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Fig. 1 The (a) cross-section SEM and (b) band energy diagram of the epitaxial structure for the HPT detector in this work

SRR B, FH T RIS 0 22 PR RE o G2
PERE (9 PEAR IR FH 9% K R 1550 nm (9380666, i
it Thorlabs S 2 Z T AE B AL HHE A TG D 232, 3f- 4 1t
DU 25 114 e 17 85 5516 rL D 0 25 S OGS 8

2 #HR5iTiE

2.1 AREHEHIF[/ERIE

AW FE R FH B 65 T 5 e b H AR A 25 A i
Uiy F AR A5 R . T R GEARGE L X R R R g
UREM BT IR A T RPN [R] 5 TS5 R4 1Y HPT 2%
o WE2a) FrR , fe4 A FRE XRS5 % 5 XA
A, L8 — 20 T iE 212 1E T InGaAs 2 HL X N .
ar B YRR DR 5 82 vy X — 3, g — 0 Tk

Au

Collector

Contact Layer

Substrate

Emitter
Base

Collector Etch stop line

1um

(c)

Z b A58 1B 78 & 5 DX InP J2 RS 5B, Bifl i 38 4o 188 92 65 ol
W 5 TR B 2 1k T & Bt &8 S 1T, 854 7R 2 TR 1 2
(b) FIr 7 o T A #5140 19 & 9 XA R) , EL A2 34 2k 20
pwmo BEJGTESS AL Z010hrb S5 A 5 BYIRT ICP
TR ZN 2 A 1R TE T v i T2, 20 ik s 2 S b L AR
TR BER X Az, E2(c)5(d) 5
BRI A5 B AR AR T (FIB, Helios 5 CX)#
Il SEM B4 . 25 KB, SCBRIE 5 i 58 e
B i AR — R 2 kb T RIXR O, iR F B
IETEX E, TAHR&EA RS —
ESqa
2.2 ERTHSRMHMEEXTEL

Sy RAFE ARG AR, L T A S

Au

Collector Au

Contact Layer

Substrate

(b)

o
——

Emitter
Base
Collector

Etch stop line

(d)

B2 (a)dfh AR (o) #0 B BYZ5 7R JL I8 LA (o) &1 A F(d) #+4F B ¥ FIB-SEM # I |41

Fig. 2 Schematic diagrams of (a) device A and (b) device B, together with the cross-section FIB-SEM images of (c) device A
and (d) device B
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Influence and mechanism of base structure on the weak-light photo-
detection of short-wave infrared heterojunction phototransistor
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100083, China
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Abstract: The demand for high-sensitivity short-wave infrared (SWIR) detection technology is urgent in frontier fields
such as lidar and quantum communication. Heterojunction phototransistor (HPT) , benefiting from its internal gain
mechanism, provides an effective solution for breaking the physical limit of conventional PIN photodetector in sensitivi-
ty. This paper focuses on the base-size effect of InP/GaAsSb/InGaAs HPTs with type-II barrier structure. Devices with
two different base structures were fabricated by controlling the etching process. Measurement results show that maintain-
ing an intact base structure significantly improves device performance: at a bias voltage of =2 V, the responsivity and in-
ternal current gain reach 141 A/W and 160, respectively—superior to those of devices with etched bases. Temperature-
dependent analysis and size-effect studies further reveal that the dark current of the intact-base device is dominated by
diffusion mechanisms and exhibits better dimensional stability, whereas the etched-base device suffers from pronounced
generation — recombination current and surface leakage current caused by sidewall defects. Under low-temperature and
weak-light conditions, carrier trapping by these defects leads to severe degradation of photo response. This study clari-
fies the critical influence of base structural design on HPT performance and provides valuable theoretical and experimen-
tal guidance for optimizing high-performance SWIR detectors.

Key words: short-wave infrared, heterojunction transistor, detector, high gain



