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Crystal structure
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Fig. 1  Crystal structure and applications of CZT
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Fig. 2 Preparation of CZT thin film by PVT method and VTE method : (a) Schematic diagram of the preparation of CZT thin film by PVT
method""’; (b) Front image of CZT thin film (left side is the film adhered to the substrate, and the right side is the peeled film);

(¢) Back image of CZT thin film (left side is the film adhered to the substrate, and the right side is the peeled film) s
(d) Schematic diagram of preparation of CZT thin film by PVT-VTE method "*'; () CZT thin film deposited

on a quartz substrate with Mo array electrodes "'; (f) X-ray diffraction pattern of CZT thin film in (e ) f
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(@) Magnetron sputtering (b)
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Fig. 3 Preparation of CZT thin films by magnetron sputtering: (a) Schematic diagram of magnetron sputtering; Morphology of CZT thin
films prepared at substrate temperatures of (b)200 °C, (¢)300 “C and (d) 400 ‘C""'; (e) Multilayer CZT thin films prepared by

magnetron sputtering ™ ; (f) Surface roughness statistics of CZT thin films with different numbers of layers
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Fig. 4 CZT thin film prepared by CSS method: (a) Schematic diagram of the CSS system™'; (b) Schematic illustration of the CZT thin
film preparation process by CSS; (¢ ) Morphology of polyerystalline CZT thin films ™ and (d) CZT micro pillar film prepared by CSS™;
(e) XRD pattern of polycrystalline CZT thin film prepared by CSS™; (£) CZT thin film deposited on a thin-film transistor
(g) Morphology of single-crystal CZT thin film prepared by CSS™'; (h) XRD pattern of single-crystal CZT thin
film prepared by CSS™'; (i) CZT thin film of 5.08 cm (2 inch) prepared by CSS**
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W AT A A A 1 CZT S S T 1 0 A G
59.54 keV y BRI L H 23T 18.9% M BE B R

AR A BT
7 B R, R CSSHOR ] B 4278
AR A (TRT) IR 1345 CZT 22 i 181 4(6)],
1 — S 1R Sk CZT ST S FRLAI 25 S 40Tk )
FLEE N PR T EEROR KRS, By, IR
Ao IS IR B 3 v 2 BT H B Al 1 1 CZT 3 1
W% IR A B ALBE S TTO B 22 [0] %) 1t 17 g 9
VBRI I, S0 1TO/CZT B i 45 4 ik i
BT ITO/Mo/Al/Mo FH T, fe 25| & CZT HEIE ) 1 25
PR, WA CSS & MRS RSt , FUTBURE
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FeE HE il 7E 150~300 CYI BN, A BB TFT 34
- CZT AR T AR

2 KA IS 5 A E B R A VC R, AMRE S
Al RE S P — L IA], CdTe (1 fb M 5 KM 6.481 A,
ZnTe (1) 58 B 50 6.103 A, R Vegard 2 1l 11
B, 2 CdTe 5 ZnTe FEE/R LA 9: 10T, CdyyZn,, Te
f) 8 Kk 6.443 A, GaAs, GaSb#TIEY EA 5
CZT AR A A N 454, HE e SE il B A e A
K CZT G = 7 Hidr, GaAs(001) #FJE Y
Al W BN 5.653 A, Cdy, Zing,Te W IR AE H: AN E
B B M 13.9% . 2012 4F, Gao %™ ] 1 CSS ¥ 1
GaAs(001) i€ 4B T CZT(001) B M, F
FEAIRT: AR, AR i AS [ I) £/ ) o
R, B2 MA; AR IER, Sk [
2 2 5 165 ) P S B 22 it v 1] B TR P AR
2019 4F, WuZsE™ 5% JH CSS1E GaAs(001) H i 4l
R A 11 mm, TR ST A 12 mm x 12 mm 1)
CZT B i B [ 1] 4( g, h) o 22 7 B XS 4 8 422 il
IR TEL 1667, DIHEEE N 1.05 % 10 em™, i
FIEBEHFMIN1.0x107 em/V, BT ITBFRIX
750 em’/(Ves), 20234F, Wan %™ 7E GaAs(001)
e EAMEA K TR IS 1 mm, R5Fi55.08 em
(285F) I CZT B SR [ 4(1) ], i — 25427+ T
LRSI AR, SR, IR AN SE 5], Tl
DX Sl o 0 T 0 2 X, 6 TRy TR A A5 4l
JE R R R R R TR R L
T B X G R R AL X R, KR CzT
B RSEALE X ST AT A R — 24T

