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Introduction Summary for test 2013 at CERN
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* The gain of SiPMs depends both on bias voltage and on We measured dG/dT & dG/dV dependence for 4

tempgrature , different SiPM types.

| Ga!n _decreases V‘_”th t_emperature We found linear dependence dG/dV.

* Gain increases with bias voltage We measured SiPM gain vs temperature and
determine dV/dT to obtain constant gain and then
found linear dependence dG/dV.
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* For stable operations, we need to keep gain constant.

* In an analogue hadron calorimeter with millions of channels,
» thl_s IS a dlfflcglt task due to temperature variations. More see G.Eigen, LCWS13, Tokyo, Japan, 11 to 15

« Thus, it Is desirable to adjust Vbias to compensate for T changes to November 2013

Without compénsation at fixed bias 33.4 V

Compensated by ADApower (breadboard) :
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keep the gain constant. - Temp [ Celsius]

» Goal: builda V___regulator to keep gain constant (<1%). X\(l)iacggngtegﬁ:’alt/le " T Example of Compensated SiPM by ADApower regulator

- First, we need to measure SiPM gain vs temperature and vs V Temperature range was 5 to 40 °C

* determine dV/dT to obtain constant gain The gain stabilization with the breadboard and Various dV/dT:

* apply the compensation and demonstrate proof of principle also with PCB prototype works rather well in * 15-20 mV/K for CPTA & KETEK sensors
* This is work conducted in the framework of the EU project AIDA the region, accuracy is at the level of 1%. * 55 mV/K for Hamamatsu sensors
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SIPM test setup SiPM tested Summary of dV/dT Measurements

IR ec e, CTEEEE S g W, | We measured the d6/dT & d6/dV dependence for 15 SiPMs from 3 Vbiasifor JBRINGT <u is 470 V

0.2°C ) . ]
mGnUfGCTUrerS Manufacturer Sensitive area | Pixel pitch | #pixels | Typical Typical | Serial # Wh”e Vblas for‘ CPTA IS ~33 v

Use digital oscilloscope read out by PC, - We tested the ;Zi:ﬁ:i o] 7 Vaus IVI | G X101 & Vbias for KETEK is ~28 V
low voltage & bias voltage power supplies ossest Vbias adjustment | s10943-8584(x) 1x1 50 7169 | 749 i
= a5 on 4 SiPMs: $10943-8584(X) Ix1 50 7157 | 7.49 For KETEK and CPTA, H#

1S e o=, S10943-8584(X) Ix1 50 71.50 7.48 Sl = |
Use pulse generator for LED signal < X7 CPTA 857 $10943-8584(X) 1x1 50 7133 | 748 dV/dT is ~15-20 mV/K matsu

Sample A 1x1 20 66.7 2.3 Al for Hamamatsu,
CPTA 1677 Sample B 1x1 20 73.3 2.3 Bl dV/dT is ~65 mV/K

Sample A Ix1 15 67.2 2.0 A2

KETEK W 12 S 1x1 15 74.0 2.0 B2

MPPC 50um CPTA o 2 e | 71 | s Thus, compensation will be
11759 11 40 31| 63 | on simpler for CPTA and KETEK

1x1 40 33.3 6.3 975

MPPC 20um "B" 11 40 33.1 7.0 1065 SiPMs 10
Note that CPTA 1x1 40 33.3 14.6 1677
oTe Tna KETEK .
sensors were MP15 V6 ? 2(12x1.2) 15? ? ~28 ? w8 We tested the compensa‘rlon on. 020 30 40
B ched 18 MP20 V4 ? 3x3 207 ? ~28 ? W12 4 SiPMs in 2013

3x3 cm2 scintillator tiles while the other sensors were directly The same 4 and 1 additional SiPMs in 2014
illuminated by blue LED
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o
=

Blue LED shines on SiPM
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SiPM + preamp +T sensor + LED

