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The influence of Hg vacancy control of HgCdTe materials with
different passivation layers through thermal annealing

SHEN Chuan', LIU Yang-Rong', SUN Rui-Yun', BU Shun-Dong', CHEN Lu"?, HE Li'

(1. Key Laboratory of Infrared Imaging Materials and Detectors , Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China;
2. Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, Hangzhou 310024, China)

Abstract: The control of Hg vacancy concentration in HgCdTe grown by MBE with different passivation layer struc-
tures was studied. Higher Hg vacancy concentration in HgCdTe was obtained, which provides a basis for the subsequent
research and development of new focal plane devices. It was found that the change of Hg vacancy concentration in
HgCdTe varies with the structure of passivation layer during thermal annealing. The change is because the existence of
the passivation layer of the HgCdTe surface layer changes the equilibrium process of the original thermal annealing. At
the same time, the secondary ion mass spectrometry (SIMS) test and the corresponding theoretical fitting were verified
the results.

Key words: HgCdTe, Hg vacancy, passivation layer, thermal annealing

PACS:68.55. Ln,72. 80. Ey

BT po 45 R0 I R O AT Pl JHORE IO 5 A ) MR R R I

HeCATe bR A SRR P Taco g 0 ot T RARARAS I e ELBERS W B 1
BT — BRI g s B TR BESE AR . BESE%
— PR LT HME T T B A IR N— HgCdTe &1 E A4 81 1Y 2 5506 2548 B 1 BB A 5 38R 11
on=P T %P LB 1 He 25 1 HaCdTe HHEME R S T e 0000 7 B K/ P 95 B 2
R F T T, LR e e B, T MRV RN R TR 1 AR i DK RoA
A EL T T 2R B BT, 196 2 R W8 P FAY R/ 5 [ o AR R P 2 S M o v D

HgCdTe YRR 202 AU AL AR RERON  FR AT RN T AN AL S B W6 AR 0 T )
Sl B R LS HeCdTe JEIRESIEAY PEAEE SRR KR MO s B 0 JL R, 1 L e 0 i 25

51

il

Yo7 H #8:2021- 07- 06, f& Bl B #3:2022- 01- 10 Received date:2021- 07- 06, Revised date:2022- 01- 10

EEWA : PEBFEB T F QR LI , LT { ARG BB H (21ZR1473500)

Foundation items: Supported by Youth Innovation Promotion Association CAS, Shanghai Natural Science Foundation (21ZR1473500)

1’E%r€_| (Biography) : SR(1985-) , BIWFFE 61, 1+, T EA5T40 ﬁ’ﬁj{lHg(‘ch*/T?H[lt*@iQﬁ'\Eﬁﬂlgﬁﬁiiig E-mail: shenchuan@mail. sitp. ac. c¢n
1B F{EE (Corresponding author) : E-mail: chenlu@mail. sitp. ac. cn



426 O hh 5 2 K 3 2 R 41 %

B FEL 3AE P RO R R AR A A LR RN T DA
WP RORA RA WA B HESE M, UL, 725 B N-
on—P T2 BB 2L i 45 il HgCdTe 4 8L+ ) Hg 25
(AT CY Wk e

AR S 1 ST 5 4B, X AN Rl A2 2 A
153§ HAME (MBE ) A= 4K 1) HegCdTe SME R HL ) Hg
SR B R AT S . ST R B, TE HGR kG AR
i, HgCdTe SN E A4 B} Hg 23 07 1 B 14 78 1k Bt 25 i
b2 S5 A WA TR T & AR s o HLaX b s AE J2& R oy
HeCdTe 2% )2 BBl A0 2 B AFAE UAE T TR R #AGR Ky
ST AL . R T RS T S (SIMS) il
DL R AR R BRSP4 HEAT T 900E . el T4
oAk, JRAS T B8 = Hg 25 A7 1k B I 45 35 161 1) HeCdTe
HNERARE, A Jim S B AT T A AR & SR IR SRR

1 SLIgETE

AN [FEE AL 2 B HeCdTe A1 4E 1 8} 7E Riber 32 43
FHRAME RGP AT A A A B R GaAs(211)
B. &1 FrR &S5 R ) HegCdTe/CdTe/GaAs £
JEANEA R SRR 7R B R o A e LS BRI
R BRA, m iR RS | SN E— )2 6~10 pm
() CdTe 28 w0 2 , SR I P4 SE S IE 5~10 um HgCdTe.
B i X BI7E T HgCdTe SN E 45 o, 5 52 5 A 7
T JEANFE AR B AR QR 1 BT R I B
CdTe #lifk )7 Al ZnTe B0 JZ . [FIBHE AR 45 1 A9 )2
R T ARAIE ZnTe (9 4 K Bt , 7642 4 ZnTe Z HTE5E
K — 2 Y CdTe J2VE M ZE )2 .