GaSh(001) 4 JiE B & 4% % % M 6.096 A,
Cdy\ZngoTe 5 7E H: [ AMIE S 45 2% BC ALK 5.7%,
X T GaAs(001) ¥ IS, B I GaSh# IS I Y i Ji
HLAT B Y B, L% SR A CSS 5 7E GaSh(001)
IS b B T A0 HE AR TR 24 88 um 1Y CZT HR. i
R T2 S T K XS R B R 0 B 24
173", HLFH#1K9.09 x 10" Q -cm, #HiK T ITHEE
AN 3.55 x 107 em™/V o BT A SRR 2%
X Am@59.54 keV y FERREIE ST HERIEAEN 17%, J&
BT CZT AR IR AR X SR R R0 5 B8 52 H 14 7 FH
WS, AR, AR RS TR
Ab B GaSh o] J5E X A AE CZT 3 15 B (R 52 0, 485
8

FH, K GaSh AL 600 ‘CALI 180 s )7, AT Z=fRtt
JEFRTH AR 3 A IR AR P2, iR
[ AMIE Y CZT W 8 T, X PR i 4k
HUETEL 947, HEE O RIE PR CZT 5 0 25 i
R

CSSHEAE FH T CZT i sk A 4, AR K
PR IR RN oK, W T AR K
A, BT AE A T T EAA B AR A, €SS
Az I R S LA B 4G b TR AR DL Y
R E A R RIEE, RS, AR TER T
HIZ . SR, CSSEAR NG 1) T 2Pk R AE T 455
PSR, T Cd, Zn Fl Te B FHEBUR AL 2
S, WO S G IR T REZE SR . I
Gb, A H AT i A7 A% R e R B A & i
[F) S0, R o) 7 s R CZT A I ARG AR o 4%
JUENI, SEAE AR RAHXTH ALY H 5 A, CSS
ATHBA A 2 i EL ™l AT S 1 CZT RS £ 4
Rz —,
1.6 S FRIMEZE

4y F W A1 FE (molecular beam epitaxy, MBE) J&
— T R LS PR A R Y v . B
LS REEAUAT I 2% B T4, I REAE K 76 4ef
JER AT RE I a], (2R AP A . MBE#E
b K R R S B A ORI R ) B
JEFR, AT IR R JZHES, AT s
J e B R [ 5(a) o HAR O SRR A K 2
SRR A

20004F, Kozlovsky %5 LA 4l Te, Zn, Cd NI,
TE ZnTe WIS FAEK T Cdy, Zng,Te IR, TERE T o it i
f T B4 M, 2018 4F, Lei 25" ] ] MBE 7£ GaSb
(21D BASJE LA T CdTe Wi [ & 5(b, )], ©F
FERH, TERNE EHSES I A 150~200 nm JE 22 02
J&i s AMIEAE A [ CdTe VRS 485 %% B A 10° em ™ FEAIR
F 10" em ", 1%z )2 A HESI Y ZnTe/CdTe 411K,
AU RAED T CdTe Wi R R BCAAS , [RIRHEA
BRGNS, SR T T AN E AR Y A A
[itE, AN, ARk, MRSk I MBEHOR
7 GaAs(211)BHFJIE FAMEA K CdTe(133)B i fEAE
M), T HeCdTe M AMEAE K 2, Nk
— Ak CdTe ZZ 0P )2 T i, R BTG 2 S
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(a) MBE (b)
Reflection high-energy RHEED

electron diffraction

Temperature control

electron gun AR fluorescent screen
L e I
o

o °

o o

S o

o
Te Zn
Cd
source source

source

(d
Strained dislocation

filtering layers
Annealing for ~15 min

—
LT@CdTeIayerJ

GaAs (211)B sub.

