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Cd, 7,0 & SN LM R E— 1 IR 5
ZHEY  RHHEY 4z

1) (BB A RSG5 BT b, ThReAT Rl ] 5 15 0 P 0 3 B p s it &8, WAL R SRl Rl 2 55 TR A
R 430062)
2) (LR 2B 5 o H R B, L 430062)
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(2016 4 4 7 22 HYEI; 2016 £E 5 A 31 HILBIEEHR )

ZnO [ RETT TRE 2 M A0 ZnO F LRI S 2 —. B S 40 B B 1 0 Cd, Be, Mg %535 43 BUAR Zn & 1
CdZnO, BeZnO, MgZnO %G 4 K #2 ZnO W RIIBH AL C 2 PR, Hh, Cd 145328 7] LA ZnO 4Ry
B, Af CAZnO A AR R A -] WOtk BOG 2 th BAT B E R S RANME. AR SCRI 88 — VR 3 as &
HH TP, Sl W A8l (W2Z) F15 30 (RS) 2 Cd,Zng — O B & AR CA 524 58 F & A LI B B RE,
R T AR G R I A AR A Cdy /3Zna30, CdgyaZng /305 % 3R 3 B B L S AR L1 25 M 1) 40 BT
K, W& CABRERNIR, Stk HEE a, c BIBWHE R, T c/a (HIZHTR/D, O—Zn(Cd)—O M J & & 550
i JE S TSR CdeZng — o O & <8 A R BIAE B R BN 0 A 45, PIAN R 2H R i) 2 141 v LA 2%
SEHZE B R K, R W1 A 6 AR e FHid i H I T R RE DTk Je oK. I P At — PR SR ER U R T
F R R AR [ e R A0L & 1 A9 BT i RE, AP & AR ZE 1R /1N, R BR AR B R AL & 1 5 Cde Zny— 2O
A& W R BEHER . 5. B K E CdyZn— o O B &I EAE M KL, K5 CdyZng—, O HIFE R AE L
[FZL 736 ZnO 5 CAO IR A HIIAE R, F B ZnO F1 CAO TV £ 5 B VA B AT B, ARIR N i LLSe Bl 4 40 2y
[y, fELEEAL b, AT T WZ-HIRS-CdyZny— . O BENL A & ML LRE HAR B T AHIE. X T 4R 4600 4514,
Folm FUREE 9 1000 K 0T 3R 454, Holi S A 2250 K. B & G S5 A R CdeZny — O MELLTE A
BRI A . DU RS WZ-RI RS-Cdy Zng —, O I AHAH B, R Cd 8 5 [l T WZ-ZnO H,
1M Zn BAHERE T RS-CAO .

KA Cd,Zny .0 & &, B MBS, RERINE, Bt
PACS: 73.61.Ga, 71.15.Mb, 61.50.Ah, 61.66.Dk DOI: 10.7498 /aps.65.157303

1 5 7

ZnO J& T II-VI&R - S, =& — o4k
H(FIR N 3.37 eV) T R #E K (60 meV) HH
P B AR R, FE 0 AR U R A BRI
TEN A E, A2 N AR e 3 T A kL 2
— =4 497 ZnO [MIfig s TREA p BB 44 /& ZnO
AR 5 11 8 DR A SORH A A 38 3 S50 FH 28 135000
BAR Zn i ZnMeO (Me = Cd, Be, Mg %) &4
K ZnO B IA O TAE S Z . H, Cd

(1145 2 T LA/ ZnO 28 56 B ), J@ i i Cd
(1135 22, T LASEEL CdZnO 2545 98 B 48 25 4h -]
WP BN H R, 1 Cd,Zng O & 4 iy il
5 AT WG B AR T E M B

BAR ZnO M CAO #i 2 II-VI i 4 J8 8w, I
H Zn?T f1Ca*T B 748 LA IE (Zn?t & T
428060 A, CA2T BT LA N0.74 A), HEF
I R R ZnO 1 CAO (172 7 A 45 4 20 F 1R K 2
A, ZnO BA A6 454 (WZ), T CdO BA%H#
B 554 (RS). 1T ZnO A1 CAO Fa i M 45w 1 22 5,

