problems at higher temperatures >35°C (preamplifier issue?)
=> gain also seems to drop at lower temperature
(light had to be increased, longer signals, too short integration)

€ Fixed-peak fit seem to have smaller variations *more stable?
Need to understand and fix misfits

€ Distance between pedestal 1 p.e. is smaller than that between 2 p.e.
&1p.e.

€ The V(T) dependence has an analytical solution
=> presently a linear dependence is implemented on the board
=> new studies may suggest that a power law may be needed
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Next Steps

€ Complete analysis of our latest runs with 5 SiPMs using the new bias
voltage regulator prototype

€ Check the preamp performance

€ Results may require a modification of the regulator board to allow for
power-law corrections

€ This may require another test at CERN in climate chamber

€ Modify an HBU implemented in the new AHCAL prototype
=> This may proceed in 2 steps (analog and digital separately)

20
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Backup Slides
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SiPM Test Setup

€ We work in a climate chamber at CERN that is accurate t0 0.2° C

€ Use digital oscilloscope read out by PC,
low voltage & bias voltage power supplies

€ Use pulse generator for LED signal

€ Shine blue LED light on detectors

SiPM + preamp +T sensor + LED:2
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w __-pt-1000 outside black box
€ Use 3 pt 1000 sensors S e

® Near SiPM, inside/outside black box . «— Pt 1000 near SiPM

€ Use LM35 sensor to measure T to e R Y -
perform gain correction -8

€ Vary T from 5°C 1o 40°C in 5°C steps

except in 20°-30°C range use 2°C steps
eTSiPMNTSET+O‘4°C'
=> offset is same over entire range

LM35 sensor

) %) |
- Attached to SiPM _ E ik Attached to SiPM
% Inside testbox % 20 Inside testbox n
O Outside testbox o O Outside testbox
3 <ZRTC] SR | R — -
Ii) Ii) f H : : : ]

16 _ .............................................................................................................................. —]

P T R B o . AR R B R | B
17-17h 17-18h 17-19h 17-20h 19h00 19h10 19h20 19h30 19h40
Time

Time
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SiPM Detectors Tested

€ We measured the dG/dT & dG/dV dependence for 15 SiPMs from 3

mGnUfGCTU rers Manufacturer Sensitive Pixel # Nominal | Typical | Serial #
and Type # area pitch | pixels Viias G
[mm?] [um] [V] x[10°]
e We ‘resTed the _
Vbias adJus’rmen’r S10943-8584(X) 1x1 50 400 71.69 7.49 11759 4=
. - $10943-8584(X) 1x1 50 400 71.57 7.49 11766
on 4 SiPMs: $10943-8584(X) 1x1 50 400 71.50 7.48 11770
® CPTA 857 S10943-8584(X) 1x1 50 400 71.33 7.48 11771
Sample A 1x1 20 | 2500 66.7 2.3 Al
® CPTA 1677 Sample B 1x1 20 | 2500 | 73.3 2.3 Bl
Sample A 1x1 15 | 4440 67.2 2.0 A2
® KETEK W 12 Sample B 1x1 15 | 4440 | 740 2.0 B2
CPTA
® Hamamatsu 1x1 40 796 33.4 7.1 857 =
11759 1x1 40 796 33.1 6.3 922
1x1 40 796 33.3 6.3 975
1x1 40 796 33.1 7.0 1065
1x1 40 796 33.3 14.6 1677 &=
€ Note that CPTA CETEK
SeHSOris Werie MP15 V6 2 X (1.2 X 1.2) 15 4384 28 3.0 W8
MP20 V4 3x3 20 | 12100 28 6.0 w12 €

attached to
3x3 cm?scintillator tiles while the other sensors were directly
illuminated by blue LED
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€ V,,. for Hamamatsu is ~70
while V., for CPTA is ~33
& Vs for KETEK is ~28 V

€ For KETEK and CPTA,
dV/dT is ~15-20 mV/K

for Hamamatsu,
dV/dT is ~65 mV/K

Thus, compensation will be

v
v

simpler for CPTA and KETEK

detectors

€ We tested the compensation
on four detectors so far, including samples from all manufacturers
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Known Fit Problems

. Charge distribution run 1422, spill 18 (5 points ignored) Charge distribution run 1423, spill 2 (5 points ignored)
e f‘o ng ea e l ST | rebinned hSpill_18_| rebinned hSpill 2
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Jenod N 5 Charge distribution run 1422, spill 30 (5 points ignored)
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e 120 -
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