* CdTebufferlayer | Transitional

(211)B GaSb substrate

With transitional buffer layer

©

e
buffer layer

(211)B GaSb substrate

Without transitional buffer layer

K5 MBE il # CZT 5 CZT/CdTe # AR : (a) MBE B 458 EIET; (b, ¢ )MBE il 4 1 CdTe MRS, o (b) >R
FBSEHESN ) ZnTe/CdTe FENIFHENZ 5 (d)GaAs(211)BAE LA KA ZnTe(133) WAL /R ELET, SRH] CZT/CATe RS A A {3
FEIEIEIZ s (o) () HY CZT/CATe A SRS YA TEM EIZ 5 (6) F(d) o CZT/CdTe #8 Sk O T EDS 1 135 1K 1%

Fig. 5 CZT thin films and CZT/CdTe superlattice prepared by MBE method : (a) Schematic diagram of MBE system structure;;

(b, ¢) Surface morphology of CdTe thin films prepared by MBE, where (b) uses alternately stacked ZnTe/CdTe as a transition layer s
(d) Schematic diagram of ZnTe(133) thin film grown on a GaAs(211)B substrate, employing a CZT/CdTe superlattice as a

8

dislocation filtering layer™; () Cross-sectional TEM image and (f) cross-sectional EDS elemental

mapping image of CZT/CdTe superlattice in (d) >

WEZ A FIA T CZT/CATe #8 5k AE g o7 4l 1t i )2
[EI5(d~f) ], SEHas REH, AL oL I8 2 6e 2%
BE#AIE CdTe ZZ P2 AR IRTRLRE RE , IR 007 55 165 1ok g 2%
R 10" em” Y,

MBE FAZ O AT T H B i) v o £+ ot
R4 o AT BE A TR, A A K Hh ok
B %% BERRAR A AME )2, HLAL 43R5 2% e B T RS 5
JRF00, HOEH TR A A M E], Ak, MBE
AR TR A AR A B T B ORI G, AR R
A A A L TR IRGESSH . SRR, MBE
M s LB B, FLT S LS RS, R AR
W, I HAA RS , iDL 2 ABL A 7= 7
Ko HEAh, MBE X4 JF 5T 19 1] A 322SR
2, ATART 5 Gl al A% S TC AT 23 ™ T 5 el v R £t

R, MBE H A {GE & 7ERHIF b il 2 i PERE CZT B
wm AL U5 4
1.7 &sBAHNUFESHERRE
B A ST (metal-organic chemical
vapor deposition, MOCVD ) J& —Ft i] #2 1 5if 1) e 1
TURRJT R . MOCVD 258 H LA 455 i A7 AL 4K (4 A &
R SR SOREIR, PR KA LE AR R A ) i
TR R, SRR R TR A AR AR
T, Cohen™ L= Z 35 — HUEHIHI — 25K
VE G JRAT LTI , LU 3, 7E CdTe(100)
FHIE EVORT AR I CZT AN E 2 [181 6(a) ], CZT
W P Zn 21 73 1Y B R AR AR R 5 RO TR Y
SR IR PE, ORI R A 2R,
Devyatykh 2 5% H MOCVD J7 ¥ 43 I 7E GaAs(111)
9
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@ MOCVD (b)
T Heater T
DMCd —» P | ~ CdZnTe(111) B
o £ 40| -= CdZnTe(100) 2°
DEZn — Le? %o, Substrate .2 < CdZnTe(100) 4°
DETe et Ty — £330
Carri [ £
s . Heaer £ 201
o
[_<
9 (=} L
Wy bty 3ed S 10
a% 0 |
DMCd DEZn DETe 340 360 380 400 420

t/°C

10 pm

El6  MOCVD il 4 1) CdTe/ZnTe 545 5 CZT i : (a)MOCVD kil CZT WA AL /R 35 5 (b)CZT WM ZnTe BE/R LS
PERIRBEIIC R IZE s ()MOCVD il # ) CdTe/ZnTe SEIFAS RIMTEALIE ; ()MOCVD i il £ 19 CZT WK T AL A]
Fig. 6 Preparation of CdTe/ZnTe heterostructure and CZT thin films by MOCVD: (a) Schematic illustration of MOCVD process for

