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Research on dark current characteristics of InAsSb Barrier-
blocking infrared detector
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KONG Jin-Cheng, HU Zan-Dong, TAI Yun-Jian, YUAN Jun, ZHAO Peng, ZHAO Jun,
YANG Wen-Yun'
(Kunming Institute of Physics, Kunming 650223, China)

Abstract: The carrier lifetimes determined by radiative and Auger 1 recombination in InAs, Sb_were calculated at dif-
ferent temperatures. For n-type InAsSb material, at low temperatures, the carrier lifetime is limited by the radiative re-
combination, while at high temperatures, the Auger 1 process is dominant. An analytical model of dark current for barri-
er blocking detectors was discussed, by adding a heavily doped n-type InAsSb electrode on the other side of the absorb-
er layer to form an nBnn" structure to deplete the carriers in absorber, the hole concentration in absorption region was de-
creased about two orders of magnitude, further reducing the dark current of the devices. InAsSb-based nBnn" barrier de-
vices have been successfully fabricated and characterized. At 150 K, the devices displayed a dark current density as low
as 3x10° A/cm’, the dark current density of the detectors was fitted by the nBn-based architecture analytical current mod-
el, the experimental results indicated that due to the p-type doping of the barrier layer, a depletion region was formed in
the InAsSb absorber region, resulting in incomplete inhibition of G-R current. At temperatures below 180 K, the dark
current of the detector is limited by G-R process, at temperatures above 180 K, the dark current of the device is limited
by diffusion current.

Key words: InAsSb, high operating temperature, barrier, mid-infrared

s B #5 : 2022- 04- 24, 128 H#5:2022- 09- 16 Received date:2022- 04- 24, revised date:2022- 09- 16

EEWA : A P AR AR AR Sk AR & A IUH (202205AC160054)

Foundation items: This work was supported by Young and Middle-aged Academic and Technical Leaders Reserve Talents Project, Yunnan Province
(202205AC160054).

{EE BT (Biography ) : 435 (1989-) , 2, 7o g M A, A-H 50 A, N EFOEH MBS 8RS . E-mail : dgchensci@163. com

: B IF{EE (Corresponding author) : E-mail: yangwenyun@olied. com


https://dx.doi.org/10.11972/j.issn.1001-9014.2022.05.003
mailto:E-mail:dqchensci@163.com
mailto:E-mail:yangwenyun@olied.com
mailto:E-mail:yangwenyun@olied.com

5 1 PRACT 45 : InAsSh F5% 42 BHAH R LT A M0 £ 155 fi i R P I 5 811
515 1 #ERBRSFGAALIEIT

2006 4, Maimon Fll Wicks ##Z Jc#E H T nBn
P R ZE R L 5 | T B 4 R g
AIFE DX AT B AR T S B L AR S X AH G
5 FEL I , 5 1R D AN 28 0 T AR IR, H oA, 2 i
FALERRE R IS8 A% S — iR R R BUS T
KAk . ol JA (%) 2 DL (A 41 SCD 2w, 2012
A, DL 51 SCD #iz i 1T A i 1 XBn 45 14 1) 640
512“Pelican” £ - 1f B 51 45 4, 150 K TAEMRE , T.
VAR T #8405 F U %% Bl 2~3%107 AJem™ !, 2544
W5 HL NPT BOH R, 2014 4E BT & 19 Hercules £ 1)
1 2801 024 H.0H 15 m XBn M #5FF 41 1E 150 K
TR HLYE A 400 fAY, 2021 AE4GE T HULEES wm (1)
2560x2048 K I FF i CRANE 4530 #% , 150 K T4 I
JEM R BN 1. 7~4. 2 um , B TR >70%, LI
200 A", 20194, SE[E NASA Al T nBn 54411
1 024x1 024 TnAs/InAsSh 2 i 25 2F, 150 K F#{ 1k
PR S wm, #51HE HLR FE 1}107° Alem™ ', 2022
4F, 26 [E NASA JPL 7E nBn 45 ¥ i 226 I, 531 p-
InAs/InAsSh W W& )2 1) p—CBIRD Lk fZ p Y Fll n Y
InAs/InAsSh 214 K- 9% pn—CBIRD kM2 22 2T A&
DU, 25 A 48 0 2 AT R4 i T R M R 4 5
PERIR T ARSI s Ak [ P S I
W AILAE 16 OC T i B R, 2021 4F, A48 11 4%
N0 AIAsSb/InAsSh H fi A #2458 5] A p'Bn
PR A A, DA/ IN SR B T R i
FICEHETE 150 K -0, 1 VR B HLE T, 5 HL i %
M 1.2x107 AJem?, 4. T &b 7805 29%, H R
FM1.2x10" em - H2"/W o A5 k825 N3 3 il
&7 0] LAY AR AL A AR B — AT AR AR (WS,/h—BN/
PdSe,) nBn I 5 i 21 41 9 B B/ — B 1L B/ A7 28
(BP/MoS,/graphene ) pBp #2245 &5 , i T —
Y4 BB S RS LT AME I 2R 10 & . 2019 4F,
L B BRI 5 T ) 46 pBn 2 InAsSh 640x512 %
F G, 150 K TARIREE T AR R T s HL 2% 0
~3.9x10° AJem®, W E K I 22 1. 06X10" cmHz'"/
W AR SCHE pBn 2 B LAl b, S 4 T A
BEARL R T G 2 BRI X A DG BRR F  ar EAT
THE G T 5 R 0 22 A AT R
it 4 T nBon Y TnAsSh #5844, %7 B 5 /7 47
PEHAT 53T o

