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Dark current mechanism in long-wavelength
HgCdTe infrared detectors on alternative substrates
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(1. Center of Materials and Devices, Shanghai Institute of Technical Physics,
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

’

Abstract; The dark current characteristics of long-wavelength HgCdTe were analyzed for three types of
devices. By I-V measurement under different temperatures, the dominant dark currents of each device
were clarified at different temperatures. It is demonstrated that the dark current of B " -implanted n * -on-
p planar junction on silicon substrate is comparable with that on bulk cadmium zinc telluride (CdZnTe)
substrate above 80 K. However, the trap-assisted tunneling current becomes dominant below 80 K due
to the high density of dislocations. Compared with n*-on-p junctions, the p " -on-n double-layer het-
erojunction inhibits the diffusion current effectively, which is good matched with the calculation result
with the parameters, derived from I-V curve fitting. This p-on-n diode has a R,A value of 38 () - cm’
at 80 K, for the cut-off wavelength of 9.6 pm, while that of the n*-on-p diode on bulk CdZnTe is 2.
5 Q - cm’. Below 60 K, the dislocations make the R A value of the p*-on-n diode an order of magni-
tude lower than that of the n"-on-p diode on CdZnTe.

Key words; HgCdTe, infrared focal plane arrays, long wavelength, alternative substrate, dark current

PACS. 07.57. Kp,72.20. Jv,85.60. Gz

W5 HEA:2016- 07- 25, 1&[B1 H HA :2016- 12- 13 Received date: 2016- 07- 25, revised date; 2016- 12- 13
E&WHE : HEKHARFERA (61306062)

Foundation items: Supported by National Natural Science Foundation of China (61306062 )

{E& B4 (Biography) - X ELIL(1991-) , 55, 5T A BRI 1] oMl i R B £ AP0 25 £ B FL I

* 1@ #l4£& ( Corresponding author) ;: E-mail ; zzdkevin@ 126. com



2 BT 265 AR L ORI VBB 1 LS 57

51

T

AR RS I AR i R 20 AR - T B R 7 T B
FUBANWTY™ A v 8 I B A R PR 2 1531 T 7
ST, R = AP TR R KR T m 2
— PR BOR N TR BRI S H 52 T2 %
PN i TR (i GaAs) AR R 22 6] 14
FEAILIL(15% ~19% ) , s FE R R g | A& 1AL
R T oK 2 2 A7 B X H I8k R I e A SR B
AR A5 B SBLE K Dl 2 B A Al S AR DN,
Ik 1 )P o % 2 SR AR R 1 87 B B o 2 LU
SR 0 2% 1F B PR BE. 45 3B, Raytheon Vision
Systems (RVS) 7E Si 4 Ji& b Az 4 I/ e i i 7 (B
WK 9.6 ~12 wm) ,f5EHEL N S x10° em™, LI
il 5 1 p *-on-n gRFAE 77 KT RyA Lt CdZnTe Ffifi
B (A5 10° ~5 x 10° em™) ZRIFIK T2 1 4
B 25 Teledyne WAl 7 AR GRS, B ATIH]
FEIETE SiA IS Ll A5 K PR AR R (9 ~ 11 pm) p”* -
on-n 73/, H 78 K N RyA B4 REiA$5 CdZnTe
BEAS ALY /KT 73X 07 T AU R 1Y) 2 2007 4F
RVS 24 @438 ) A9 #E B K 10 e BTl 8 5 K I8
p -on-n FEF AN AR 1F, TEMW AR EE T RA K8 T
1000 Q - cm’.

EAMRE AR IR B R ORZ 2 p-
on-n VI 5 254, HRTEA WLE] n ™ -on-p ZHF 142
. A BT B AL 0" -on-p -1 45 1 H AR
SR Ny AN = Y o (SN i =S e
A2 R FEA 7, A e g 0254 9 BEAR 7S, 40
i os T BEBE 3G, g1 A Y s 3R- B R R
(SRH) & A& rfuls, BEARMORH G D 1 5 AL iR
MBE JGA BB L) p ™ -on-n 54, B 1 ) LAk A
B AR, i BT UZ S o B, AT
TRE0 TR  2 T e ) = AH LT n " -on-p 4544
) — KACH

A Si H HgCdTe K n ™ -on-p g 1 4,
38 6 LEAS [l 46 IS (S, CdZnTe GaAs ) (AN [R] 45
A (n"-on-p Ml p ™ -on-n) , X I A5 HL U A0 AL B
A PHLHIHEAT TG 5007, ¥ I8 FR ] ge F P se Y
I FEL ML, TS0 B AT 24 B P U 1 P BB A

S8R T O BT i E ik, A B AN
()4 JE L ) 5 B9 A () 235 ) T T O B U A R 1k e
XHEAT o AT AR -V I3, PRl R-V B it
UG RIS AR AN R EE I e 9 35 FL AL

. EESL I LY SR IO LU AT BRI SR 2L, 1
FHMERRESH AL

1 5

SEE AT T 3 Ak HeCdTe (v =0. 23 ~
0.235,80 K T#IEIA 9 ~9.6 pum) &5 FF4E M, A1
RIS HOLR 1. RS 5002

LR JrFHRAME (MBE) I A A K1Y Si 2k He
Z3 i P 7 HeCdTe , b4 407 45 25 B SLRI(E Sy 8 x 107
em” R BT A RS T n -on-p ST T
2 AIE 1 (a) iR

2. RHIBAH AP E (LPE) J7 2 4E K 1) CdZnTe Kk
Hg 73 fi P 8 HgCdTe, 45 )7 X 5HEM 1 AR5

3. 7¢ GaAs #JJiK |- MBE A=K/ p " -on-n XUZ 4
SrF A, WRE R R AL In B 248 K n B
HeCdTe, {57 A= K i As #8721 p AU HeCdTe,
T PR IR B T £ TE N TR o B A5 R an i 1(b) .

MORVE RS  TERE I & Z BT AT As 305
IR SR DR K, ST As AU IR K, P
17 Hg ANZE ST AR K DL 23R Hg 230

-type HgCdTe
Piypese n-type HgCdTe

Substrate Substrate

(2) (®)

K1 HgCdTe Kyar 454 (a) n-on-p
Ifi%, (b) p-on-n £ [ 4k

Fig. 1 Structure of long-wavelength
HgCdTe diodes. (a) n-on-p planar junction,
(b) p-on-n mesa junction
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Table 1 Basic parameters of diodes
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Table 3 Fitting parameters at different temperatures
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Fig.3 R-V fitting curves of three diodes at different temper-
atures
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