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* Develop a method for determining SiPM temperature increase induced by dissipated power (self-
heating) AT e With P=Igp, - U

bias

* Relevant for applications of SiPMs in:

e High background light (LIDAR, HEP, astrophysics) - High |

photo

* High radiation environment (LHC, FCC, satellite experiments) - High 1, (~*1 mA, T=-30°C, ¢, ~10*cm?)
* The SiPM performance changes with T:

Calibration Iph(U,T):

* Photo-current at fixed U ___and constant photon rate, decreases with T Photo-current at known T

. T=25C
I 00 PDE(T) - Gain|(T| 0.2
« Explained by T dependence of breakdown voltage (U, _)): E “"ar=5C > AL, AU, ~S—
S 04 :
. 1
Gainoc — C (U g = Ul T 0.05
du,, mV Do
~20-40 — — 0
dT K 28 30 32 34 36 38
\PDE(T)OCPDE(Ublas_Ubd(T)) U[V]
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dI dI, . dU
Express the T dependence of photo-current as: dg’jom _ dfl’;"“’. dTl')d

A relative change in photo-current is related to a change in T by the sensitivity

Al 1 dI,. dU,,[o
photo __ PR I — photo bd| 70
—Iphom =a,.AT Sensitivity: o, Ioow dU  dT ! K]
101 Sensitivity
* Typical sensitivity: (0.4 — 1) %/K \
\
* Precision data required: _ N,
LED-stability, -measurement, U-setting. ;,fa‘ 100 N
S \a_‘__‘
prvy—
101

28 30 32 34 36 38
Ub.fas [V]
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Setup

SiPM KETEK non-irradiated (MP15V09 D2.8)
- d =700 uym
- V,,=27.5V @25°C,C =18 fF, T=14ns

sensor1i

— Pixel size = 15 um, 27000 pixels

SiPM mounted on alumina (AL O,) substrate: T sensor2
- d,. =600 um

Al203

Cooling system: temperature-controlled chuck

PVC (1.2 and 3.2 mm) between the alumina and cold =
chuck to emulate degraded thermal contact. Light disperser Qe

Three T sensors (PT-100)

Prober needles

lllumination: LED (470 nm) ,———"‘
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Sensitivity calibration Uz’:iv;.:s;:?;: Harbrs

1 dehoto dUbd!% ]

Sensitivity: o, =

oo AU T dT | K
* Measure the calibration at known * Calibration at several LED currents leads to the same
and stable T, avoiding sensitivity curve.

saturation due to occupancy (~1%): * Measure in the T range of relevance

Calibration data: 5 LED intensities

@ 25°C above V TRIE
S b ma * X 10 Sensitivity KETEK MP15V09
—— - 0. m —
TLED: +— | LED:0.30 mA -
3.0+ |_LED: 0.40 mA ] B i i
|| T LD D53 mA ,_fx \ | LED:0.40 mA - s dU,,/dT=21mV/K ,,/+
2T —— | _LED: 0.73 mA . h . R
= | o reoma ff \\ —— | LED:0.53 mA _
z 20- 7 —— | LED:0.73 mA | i
S v 27.6
$15 e = [ ¥ \ —+— | LED:1.00 mA - AU g
= 1.0 o WM X 100 = v *
e — 75 =
0.5 ] M al 5 <3
0.0 27.4 ,,/+ ?’
ol B2 ] a3 A~
£|%: 10-1 15 20 25 30 35
= | | | | 28 30 32 34 36 38 T [°C]
28 30 32 34 36 38 Upias [V]

Ubias [V]
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Exemplary demonstrated for measurements with:
e PVC3.1mm, U =38V 3.1mmPVC, T, =25°C
* |.,=047mA, P=58 mW: 14 A |
r1.516
_(Iphoto(tZ)_ Iphoto(tl)) _ AIphoto +2
ATSiPM(tl,tz)_ o. . 1T Ca. I 1.0 1514
1 photo(tl) 1 photo(tl) ? sl BB | ilsensorl | E
with t, time of the 1" measurement after switching on the LED. 50_6__ I|c>hoto \ ATz:zz _’1'512 §
11,510
« From sensitivity calibration forU,_ =38V 5 o, =0.39% 04 \
0.2 +1.508
Al oo B ESVil e S i
e Observed: —2° = 0.73% | 00— ' 711 506
photo ' w B <
.E. 0.25
« Calculated: AT, =1.87K a
! = 0.0( m—— ——————————
400 600 _soo[ 1 1000 1200
Time [s
* As expected from heat flow: o
AT = 1.47°C>AT = 1.06°C >> AT = 0.04°C T oscillations due to feedback loop of the
sensorl = sensor2 sensor3 ™" temperature-controlled chuck
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Results for good thermal contact (no PVC) U‘N’J‘”:Z.Zili“:‘;t*!,;";.?;:;%