L1 E#HFEHRFEGIRMOTES

A A B O H A F B IS LR DR E T AR Y AR
T T g A L O S T R A B AR 1Y) 2K
TR R PE D AR, BRI, AR SO
Jo 0T SR A BE AR B T2 G i R e e iy b
o 5 A e AT TSRS, LA AS [R) A il R
T R SR A AR D T F A B B S AL 4R T
A R R A R RS A A O A B
B AR T B HOR T EAILE D B E S
A S 3R BAEE/R(SRDE A .
L11 EHESR

FR 45 Roosbroeck 1 Shockley $2 Hi A% 58 51 52 A bk
e AR s O

TR=B(n0+p0) . (1)

ASAE HH B BE B ORL Y BR G TR R 7, =
(2Bn, )", Forfr g po WA S L TR 25 R BEE
n AERAR IR 965 B A

B=58x%10"el(— )1+ +

m, +m, m,
(R, (2)

my,
b, m ] il my, Je HL T RLBRE S S O U0
InAsSh #4 K} (9 AS AiE #0008 7 v B2 19 31 5 A
S WA
n, =(1.35 + 8.50x + 4.22 x 107°T - 1.53 x 1077 —

33 E
6.735%) X 10T Efexp (—, o) . (3)

FRAE A (1), n BYEHAREE AR08 5 52 A 200

THMRARN
W 275, B 1
fr = (n,/n;)+(n/ny) - B(n, + n’ln,)

1.1.2 #%EES

InAsSh M F6} it = i 32 B2 (%) 28 3 7 18] EL B2 4K
E AN Auger 1 4 Auger 782 A5 M Auger S
AR, Hod Auger 1 & G 02 n BUER AR E6 B4 K]
[ F LA Al R

n BUIB 4 A A ER 1) Auger 1 DB T FH ik
AN R

(4)

27y,
1+ nl/n?’
Hodp, 7 S AR 9 86 19 Auger 1 B, Hoey, =

(5)

T



812 AN/ RSO S g o

41 &

e U+ 2k,
8% 10751+ )F 1+ B (L0 2

T )3/2

AT
qE,

HRE LR A2 T HAS BIAAE InAsSh A BHEAR
[ 3 0 R 52 RN S 52 5 8 A, AN 14
L, W AT DL AR R ASHE InAsSh A1 FHY
B T A7 R TR 2 AR R R R ASE In-
AsSh A B R T FF BT Auger 1| 510 F2

[l 2 AN R 45 24 e BE 1 n B InAs, o, S, o B BHE
ANV BT AR S A S R i G A a1 Bl 1B

(e | F

m,

h

(a) T T T T T T T T T T

1E+15 ™
1E+11

1E+07 H

Lifetime (s)

1E+03 H

1E-01 4

1E-05

1E-09 T T T T

Sb composition in InAsSh

FeVR FEYE N, 4R 56 52 6 75 Aim Al Auger 1 75 A I /)N
150 K ,ny/n, = 600 B}, Auger 1 iz, S5 E
B T M ng/n, IE K T 600 5], Auger 1 iy
v /DT E G HW 0
1.1.3 SRHEA
AR A 7 B 4 AR B R S AR AR
FIABEH L B A - A P EE A PO REN
SRR T, R TR AR R A X [N AR -
Al R HL AT DA B A Il A A
VAQRB i BUR /=728 {0 B = 5T g A o o B
SRR G AR 2% 5T A T LA S s/ SRH &2 A, 4