CZT thin film deposition; (b) Variation curve of ZnTe molar ratio in CZT thin films as a function of growth temperature ”'; (¢) Surface

morphology of CdTe/ZnTe heterostructure prepared by MOCVD™'; (d) Surface morphology of CZT thin film prepared by MOCVD ™

B GaAs(100) %} & I A 3E 4= K T CdTe/ZnTe 5
JE 45 A CZT W [ 6(b~d )], FIr 5 7 JiE % T 7 4%
X SR AT S R 1 i 2R A, R R, CZT B ) 2
Wil 5" ~8" , FEH A, S AN R . WFSR R, DT
FECR X AR R | 0 DA S 5 i) e et 38
AR, R R, R DAY Zn B
o BRI, 50 AR 45 g I et ) DG B DR R AT R A I
Bl 7F GaAs(100) # IS I 4P 4E % Cd,,Zn, Te( 100 )
WM, LA S B PR T HE GaAs(111) B A
KB Cd, ZnTe(111) HfE,

MOCVD PP SAFE T BT 1 Az A< 38 25 T e e it
i, VAR HURTIR AR T b, TR R
A R T L AR, RIS S ) R T
ISR R R, 154 10.16~15.24 cm (4~63%
S AP RS B KB A 7, SR, MOCVD L i Il T
SR A H A PR = Al A LA RN A
St HEA R, BN TR S5 KN R
FIVSHH By g 2 % T B8 0 2 e R, G A 1k
BT S R TP R R B 5 A A
MOCVD #4075 58, 1B H AT LAZ 7 4 i 45 1
10

CZT FENEAE R 05 2 T 0 A R B A 3
2 CZTHEWFRERAA

T 1Y SR e e e SR B I . BT,
B K B CZT MRS e I b S PR IR A —
FEZEMR, WART CZT MR PERE, TR ENINZ T
11 IR AR Y, G E K S8 BIAZ w2
AR R FH R AR AR RS | D st e 4 ot B A L ol
DRI TG BE
2.1 £KSHEhE

CZT 15 A K 2 B30 e v 6 ot 114 S i A
7, HhEEREO T A8 —, SEEATUR
BN 12 BN OR 2 A EA pe s R i, ELAIN &
T BE A RE B PR B A OB R, R4
M R o RST L 485 h B R S  RE  s  A
FURBE AT S X Y B ol L 24 ) R R 1 A R
o Huang %5 RGEHEST T VIR S HOT CSSEEH 4%
CZT WM A K R IR, 255 I IR e
450 CLAF R, AR BERAARE S, [URI TR
VRTRE ; MA IR TEE E T 450 CR, AR R T %,
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M KRR T R 650 “CR, R ITUR R d5 K ] R
115 wm/min, Jiang % BE— R IE T AE AR A IR
T BE N DU CZT Wi B o i 8 Ak, AR 45 R R
Wi 25 o] S IR BE (14 FH e, CZT T B8 5 T A 0306 - R
GBI, M1 R AR B 3 ) s 1 3
Ko X—IE 0] IH K F Zn-Te 5 Cd-Te # 1Y 5 fiE
25 HEEIEAMTT, BRI Cd-Te B ST T
H, P I T RAHB R EE, WlE ZInk)Z;
Zn i A HEIN(f EEHT BRAE 1 IT 5 0 PR DR R
i, HBHRIEA, HA7E 500 CF il 4 89 CZT 8 il
FLBHHE A 10" Q-emo JETORALAT R T il &
() CZT IR IEF SRR 2%, TRBLH A S B e P
SHEm SO B[] b T B BEAR B BE 4501 A 2 ms A
4 ms, (HAHERAIE, LB ERAE X G 2E B T )
WAL X A2 L BRI AR, JEILAE T —C
FAPRE X SR Z 58 P (9 KR TV T o