* [E R RIS (MHES: 51572073, 61274010, 11574074) b4 HAREHEIE 4 (S 2015CFB265, 2015CFA038) F1#H
R S R R ORI L 4 (i 5:20124208110005, 20124208120006) % W 1443
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4% Cd £E ZnO N JZ LA, B CdpZng—, O
A 4 I [V BE A R Makino 25 1O i) i ik v 380k
PO T BLE IS 5 A (0001) ZEE _E R sh il & B
c- il B 1) (%) FRLAH AR B 45 R 1 CdyZng _, O 3 IR,
Cd 7E ZnO " 1 fie K 1 B2 2 7%, B2 s T34
7755 185 2% R 1 B K 1 B 2% 1), Bertram
ST SR FH 23 18] 43 3% AR T BA A% S 48 06 3 7 1k 4y
7 CdpZni_,0 (0.003 < x < 0.02) & 4 JiE
A B G, KN4 CAAE ZnO H I [E A BER T
E % T 1.3% 0, CdyZn,_,0 &4 Il E Cd
MEL Cd AR Xk, £ WZ-Cd,Zn, 0 &<
JE A BT A2 A 2 B, Sakurai 5 BRI 4 1
WA E T BAE o TH W A AR H & T CdyZng—,O
VB, E T XA ZRAT S R L ZnO A CAO KB T 4
T A 4 B, I B #r T CdyZng—, O W JE (¥ 85 5
ROCHEE. R AT RN RIE
5 72 B BE 18 (density functional theory, DFT) %
W58 CdyZny O & <8 B R T~ 25 1 AR g 2 1 ot
2%, Miloua 55 1 S F 4 34 26 1 48 0 ~F T % (full
potential-linearized augmented plane waves, FP-
LAPW) &5 & R 8% JE I AL (local density approx-
imation, LDA) i /7 ¥ #F 7t T RS-Cd,Zn; ,O &
TR g AR A e G B o AN SIS 2
76 FF #H RS-Cd, Zny O & < BT i BE, K BLRS-
CdyZn; O K JE B RE R N IEAH, KA BRI 451
ZnO 1 CAO iR I 2 2 i ] v B 18] B2, JF Hoad i
TR RS-Cd,Zny O & 4 W AH &, 15 3 il 7 06 2
T = 2535 K. {H7E, 3CH R A A 2 B i B
Cd,Zny O P& &4k, AR iF s wJe
BEHLSS (155, Tang 45 U0 R F %5 B2 iz bR 2 14
AR T (projector augmented waves,
PAW) J7 & 5T T Cd 45 4 WZ-ZnO 1] & 0 44
HL 7~ B8 1 45 4 AT HL 7 2 % B (DOS) 5 Cd & & 1)
KA, VAT T CAd B A JE ZnO 254 5 T
BEFALER. Fan 5 (1 SR S8 — 4 J5 2 1150 0 1
H T CdpZng O & HIAHRLE « Af A5 K R HL T
RIPEIT, R Mz = 0.751, Cd,Zny_, 0 & 4%
MNEF B G5 M AR o 3h T 45 0. i85 R 5 AL
@ 208 0.7 I R AEAR AR 1) 2590 BB, B /2 Fan
SR IR AE =S 16 J5 7 BB S (1 x 1% 2
BIHM, 2x2x 1F12 x 1 x 2 B4#H) 3B 7 T &7
DA B < 2K, AN BEAR 47 3b S R T e B AL 45 A
RGO

ASCR S — MR B S 4 A R B R ITIE,
T BN A 5 CdyZng _, O T g, 3k
T — &% Cd,Zny O B &M PN, 5%
JEA B MBI AT T, RGBT T AR Cd
B I FIAS [F) 25 0 CdyZny O B4 T R RE 1Y
M. 5T W2Z-Cd,Zn; _,O F1RS-Cd, Zn;_,O
HENAMERZE R, FE, T HE R
TR Y B AN AR ] e VA TH IR BRE.
e, THEIA B ALA 5 5 Cd,y Zng O 1)
HHE.