) 1E-02 —r——r——r——r——r

1E-03 -
IE-04 4,
1B-05 4~y

1E-06

Lifetime (s)

1E-07 o

1E-08

1E-09

1E-10 —— 11—

Sb composition in InAsSb

Fl 1 AMEAHREE R ST Auger | 5805 T 5ah: (a) 77 K. 150 K, (b) 250 K 300 K

Fig.1

Radiative and Auger 1 recombination carrier lifetimes in intrinsic InAs, Sb, at: (a) 77 K and 150 K, (b) 250 K and 300 K

1E+08
1E+04

1E+00 -

Lifetime (s)

1E-04
1E-08

1E-12 4

[V [ E—

LN |
1 10 100

LR AEES] | R R ) L )
1000 10000 100000

ny/n

B2 AFBEE T nilInAs, ,Sb, 58512 6 Auger 1 25756 GBI IR

Fig. 2 Calculated radiative and Auger 1 recombination carrier lifetimes vs doping concentration for InAs, Sh; ,, at 77 K, 150 K and

300 K



5 1 RACET A5 - InAsSh 22 BH P47 2T MG 45 i e T A PR 57 813

F LT SRH 1. KR F SRHE G BYeE T
L=V 2= bR A 80807 7 A i, SRH 2D F5 4
TR R

7, (N, +n)+7,(p, +p)

Ton = N, + P,
Hrp 7z, =(o,0,N,)" 7, =(o,0,N,)", o, VIVl
HL PR AR TR v, 25 7R L F B G2 Sl R, N,
B R B
Zi L RTIR 5 184S A A ML A 52 ), 406 26

1) DB T FF 2R R

r_t,1,1 . (1)

T TR TA TSRH

1.2 $EEHEE A2 R SS(hRE R AR AT AR B

#)F InGaAs . HgCdTe ZLAME M #5"7 , InAsSh
A2 Y5 g L T AL 2 B AR BRI S,
AW, B BR 2R T, BB % B
R 2L .0 FE T 1E A RE FL A 2N, N, N, R
Wit B AU B 22 2 1) 52 B ARIE o, AN
e 3NN HL RN ZS S F i FE RS 2, B, R A B fE
g, M ZFABEHEE L1107 eV? em®, N, 2 BT [
B B , m, S B DA R0 i, E R LA TR

P2 SR T B AR R 5 R R R )
AH L AR 200 Wk BEARAIR, ok A &2 Pl
TRARH /AT 20, PR, R G R

(6)

Jug = ghaT <Z’$//§mn<’“";“">>Hew< 1) -
1} (8)
W ISCZFE S X P 7= B A B s
_ 2nuwk, T qU
R TIET A
Hrr,
1
n(2b> +2bV/b* -1 -1) b>1
2/ -1
f(b) = 1 b=1
tan™" ( l_[)2) b<1
b2 _ 1 b

U E-E 1 .z
b=exp(—£T)cosh[ T +§ln(%)],
B B h

B Al B B 2 LU, s o

¢m,M>N,U -4 /2m (E, - E,)
-]mz = 3 exp )7
87h' (E,, - E,) 3qER

(10)

FARRE R

¢EU J/2m, -4 /2m,(E,)
Jow = exp( ). (11)
4772ﬁ2 /EgA 3quL

1.3 $RfE nBn SR GRERIRIGNER RS EN
ik

nBn #42 BH I 2548 S48 1T LAAT RO IR T
() SRH HL 3t , B e M i 1) /o T £ AR 245 1) o1 28
SUAR Yl AR A 2 F E IR T IS IR AR ST
AR S548 o Bl 35 IR B2 55 InAs, Sy o AS1IE 2L
T AW K, 77 KR R9.13x10°em™, 150 K
T4 8.65x10" em™, F I T WG = 2. 64%10" em”,
AR A AR B 77 i i I 85 L e T A A . PRI,
A6 o 2 P L R M %) 3 T e 5 I A X
Ik T R AR AR U VR B, T RS DX g — M3 i n
Y H 5 7% F A 2 U PR B AR AR, AR
WAL DX 2 O VA B, DA R AT 4 2 G P O L AR v T
YRR BE v R RE AR A B0 S B I R R . TR 3 R
Sentaurus 1)j B #4313 1Y) nBn £l nBnn* 284£-0. 4 V
T H T FIZS 7OK AR K], 5 nBn A EG , nBon” W I
X > F 22 O B AR T 2 8 4, ik it — 2
R ARG 7 A28 %) 65 L 3, T LM 7 v J0R 6 0 45038, B 45
14 L nBn 2544 g 5 2AR