i T GaAs o JiE 55 CZT ¥ 15 2 8] 47 16 B K 1Y
AR G TC, A/ S st e vl S5 0 e R ) S5 R A K A X
(Volmer-Weber), 2K Be & W5 75 4% Al A& ish 5 7= A2 2
B, BT MR T A KB T MR
TR AT, 22 5 R T 1 28 A8 T e A
EEIRIIEE ™, A e R A KR | AR A U i
R AR T, A A SR AR IR B Y
RS

bR T EEREEA KBS, B ENIE L T
AR, 20T AR K AR R B B
2SR SRS B AL . BRI, WA Kk
FEAGPIR T L8R REAE-miREKES
R U R AR K

Guo%m'EE%E%?EL&I‘@QZKZHTB@H%
mF, SR T RIRSA% (320 °C)- Bl K (440 C) 1Y
Wik, S5 ERRIZ R T DL B R ZnTe 1
FRE A e ThT AL 1 | 4 R MO R R, HLARIRZ
F18) JBE 35 J2 5% M) Zin'Te THEJEE T 65 1) DG SR DR 28, IR
JRIEEE R 21 nm B, AMEA K Y ZnTe A5 5 15
FEAEX SRR, AT BRI )2 T N R
W T A A N ZnTe W15 22 18] T A ks 5 K022 3
AW A, M FEAR TR )Z AR K 8 = Y ZnTe
Wi, ZIRE K, Cao P& T —Fh 3T CSSHY)
Wik T 7, 76 GaAs(001) ft e b T SC 8l T i3 i

i CZT R AMEAE K, 5 — 20 IR TR T A= 1 o B
(350 °C) RIJE B R 803 0 A% )2, R st T
S B2 kL A RN R A I AR A X S AR bR
Mk AT FOGECR OGRS RAE , UESE TR —
350 CARIEA K 55 — 45430 CRiRA KAgs &
Tl , AR A B R R T Y CZT R, A5
TR, S KR 430 CHEFH 2530 C
F1600 CHT, 3Z#A; F7 38 KR Zn 552386 fin () RUEE 52
M), JHEARC A A A T H S PR R R b — A LI -
FL R R P I 3 AT o i 0 S B0 45 R B, CZT
JEE Y H 2 PR R 5 Al T BRI OGO R - 454
i e 5, WY BB, [ 3R TS
PERBHARZE

o A -V R AR vk 22 P R K e R
HCZTWMR, Li%s™ R AIZ P AL, 43 B
GaAs 1 GaSh A6 JiE I SZBL T CZT B i 38 J (1) A1 A A
Ko 1EGaAs TR EA K, 8 — SRR R E
F1560 °C, IR EEA BT E S AN R e 5 )
W2, PR 5 (A A G TR 2 BB A £ 2 et Ao %) B ) —
5, WRWEX RSE, sl ws B AL A . SR, o
TR T RE SO & A i e, S,
I T E ARG 22 450 °C, M2 22 R 55 4] IS =22 ) 1)
FZEHEK, NI AT 8 g A B, SR CZT B,
WA PO AR K X T GaSh AT, i T HME S A
(710 °C), DA I A5 ka4 A VR A 3 S R
o T I A o SR —2b BRI EE R REAE 600 °C,
DA A A AT ) D T B 0 RO I T B
W UER TR 2710 °C, DU PR R I R R 1Y
MR Rt R, GaSh A4S TR 1A AR R 7E
180 ‘Co Xl A% - IR KB AL T2, AT
T A5 S s R A ) TR TR 5 K 1 v J i CZT
TR
22 ZHEREAR

