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Tailoring Inclusions and Improvement of ZnTe Crystal Quality by Annealing
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(1. Northwestern Polytechnical University, State Key Laboratory of Solidification Processing, Key Laboratory of Radiation Detection
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Abstract: The temperature gradient solution method can effectively reduce the growth temperature of zinc telluride (ZnTe) crystal.
However, it is inevitable to introduce Te inclusions in the as-grown ZnTe crystals, leading to degrading the crystal quality. In this
paper, the Te inclusions under saturated Zn vapor were eliminated via both isothermal annealing and gradient annealing. The removal
efficiency of Te inclusions was evaluated, which was determined by the annealing temperature and gradient. A removal efficiency of
83% is achieved via gradient annealing at 650 ‘C for100 h. In addition, Vy.—Te; complex defects caused by Te atoms diffusion appear
in the crystal after annealing, thus affecting the crystal quality and photoelectric properties of the ZnTe crystal. Based on the X-ray
double-crystal rocking curves of the ZnTe crystal, the crystal quality is generally improved when the Te inclusions are removed,
indicating that the Te inclusions are a dominated factor affecting the quality of ZnTe crystal.
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BT, FHAH ZnTe 5§ i R4 10 mm> 10 mmx
2 mm, XERAKHE ZnTe B 54 BAH KR
A SR 50 SR, Te ¥AFIVEHI#Y ZnTe
i R P EREAEAFAE R E I Te JeZutfl, FEEM T
mn R 3 S P, IR PR T R AR A %, BHAS
KRSF ZnTe @ARTESRANIR2E AT Rk 2% A% 56
SR, B, Te Je A4 AHRIE T &
A Kt R P AR A 2 B AR A R A K
REESIRIIRT A, Hik, RRgdiEKkTZES
HoHk LS A B AR IS Te AH

MAERKSRAREATIR KR —Fh LB e g, 15
mn R ST I 7. AER K TETR, M
P IBRBE R AR IS, R EAM, 3T 5O A A
Jfif . Korostelin £/ i@ iB8 K W 7 A HIEAEK
(1] ZnTe @A EBI1 Te PLIE, 1BKJEMIART X 54
UG PEAE 2 W B0k T — 2. Yabe PRI
MEIRIB K7, 7E Zn JE4 1 000 Pa [1450 FXF
ZnTe FEEHFATIR K, B K5 fEBE N 1 e ZAH 800
T ISR, Wei P HE KIS F H ZnTe 4 4
W Zn R BORE S, R T ASH I Zn RT S
Te FHAHRPEN I e, Fik, RAAHE
KT LB RS ZnTe AN H) Te Je4k
A, ER H AT Te W75 % ZnTe B IHB K T2
WA, 1B KIRTF ZnTe dmiksh &t & ALEE
T, TEHR—DHRE.

AHIF TR F S i 8 KRR BB K 2 PR K 7 i
SRR Te WANEAEKN ZnTe B8 AERH) Te e
AH L AT B B o AR 1) 45 0 T . E I BT AR AR Y
Te JEHAHANILADBRFE AR, PRERIE KOS 2
HHECI RS BRI E R R, SRR
AR T 2RI E S .

1.1 HmEHE
JFAEAN R K 7y xf bedl, e iAo &
BON—E SR, IBKPIERHM ZnTe SE¥ISRE

[F]— AR A BE AN AR AL B o X R A Te ¥ 71VE(Zn: Te=
3NEKMAR T s rIE, FERm
AA10)ET, A 10 mmx10 mm>2 mm 175 H
PRAER ZnTe B8, FEXSE AR HEAT BRI
O, EBRUIRISIEASGE, REBAERST
BEFa &
1.2 BRAIZWMEMSEHILT

FEILEFEIR K T 2R g, HEH Te AAT
IR KA PRSI 5 AR S Te 517 I 5 38 BB K5
e ERPUR. BRI, & H Zn SUGR ZnTe difgk
BEATIR KALBR

ZnTe(s) <> Zn(g)+%Tez(g) (1)

