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InP cap layer doping density in InGaAs/InP single-photon avalanche diode
LI Bin®, CHEN Wei, HUANG Xiao-Feng, CHI Dian-Xin, YAO Ke-Ming,
WANG Xi, CHAI Song-Gang, GAO Xin-Jiang

( Compound Semiconductor Opto-Electronics Department, China Electronics Technology

Group Corp. No. 44 Research Institute, Chongging 400060, China)

Abstract; The influence of the InP cap layer doping density of InGaAs/InP SPAD was studied through
theoretical calculation and comparative experiment. Theoretical results show that low cap layer doping
density is beneficial to suppress premature edge breakdown, reduce tunneling carrier generation rate,
and increase breakdown probability. Experimental results show that devices with unintentionally doped
cap layer have achieved 20% single photon detection efficiency and 1 kHz dark count rate at 223 K.
Compared with devices with cap layer doping density of 5 x 10"°/cm’, the single photon detection effi-
ciency increases by 3% ~8% , and the dark count rate decreases by about an order of magnitude. It is
demonstrated that reducing the cap layer doping density is beneficial to improve the performance of In-
GaAs/InP SPAD.
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Fig. 1 Schematic diagram of planar type InGaAs/InP SPAD
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Fig.2 Electric field distribution as a function of doping
density of the cap layer at breakdown voltage
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Fig.3 Breakdown voltage as a function of multiplication
layer thickness of InGaAs/InP SPAD
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Fig.4 Breakdown electric field as a function of multiplication
layer thickness with the cap layer at different doping levels
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Fig.5 Tunneling carrier generation rate as a function of
doping density of the cap layer at breakdown voltage
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Fig.6 Vertical electric field distribution of the multiplica-
tion layer
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Fig. 7 Normalized vertical carrier impact generation
rate distribution
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Fig.8 Normalized response profile as a function of posi-
tions of the InGaAs/InP SPAD
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Fig.9 Single photon detection efficiency as a function of
over bias
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Fig. 10 Dark count rate as a function of temperature
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