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SIPM massive tests

- Check SiPM working parameters;
Purposes: . Failure/mortality rate;
- Quality assurance;

Measurements & parameters:

. IV@roomT—(FW) R " + (REV) V, ;' ;

IV@QLN2T—(FW) RqL'\'ZT—IOre + (REV) V  -NeTpre

Thermal cycles;

|V@LN2T—>(FW) RqLNZT_post +(REV) VdeNZT_post ;

Extended IV@QLN2T — dark current

DCR@LN2 T—global-DCR total dark signals, AP, CT + bursts
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The mass test set-up

g

Cryogenic Apparatus for
Continuous Tests Upon SiPM

== Cold amplification (raw)
= Cold + warm amplification (digital)

PC station
{LabVIEW)
DCR
system
Mechanical
Raspberry Pt100 stage
(Python) reader

Custom setup developed by INFN and =
Universities of Ferrara and Bologna;

Massive tests on the entire SIPMs
production to perform the quality
assurance of all the sensors; rostom [ T

Features: modularity / automatic /easy replication il
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The mass test set-up

4 motherboards/system;

15 front-end cards/motherboard;
120 independent channels;
Current measure/digitalization;
Signals acquisition;

Supply power.

4 boards/system;
5 arrays/board;

120 SiPM; E
Temperature
: |
monitor;
Bias voltage.
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Control panel

MAIN CONTROL

UserConfirmSTEP  auto setup sequence

STEP_TEST_STATE TEST LOG STOP SCROLL TEST LOG
IGo To Position EXEC TEST “” e 210061573 - STARTSETU ChCk
E h — 2221006152734 SETUDSA

Check Setup 2R 1218 STARTIG POSTIONNG SESION
}_ 202-10-06 142803
o i FWD/REV SELECTION SCAN SPMs 0 |NOTOONE 2022-10-06 15:28:03 - MOVER READY RUNNING
CHECK SETUP AND CONFIRM I 2022-10-06 15:28:03 - Going to position LN2 (SOmm)_ RUNNING
FWD ENABLED |  REV ENABLED VCure ROOM) 0~ [NOTOONE | /2021006152520 POSTION RACHED D
2020-10-06 153009 - STARTNG
F 021006153012 OPENNG S RESOURCE FONNING
c8s LED resource Mechanical Sf MS) rw Coneltd) 0 JNOTOONE | T2  MOVER READY RUNNING
'MS STATUS . 2020-10-06 15:30:12 - Going to position Room T (600 mim)... RUNNING
(0»255) J_ Enable MS l"""°”°“’“" Jo— voroone 2022-10-06 15:31:33 - POSITION REACHED DONE OK
|;,7,,—‘ | Thermal cycles 0 |NOTDONE 12022-10-06 15:48:00 - INIT TEST
LED l_r—-r—
DCRMeasurement 10 |NOTDONE - - CONFI
on llcows [oJﬂm e ONFIG TEST DONE

TEST! o [NOTOONE

zozl 10-06 154801 - START SETUP CHECK

o ScanSieMs |nmm|wm|mm—n|

Test RESULT | NOT DONE

ARRAY CLUSTER

DCR = 23,6 mHy/men

g = 63,01 Ohm
Vb = 51,33 ¥

A unique Labview interface
- : allows to perform each
R T e by Step of the qua“ty

DCR - 23,6 mHzmm *2 OCR - 23,6 mHzmm 2 DCR - 23,6 mhmm 2 DCR - 23,6 miiz/mm "2

kg - 67,31 Ohm g Rq - 66,48 Ohm
bd = $1.61 ¥ @V i 52 v 5 v Voa = 5 r n Ea E;
DCR = 25,6 mHzmm 2 DCR = 23,0 mHzimm*2 DCR = 23,6 mHz/mm 2 [OCR = 25,6 mHz/mm DCR = 23,6 mbz/mm "2 a S S u a C S S

Labview interface

At the end, a panel shows
the final report and if the
SiPMs are in specs.
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Acquisition example