NARAIE S AP AE M R, T EHE KR RR
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A kN Boltzmann H4; THAXIEE. H(Q2)
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Zn JEFLE AR NI Y BOE RN, B KR
FE B2 15 T Te Je A AH I i 452 °C, AT Te
FARIE A DL R T B RE 7 B R B
700 CJ5, ZnTe ahfhk N2 IR &5 %0 K BIIR
Reguhlie, JF HORKIRFER S, ZnTe M [hAHLZ R
R, ERHERE R A S =4 Te YL
FAUST1OL ORI F SR 4 R B e, R R
EIEFAEEARIR KR . ZRA %8, IR K
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SE IR K FEAIR SRR JS, 1B KA 2 T ik
T 58 R FERR T o Jd i T IR K SRR I A 1)
BMSA TS EALE, T TECRIERS R K
T BE R P — B RIS, R A s 3wt
W% BARIR KIS TS8R 1 fin. Ll
IR KR BE RG], R S Zn 28R K H]
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Table 1 Zn atmosphere annealing process parameters used in this study

Annealing method Annealing temperature/C

Annealing source temperature/C

Temperature gradient/(‘C-cm™") Annealing time/h

Isothermal annealing 455 485
Isothermal annealing 550 580
Isothermal annealing 650 680
Gradient annealing 550 620

Gradient annealing 650 750

100
100
100
8.5 100
8.5 100
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(a) Encapsulated crucible for annealing

Zn vapor

7
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Zn source

L J ZnTe wafers

(b) Schematic diagram of annealing process
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Fig. 1 Crucible for annealing and Schematic diagram of annealing process
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K B AT A A0 E R AUB(IRTM) X B
KHT G SR Te & 24 AH 18 2 A K0 RSH 04T 2
¥, RSGHEHE KIE EE DH-SV401GM 414k CCD
ML, PR AE 1 um. K FLS980 HY4K4h—ifr
21 4 Fa Bk 25 9 06 6 A0 R A K S KB K
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2.1 BATEX Te EZMERIEBR ST
B 2 NASERE R 25IRB K 100 h B J5 ZnTe &
PRI ANE L IR, Hodr, B AR ) 2 £ 3

53R Te JeZ A0, XM THET ZnTe SRR KM
BAT L 2.26 eV, Te JFeAAHEEW TR/, =ik
TH032eV, WASMEEARGRIT. HE 2]
LB, BKIRFEN 455 CHI 550 CHE, BKATE
Te JeZ MDA AR AW B, FH Te %
FAR ) S B A B, X R WA N e 4t
IR 12, BKIEFIEMILTARS, T
EXT Te JeZATH MM LB KREFA R
650 CHI, Te JeZAHILALRE Sy, 1B K5 HEA R
PRI Te JeAAREE BN, Te FITHMRYY
5], AR, RSFLE 1~10 um [A] ) Te e 2440 25
FRRCE A 63%.

Kl 3 KRR KRG ZnTe SARMILLAMNE T
GIRF e Te =gt . HE3 L, 726
FEIB K2R, 550 CLAK 650 CHfi IR k3m]
DA R 350 M B R RS f v IR 1~10 pm 1)
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Te FAAMH, ERRBES MIEE] 72% 83%. FHET
SETRIR K, BB IR ORISR ST I e S A B 4 1)
ZBRACR, I B F PR A BE A R KR T T
Tt XEMT ZnTe MEMHRFRMC, FEA N
HAFLE B R R TR ) S R A R, AR
Zn JEF Y BUERTT, IBAH Te Sl i T
MR 3 1 iR e A . EIB G RE rp Te e H
BWHTR R SART, JF5 Zn RGN, B
W Te JeA:MIIHFR. 7R IR JOR FE Bi0h IR K
MIZAET, AR NS RE B3I, Te J&
FARMIE AL RS o mag, Mififem 7 Te JIRH)2:

BRAcR. 3 M Te A8t KR AT LA H,
550 CHEEEIR K )G, RAFRT 10 um 1) Te 2% H
REWIN, KRR N R BMTET LR
RN B R RF e A v, 808 AN/ e kit &
BRI, Te Jel48 KJa HiT#aE /it —
BB, EIRJGIFE T IAE LB, ®mAFECR
J~F Te Je 2450 H 32Tt 10 650 CHREFEIR KI5, Frf
RSP Te JeZ 80 H B TR, LR ERKRIIE
BRI, RUANFBIR ST I AAHM /N Te gk
RN e SN N oy K A N (T S S /R E 5]
Y EPRE

(a) Before annealing at 455 'C

(b) After annealing at 455 “C

(c) Before annealing at 550 “C

(e) Before annealing at 650 'C

(d) After annealing at 550 “C
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(f) After annealing at 650 C
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Fig. 2 Infrared transmission imaging pictures before and after isothermal annealing
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Fig. 3 Infrared imaging pictures and statistical graphs of Te inclusions before and after temperature gradient annealing
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XTI T AR BEAR K 2 A, AR IR FERR BEA FR
KRSF Te JAITHEETIH5, BT DAIC AR A7 B
KRR

it — AR FTIR KO R RS IR AR 52, [
FELEIR Kl B4 650°C 5644 % ZnTe d 247 300 h
(bR IR K AL 3R, IR KHT S f Fr Rl — 1 B 40508
I g 25 B 4c AN 4d s . X ELIR KRT IS A
R Te JeAR i BFIEEARN, BN Te %
FHULTFoe 4 5B, HE 4c AE 4d B2 briE S
AT LAE tH, BREEIR KA G ROTRORI Te KA
W KA TR B ), (HEAAIER 2RI
R, XU ER R ERUNIEIL R, Te JedRiT
BoRg, KR KA BRI HART R T KPR

B, ERX KRS Te ek LBRACRIEAHE.
MELBRRSTH Te Jel%, SO E T RIEE
A
2.3 BmIKAERE ARG DT

X ZnTe dhMEEAT B EEREIEK, B 7R
KJG ZnTe fafAR RUERFEIIAAIE DL . AEUROGGIE
ORI 488 nm, WRIREE N 77 K, Iik4E
Rl s froc. HIE S AL, 7E 900 £ 1500 nm [
MARVEE N, ERKEM ZnTe WK TLAEM KRG
Fo TR KW ZnTe dfALE 1 200 nm P K3 1
BRI RO, HiX— KRG IIALE ST Lo B
WSO PRI VARG B, X T Zn ARUAIR KIS
AR PR AR R RN, TR T KRR VieTe;
B E AR, AR O A T B megl,
BRI IR T Te FAAMIEREES, Te &
TFAEMRPERS B I N R Gy s P o B, T
Vre—Te; BREAXT o Al T IE NG F BIBUR R BR
EEZBREREH, Vi M Teg EEEREKR T Kt
W, PRI, Bk EINHEER T AN Te JeZRAH,
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(a) Before 650 ‘C annealing for 100 h
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(c) Before 650 ‘C annealing for 300 h

(b) After 650 ‘C annealing for 100 h

100 um
| S —|

(d) After 650 ‘C annealing for 300 h

K4 650 CHEEEIR KHTE [ Te JeAHESH AR
Fig. 4 Morphology changes of Te inclusion phases before and after temperature gradient annealing at 650 C
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(b) Near infrared transmission spectra
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Fig. 5 PL spectra and near infrared transmission spectra of ZnTe crystal before and after temperature gradient annealing
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Fig. 6 Typical results of the change of the diffraction peaks of

the rocking curve before and after annealing in Zn
atmosphere
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