2 SREHEFNEL

2.1 BHHSE

K H 53T HAMEE R TE GaSh (100) 4 JiE A=
KARM Ze AR5+, N 4 (a) FiT s , B RS R LR
B AR AL HE GaSh &} .GaSh 25 #h)2 .500 nm 524
e FE Ry 5%107 em™ B9 n % InAs, ,Sb, ,, JFE HL F% 3% fih
JZ .3 wm AEE B Z% InAs, o, Sb, o W ZE 150 nm JE
TR 1824 AlAsSb/AISh & A3 22 2 J% 300 nm #3721k
JE A 1x10"em™ B n %Y InAs, ,,Shy, . 10 HL AR 32 fifl )2 , n
IR0 Sio [El4(b) #4RH SEM JE -, AR
A LAY M7 16 23 40 45 R AR B LR 3 S A
WG o R MBE SR EAE K AR, B 2%, R ik
Z0) e o 32 S ok 2] In A sSh JEE R B2 fih )2 T 1 A 0
AR, 38 ) A 1ICPCVD PR 300 nm Si0, 4
HLJZVE A A2, B £ T 00 RE TR PR U, AR 5 38 i
RIE Z (% 1% FL A AL | 5 S PR 8 0 Sk O Ti/Py/
AufER 4w A, il £ 1 BT 2 R S B R n [E] 4
() f7 AR E s e BB &0, 5488
210 pmo il & 58 B BT AR R B R AT A
7 B 1) AL A i A TO 247, SR FH KEYSIGHT



814 O Hh 5 2 K 3 R 41 %

(a) T T T T T T
Electron Density
1E+15 /
g 1E+12
iy
2 1E+09 o Hole Density
=
3 1E+06 - =
1E+03 4
150K nBn
1E+00 T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0

Position (pm)

K13 150 KN #0i k BEGh 1 5304 - (a)nBnZ544 , (b)nBnn+£544

_J
1E+15H [ Electro Density 7
5 1E+12 .
= i
7] 1E+09 o B
[a] :
5 1 Hole Density
2 )
5 E+06 4
& 1B _ h e
] -
—
1E+03 B
1 150K nBnn'
1E+00 T T T T T T
0.0 0.5 1.0 1.5 2.0 25 3.0

Position (pm)

Fig. 3 Vertical distribution of carrier density at 150 K : (a) nBn structure, (b) nBnn' structure

B1500 X #5 {4 #E 47 -V I, >R H E4990A X g5 14 it
7 C-Viist.,
2.2 GHRESH
AR C-V il £ a1 5 (b) Br s AR P52 5
(12) , A B2 2 B AR EE N 7x10% em™, ]
)2 InAs, 5, Sby, o B 4B 4 W BE Ol 2x10% em™, 45 &
T 25 0 BB AR A s SR 5] 5 (a) BT R, 1T LA
Wi A2 2B 2 A R p B G TRIR 4T 24
(Ao 2 V-V
C qe.e, N,
Horp ey M EA A BUH B, e, 4 TnAsSh AR AR X
A HH B dEFEIR X, N, JE i BB AR E
N
[ 6 A FI H Sentaurus {5 B A [A] s &
HLE N #5 1F  REH HES B, P A8 T AR AR, =
1.3eV,AE, ~ 90 meV , & [ T4 22 BB A AL BH T4

(a)
InAsSb Cap Layer 300 nm ﬂ
AlAsSb/AISb Barrier Layer

150 nm

(12)

InAsSb n-type 3pm
InASSb (n*) 5E17 500nm
GaSb buffer
GaSb(Te) substrate

A i J= 2 AT 8 22 B i 1 (L ) L /N ety
2 AN BH A I SZ B0 J2= A9 D B T (2570 .
(EAHE R i T 22 082 MR A8 2 A
— R, W S AR S R D B T S XY
f& 5 o

o AR TRl B P T P9 IG5 )7 £ A 5 7
B, T2 K28 MM B2, 76 3. 6 m A3 1F
TR I AR o I 6 BTz B REAT HES AT LA
=0.2 Vi BT, 352 2 A2 SR IR A7
2950 meV 175 7CH 2 BHAT T O0A 2R T 1%z ;
W 7 1)l L L S 8, A 28 S - ISR B i =5
T AR NN 25 16 R D =0, 4 VIR 322 R A
W) A AN AR A5 X & Sl AR 0 1T LA M
iz 2 AR M2 A F B e R B AR A, b 3R
SERALUEW] T 5250 ] A e R A AR 1 SR
4 A 1A — 201