SIPM Gain determination Gain vs Temperature for CPTA 857
Temperature measurement

& Use 3 pt 1000 sensors
@® Near SiPM, inside and outside black box

Determine gain by fitting
Gaussian functions to peaks o A Roopiet et ‘charee € AtV 334V &T=25"C:
of single pe spectra ) 6=6.4x10°
& Use LM35 sensor for compensation |G . _ . S so0f ~ € Extract V., .okdown=31.9 V
feedback N e e Define gain as ol € O™ order polynomial fit yields:
€ Vary T from 5°C t0 40°C in 5°C steps NEESCSSNE - " Distance between 1 pe & I dG/dV=(4.321+0.01, .)x105/K
except in 20"~ 30°C range (2°C steps) x 2 pe peaks (MPPCs) | € 1s' order polynomial fit yields:
> TSIPM~TSET + 0.4°C, | /. | Distance between pedestal & ] | dG/dV=(4.41+0.11_ )x105/K
- OffSCT iS same over en’rir'e r'ange B} 1 Pe peak (CPTA, KETEK) Il Z 4 i
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Define the error on the gain as RooFit multikernel function gﬁooo:
the errors of the two fitted Individual €aussian fits 5|

Gaussian mean values added in quadrature esoo

€ 0™ order polynomial fit yields:
d6/dT=(-5.76+0.02, ,)x103/K
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& Determine:

[N
oo
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: : [ j Quality cut: Require gain extracted from Gaussian peaks and that [ .
EJ,I |3 - - from multikernel peaks not to differ by more than 20% (a sign of a ; : dV/c=1T1 3< %%/fg%/g c:nG\{;ilé/ ’

bad fit) .
ad fi 332 334 326 Be_ 34 U2 @ Gain stability: o(dV/dT)(d6/dV)+(AT/6)

, P IV Y B SN Bias voltage
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F Other groups of SiPMs V>V ,;+#10V [ Other SiPMs

Temp [ Celsius]
Temp [OCelsius]

= 0.31%

1~ inthe group

Adaptive Power Regulator é ] g Gain after Vbias Adjustment for 3 types of

Regulator

PSU )

two Prototypes (ADApower) | ] | - | . SiPMs

A "1 coupled Perform similar study with 3
I;’g\v/ver LI mgm\mj other SiPMs from CPTA, KETEK . FitG=aT +b:

Design Considerations —— and Hamamatsu

. ; & Slope i a=-371.11£17.28
In the design of the bias voltage regulator test board we ON/OFF& o I\%}m igCALIB { polarity _ 1800 A0 _[FreTeTeE e e [pzsarz0 0
considered the following requirements. s F | | |

a=225.58+ 106.65

Principal scheme of ADApower regulator © 1600 ;--------------------:b:ﬂ.ggﬂ.oa_st S R - KEIEK W12

Provide stable regulated output DC voltage from 15 V to | ot S e i S

Achieve a stability better than 5 mV and keep the 4 P8~ & i el 1000 = L Gain stability: 0.05%

. o o it SEipLs 1 .s,z,} i) Jes 800 & | . - | ] M T e
jcemperattljre influence to less than 1 mV/°C (100 ppm/°C) Al i 1 g S e = Gain stability: 0.28% ¥ m o 5T
in the entllre range pf Vout.. o f = = e X By 600 b Temp [ Celsius]
* Use a trimming signal with a slope of 10 to 100 mV/°C. ¥ & s i 5 Temp [ Celsius]

Provide a soft start. Bt AN AR A TR CPTA 1677: non-uniformity <+ 0.3% . S
* Have an ON/OFF ab|I|ty. B o LT YA PR Y TA T R S a=-83942+ 1278
* Provide analog settings with later possibility to L. R KETEK W12: non-uniformity <+1.2% - S e
implement digital settings with DAC.

PCB prototype finished in Jan 2014 |
Extended Vout range: ADApower for SIPM/APD

FitG=a.T+hb:

Hamamatsu 11759: non-uniformity <£1.7%

SiPM <130 V switchable to APD variant up to 450V ® ™ @ " Adjustment Vout range AV=0.7 (1.9)V | ramamasu S
Has a front panel with coarse and fine tuning ' @ @ @ | for CPTA & KETEK (Hamamatsu) Gl stabily: 0.0%

Delivered to CERN in Feb 2014 N P B

10 20 ETE
5 SiPMs measured, same setup, data analysis ongoing Gain stability is better than 0.9% ! Temp [ Celsius]
T range extended: 1 ~50°C
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