e AT__ ~0.5K, forP =47 mW reached in~ 2s.

SiPM

NoPVC, T =25°C

AU =12 mV chuck
12 Iy r1.2245
* T oscillations due to feedback loop of the 1.0 112240
temperature-controlled chuck: 08 M 122553
:0.6— Iphoto === ATsensor2 i I_é
. . < | aon ATsensors [1.2230 §
T with the same amplitude and phase 5 \ =
sensors :
r1.2225
._ . H H 0.2 o i~ PTS -~ -
* T,y anti-correlated with || _ - an increase in ~ /\f\(r AT e
0.0 AV ]'.. s ‘ EYas Eilu S r1.2220
T, causes a decrease of |
iPM photo =
<
: o £
—> Phase shift of 180° between T and —025
Sensors o
='0.00 ——
| —demonstrates good thermal contact 600 700 800 900 1000
photo Time [s]
between chuck and SiPM multiplication u _.=38Y,
region. | o = 0.47 mA.
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Results for degraded thermal

« AT ~2K,forP=51mW,reachedin™~60s.
AU, =37 mV

* T oscillations due to feedback loop of the
temperature-controlled chuck:

* Due to the increased thermal resistance -
change on the amplitude and phase of AT__

and AT ___ relative to AT

sorl

sensor3

High-D Consortium Meeting 22.02.2022

contact (1.2 mm PVC)
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1.2mmPVC, T, =25°C
chuck
1.4 Y
TS 1.336
+0 “/ . ~ -~ P S 1334r—|
808 "/, - - 1 ATsensor1 | g
) . L] f ," U AT =
: ,’ sensor2 1332 o
<1 06— photo t—p"—— s ATcensors o §
] i
0.4 X
\ 1.330
0.2
0.0 i SRR T LT NG 1328
<
E. 0.25
Q
600 700 800 900 1000
Time [s]
U =38V,
meas
| .o = 0.47 mA.
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Cross-check
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» T-oscillations to check AT, determination:

NO PVC Tsensor1 and ISiPM. Tchuck= 25 OC
N A \ A\ A
// \ 71\

T_sensor1

J LN\

I

\

M\
AT

\
V= o
y

\
A\

ATSEHSOF]_

| fit curve — —— T fit curve -

el

1) VT |
WA A

Time [s]
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e No PVC and Iphoto =1.225 mA:

- Fitting data to obtain amplitude of both Tand I__
r1.2265 A 0
T C
az — Asensorl — 0.23 A
-1.2260§ ISipM I,l
1.2255} —  Current normalized to the maximum value of the
= data without PVC
1.2250
AT gpy = 0% Al gpy
1.2245

— ForP=47 mW > ATSiPM =0.62 K
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Cross-check of results
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No PVC 1.2 mm PVC 3.1 mm PVC

2.00 2.00 2.00

1.75 1.75 1.75

1.50 1.50 1.50

— ATs,‘pm_ — A-l—_‘;r'P.ﬂJ‘.l_ - A-l-_‘:'r'F'M_
—125 —— ATsipy_  Cross-check () 1.25 —— DATsipm.  cross-chéck U 125 —— ATsipu_ Cross-check
'|:' 1.00 —— ATsensor1 '|°:' 1.00 — ATsensor1 ‘|°:' 1.00 ATsensor1
< 0.75 === ATsensorZ < 0.75 —""-‘_" === ATsensorz < 0.75 ATsensorz
R T R BT ATsensorB . A ATsensorB . ATsensor’B
0.50 il T 0.50 0.50
0.25 0.25 0.25
PANRL IS AN NP X ” =7 Nl A . . .
0.00 .“ O‘If.‘ I\’.' i \._. i \ ~.." 0.00 s st LA - Cayst L 0.001 =
650 700 750 800 850 900 950 650 700 750 800 850 900 950 650 700 750 800 850 900 950
Time [s] Time [s] Time [s]