GaAs /2 H R 8 F Y CZT BA. 5 i A M AE 4 IS
{HH T GaAs 55 CZT 1Y S A% R LB K, A1 AE FETH 45
ST B 22 R A o A T E LR B I T BRI,
FSE A 1 8 A RS 5 eI 04 A A o 85 S 4 i
ZESEE/NEE B 7(a)], WD 8B 0 5 1
e

Leo 25 B 5% T 7E GaAs(100) %] IS I HE CdTe
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W, AS[FERE ZnTe 8 )2 XHAMEJZ B0 . BF
FER I : Y ZnTe 5 vh JZ JE EEAE 0~10 nm 78 [l N B,
Bifi 4 &1 4E 5 18 2 O AV Ak 20 L) B ZinTe Hh il g 25
FERIPUR AR, CdTe MEREAY S5 & 0T it i 25 42 75 2
ZnTe 2% )2 J& FE 14 il 22 300~500 nm B, CdTe j8 5
(1) &5 d o R B fe i . PR 4% o 2 JEE X RO
SR B RS2, AT AR S ZnTe 28 2 19 i 63 43 A
AR LR A L, BARM S 2 ZnTeZZ vh 28
J& 24300 nm [, CdTe j 5% 7% 2 TDRFL A 32 A 1G5 1T
24 ZnTe 2% #h 2 JE B #8 1: 500 nm B, CdTe jH A (4 HL
o B RGH R, U, Liu 285 7F GaAs(211)
R B gl A ZnTeZZ vp )2, BCY) 64 T 5T i 19
CdyoeZngoTe(133) [ 7(b) ], %05 k4 2 H
THMEHeCdTe, ZnTeZZ w251 A, BERT T
CZT R AR i, (1B i85 B 3.2 x 107 em ™
FEMLZE 2.6 x 10" em” [E7(c, d)], XG4 iRaih2k
e i A 577 Dd/INE 347, 3 THLEE N 9.88 nm [
#3.69 nm, AN, ZnTe & 02951 AEHE T CZT
WK 5 ZnTe S AL CuPt BUA ¥ CZT X Y TE A, M
AR B T GaAs 55 ZnTe Fm AL YR BV AE

| (b)

a
( )Substrate - ‘

@ « Epitaxy of ZnTe
ZnTe buffer layer — | '

Substrate - ‘ ‘
@ + Epitaxy of CdZnTe
CdZnTe -
ZnTe buffer layer —~
Substrate -

6] CdZnTe/GaSb

TE GaSb#f IS 5 A ZnTe ZE 002, FIREA BT
PR ANE CZT WIS 48 T R [ 7 (emg) o LiZE'
AT 58 L W], 7E GaSb A IE b B # TR CZT v Ji%E
AT BB B 2 B 1 b A R TG 25 0 I & 11X 1) T
WL T(6)], R, BE GaSh#F I F4EUiZ) 3 wm
(1) ZnTe 2 0h )2, FRLAHAE A AMEAE K CZT HEE )
JC, JUIRT A A5 i AR J2 b it A 2 B 2R i ST i
A= [ 7(g) s MUTRIEEE M 495 KB, 7] 3k
PRI EH HES MR 51 ZnTe 22 0p)2 , HEITH
S R CZTAME)Z . U, CZTHRERY(004)
WA X SFF R PR i 26 2P0 Tl 857
2.3 BRASERFEAR

1B b HR R A CZT R T A RO R
— o MR AFEAE, EEA AW —2
FAE R AU s B2 N TR AR K, 5 —
FIAZE LV IR k[ & 8(a) ],

Chander 25 5% JH By, 73 BL2S B8 B R, 703
B FITO SIS L UTFR T JE B2 4 400 nm 19 CZT S,
JERGEWFE T 150, 300 F1400 C=A5E i BE X
CZT LS/ SPE R . AFoTas R, bEE

