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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 takes advantage 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 sensitivity with a noise equivalent photon
lower than 10 can be achieved, which provides a new technical approach to achieve high-sensitive heterogeneous photo-
transistor detector.

Key words: short-wave infrared, phototransistor, high gain, noise equivalent photon

s B HB :2024-07-23, 1€ [E] H #§:2024-11-07 Received date:2024-07-23 , revised date:2024-11-07

HEEWE  HEK A KRR L4 (62335017, 62222412, 62104236, 62104237) 5 [ ¢ T 47 4 1141 (2022YFB3404405 ) 5 Ho E AL BE 1 4101 B 2
(Y202057) ; i i3] (21YF1455000, 22YF1455800) 5 il [ S8 RR# 4 6 (23ZR 1473500, 23ZR 1473100) 5 i g% H S (2021418) 5
R B LRI R BT A8 £ Bk 4 (CX-513,CX-512,CX-508, CX-455,CX-399)

Foundation items: Supported by the National Natural Science Foundation of China (NSFC) (62335017, 62222412, 62104236, 62104237) , the Na-
tional Key Research and Development Program of China (2022YFB3404405), the Youth Innovation Promotion Association, CAS (Y202057), Shang-
hai Sailing Program (21YF1455000, 22YF1455800) , the National Natural Science Foundation of Shanghai (23ZR1473500, 23ZR1473100) , Shang-
hai Post-doctoral Excellence Program (2021418), Special Fund for Innovation of SITP, CAS (CX-513, CX-512, CX-508, CX-455, CX-399)
'f’E%%ﬂ(Bi()graphy) JERLA(1995-), 5 7 TEEAA, AR AR, FEMFILAECH LM ARINES . E-mail : liaokecail 8@mails. ucas. ac. cn

" 1B 4EH (Corresponding author) : E-mail: jianxinchen@mail. sitp. ac. cn



[\

AN/ RS9 S g o

XX &

51

Tl

TEWOCH S b, 9 SR R EE AR, B
PR /NT 2.0 pm AR FIR T 2. 0 um A R4
RARHT o XS O DN L SR AR g EL A
M) R AU, PIN 25 46 1% J2 05 21 43000 25 R H B A A
AR F1% 055 P 30 R PRI 5, o ) e R RE AR
ARG R AR PR — P 7E R SO Y2
W GE AR ORI SRR 2] T N
{HFER ARG HE BB BT, PIN 480 2898 1L 0 15 5
N AR AV TR T S v B 7 v TE R TR A S8R
I, IS, ZEARIN 5 N ER S | A 25 a) AR THE 5 o
JEE AT AT RS S S H s e P 1 B, i T 32 T R 458
B R AR S R4S O HL RS (heterojunc-
tion phototransistor, HPT ) {# J& —Fp 45 5 1Y P 184 45 AU
PRI &%, FA 7064 20 R N A H e 5 i
K U A R0 S I RAE T, B 3
f AR TR (i R L AR WS H U ARG S AR M AR
P

TERL I L0 Ak B, 6 Ak ) 1126 3 A% (type—11
superlattice , T2SL) PR BB HF 22 1 W 9 A9 0 o501 4% 32
RVE, M HIZAEH T Bt 5 24 1 S B 4544 , 107 HPT
FOEHMERE S H AR M B DA G, IR T2SL 2 H
HIHPT & FH BB RL . 47k SR A A 2 A
71 25 R0 ) 6 A R B 41 A0 HPT R B T 4 25 (T8
J1, HATE S T 57 A WFE R . Arash Dehzangi
S5 NTE 2019 4E4GE T 1 4> B T InAs/GaAs/AlSb/
GaSh T2SL %8 I 2140 HPT, 25 4F7F 300 K F & 11 9%
K22.3 wm, 7£3. 0 V TAEMRE FSCHL T 320. 5 A/W
F4 e 10 2 T T 1000 B LI 25 . B S L 2021
4F Jiakai Li 58 AWFIE T ARG 2540 S 40000 8 A%
JL L1 A0 HPT J61E 25 1Y 52, 445 & i X458 2% Bk
XAB 2R 5 a8 Al v B 22 55, il i S5 M DAk 4R A
T 345. 2 (6 g o S HE— 2D AR R O K
Zongheng Xie £ N\ K InGaAs/GaAsSh T2SLAE A 1
WK, LT 2.7 wm AR BT 130 A/W R )3
RIS SRT A B RIS HGE B 23k TR
SR E=  E R £ SR = N N D
—EFRRE AR T R A% 1Y R B JE RSSOt
WRORAE R o DRI, AR5 ] 7 R4S v 1 2 1) ] Hsf 410
il 5 FEL 3 R 24 1 HPT B FE B9 1) 2 —

