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Design on high performance of near—infrared silicon photomultiplier
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Abstract: In order to further improve the photon detection efficiency of silicon photomultiplier in near—infrared band, a
planar epitaxial resistance quenched silicon photomultiplier and a silicon photomultiplier based on inverted pyra-
mid structure were proposed. The device forms an inverted pyramid structure through anisotropic etching and
forms a p—enrich region on the four sides of the inverted pyramid by ion implantation, which increases the junc-
tion area of the PN junction, the effective optical detection area, and the geometric filling factor and then im-
proves the photon detection efficiency to a certain extent. The structure of the planar silicon photomultiplier and
the silicon photomultiplier based on the inverted pyramid structure with the same doping concentration is simu-
lated. The results show that the breakdown voltage of the two devices is about =13 V. The photon detection effi-
ciencies of the planar epitaxial resistance quenched silicon photomultiplier and the silicon photomultiplier based
on inverted pyramid structure at 900 nm are 11.2% and 15.6%, respectively when its size of the micro cell is 20 wm
and the over bias voltage is 6 V, which describes that the two structures can effectively detect the light in the
near—infrared band and the silicon photomultiplier based on the inverted pyramid structure can improve the pho-
ton detection efficiency in the near—infrared band of the device.
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Fig.2 Structure of SiPM based on inverted pyramid structure
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Fig.3 Structure of SiPM microcell based on inverted pyramid

structure
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Fig. 5 I-V curves of planar SiPM microcell
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Fig. 6 I-V curves of SiPM microcell based on inverted

pyramid structure
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Fig.7 Electric field of planar SiPM microcell
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Fig.9 Electric field in Y direction at the center of planar SiPM
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Fig.10 Electric field in Y direction at center of SiPM based on

inverted pyramid structure

Pl 9 & 10 AT, FL 3758 3 phy s DX g A0 26
WU, 2 FRZSFA I HL AR B e KAB S35 29 R 5.5%10° 1
3x10° V/iem, KT 2x10° V/iem, #3758 & /N T 10° Viem,
W T SN RN R A
23 RFEHEMHRFE
231 THAARGA

FEF T TR ARG FL AT A R T RS 20 pm i
TR 6 V B #R AT O Y 7 1 3 e AR
AR EUR N E 11 s

HE 11 T RUE a8 OGS 7= A R B
[ B g ORI R W38 K, =5 R 7 A R B s 290 90%
AR R 60%, FETE1 4TI SiPM Tl
K451 10 pm F1 20 wm G E R 6 VI, #8441
BITHUGTR Y 71 35 T A R AR A A G an &
12 flt7m

t & 12 ATV 1 ERITR SN 10 wm B, 25 5™



55 6 41 WESTE, 45 B PR AT LT AR R 3 77
100
e NG AR 951
80 — B4R o0k
§ - BT SO c\\e
£ i Eowl
%\ 40 E— 80+
= B
# 20t B sl
or o or 1 1 1 1 1 1
0 0.5 1.0 1.5 2.0 2.5 3 4 5 6 7 8
Y 5 R BE /pum PO 1AAY

11 FEBEELREEEROL Y FREHSEER
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Fig.12 Generation rate of avalanche Joint in Y direction at
center of SiPM based on inverted pyramid structure
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