OF Ci7nTe/GaAs

ZnTe GaAs

10 pm

) CdZnTe/ZnTe/GaSb

7 (a) S WEN CZTHIEA KSR TE R 5 (b)CdZnTe/ZnTel/GaAs W IE AT SEM 14 (¢)GaAs F(d)ZnTe/GaAs ¥ )€
K CZT ML R R TS s (e)CdZnTe/ZnTe/GaSh M HIAL T TEM 18 5 EDS i 1% ;
(1 GaSh FM(g)ZnTe/GaSh K L il 45 1) CZT HEEAH EBSD B&
Fig. 7 (a)Schematic diagram of the growth process of CZT thin film with a buffer layer; (b) Cross-sectional SEM image of the CdZnTe/
ZnTe/GaAs thin film®'; Surface morphology of CZT thin film grown on (¢ ) GaAs and (d) ZnTe/GaAs substrates after etching®;
(e) Cross-sectional TEM image and EDS elemental mapping of CdZnTe/ZnTe/GaSh thin film *; (f) Cross-sectional
EBSD image of CZT thin film grown on GaSh and (g) ZnTe/GaSh substrate *’
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(a) Annealing in air Annealing in CdCl, atmosphere Annealing in Te, atmosphere
CZTfilme oo T, CZT film — §48485058505888 Tczr
—_— CZT film -~ )
— %{':':'7:’;:’ -— cder, H% T Te, « % < f T
oTe cd oTe Cd oCl  T.,=T_. oTe Cd oCl  Tey=T .
(®) Annealing in air © Annealing in air @ 70 Annealing in CdC12 atmosphere
(111) - As 12°F After CdCl, treated
(220) +150 °C E 60 —
300 °C < 5ol
=3 450 °C —450°C 2 .| 3
S (31“) (331) (422) g 40y \
z — M L % 30k As deposited
3 l 300 °C A NN NIEGENER 220}
= 5 A Voltage/Volt E 10k
00 @20 150 °C 0
A . as-grown . . . L . .
20 30 40 50 60 70 80 —12t 500 60%\/ 70{) 8(})1(/) 900 1000
20/(°) avelength/nm
) () Annealing in Te, atmosphere (@ Annealing in Te, atmosphere
- __Before annealing After annealing —~ 70 |- —=— After annealing S5,
§ 60 | —= Before anncaling /
- /
g s0 /
S 40¢ S‘t/
= 30+ /
:E 20 S’ SZ"
© e
g 10rsy ., S5
2 ol w5 S T

2 4 6 8 10
Annealing time/h

K8 (a)CZTIFEAEA AR K AR5 (b) KA AN I EE T 1B K1 CZT I XRD 45 (¢ ) HL 22 A4S
(d)CACL 5 IR KRG BB FOCHE 5 (e, £)Te, S FIE IR CZT WERRR I ) (255 )6 ik o T2 A2 4L 5
(g)Te, 55 CZT W2 Iy ANTR]IE K ik 1a] i f A9 L L AR AR Al

Fig. 8 (a)Schematic diagram of CZT thin films annealed in different atmospheres; (b) XRD patterns and (¢ ) electrical test results of CZT

thin films annealed at different temperatures in air atmosphere *'; (d) Transmission spectra before and after annealing in CdCL, atmosphere ™';

(e, f) Changes in dislocation etch pit density on surface of CZT thin films before and after annealing in Te, atmosphere[ss]'

s

’

(g) Changes in resistivity of CZT thin films before and after different annealing durations in Te, atmosphere *”

B R EE ) T, WSS AR e, R KRR
Ak, [RIB BRI, e BRI, HFoR
R,

TEHTINE K J7 1, Huang %5 7618 St i rp g
A CACLZEIA, FIH CUE RS0t AR, A
RUPRHE T SR | L S BT AME Cd 2347, AT
R T T MRS, L, A BN 1.56 eV
MK % 1.53 eV, Sharma 25" ST HLAFSY T RS .
CdCl, FI MgCL, = AR T, 1R KR BEEXT CZT #
PR . 25 SRR, 78300 “C iR KAy CZT
FLHGE A T K BHAEf st A R 2 . e, 23 50Rn

CACL AL FR )RR T BRARME , Ho i 5o A il
TR R T v ek 5 R A, T Mg Cl, Ak B 1
L 2= PR AR A TE B A . TR RAE s, K&
AL T Aok SRR, 22300 “CAF AR KR ARL
RSFHE, T CACL, F1 MgCl, Ab 35 A HEFEE U] 3 18
T A ARG IR A RN 22 T ARG IR AR R 4544 .