* Both methods agree: same T__  increase from the measured current within a 10%

Cross-check
P [mW] AT ,[K] AT, [KI] Rel. difference
iPM
Ubias =38V no PVC 46.55 0.56 0.62 10.3%
TChuck = 25°C PVC (1.2 mm) 50.81 1.74 1.91 9.5%
PVC (3.1 mm) 57.68 1.87 2.03 8.6%
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Conclusions: results presented are preliminary

* Development of a method to determine the heating of SiPMs from its current

The SiPM is illuminated by a LED and I_, (t) is measured at constant U_.__and changing the LED current

SiPM

Heating causes an increase in U,_ and a decrease in |, . For the SiPM investigated dU ,,/dT=21mV /K

using calibration data.

The method has been used to determine the temperature increase and time constants of a SiPM with
P~ 50mW, expected for instance in SiPM (MPPC HPK) irradiated to <|>eq'“101~°’cm'2 operated ~ 2V (OV)

For different thermal resistances between SiPM and the temperature-controlled chuck, we obtained:

 For good thermal contact: AT_, ~0.5K, AU, =12 mV

* For degraded thermal contact (similar to SiPM mounted on PCB): AT_, ~2 K, AU, = 40 mV
* Only minor difference in heat increase with different thickness of PVC isolation.

Simple cross-check with a calibration obtained at high | .| confirms within 10% the T_, increase.
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Conclusions: results presented are preliminary

* Development of a method to determine the heating of SiPMs from its current

The SiPM is illuminated by a LED and I_, (t) is measured at constant U_.__and changing the LED current

SiPM

Heating causes an increase in U,_ and a decrease in |, . For the SiPM investigated dU ,,/dT=21mV /K

using calibration data.

The method has been used to determine the temperature increase and time constants of a SiPM with
P~ 50mW, expected for instance in SiPM (MPPC HPK) irradiated to (I)ecl'“1013cm'2 operated ~ 2V (OV)

For different thermal resistances between SiPM and the temperature-controlled chuck, we obtained:

 For good thermal contact: AT_, ~0.5K, AU, =12 mV

« For degraded thermal contact (similar to SiPM mounted on PCB): AT_, ~2 K, AU, = 40 mV

* Only minor difference in heat increase with different thickness of PVC isolation

Simple cross-check with a calibration obtained at high | .| confirms within 10% the T__
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Backup slides
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Implementation of Analysis method for constant U__

1) For the calibrationdatal (U , T,k ):
cal cal chuck

1.1) Spline fit to obtain U_ (I_ ) 14
1.2
1.2) Normalise U_ (I )toU___(fixedU_ ) Lo
Uos

2) For the measured current | (t): -
meas < 0.6
2.1) Normalise I (t)=1__ (t)/l__ (t+), where t+is the 0.4
time of the 1% measurement after switching | __ o2
0.0
3) Then CalCUIate A U (t): Umeas - Ucal (Inorm (t)) EO.ZS
E0.00

4) Finally, determine AT g, = AU (¢

SmM_CHJM/dT,VWﬂ1Cﬂ%JdTZZlmV/K

High-D Consortium Meeting 22.02.2022 Carmen Villalba - SiPM Self-Heating
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3.1mmPVC, T_=25°C

4
1.516
1.514
| ATsensor | T
Al ATsensorz [1.512°
pliotd e BTsemsors o o
\ 1.510
\l 1.508
A 4
— = = T — =~ ™1506
400 600 800 1000 1200
Time [s]
" U =38V,
photo __ o _
— % =0.73% |, = 0.47 mA,
photo
P=58 mW.
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Measurements for self-heating (|

LED
T, ... andl.., forthe different thermal
* |gpmand T sensors recorded with step 0.5 s s . contact @25°C
—— AT; w/o PVC Fa

