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Design of automatic gain correction system for
silicon photomultiplier tube
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Abstract: The gain of silicon photomultiplier tube will drift greatly due to temperature variation, which will
affect the gain accuracy of silicon photomultiplier tube. To realize that silicon photomultiplier tube gain does not
change greatly with temperature variation, an automatic gain correction system for silicon photomultiplier tube is
designed, including the design of a high voltage power supply and an acquisition system based on single chip
microcomputer.The high voltage module can accurately operate in the temperature range of =10 °C to 60 °C, and the
power noise is about 30 mV, which can meet the requirements of silicon photomultiplier tube performance
testing. Through frequency sweep test and laser irradiation test, the acquisition system can better pass the 60 MHz AC
signal, and transform the optical signal into a more obvious electrical signal.The system provides a working voltage
and acquisition circuit to Jingbon Compony’s silicon photomultiplier tube array JARY-TP3050-8X8C.

Key words:  SiPM, STM32, automatic gain correction, LM2576-ADJ, DS18B20

T FL AR 1 7 (STPMD) A Sy — Rl 78 1) 5 1k B S G LRI 388 1, A VE 2 A0 TR Goot i A 15 45 (PMT) 1y M
B o 20 B T e 07 0 R 5 I A A 1 (30~ 100 V) 5 SRBT TP AE 75 PR e [ 58 775 w3 25 (10°~10°) 5%, SiPM L 7E
Z AW 58 SR B AL 58 PMIT WY S AR B, B 2 1R . ORI 5 000 k| RS 25 70 Hr 45 . SiPML I 1 25 R T
AR 5 R R, AR SERR (T R, SiPM R 5 #ME2 I B A = R AR — SR AR I S IR R T R e B, |
RGO IRA T, S0E K RE AR RE S . XF Ok S REERBER, AT RGN L, —
JS I B 25 T R E R A B OR AT, Lightfoot P K 28 AN FHAR HE M 45 sh 245 I8 1 R 45 s B A0 15 5 IR 1), — 2%
S TN U B M2 R PR J R 50 A Hl R0, 2 A2 7 FH AR L BELGE SiPML Y TR H R A7 T B A, (R 2
T AR . VB BEL AR B R AR B SiPM AR DE L, fif AN [R] SiPM B 5 22 58T Pk e Fo e A 8 5 SV R B

* W A#A:2021-12-01;  E1T H#A:2022-03-17
EEWMB: HEARPHEAELIH (11905208)
BRAR:K B, zhangqil 9@gscaep.ac.cn,
BIE1EH: =L, lihongtao-ifp@caep.cn,

079002-1


http://dx.doi.org/10.11884/HPLPB202234.210540
http://dx.doi.org/10.11884/HPLPB202234.210540
mailto:zhangqi19@gscaep.ac.cn
mailto:lihongtao-ifp@caep.cn

weOoW s 5 Ol TR

AU T T ST Bk SR 24 Wl A 7 119 32 £ 80 - L STM32(ST 2 122k S, Microelectronics ##4 il £,
32 bit) (8 2542 1 R 40, 38 1o M FE R 2 K 1) 55 B A8 b X STPM 88 PR R 25 (0 B2 . 54545 07 S0 He, AR S0 R G0
o A 4 AR T AR L 69355 187 RS [7) SiPML f9 e FH B3R, 2 e AR/, 3 720 A o i UG
1 SiPM 5 Ei&itREIE

R TH N, B AR RS R B IR, R T R 0 Rl A LSRR, R T g R B B R Lk E
B A Bl 8 P B A ME S AR, SIPME 88 25 MR IE . N, 7 S O I 1) AR o R LA R R I P 1 L o R,
I 422 725 G LB A ME R, LAk SiPM K4 25 RS . ) B, 9L R AU e o T AR MUK 1) TR FhL U, LA AR SiPM B 25 R

ﬁ[n-lﬂo

L[5 AE I, SIPML Y38 5 T AR R TR AR PEAROG o 5 AT R T 3 R I, 94 4 D00 Bt 35 3L P2 A0 S8 i PG . 77
G =—aT +bV,, (1)
s G s R, TR, Vo i TAEHLE .
PRIEHE 25 AN, R B GRIE 252 dG = 0

dG:(a_G) dT+(‘9_G) dV = —adT +bdV =0 (2)
ot ), \av),

A AN B3 5R AR L s Vo 58 T AR IR EE 7 1 PRG3R, BI
a
Vop= 7 xT +c (3)

Ao FL TR A H T i 2 T (STPML A B 4 A o 5 0L IR 39 AR Hi T ) B 22 £, 1D

Voo = Vop = Vi (4)
K Vi U, Vi il G E

EF X 528 F] JARY-TP3050-8X8C i SiPM 413547 T HL M T F. 1) SiPM 36 25 S (TAEHR K 27 V) |
125 Sk i R (TAEIRE 25 C) MR K 1 .

50 6
45+t
5¢F
4.0
s 3.5 54t
= 2
‘s 3.0} ‘s
h b ;
225 2
%) [
20+ 2k
1.5¢
10} !
20 -10 0 10 20 30 40 0.5 1.0 1.5 2.0 2.5 3.0
temperature/°C overvoltage/V
(a) SiPM gain versus temperature (V,,=27 V) (b) SiPM gain versus overvoltage (7=25 °C)

Fig. 1 SiPM gain versus temperature and overvoltage
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-20 —22.1 25.452 25.52
-10 -10 25.796 25.81
0 0.1 26.14 26.15
10 9.9 26.484 26.48
20 20.0 26.828 26.83
30 30.1 27.172 27.17
40 39.9 27.516 27.52
50 50.1 27.86 27.87
60 60.0 28.204 28.21
70 70.3 28.548 28.61
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