IV curve:

. The system sets the voltage and measures the current flowing through each
SiPM simultaneously (different parameters can be set);
- R, and V,, estimations from online fits of the data;

18
—— Polynomial Fit: 57" deg
final fit, deg: 2

Vbd = (41.74 £ 0.10) V
Derivative

1072 1

Current (mA)

1074 4

41.2 41.3 41.4 41.5 41.6 41.7 41.8 41.9 42.0
Voltage (V)

Global DCR:

Current {mA)

e
~J
L

1 —— Data

—— Linear Fit: Rg = (382.53 £ 22.95) 0

0.6 0.8 1.0 1.2 1.4 1.6 1.8
Voltage (V)

. The system sets the over-voltage and measures the total counts above 0.5

p.e. in a defined time window.
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Performance

Features:

« 55 liters liguid Nitrogen auto refilling system;
. 120 parallel channels;

. Voltage precision 10mV;

. DC acquisition mode;

- Measured current range from 10nAto 3mA;
. AC acquisition mode;

» Programmable threshold DCR;

. 60cm translator stage.

Complete quality assurance tests for 120 SiPM in
parallel!
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Measurements and commissioning phase

During April and May 2022
Bologna and Ferrara groups
received and performed the
complete characterization of:
. ~4200 HPK sensors;

. ~3200 FBK sensors;
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Measurements and commissioning phase

During the thermal cycles in LN2 the humidity freezes
inside the connector of the cold boards
—~in this case it is impossible to measure R, and V4

A new connector has been identified suitable for the application
(EQCD-020-23.62-SBR-SBR-1-B)
better “protection” from humidity without loss of electrical connection

% Universita
¢ degli Studi
< diFerrara

10 29/11/2022 | DUNE PRR: FD1 PDS SiPMs

Isttuto Maziseale o isca Mocheare



HPK loads Vb @ L N2

Vbd spreads in Loads LOADs 0001-0029 - LN2 third cycle
@FE, 2022/04

300+
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0
40.9 410 41.1 412 413 414 415 41.6 .7 418 419 420 42.1
Vbd (V)
B-g-E-E-E-E-0
H-H-H-H-H-H~-1
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HPK loads R; @ LN2

Rq spreads in Loads LOADs 0001-0029 - LN2 third cycle

@FE, 2022/04
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HPK loads DCR @ LN2

DCR spreads in Loads LOADs 0001-0029 - LN2 third cycle

@FE, 2022/04
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FBK loads Vi @ L N2

Vbd spreads in Loads LOADs 001-008 - LN2 third cycle
@FE. 2022/05

2004

Load .
|
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FBK loads R; @ LN2

Rq spreads in Loads LOADs 001-008 - LNZ2 third cycle

@FE, 2022/05
100+
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FBK loads DCR @ LN2

DCR spreads in Loads LOADs 001-008 - LN2 third cycle
@FE, 2022/04

2004

4
DCR (Hz)

H-EH-E-E-
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Sorted V,, on FBK sample LN,
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Replication of the mass test facility

 Warm electronics —> provided by Fe-Bo
« Cold electronics —> provided by Fe-Bo
* Mechanics (flange, cold boards support ) —> provided by Fe-Bo

‘. Step motor -> in charge of the hosting labs

Dewar 55 It (with automated refill system) = in charge of the hosting labs

Black box for housing of the apparatus = in charge of the hosting labs

Power supply (V,..Source measure Unit) => in charge of the hosting labs

- - S S S e e s

Power supply (step motor, warm electronics, DCR system) = in charge of the
hosting labs /
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Conclusions

Bologna and Ferrara sites: SIPM massive test system CACTUS;

CACTUS can measure IV-curve (R, and V,4) and global-DCR for
120 SIPMs in parallel,

CACTUS can perform a variable number of thermal cycles
following programmable profiles;

Till now we tested ~4200HPK and ~3200FBK SiPMs;
Cold Bord for replicas already produced,

New groups involved in SIPM characterization (Milano, Prague,
Granada).
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