~0.5 um#iifh 2

5~10 um HgCdTe# 4

500 pum i
K1 aiiBlifk 210 HeCdTe 22 )2 SME B 2510 7R 2R
Fig. 1 Cross section of HgCdTe with passivation layers

A J5 AR B B R Tem (9 1E 7 A
o T FAAMEA: K HeCdTe #4 B 1H 25
PER AT, 24 AH S8 A EL A AR i A R o
ALHE AR T i G BRI R A i, R X R
FTRVEGE , ZAMR IR A B — &

Hg IR B 23 47 948 rh o b, E AR O AT g T A
BRI WME 2 s o — BB K T2 H R ATES N HeTe
TR 1B T B PRAP U, LR AR P bR
T AR B0 3 KA 4 il R ) AR

g n »
El2 B He BT 34 iRIR JOR B B : AR HeCdTe BEGL A,

BB K (55 Hg) , Cot A1 984T

Fig. 2 Schematic diagram of thermal annealing under Hg

pressure: A is HgCdTe sample, B is annealing source (With Hg) , C is

Quartz tube

2 RS

XTI AF >k HgCdTe £ 181 7 /= L {IG E FL 3 7
AT 4 I F 5 2R, DA BEE B 37 L (7 TR 37 AR K
HL I A ) W98 ok U, W B AR AT R VR B Hg 25 67 1)
HeCdTe ¥ B, & 3 A8 b AN [R] Hg 25 o7 ¥k B Xo) 2 4
A9 B T AT S LA A5 R, R LA R A
HeCdTe 41434 0. 3, TAEHREE 150 K. {Ef5—14#
(R S FULA HP Xt 2 67 e B X 20 1 5 i B 5 Tt 1 £ 7
TAHRL P . FRATT A A BT o R SR B, A
HgCdTe @i 14 (0 % M T AR IR B2 T H >+ 5 4 52 5]
SRH & & AR B E A B2, 4153 7% 0. 28~0. 3 119
HeCdTe #1 /b %5 fiv i Hg 45 0 3¢ B I\ 5%10cm™
F] 5x10"em™ Z [A] A8 4k HAB 29 7E 20~200 ns Z[A] . MK
& 3R] LA 2, v e BE Y Hg 23 37 AT LA % 1) [ A 1
HLIL , $h 2 A B R o

5.E+08

-=-Diffusion current
X=0.3;
Temp=150 K;

s B

5.E+07 L
1.E+15 1.E+16 1L.E+17

Hg Hole Concentration/cm*
3 ORI HgZs {7 HgCdTe SNER LT R AU A 45
Fig. 3 R, of HgCdTe devices with different Hg concentration

i 1 7R YRR K HgCdTe BB 1) Hg 25 (37 J2:
— M AT Z AR T (B, H1 T HgCdTe 4R
T i ik A PR i, 5 X IR A R AT A AR R £
il AR IR UG IR Kl EE ARG K T2 o R
WWFFE R FER A FLZ RO, R



2 VeI R RS B HeCATe Bl K He % (T T 17

TEEA AT TR A, —E RSN Hg 25 o0 R B2 A i
PEJERITE 1 ~ 2x10"°em™, HANKEEE . [, 55—
J R 11 ) R 2o o 1 3R R B B TS AR U
PEATHRGR K, HeCdTe 1 i i 45 4 7™ B, BRLPG 34 £
KK REA Je B2 £ 1 R 1 R

SR FE W AN () ) A6 S22 45 K4 X HeCdTe #4841
PGB KHEFTHESE , BE i A A CdTe BEALE , FE 5
i BN ZnTe flifk )2 o HGR KT 73 IR RE 5 E 4T
SIMS 1 XRD I3t , iy 2 B0 14 2% Ay J52 13 R o A I o
FH 2 DAE PR UE S50 19 o] X HebE o T 4 Sk e A
il Y Cd 443 BEATIN 22 1) SIMS &5 3, IR hm] L, &
JZ CAd 4153 1 58728 X K/ INRAR 3R 3 HE bl Ab )2 1
JERE A A ) CdTe Bli4LZ IR BE 2974 0. 52 pum, #
i B ) ZnTe #li4b )2 R EE LA 0. 56 wm. & 5~ H
ANFE SR EEARZ 9 XRD P 3E5 5L, 1 rpn] Dl e 2 |
U, DN Ty (422) T, #8R IE R AR A ME 2, FWHM
A3 h 423" K1 525", AR B & AT

= CAZH 3B Ak -FE W A — CA4L 5 8 AL-FE B

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Cd4H %y

0 012 Oi4 0.|6 O.IS i 112 1.‘4 1.‘6 1.!8 2
Depth/um

K4 Rk 2 454 HeCdTe SME A4 R Cd 2153 (1) SIMS

SiRH

Fig. 4 Cd composition of HgCdTe epitaxial materials with

different passivation layers
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