* Cycle with fixed applied Voltage: —— AT, PVC(1.2mm) //"W\\

* 320 s with LED off (I |..o= O MA) G | g Yo dmm \

* 320 s with LED 0N (larc+ lohotouiow » lieo= 0.02 MA) o | \

* 320 s With LED 0N (ldark+ lonoto-nighs lep= 0.47 MA) V]

* 320 s with LED off (lgan, liep= 0 MA) IEAVAVAY/ VAVAVAAVAVAVA! WM'\ VAVAVAVA
* LED intensity tuned to have lgpy ~1 mA L0

0.8

* Measurements with efficient thermal goﬁ

contact: without PVC S o
* To degrade the thermal contact: PVC layers = s

of thickness 1.2mm and 3.1 mm 0.0 -

0 200 400 600 800 1000 1200
Run Time [s]
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Operation parameters Uz’:iv;.:i:?;: Hamburg

* Operate non-irradiated SiPM under LED illumination at the same current as expected for
irradiated SiPM

* Dark current increase with fluence, in particular for this study we want to emulate the
power dissipated in an irradiated SiPM:

SiPM current as a function of over voltage

* Power dissipated (P): | LEEorOK4IETTEAK and MPPC HPK
_ = U m

« P~50 mWinduced by |, 10| —— polel3 cm?
(Irrad. at ¢ =1e13 cm=atV_=2 —— ¢=0 (Non-irradiated)
V,V,,=36.7V @ -30 °C)

>Irradiated MPPC HPK SiPM
@ (.,=0mA, -30 °C)

Non-irradiated KETEK SiPM

107 =1 mA, 25 °C)

(ILED

« P~50 mW induced by high | __ 107

. _, Non-irradiated MPPC HPK SiPM
(Non-irrad. | . ,~0.9mAatV_=10 (I.,= 0 mA, -30°C)
V,V_ =275V @ 25 °C) 10

10-11 | | | | | | |
-10.0 -75 -5.0 -25 0.0 2.5 5.0 7.5 10.0

Vex [V]

Current [A]
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Dark current (LED = 0 mA)

« U_ =38VandT =25°C:
ias chuck
No PVC 1.2 mm PVC 3.1 mm PVC
’ 0.872 0.14
0.14 /{1'.‘; '\. AT 0.8850 e g R ,I'. .
0.12 /rp',,'w% .' .-:}“‘,,-A.I'.'\\ 0.06 L. : 0.870 012 1 |
/ R '}:\ TR 0.8825 - m‘ AET N 0.10—— . :i 'i,';-n,l’ﬁ‘ll i?‘
010 T T3 B ' : Ay %\& /-“ﬂ f 0.868 e, oy a ] Cr M
= R i | A T M#ﬂ% L i RO N T R AT 0T PR O o A
AT i i i = "ﬁﬂ:" Sy ~—fl‘=’{7 i r\ E L R S N
- il ) i 087757 Lo ool Lo f U R b hfw e N || o= D 006t NI .
£ 006N ! uf S S I N TR B B L A (R TR T =5 A HAR LA
< Al TN s gl RN L ey L'"-,‘iu. o & A i AR
S i T | B GOt R g joese 02| It i,'m;: I
o ‘ Wl i . : Y
0.02 '1{ ;\W.’/ SHRIIE BN F I||: ‘ :n::n',' 000 I . Pl
b : al 0.862 ' 4 b AT sensor 3 '
0.00 IFl—sensorl 0.8700 0.06 — ATsensor1 a Il‘l 002 n.l.' —_— AT 1=;/
-0.02 === ATsensory -0.08 === ATensorz sensor?
" e D e e AT
_— e ATsensorB —_— e ATsensorB ':t‘ 0.05 Sensors
< 005 < 005 c
% 6 £ - E 0.00
2 - —0.05
005 % -0.05 = ;
0 20 40 60 8 100 120 =700 a0 60 80 100 120 R S
Run Time [s] Run Time [s]
« Forl,_ (current depends on thermal generation, T increase and |, increase as well):
—> With good thermal contact T _____and | . are in phase with the same amplitude
— For bad thermal contact, due to thermal diffusion there is a change on the amplitude and phaseready T andT
(on top of the alumina) compared with the sensor on the cold chuck.
17
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0.868

0.866

0.864

Isiem [MA]

0.862

0.860

sensor2
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