(b)

Contact

Barrier

Absorber

Bottom Contact
AAMWKW2131

K4 (a)BrR-ESHIE (LAl s oo RS D, (b) A4KE SEM IR U A
Fig. 4 (a) Material structure( A photo of the fabricated single detector is displayed at the top right) , (b) SEM image of the material



5 BRACTR 26+ InAsSh 3522 BLEH 20 S PRI B H A PERT S 015
(b) . . .
~ 2x10'5 ecm®
1.10E+016 B
@
S 1.00E+016 1 racean ~
= G 7.00E-011
S T g z T=150K
E 5 O 9.00E+015 8
s o < Fasiean
3 | p-doped = 5
= 4
2 | 8.00E+015  soceon
n-dOped 20 15 10 05 00 \
’ - Bias V;Itage ) v
\ ‘ ‘ ; ; : 7.00E+015 : . .
0 1 2 3 4 5 2.0 1.5 1.0 05 0.0
Distance in growth direction (um) Bias Voltage (V)
K5 (a) bR SCM 43, (b) 150 KT InAsSb #4119 (A/C)*-V Hbk 22 #2441 C-V it 2k
Fig. 5 (a)SCM profile of the as grown material (b) (A/C)’-V of the InAsSb detector at 150 K
(a) ; (b) ; (¢)
v Bartier Layer i il Barrier Layer s Barrier Layer
—€E, —E,
—FE, —=E,
1.0 4 1.0+ ~ 10
= & Bias: -02 V = Bias: -0.4 V.
C2 IC} & Contact
& s gﬂ 054 = ;? 054 Layer
E 2 i:;;:cl Absorbering Layer E Absorbering Layer
0.0 4 0.0 ——\_- 00-‘\ __-\—.
. | s P — - R —
00 O!S 3‘0 3‘* 4.0 0.0 D!} }‘,O 3‘5 4.0 00 0‘5 3‘0 3‘5 40
Position (um) Position (pm) Position (um)
K6 ANlml i & T g REAT I : ()0 V, (5)-0.2V, (¢)-0.4V
Fig. 6 Simulated band diagram of the nBnn+ device at: (a) 0 V, (b)-02V, (¢c)-04 V
0.15 T T T T T
0.12
=
=l
2 0.09
=
)
o
wn
(]
—
= 0.06
=
3]
5]
Q. | s A .,
o b
003 .................. ~ .".
—-— ¢
. i T Vo o 7o g
T \*)
0.00 =
I I I I
2.0 2:5 3.0 3.5 4.0 4.5
Wavelength (um)

& 7

ARPFAEAN ] i T B 3 o 1 gt 2k

Fig. 7 Spectral response plot of the device under different biases



816 AP/ NI Qb A

41 &

£ 8(a) A 100 ~280 K T # 1 f) M L I %% i —He,
JE i £, B T AlAsSh/AISh 3 2 )2 h p B 5 4%,
AlAsSb/AISh # £2 |2 ~InAsSh W Wi J2 5t 1 T i #E L
2 R XA e = A - A i i, FLBEE S 1) i
BRI, B A 2 A2 R T RS DX 1) R A2
PR, A AR, -V &R, SiRE
J-V AT, AN 9] it 5 LR AR AR, 7 1O
TN R BT . 181 8(b) &-0. 4 V i & HL &
I ERER) Arrhenius fZE, TAEIR BT 180 K i,
HL WG BE A 171 meV, 5 HELJR A= A2 5 A HL IR K
F, TAEIRE & T 180 K, 1% e I 3 76 fiE R 304
meV , £ IT 150K F InAsSh f 4 B 295 meV , 25 14 F
HL U LAY O ok 3

SR FH AR 6 34 2 UG8 A2 IG5 Fl 7 BT B AR X 150
K & a4 s L e A T 006, LA i S i R 5 R
BICHRF FEL AL 000 205 SR AR O () IS, 3065 R G AL
P 2 1B A R B R C-V I G Ak B A AR
InAs, ,,Sh, o, M BF Y 48 55 &2 & R K &2 & 75 i R
LTRSS R SRHE A A4 300 ns, 150 K~
InAs,,Sh,,, ¥ Bt B9 25 47 % b 0.3 eV,
N,=6x 10"em™,E, = 0.81E,. MK J Ul & 43 #7
S5 9 (a) AT LAFE e, AN B 1) i e 9 LY, S AF
IR R Fr=A-E At K9(b) A Sentaurus
TCAD {7 BLTT5 1 35 42 J23 B ] Ah 28 3 25 1] Ha oy 285
FEo A i — AR T e A - A R p BB
P2 JEAE 2T R R X 51, B a4

1E-04 TR0

o
=]
by

1E-06

1E-07

Dark Current Density (.

