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Design of Photon Detector Module on Multi-Pixel Photon Counter
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Abstract: Multi-pixel photon counter (MPPC) has the advantages of excellent photon resolution ability,
low voltage operation, insensitivity to magnetic fields and high reliability. Due to disadvantage of photo multipli-
er tube( PMT), such as large volume, low detection efficiency and bias voltage of thousands of volts, a photon
detection module using MPPC is designed to replace the traditional PMT in chemiluminescence instruments.
The amplification circuit, MPPC bias power supply circuit and refrigeration circuit are designed after theoretical
analysis and simulation, and the pulse signal identification is performed using a high-speed comparator to filter
out noise and interference, besides, the pulse stack is processed by software correction to further improve the
counting accuracy. The results show that the designed photon detection module has priority over traditional
PMT detector in the coefficients of variant, linear correlation and the repeatability. It can be used in the single-
photon counting detection and analysis instrument.
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Fig.1 Block diagram of photon detector module
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Fig.3 Biased power supply circuit Fig.4 Refrigeration circuit
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Fig.5 Amplifier circuit simulation circuit
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Tab.1 PMT and MPPC test reference light source respectively

SR

Reference light source FRFRIE/RUL 1x10° 5x10° 5 x10* 5x10° 2 x10° 5x10°
PMT SEXE Ave/RUL 901 4 563 57226 537531 2646273 5490 181

S RECV 7.92% 3.60% 4.20% 3.82% 1.85% 1.43%

MPPC I Avg/RUL 50 116 60 475 762957 7525434 51705386 71 372 353
BRRBCV 0.92% 0.83% 1.02% 0.67% 0.58% 0.33%

% PMT {3k HIEERS CR115, BIRER SIS B OLEr S0t HRfLEETE PMT SLH]
QIR a8

H1 T MPPC J2& H w35 G o A IR S I, D62k B0 e s i3 H g AR B v 1
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UL T RN, MPPC BAT I B A I [] 73 58 (] Ik A S A ' B8 2 i Y ok vy, ok S R
MPPC A5 AR 6 FRUEIE KT PMT,
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4.2 MREETZ RS EEX R

Fie IR E PR S OEIR 0 T BRI 10 W, AR R R, 2Rk 2 PR,

R2 KIFETERE(1000) MikLER
Tab.2 Test result of lower limit of light source(1000)

DHAAH Test value/RUL I Avg AF SRR
1 2 3 4 5 6 7 8 9 10 /RUL CV
55213 54688 54858 54705 55141 54805 54887 55075 55731 55612 55 072 0.66%
H1 2 ATRVE S R BUNT 2% , W EIBREKR 80.00
2R M R AH G R B0 BB E AR ER 1T, ERIER 7000 y=1.6161x+0.3507
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Tab.3 Background test rsesult

bk M3EAE Test value/RUL FEEEH SRR
Module 1 2 3 4 5 6 7 8 9 10 Avg/RUL (%
PMT 38 48 35 43 32 51 40 45 29 45 40.6 17.50%

MPPC 23291 22905 24 048 22156 23262 23312 22372 22903 24 193 23174 23162 2.76%

5 it
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2 BT MPPC PR E L . I . BRI SR L AR L
W8 5 K O BRI T T AT RIS 2B TE , HE— B30 T 8 T SR . 200 s T L)
FIBRIIEE RS LB G T AT, GRS AR 2 AR TR R A Bt A7 AR S R A
G TR 5 S e P T S I SR T — A S AT R B3 e
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