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Mid-wavelength infrared nBn photodetectors based on InAs/InAsSb
type-II superlattice with an Al1AsSb/InAsSb superlattice barrier
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Abstract: InAs/InAsSb type-II superlattice (T2SL) materials hold great promise for the development of mid-wave-
length infrared photodetectors operating at high temperatures, as they avoid the defects caused by Ga atoms in InAs/
GaSb T2SL and exhibit long minority carrier lifetime. To reduce the dark current, minority carrier unipolar barrier struc-
tures, such as nBn detectors, are commonly employed. In mid-wavelength infrared InAs/InAsSb T2SL nBn photodetec-
tors, the multielement alloy such as AIAsSb is typically utilized as the barrier layer to block the transport of majority car-
riers. However, the small valence band offset (VBO) between the barrier and absorption layers leads to the saturation
of photocurrent at high bias voltage, resulting in increased dark current. In this work, an Al1AsSb/InAsSb T2SL barrier
was designed to eliminate the VBO and reduce the bias dependency of quantum efficiency. The results show that the fab-
ricated nBn photodetector exhibits a 50% cutoff wavelength of 4. 5 um at 150 K. The optical response of the photodetec-
tor saturates under a small bias of -50 mV, achieving a peak responsivity of 1. 82 A/W at 3. 82 pm and a quantum effi-
ciency of 58. 8%. At 150 K and -50 mV applied bias, the photodetector exhibits a dark current density of 2. 01x10™ A/

W #5 B H#5:2023- 10- 18, & E HHA:2023- 12- 12 Received date:2023- 10- 18, Revised date:2023- 12- 12
Foundation items: Supported by the Research Foundation for Advanced Talents of the Chinese Academy of Sciences (E27RBB03)
'f’E%%ﬂ(Bi()graphy) L B—JL(2000-) , 2, INARZEE N 9T A2, R LL /MBI SO IFSE . E-mail « shanyifan@semi. ac. cn

1@ 4EZH (Corresponding authors) : E-mail: dhwu@semi. ac. cn;zeniu@semi. ac. cn



2 AN/ RS9 S g o

XX &

cm’ and a specific detectivity of 6. 47x10" cm-Hz"*/W.
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schematic band structure diagram

The nBn photodetector: (a) schematic diagram; (b)
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Fig. 2 The nBn photodetector at 150 K and -50 mV applied
bias: (a) responsivity spectrum; (b) quantum efficiency spec-
trum : the inset represents the quantum efficiency of the nBn photodetec-

tor at 3.82 pm

K 3(a) A 618 ELAE R 320 wm 1) nBn Y6 B HE
PHAE 100~300 K LI VI [l PN F0 16 FRL 370 285 88 5 R 119
MR IEFR . 1E=50 mV i JE R, #8578 150 K B 5



XX 1] H— N 45 BT ALAsSh/InAsSh 8 ftA% 3422 1Y InAs/InAsSh 11258 fA% nBn F i 21 SR 2% 5

HL VI B2 N 2. 01107 Alem®, B T BE 09 FHimr , I H
T EE BT AN, 76 300 K B3 K3 0. 54 Alem®, DA
B 3(a) AT LA Y, S 5 i e K T°-100 mV B, 78
BRI EE TR J-V IR REEEN S R LAY
B L9 oh L (B R B AR AR /Nt il i = e - A
ML . AERAR AR EE T L J-V 4 i R A X 5%
KA~ ARG S HGE K, nBo s
FEA -0 A W LI R EORVE TAMINR R R T, #
22 J2 5 W A 2 A T ST O B R RE S L 3, BE A TR
A PR ARR B S 1) Al Hs (9 38 K, 7 A =5 G W i B A 1
J i E . K 3(bh) H-50 mV R FR T T, 2547
100~300 K i & 3 [l P9 1Y) g e 3 %8 B 5 00 B 3 4
(1000 /T) ) Arrhenius 5 80O R K . MR IE A (1),
AL DL A5 ' H R0 25 7 AN () 9L B2 T A IR R
F S