2 R
2.1 EHARAE

TETHE Cd,Zng O & & AP fl RS 451
W, R B R RS S R SR B
NAMHE TR CdyZng 0 B4, BIh 2V ANl hg
MG M. AR TN PR R, &4
HECH BT AR 2 anibe D K i v R B LT3 A
BUAR 1 P RETE ST ML AT S A — R A i
[RERE. X, AT PR A AR A vl i 26 Tsing PG
R BT AR S e R S Ee. SRR EIHE
Fe— FhE X 2 M R E R SR TR, 3R
136 AR A H 240 (effective cluster interaction,
ECI), A5l id A 248 A58 B R B0 & M Y 1
RE B A 792 2], 25 Tsing M #5000 R B ) R IR 20 dn R
E(a)
=Jo+ Y Jioi(e)+ Y Jioi(e)oi ()
7 j<i
+ > Jipoi@)oj(@or(@) +-, (1)
k<j<i
Hor, o RRTTREM & &AL R R, T Fon A 2 H
RHAR 05 (i =1,2,-- | N) B4 bk
B e AR, ML E W Zn 7T AR, B e
b (o; = 1), U E 4 CdJE+ HAR, 3R
T (o; = —1).
ASLUA R B R EAE AR F 24, @it i
HA3 B BRI B R, SR B A R A
FRECT L SR Y () R

2.2 ZFEZRELHE

AR SCI o — M TR SR R I T
72 B FE 8 18] 1) Quantum ESPRESSO # 4 41, 141
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HL - 5 HL - 2 TA) 1) 58 46 00 R 35K R 480%% i il
L UST 32 R AT AR B BT 3k T A A R 4 (101,
- T K W BE BN Eewe = 817 eV, il id R A
Monkhorst-Pack 752 71 3% BUAG LK X & 25 5] R 4%
RUORHEAT LA 5 A4 22 sl e i AT FL N X AR 23
THE, IRIEA RIS SR 3 Sk Bk M 3 E
KPPRA Z 45 E 4 1000. HL-F458 B ¥ T HIIL
SUREE N 1.36 x 1076 eV, JE 745/t 1b S0
JERNEEA R ETHIVER /70T 1.36 X 1072 eV,

A HE AR Alloy Theoretic Automated
Toolkit '] (ATAT # 1) 3R EL— RFIA[F Cd 5 4%
WP ZnO Ji A, 8t 28— B O F 5 5 g i
o, #H AR EAE N B R ITE RN E A
HRERMEAER &5 1558 XU IS,
WS TR (1) REAT ook S R EAR A A N A
FF& e Y RRe.

3 BRE5T®

3.1 WZ-Cd,Zn;_,O#MRS-Cd,Zn;_,0
CEANEIE R

K14 H T CdyZng O &4 MR AE. Hib,
WO ZE AR (known str.) I 58 — P R BE T F
HHHCdZng OB &R, 4t 7 ik
(predicted) ) & 45 7~ 1) 4R 1 g HF i v H
CdZn; O && WA, BEEE S (known gs.)
2 R R S MR R B A A

T E L (a) WTRLE W, BTE A T B WZ-
Cd,Zny O HITE RS R AR 2 00— A B <L,
Y KA AT IS B R T AR ) ZnO 5 CdO
RA M BE R, R ZnO M CdO TiA I £ 1 B [
P65 FE 1AL B 3 RN SC Rk [19] #)3E  WZ-Cd . Zn; O
e EE R —8. MBI LUE H, 4 Cdfs
JRIR 4 0.333, 0.667 I, WZ-Cd,Zn;_,O ITE %
RENUE, RPILAHE T, ZnO F1 CdO A Al K
WA 4. Yong &5 OISR o — 1 UL 45 &
HH J& P 78 Bep Zng O & &A1 43 55 F W B I
) I, 5 BE K I WZ-Be, Zng _, O & 4 A7 4E
KALF AR AR (Bey/3Zny,30 AHAN Bey/3Zn; /30 #H).
2 Cd & EAMER, ANEERF WZ-Cd,Zn—, O [
TE e AN A, 2R BA i - # B5 WZ-Cd,. Zny O 1)
TERRE AT B . X T AH R R 2, AN [RAL R
H1 Zn-O R Cd-O I E 25 1R, WA 5 e