Te 4R K235 CZT MR B FE T 307 Tz
FEVE R W RO e Li%E 6 CZT W T Te 4 ]
W, AE350 CRIE K10 hy, f g A 47 At S o 470 28
FEM2.29 x 10° em” FEEZE 1.56 x 10° em ™, HEFHLZM
1.64x 10" Q -em$2FFE4.16 x 10° Q -em, IHLIHM
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3x 10" AFFIEZE 9 x 10°A, HH TR RGN
5.15%x 10" em/VEETFE 8.11 x 10™ em’/V, Wan %5
W Te 450 FELE IR BE 42 155 22 400 °C, 283 2~4 hil k
AhPRSE , CZT R RERAS B T W&, Wil
FFR M 10" Q- em$EFFE 10" Q -om, B FIiTH
RHEMAMNI07 em7VIEKZE 107 em/V, (IHEH
M 3.28 x 10" em’ AL E 2.52 % 10° em’s

3 HZRiE

UTAEAE, CZT R AL S e Pk BE, 7
HESEAR A L | ZEAMAEIN AR L B XA AR I A5 40k
(R 0 H g e, ) S R BB T
PR, ARSCERIR T CZTHE R SO DTRR DT ik, I
e BN . PVBESINIE | LS PR K | A
Welph . S BITHEAET ik, A B A
RRADLHE., BRIV Z & ot 1 D7 T 47 v
— PG T ARONME S R A LA AR TURRE
SEEHL R e A I A MRS B 4 o P, (R
A ARG, BT SR S O SR s
Fo ARZHIETTES, iz ET L R &
AR R R R AT R, B A SN T
RIEA CZT W & RHAR . HeAh, ASCESS T4
THCZT Bt i —Fh 205 ms . — 2 E KRS
b, R R AR R | ) RUREESRL, AT
ARG R AS SERR TR, — 25 AZEnh
JZ, AT LG A iR A5 R 2 ] B A R I, il ik
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Abstract: Cadmium zinc telluride (CdZnTe) thin films, characterized by a high atomic number, tunable optical bandgap, and excellent
photoelectric conversion performance, hold significant potential in advanced applications such as thin-film photovoltaic cells, infrared
imaging, and high-energy radiation detection. However, achieving low-cost fabrication and high-quality film formation remains a critical
challenge for their industrial deployment. In this work, we systematically reviewed the vapor deposition techniques for CdZnTe thin films.
While methods such as physical vapor transport, vacuum thermal evaporation, hot-wall epitaxy, magnetron sputtering, and close spaced
sublimation offer advantages in simplicity and cost-effectiveness, they suffer from issues such as poor film uniformity and high lattice
defect density. In contrast, molecular beam epitaxy and metal-organic chemical vapor deposition enable atomic-level precision and superior
lattice integrity, but are constrained by high process costs and complex equipment, limiting their scalability. To enhance the quality of
CdZnTe thin films, this work highlighted three key optimization strategies: (1) refining growth parameters for precise process control,
(2) improving heteroepitaxial quality through interfacial buffer layer design, and (3) mitigating intrinsic defects via annealing treatments.
Ultimately, we concluded that balancing film performance with production costs and overcoming the technical challenges of large-area
uniform film deposition would be critical for the future advancement of CdZnTe thin films.

Key words: cadmium zinc telluride thin film; vapor deposition; growth parameter; interfacial buffer layer; annealing treatment
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