BEXT HPT 9 134 [R]85, 2019 4F-F1 2020 4F P L
REFARIE T — ok e DX 2 b At (1) 5 A1 2540 % A1
DL InGaAs 7 A W Y DX, mi o7 9% 1 # 1E T 1.7 pmo

1 3 4 /N DCORSE  BRE0E 25 15 2 18R T, I LR
LA K i b7 Bsf [R) A 28] 1 R A7 ek R B 4R
Tt 75200 Kl B2 H 5B 1K T 20 B MR SEBOE T
Ho SO A AT B G 7 R ] 4 R A IR S X H
R BRARG , TT 48 2 A K I P 22 P ) BRI B i R
P B R AR SR T R K N 2.7 wm Y In-
GaAs/GaAsSb T2SL & % 21 #b HPT #17 WF 5% , FI
TCAD(technology computer aided design)ﬂégjﬁﬁigﬁﬁi
P B85 E 13E T 20 HPT I BUE 1 EAAL
T TSSO G R RE DT 9T T i as 1454
8 B DRS04 £ I O ) 7 P [ AR 0 A Mg
FEAFROCTFREF G ERE RS e, JF o0t T IS
TP EEALIE

1 SJHERMHEFEESR

A SCHFFE K FH Y InGaAs/GaAsSh T2SL G H, i
AT AR LS I 1 FTR IR S5 22 5 R 45
A, E 4G n A InGaAs FE Ml IX , n 7Y InAlAs &3 IX,p
) GaAsSh FH: X, n 5 InGaAs/GaAsSh T2SL £E /i, X &
HFEfR X, InAlAs/GaAsSh Z [H] L J GaAsSh/T2SL 2
(] 43 ) B ) 0 & B 45 L S T AR L 4 . TnAlAs &
S IX R GaAsSh 3 X 22 8] A R A A5 ol B (45 0164
25 PCREA SO AR RAEFLIX, /N T35 77 B i A5
R LA B2 5 s IR Gy S i v A S SR X,
R T S B i 3 25 o 1 1 () Y D3RR [
B G 0 BAR  d BRI X W EAR . 5%
FIL) A Z0 s B DX 5 T A A L IR R 2
(AR 1) 22 Ah AE T 22 o ot 5 DX 4 2 ) RS RRALG o
(C S N LN I WD SR (S U A N TRSVA N iU B 8
XS FRAR T p FUEE X 5 n AU X 2 [A] 5 L )
DX THI AR, g4 P9 14 7 A e sz B I, w] AR A
V1R 45 P85 2 1) T FEL O o

BUENT BA R g T A A A T2,
(O CER /NI N R i A UL SR TR N S
FZS SR ESE M T FE o TR T R A 1 2 i L 34
Sl Z BT, Z R G

Ve (eV®)=—q(p-n+N,-N,)-p., -~ (1)
Horp g JEA L B, @ JER p fln &l T 5
TCHESE LN, FI N, 3 51 n U5 2 W B 9 B A p 2043
A HLBIRIE . p,., e R BE LA R [ LA o ARSI
U5 BAE R AR B R B T — VR B B, LA
2 8 S T4 ST RS T A R R ) 38 K LG
5 S0 2 SRR AT A v A 1) A TR S5 e B kg 2%



XX 107 BERLA S5 < 101 1] 55 G 9 R D 2T A0 5 B s G AR SR R 3

«%L» _— J. = qu.(nVE. + kT, Vn — nkT Vlny, + A, fknVT, -
LG 1.5nkTVlnmn) , (2)

- TnAlAs B J, = q,u,p(pVEV + kT Vn — nkT Viny, + A, f kpVT, -
T25L 1.5kaV1nmp) , (3)

InGaAs/GaAsSb T2SL = E,

2 o g R 430 S v v T R B R S L T
> > " & e, i, 730 TS SOE R L E N E, 5350 R
(@ (b) R REGL, T, T, B T 4 B B 28 R A
BT NERRP e G A 2R L : () USSR T I s BRI L m, I m, 2350 Ry H 7 2 7R A5 28000

(b)fiEH
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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sults: (a) the current gain; (b) the dark current.
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