) 32 % 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080713

ERRARRERRKERRK
HMNIERS FL Y R S T

T AR e

IE  MRERHK HKE T

(P ERNEBE EHFEOR Y BIRT ST, LLAMRI 2 S0, Bl 200083)

(2025 4F 10 H 21 HUgEl; 2025 4F 12 H 19 HIEIE S)

ARSI T A FE IS S5 R I A AR Y Sk BE R R OR (HgCdTe) SME R RL Y 22 M B AT B 5T . SR FI 100 2
JR S5 DN T Bk SE g AR E AT RAE, JF 455 37 10 XUZ B IR BB 5 3R 45 HgCdTe 1 E b1 4 1Y B0 5295 574
BE. WFFE A B, W R RN T 2R HgCdTe A4 2 MR A 23 52 M PR A5 2R, JUHOR BE X AR 7 57 W J5E 1
B X TF 529 0.3 1) HgCdTe SME R RL, SR HTASEBY S AE AR A Y T 57 6 2 [ O 8% 1012—2% 10" em 3, 3
FE 1R TR R A AR S5 H HgCdTe a3 1 I WF i 225K . [, LA 3RAS 19 .52 HgCdTe AR 75 5Lk B Ry HE A
Xt HgCd Te 4 #6454 45 AF HEAT — HEXUE R, ARA5 HAR R IX 58 2 i ff s 1922 Al 38, O Jm S0 ) v

HgCdTe )48/ 45 H 42 LAl 5045

KEEIR: Mok, SRR, KT SR, AR

DOI: 10.7498/aps.75.20251437

1 3

i R R R i RSO L ey i T RO S B
v JE AT (P ZLAMNE BRI AR DR, A
e IR AR LR LT AN it BRI i Bop — AREL S s
PRETE AL DAERE, LR SRS | A AL
AN A SR, HOCHEE S R E A3 2
Bk 19, 4Rk, A YREN HgCdTe A4 7 FLRL
Pt g B AR ) 5 T BT AR B, RHUT ST T
KAEFET -V AR 2 AL SR A 5 A
SO o i 7 BEZLAME DI 4% (QWIPs) b
& (SLS) #2575 58, FEAEp R & T2 i
DUE B — %€ A S 1. SR, FEARFT 5 4
TR R PR BRI | MLEEL I P LT A i &
Lo K302 LI 25 08 45 1 E 2R ™8 1 7 5

el

CSTR: 32037.14.aps.75.20251437

HgCdTe {3478 2L AMRMIAT B AR P RE LR,
HER AR AR TV BB AR R .

It HAE Teledyne 23 & F 2019 4F #2 i “Law
19778 4 12, B 76 2 AR “Rule07” 32 ) LIS i R AE
HgCdTe #00#5 (1) 1R PR 131, FLHE Y HgCdTe
PR SER A AR, i s i 3 a0
P L AE, AT BT “Rule07” (Y U 45 R ——
AMLBEREAREC N Bt g, BT SRR A R
S FEATG A I L K T T S e S PR R e e L 4
FARAME SHLERIK S M, T A6 PRI 4% 52 Bl FR

T 5 T, HgCdTe &R Z5H M5 H
RV I N G B R AT AR KA T SR
M), SEBMG IS )2 R 3+ 1 58 RS, I
AL e B0 M HIR N s L. B 4k
JE A HgCdTe s AE /R 5 L ERE A L

* R RE B RS A AT RIS L 10 @S XDB0980000) I i FRBHEFEA-FFAEH H (kS 25ZR1402543) ¥

BRI
t BIE1E#H . E-mail: shenchuan@mail sitp.ac.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

