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tipixel Photon Counter, MPPC)"), J& i/ 4F 3k & J& i) — Fh
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HAT# SiPM ) ZA4 ) SiPM F 24 1 mm x 1 mm.
3mm x 3 mm 16 mm x 6 mm =FrEUA%, T EI ALK
PRI 28 % AR B A% 1 mm 1) WLSF/E N — /M Rk
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3 mm SiPM ( F 3 f& #K Sensl SiPM 5 Hamamatsu SiPM),
]SRN E T RS AN 1 .

# 1 SiPM EZMRESH

SiPM#! 5
HHeSH Sensl MicroFJ- Hamamatsu S13363-
30035-TSV 3050NE-16
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roy 610Zi) SET 15l SIPM #4555, 4l ) HI B SiPM &
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RS EREOG KBS . NEFRTLEH, WK
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BGART . 2K T 28 BRI, Sensl SiPM (1)1 L
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PC
ERE

A

a5 v M » SiPM
wlse
A\ 4
TR B

K2 SiPM R 225 il Aol ik e B o = 8

—o— Sensl ---#--- Hamamatsu
”
10} A& 10f A
¢
o .t
o [ ¢
< o~
1 1 L
2 / b i
(= ..>J‘ Voidi =
0.1f 1~ 0.1 1~6 V
OA}@,{ 6V

0'01 1 1 1 1 1 1 1 1 1 1 1 1
2022242628 303234 50 52 54 56 58 60
Vi V Vi V
3 I-Vijs MZRIBAEE R (TR

FIR R e AR -V BHER 45 5153 21.5 °C 4%
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27.5 VA T 38 25 4.95x100, A B i1 %45 3| Hama-
matsu SIPM 7E T= 21.5°C, V= 55.0 VI NI A
3.48x10%, 7E Vy=3.0 V% F, Hamamatsu SiPM 5
Sensl SiPM 14 25445 106 & 2%, Hamamatsu SiPM 3 35
W& T Sensl SiPM 125 .

BT RS WA vk, A LV ERAER
TAEHL R, MK T SiPM 1425 -1 {2k, 45 S an
6. MWE LA H, Wl 1 Sensl 5 Hama-
matsu % SiPM 7E T {E i FE VG P, 38 25 5 3 JE Veyer
B2 RIFMZMEICR, HAMFE Ve 251 T, Sensl SiPM
M4 25 B 2 K T Hamamatsu SiPM I 75 o 7E Ve N 4.5
VI, Sensl SiPM I 25 7] ik % 7.45x10°, H[A 4 1 T
Hamamatsu SiPM 1 25 (5.12x10) /& £ 45%.  H 2k 1% 0
R ZEAH, Sensl SiPM 5 Hamamatsu SiPM 3 3 fifi i
IR Vyer 281 TH iR R B0 BIA 1.66x108 F11.12x100 V.,

8
®  Hamamatsu
7t o Sensl
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. Sensl fit o
5| -
E ol
S4r
3L
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1 L L L L L L L L
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Vowd V

K6 SiPM I fi-iod i s i 2k (£ R2 1)

23 #EESERETHRRMK

SiPM 5l ) SRS F—FE, BEE TR AR,
Hr s Wim, THlmAas. B, Btk
FEE)V A, Herb i 2l B I AR A BRI
LRI, SIPM M3 5 BB T w2 vE g N U161, wemT b
T T M T vk SiPM R A5 RS, B R A
M CAERE ME . H 48 SIPM BUHY af 5 iR LR R R TT

SiPM TAE 52 i B A9 B3 25 SR AR R, 45
RuE 7w, MEIHRATUEH, 1E Vye=3.0 VAl
Vover= 4.5 VA~ , Sensl SiPM 5 Hamamatsu SiPM 34
an AR AT S AR E N, SENRAHTT . HZRMERLA R
FATHL, TR 1°C, Sensl SIPM Y 2 Jil /> £ 3.65%
10*, Hamamatsu SiPM 3§ 25 )& /> £ 5.95x10%, iiF B
Hamamatsu SiPM 3 75 X Jii B2 A8 4, 55 hn ek
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— Hamamatsu fit (V,,.,=3.0 V)
------ Hamamatsu fit (V,,,, = 4.5 V)
— - Sensl fit (V,,.,=3.0 V)
— - Sensl fit (V,,,=4.5V)