JAT)~Tm exp( - mi;T) ~ Hexp( - ki;,), (1)
Horp, om = 1RSI B E S m = 2B R H R
K -EE XS E, WSS, b, WBER S
WH, TRHASFRE  E, G feRE. R 160~
300 K 3t FEl 14 , B Arrhenius 145 B9 2H R 400415 5 Y
IALRE E, 2970 270 meV , 55 AR 40 i R ' 3 75 21 19 2%
P8 WAL J2 1 2507 5 B 275 meV AHIT , 6 B AE 160~
300 K ) 3 52 7 Bl P, BR300 25 1) B R 3AE PR B S F
mES., 1F 100~160 K& F N , Arrhenius [l £& 4%
FEI TR A e e R S (A N C SRR =i
E, 230 181 meV , i W2 2547 SE 19—, &
HH 12 15 5 T PR PN 2 20 10 5 e 9 o 7 4k -0 A IS
WmES. T AlAsSh/InAsSh # i ks # 42 B
A EW WL, nBn Z54F I T =50 mV AR F1 kg
JE, SR 1 AR TR R A N TAE R BN R ™
HE-EARBT . HR25WAREH T 160 K VL L
W= A - A WG R, A RTS8 B AR R R
PERE

TE L 2R EF R ARG RIS A X (2) 1A T 4%
PRI (D)«

D= Ri[ij vl } " 2)
Forfr R AR A e OB, J SR A ) I F O
R x A A5y H BEL 5 45 T R SR AR, g Ay HL i FL
&l 4 (a) RT3 1 B84 FE 150 KT B804 4355
TE-50 mV (0w FE T, ##FAE 3. 82 pum &b Y & {E AR
HH 6.47x10" em-Hz"/W. K 4(b) B/ T nBn #

Current Density/(A/cm?)

Bias Voltage/V
(a)
10 T
V,=-50 mV

0'f :I” 1
) E,=270 meV 1
NE 107 | 4
2]
2w} 1
B
g 0°r 1
g 10°
A I 1
§ w'f 1
3 07 1
O

108 b

0 1

10—10 1 L L L

4 6 8 10 12

1000/T/(1/K)
(b)

K3 nBnGHLERINER : (a) 100~300 KR, Hif HL 3 2 B Bt 41
fi RS 4L 5 (b) -50mV T, I HE Vi 25 2 19 Arrhenius [8]

Fig. 3 The nBn photodetector: (a) dark current density vs. ap-
plied bias characteristic at temperatures ranging from 100 K to
300 K; (b) Arrhenius plot of the dark current density under -50
mV applied bias

D255 1 000 3 i IR 3 10 0 A AR B A T T
PEUFERIN R 100 K I AY 2. 05%10" em -+ Hz"/W T &
| 300 K B} (% 3.25%10° em-Hz"/W., 1 27 3%
(FOV) 1300 K it £ 3 5 T, W& # 1k KA
3. 82 wm [ FARFEM &5 , 3 50 BR i #8900 32 (BLIP)
H4.17x10" em-Hz"/W . WK 4(b) Fros , #5147 R
FEART 150 K B A #0022 347 755 T BLIP #8300 23, 84
AbF BLIP TAER 3 b O Ah #8425 49 152 Akt
REIMNIE A K FE— 25 I I R AR T RCR 1T
PAZRAS B &5 % BLIP TAEIRJE



6 LT 5N 5 B K Bk O

XX &

10" T T T T T
T=150 K
V,=-50 mV
SN
T
£
< 10t 1
£
2 *_ 12
£ D’ = (2] + 4k, T/RA| I
L
b1
(=]
1010 1 L L L |
25 3.0 35 4.0 45 5.0 55
Wavelength/pm
(a)
V,=-50 mV °
108 F E
—~ ]
E °
N2k [+ i
;E °
______ P = = = —— — — —
= ) BLIP condition
£ °
210F ° E
g
b o
| 9o
10" F ) -
o
* ]
2 4 6 8 10 12
1000/T/(1/K)
(b)

K4 nBn GRS : (2) 150 K.-50 mV B2 ; (b)
3.82 pm b, RN R Fif i JEE BB R Ak HEZR R 300 K5 S5 A
2 037 9 BIAEDTG Ha 2RI 5 1) BLIP 45500
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