080713-1


http://doi.org/10.7498/aps.75.20251437
https://cstr.cn/32037.14.aps.75.20251437
mailto:shenchuan@mail.sitp.ac.cn
mailto:shenchuan@mail.sitp.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 75, No. 8 (2026) 080713

i, —EmE T, SWIR B IR T K2 24
JEERE, #RFEAAE T B IR, fErh P AR
SRAFTE, RIS N 5% B AR IS B+ 25 1k
PR FEORIE, SRR B LT, 4
HAEAAE (HOT) TAEMREE T M REM 25 Auger R
il T B2 R AR (AR 10" cm™®
W n BBAY), FERIX AT 58 2 5 W2, AMYUkE
KIFHB R T 805 | 2 s s i, i —20
134 BE 18 1o Hh iz AR E 2807 7 5280 Auger ],
I L E T TS SRS BR (BLIP). ] UL, o]
FRAF AT 7 T B IR S22 DA % %o G R 2
RESEAT B S RAEE HAZ OME L. B bR _EAER I
SRR HgCdTe # K EF R IR, R
Teledyne 2 7] B B b 412 38 H ] 2 3045 T e B 23T
1x10' em® i) HgCdTe FMEAF KL, HIEAN ) T. 22
DL R RAE TR A A i 2.

ASCHERTII ST BEAE L X AMEA KRR RY
WA e B HgCdTe SMER BF Y HL 22 BTt A 7
ST, B TASE e B4 R S5 22 PR B R A A A%
R ORI RGN T BOS H G m) o3 A A7
fik, 3835 )G TR AT Sk BE SR AE 1 BUZ /R
RS 415 HgCdTe ZMERRHH) B S2 T 5k
&, N5 8: HgCdTe 4FE S 4544 1 25 4- BiF il Fn vk
RETE M PR HE LA S 1.

2 5L Iy

KH CdZnTe # i€ EAMNEA K ICH B 241
PR AR AT 5 1 1 il HgCdTe SMIE RS KL, TR 1 24
3—15 pm. FMEMHRIZ KR AR K T 2R, 1
% HgCdTe RN EREY Hg 23037, T M AE fz e iy 5+
R TIRASH N & HgCdTe K K 1 AT
S E HgCdTe AMNEM A L5~ I E.

WARTT =i EHg Cd Te
(HgZ B A%)

CdZnTet})iE

K1 HgCdTe SMEM HHY 251 75 B K

Fig. 1. Structural schematic of HgCdTe epitaxial materials.
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Fig. 2. Hall concentration of HgCdTe epitaxial materials for
different thickness.
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Fig. 3. Equivalent double-layer Hall structure of HgCdTe

epitaxial materials.
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Fig. 4. Differential Hall measurement results of four
HgCdTe epitaxial materials.
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Table 1.  Model validation of in-doped HgCdTe.
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Abstract

This paper presents a quantitative study on the electrical properties of HgCdTe epitaxial materials with
ultra-low background carrier concentrations, to support the development of fully depleted infrared structure.
Conventional Hall measurements at 77 K reveals a distinct thickness-dependent carrier concentration in
undoped mid-wavelength HgCdTe (Cd composition = 0.29-0.32): the measured Hall concentration decreases
from >1x10" cm 3 to ~5x 10" cm® as the epilayer thickness increased from 5 pm to 13 pm. This phenomenon
is attributed to surface states induced by oxidation and dangling bonds, which distort the standard single-layer
Hall effect analysis and lead to inaccurate bulk parameter extraction.

To decouple surface and bulk contributions, a double-layer Hall model is developed, where the effective
Hall concentration ng is the combined response of a uniform bulk layer and a near-surface mixed layer.
Assuming equal carrier mobilities in both layers, the model simplifies to ngy = 17y + Ngyace/ d, Predicting a linear
correlation between ng and 1/d. Differential Hall measurements with ~1 pum stepwise etching precision are
performed on four ultra-low-background HgCdTe samples, and the experimental results confirm this linear
relationship, validating the model. The intrinsic bulk background concentrations extracted from fitted line

3, comparable to international state-of-the-art values (e.g.,

intercepts ranges from 8x10 to 2x10% cm-
Teledyne). Slope variations among samples reflect surface microstate differences, associated with chemical
etching, dislocation density, and compositional uniformity.