®  Hamamatsu (V. =3.0 V)
=45V)

141
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&
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K7 SiPM ik 5T R R R (FELF )

PLT=15°C, Vo= 3.0 V5AF F G235 N HEME, 56
MHAAS 2 ) SiPM 3 26 5 I K Ve, IERTER R, THHE
AFHRET, SiPM LR AMEME, SR WK 8 s, M
] LLE H, Sensl SiPM 5 Hamamatsu SiPM #M ¥ HL
R 5 BEORFF RIFAIER R, K ERSE REMEM S5
#I| Sensl 5 Hamamatsu SiPM i F& #MZ R 207 51 4 22.0
H153.6 mV/°C.

1.0
®  Hamamatsu
0.8 L
o Sensl
> 0.6 ... Hamamatsu fit e
S 041 Sensl fit ’
S 02}
B 00}
Z 0.2+t
E ’ Linear fit result
g 04 Intercept;mamass = —0-802 0
© -6} ™ S10P€ s = 0053 6
Intercepts,,q =—0.320 0
081 o Sens!
" Slopeg,,q = 0.022 0
71.0 1 1 1

6 5 1‘0 15 20 25 3.0
T/°C
K8 SiPMAMzHIE SIEF KRR (FELER)
2.4 BEHEEEMN

TR SIPM R B A ORI, L B o A
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PR A R AROR BT AR R X R A B S 3T, b
i 340, SiPM P38 R IO 5 8508 25 R R 2 3
ETHECR BEIGIN . BT AU T A R K 2
FEESCTO0,  Weks BE BB AE OG0 A B AT UK
i 5 32> SiPM B -8, {HUisd vy ) BB 2 6 1E {5 5 7
A, WESE SIPM IS THECRARE, A B THE 5 R
B, X B R PR 2515 e b R . SiPMIS 15K
KRS58 B 9 FioR, SiPM #VM R B 5 5 4
T B BOK 2% T8O A ) 5 i N A B B ) 4% (CAEN
N844), i )iz 18 I v H 4 I A [ BB T SiPM i T4
R, SLIGAE ARG E BOK 2% 5 SiPM H8 25 W A B 0K 3%
AHIE, N844 I 5 B 7] 45 ) (e B Y5 [ 0~255 mV, 14k
#5J ORTEC 871, 1HATH4# 4] 10 MHz.

AL »  FIFO
4
ERR v
SiPM N844 KB Eh ! 4%
A
DC H1JE He

B9 SiPM TR NS 06 20 B 2 B (FE R IR

TET=21.5°C, Vyyer= 5.0 VAT 735K T A [
B8 2514 T Sensl 5 Hamamatsu SiPM % i+ 5%, 45
WE10 fion. WEHATLE R, ABREBEE (10 mV),
Sensl 5 Hamamatsu SiPM & 11 #R 154 5 (41 10 kHz) ,
LR T N ERAR PRI SR, BRI BRI 254 Jo ik IR L
1E. BEBIMET R, SiPM BETHECRIREBER, MBIE K
T 70 mV i}, Sensl 5 Hamamatsu SiPM 1% i % & 34511
F 1 Hz, HAHFIBIE % F Hamamatsu SiPM BE 1H40%
&I Sensl SiPM & 11455

BT SR 9 SiPM 2 HY i SLiF:  ZnS(Ag) IN RAK
HHF IR SR RENLI 5 SR, PR S R W E

106

---®--- Hamamatsu
105 E : —o— Sensl

10*E
10°F
10
10" E
10°F
10 E
102
107

Dark count rate/Hz

0 1.0 2.0 Bb 4.0 Sb 6.0 7.0 8.0 9.0 100
Threshold/mV
Bl 10 SiPM TR S5 B & B(E X & (TELEE)

R 70~90 mV, H B WAREE RATkn, ZBEAET
Sensl 5 Hamamatsu SiPM W51 HECR 4 BT 2 3R 2% 755K o

