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Simulation design of short-wave infrared heterogeneous
phototransistor for weak light detection
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Abstract: The sensitivity of the detector is the core technical indicator of the infrared detector. Short-wave infrared de-
tector has low dark current and the sensitivity will be limited by the inherent read-out circuit noise of the detection sys-
tem. Therefore, it is an effective way to further enhance the sensitivity by introducing internal gain into the detector.
The heterogeneous phototransistor has advantages of high gain, low operating bias, and low excess noise, which pro-
vides novel approach for high-sensitive detection. This paper mainly focuses on the simulation design of InGaAs/GaAs-
Sb type-11I superlattice short-wave infrared phototransistor, and studies the dependence of the device size on the optoelec-
tronic characteristics. The results show that a higher gain, a lower dark current, and a faster response can be achieved
by a smaller base size. Based on the optimization design of size structure, a noise equivalent photon lower than 10 can
be achieved, which provides a new technical approach to achieve high-sensitive heterogeneous phototransistor detector.
Key words: short-wave infrared, phototransistor, high gain, noise equivalent photon
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Fig. 1
base size: (a) the schematic diagram of geometric structure;
(b) the band diagram.

The device structure of the phototransistor with small
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Parameter InAlAs GaAsSh T2SL
Bandgap /eV!'*™" 1.48 0.78 0. 46
Electron affinity /eV20! 4.28 4.37 4.72
Electron effective mass /m, '™’ 0.08 0.05 0. 048
Hole effective mass /m, "’ 0.47 0. 46 0. 46
Electron mobility /(cm?V"s™) 232 1500 2000 3300
Hole mobility /(em®V~'s™)[ 150 200 300
SRH life time /s 5.0x107° 5.0x10™ 5.0x10™
absorption coefficient at 2. 0 wm /( em ™) 0.0 0.0 2000
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