The model is further verified by In-doped HgCdTe samples, with bulk concentrations derived from the
model matching secondary ion mass spectrometry (SIMS) results within experimental error. Two-dimensional
numerical simulations of mid-wavelength fully depleted HgCdTe devices show that a 5pm depletion width is
achieved at reverse bias >0.1 V for 2x10" c¢m® doping, and >0.5 V for 5x10'® cm 3. These results confirm that
the HgCdTe materials, with reproducible ultra-low background concentrations, provide a material basis for

fabricating HgCdTe fully depleted structures.
Keywords: HgCdTe, fully depleted structure, low background concentration, Hall concentration

DOI: 10.7498/aps.75.20251437 CSTR: 32037.14.aps.75.20251437

* Project supported by the Strategic Priority Research Program (B) of the Chinese Academy of Sciences (Grant No.
XDB0980000) and the Natural Science Foundation of Shanghai-Youth Program, China (Grant No. 25ZR1402543).

1 Corresponding author. E-mail: shenchuan@mail.sitp.ac.cn

080713-6


http://doi.org/10.7498/aps.75.20251437
https://cstr.cn/32037.14.aps.75.20251437
mailto:shenchuan@mail.sitp.ac.cn
mailto:shenchuan@mail.sitp.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

SFER AR SR R R SN BB B R
YN ORI M EE PR KRS AT

Electrical properties of low background concentration HgCdTe for fully depleted structure

SHEN Chuan  ZHANG Juan  ZHOU Meihua  WANG Ying BU Shundong CHENLu HELi
5| {5 B, Citation: Acta Physica Sinica, 75, 080713 (2026) DOI: 10.7498/aps.75.20251437

CSTR: 32037.14.aps.75.20251437

TELR T2 View online: https://doi.org/10.7498/aps.75.20251437

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

Tl AR A L NP T 4 57) P 5 TRl 2 [ - (A% 40 1 B L g 3R FE 00U Geantd 7

Geant4 simulation of Hg; Cd Te infrared focal plane array image sensor space proton displacement damage and total ionizing dose
effects

YrH2E 4. 2024, 73(23): 232402  hitps://doi.org/10.7498/aps.73.20241246

DAERY SR b REE LR S B A RO S RS A A BT OB RO TS WU LT 5

Numerical simulation of single—event effects in fully—depleted silicon—on—insulator HfO,—based ferroelectric field—effect transistor

memory cell

PrPieEd. 2022, 71(6): 068501  https://doi.org/10.7498/aps.71.20211655

H X Tl B e e R AL 5
Simulation study of neutron radiation damage to cadmium zinc telluride

PyFEEEAR. 2022, 71(22): 226102 https:/doi.org/10.7498/aps.71.20221195

SR BERT B AR T T S g 2 RE S M LR S SOOI AL )
Effects of helium concentration on defect evolution and mechanical properties in single—crystal iron: Laws and microscopic correlation

mechanisms

YIHEAR. 2026, 75(1): 226102  hitps://doi.org/10.7498/aps.75.20251089

SRS (R LR E A I D WO B B AR (e 2 253 P i)

Application of amorphous—WO, simulated memristors with oxygen vacancy concentration gradients in neuromorphic computing

WIFREAR. 2026, 75(4): 226102 https://doi.org/10.7498/aps.75.20251348

TR RO TR AR 2 AR ppb RN O, B
Measurement of NO_concentration at ppb level in high—purity gases based on chemiluminescence method

Y34, 2022, 71(13): 137802  hitps://doi.org/10.7498/aps.71.20220061


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20251437
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241246
https://doi.org/10.7498/aps.73.20241246
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211655
https://doi.org/10.7498/aps.71.20211655
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20221195
https://doi.org/10.7498/aps.71.20221195
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251089
https://doi.org/10.7498/aps.75.20251089
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251348
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.75.20251348
https://doi.org/10.7498/aps.75.20251348
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220061
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20220061
https://doi.org/10.7498/aps.71.20220061

	1 引　言
	2 实　验
	3 结果与讨论
	4 结　论
	参考文献