1E-08

1E-09

T T T T T T
2.0 -1.5 -1.0 0.5 0.0 0.5 1.0
Bias Voltage (V)

IR F S ] = A A A LR ERCR , SRS L
fufeisit. $ R el KRR AR B 2,
T A A A R R AR R XU AT REHEA
&2 JZ I n B ER AR B R AR 2R TR R e I A
JRB AL I R T &2 SR B IR ] LA/ N AR
A FLUL AR /DN LA 7 2 408 A 6 B R 14 3800 1 A i
o MR, — AR . EAh, A BRI AlAsSh # &2
JZ N TnAsSh WHUZ Y n RIB IR JH BRI 22 )= -1
W )22 SR TR )2 TR R I il N 2 5 A T R A
AL, DLEE— A R ARAR PRI L AL

3 &g

DU HR B 32 42 BH 34 7R 28 4 254 |, i 2o 7F n Y
W2 B 3 — M in A EE 48 4 45 Ml )2, i14F T nBon”
a0 o A T AR Y I R R AR . 150 K
AR EE ,~0. 4 VT 84 1 9 o 7 2% 2 O 3%107 A/
em’, 2K H nBn 25  FL I A T AT AU 150 KRB T
A S A T T LS S SRR B T 2R
hp BRI BB A WZ S n BIB 2% 7R R I 2
HOE SRR IR X T ™ A 2 A L, I L IR AL
R 5 Arrhenius fZ &5 R AHV & o 180 K TAEIR
FETF 6l & 8 IF R TAEFEY HLUR , o T i — 20
= A E AR, W)z W2 M3
FRRANFNB ZRUR B, LIIHBR R AR X, i/
2 EAERR TAERE T B -2 A .

s

e
1E-01
\ Ty E.=304meV
1E-03 \\-\
X

Ty 180K \'\.J\G_R: E=171meV

Bias: -0.4V \
1E-07

1E-08

=
=)
2

£
(=3
5

m
=3
=N

Dark Current Density (A/cm?)
m
4

3 4 s 6 7 8 9
1000/T

K8 (a)100~280 K a1k L i % HE- AL I 2R, ()-0.4 VR &#FH) Arrhenius fili £k
Fig. 8 (a) J-V plot of the device at 100~280 K, (b) Arrhenius’s curve of the dark current at -0.4 V



5 1] WRAC T 45 - InAsSh F A2 BH PRI LT AR s 5 P S A PEBIF 5

817
(a) 1E'4 j T T T T T T T T T
1.50E+016
— 1E50'.O-_Q 0.9 O==0=0 E (b) + T T T T T
N R ’ 'O'O'O-O.-Ono-o-o
IS 1E-64 "=l =0=0On < Collector Layer ~ p-type BL Absorber Layer
CHER EE==———————aeem———— : 1.00E+016
2 e —————— " J— . Increasing
= 1E7 TEe Decreasing Depletion
> Depletion P
= —~ 500E+015
2 s 3 \ J
o
8 eof S >, 0.00E+000
c i T T o= =
S o = — @ )
5 1El04 T - Diffusion =~ . S 5 00Es015 W Bias [V]
(§) ©+ "GR ~ ?’ ’ Increasing —0
= 1E-11 4 - TAT o Accumulation — 01
o BTB T -1.00E+016 —02
O 1E124 - - - Shunt S e
= = Total 150 K 8 — 08
1E-134— O Measure § -1.50E+016 :
1E-14 @
= T T T T T T T T T -2.00E+016
10 09 -08 -07 -06 -05 -04 -03 -02 -0.1 * 0.0 02 o4 06 08 10 12

Reverse Bias Voltage (V)

Position (um)

K9 (a)150 K i HL i 25 BEAUS FISE B 45 SR % B 43041, (b) Sentaurus 31593448 )22 ST Ak 18 245 (1) WL 285 B2 73 Af

Fig. 9 (a)Calculated dark current components and the experimental J-¥ plot at 150 K, (b) the space charge density distribution at

the barrier interfaces calculated by Sentaurus
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