3 SiPM N T IARRRR N 230358

H15F 2715 SiPM P BE MK 45 SR AT 1, Sensl SiPM 5
Hamamatsu SiPM 5 G BRIF ) 6+ #ae 11, S
PRI S AR S5, 3 W ECR ] DL 2 4R
# =K, H Sensl SiPM AHX} T Hamamatsu SiPM E A 5
E R RS . Nt — 2P % %2 Sensl 5 Hamamatsu SiPM [
FH T TN BRAR R 25 (1) SEPRPERER I,  FIFH CSNS R 2%
W B 3B TE B R BRI 28 TREREAL, 4390 Wk
7 Sensl 5 Hamamatsu SiPM 1F ' B #% 4 2344 B TR ik
PRERIZE IR IR o IR IR 28 TREFENL S
N 11 s, 32l SLiF/ZnS(Ag) IN45B: . WLSF
BEFI L Ot HL A e s DU RS o 22 2. o dR
PRI R, NBRBE D) EI A ML 2R (1B F KD 3 mm x
100 mm), FFEAR} 730 (R BE 5 7K1 1% ) T2 RUR
SEF 1 ET I A5 A . NS T 15 SLIF/ZnS(Ag) TR AR B
1 OLi B2 7 72 26 IR R s BB T, IRZORE T-7E ZnS(Ag) N
BRAR TR RE B AR W6 1, WSLF BEZIRE & [N KR BE
T A T WS R R S A A 2 S i 't L R e S A
PR E S, ST EEBOR. B L),
GEIPNIp AR DA RSN EIEEY S

AN
" %% 3 mm (H)x100 mm (V)

e Ay

L
B BRI R I 25 TRERE AL 25 4 B 5 st 1 (7 26
FHE)

FIH CSNS $ AL 12 40 e B bk ob o 7 3, #E CSNS
BLO9 F F 3R £k I, 43 73X T 4 A Sensl 5 Hama-
matsu SiPM B (V.= 5 V, Threshold= 70 mV), [A#F4A
PN 3 A T SHe £ 45 38 (LND 252299, < JE 20.2x10°
Pa, B 13~ B4R 2 . CSNS BL09 H 11
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Study on the Performance of SiPM for the Neutron
Position Sensitive Detector

HUANG Chang'?, TANG Bin>*>', JIANG Junjie*, CAI Xiaojie?, ZHOU Shihui®, YUE Xiuping?, CHEN Shaojia>>,
WANG Xiuku??, YU Qian?, TENG Haiyun>?, SUN Zhijia>>, YAO Zeen-t

(1. School of Nuclear Science and Technology, University of Lanzhou, Lanzhou 730000, China;
2. Spallation Neutron Source Science Center, Dongguan 523803, Guangdong, China;
3. Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China;
4. School of Information and Optoelectronic Science and Engineering, South China Normal University, Guangzhou 510000, China)

Abstract: In order to fulfill the requirements of the engineering material diffraction spectrometer of China Spallation Neut-
ron Source(CSNS), a new integrated and modular scintillator detector based on Silicon Photomultiplier(SiPM) readout is de-
signed and constructed by the Neutron Detector Group of the CSNS. In this paper, the characteristics such as breakdown
voltage, gain, temperature characteristics and dark count rate of Sensl MicroFJ-30035-TSV and Hamamatsu S13363-3050NE-
16 model SiPM are tested. The results show that the performance of the two SiPM including the single-photon resolution, gain,
dark count rate can meet the requirements of the scintillator detector. The gain of Sensl SiPM is higher than that of Hama-
matsu SiPM in the same overbias and the latter is more sensitive to temperature. The temperature compensation coefficient of
the Sensl and Hamamatsu SiPM are 22.0 and 53.6 mV/°C respectively, which will provide reference for the design of temper-
ature compensation circuit of SiPM. The prototype of a scintillator detector based on the above two SiPM readout was de-
veloped and the detection efficiency of the detector has been tested on the BL09 of CSNS. The results show that the detection
efficiency of detector equipped with Sensl SiPM or Hamamatsu SiPM is 76% and 68% for 2.8 A neutrons, respectively. The
results of this paper will provide reference for the selection of SiPM for the developed scintillator detector and other SiPM-
based detectors.

Key words: silicon photomultiplier tube; gain; avalanche breakdown voltage; temperature characteristics; neutron detection
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