Zn-O 58 CA-O B BE &, AH A R AS [FAG BY 1) 7
FBERLIZA S, (HMNHFE () TR, R REE=
Bk T Zn-O $8 A1 Cd-O 4 B8 & 4 b B A DU 14 [
=R TR AN JE TR A oTmk, BOAEE 2 He] B
FH, CdyZny O F & HIRUE T 2 DY JE 74 F1 1
BHHERLT R ECIHANE, Hod XU T4 4
ECT K, BT -TA8 R B2, A R R B 1 A
REANIF.
+  Predicted

¢ Known str
wt  —*— Known gs

-1

= 0.10
3
2,
< 0.08f
<
2 =
5 0.06 X ;
=1 i + \l
¢ o.04f % )
1S s | ;
£ 00 i %
3 T
= 0 B——r T o —" z i ﬁ.""l’_.—‘?
0 0.2 0.4 0.6 0.8 1.0
Concentration of Cd
+ Predicted

¢  Known str
—*— Known gs

I

[\~

(=)

T
=)
n

Formation energy/eV-pair—!
[e=}
=
o
T

T n T I T n T n
0 0.2 0.4 0.6 0.8 1.0
Concentration of Cd

1 (MFEE) () GHTEA (b) & 85w
CdzZn; O HIIEHEE

Fig. 1. (color online) Formation energies of (a) WZ-
CdzZn1—,0 and (b) RS-CdgZni—_;O0.

Bt B (b)e] BLFE BT A A RS-
Cd,Zni_, O i1 % B g I WZ-Cd, Zng O B9 T &
Ae AHABL, K3 2 4 B T A RE #R K T Zn0 5
CAO VR A #H B e &, 1X A1 3Tk [9,19] H # 1E RS-
Cd,Zn; O e B fe I 45 R — 5. 8t 2 5 bh s 4F
B AL B ZnO AT CdO Y K BE, &K B RS-ZnO
) 4 BE B WZ-ZnO 7 0.2143 €V /pair, WZ-CdO [
S AEEE RS-CdO 5 0.1454 eV /pair, K I ZnO 1] #
J15 R E AR BT 450, T CdO MR I 5 Fa e
MRS B S50y, XN Pu &5 P IRIE (145 1 — 3

K24 T WZ-Cd,yZny O F1RS-Cd,Zn; O
HGEAMENLHRZE. NEH LA, B
FHEM R T HB 3K, AR A8 B R HOZR B
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W gk, T Hofe Sk, b XU -4 P o5 A
R, PR A 4 T2 BLRE I DTk B k. X WZ-
Cd,Zn;_,0, METHEHBEZN5—10 AR, H
SEPAE B RBUBOR. RUR T 5l 48 A 41 4E ]
THABRNIEEKRHESEARERA TS
# 2L % F RS-Cd, Zny 0, MR T4 M H AR A
37 AW, BRERLHRBEOR. H, BIE4R
MR TR HRZECNE, RHEESE A
B FA 2] UL AR XUE TR RS H A BUNIE,
RUHBE R FTERTENNS, BF
W5 TS ILAE, IR LB A B 58 4+ PR T
RS-Cd,Zn;_,O 3L .

] -
L (a) ® Nearest neighbor
) W2z .
> 6 I + ® Second neighbor
@
E [ + Other interaction
~ 4 -
= L
5 .
‘é [ [ + ++£ +
172 1 S e roRREEEEERE e +F
o +7F + %
g 9l H +
g 2 ++ *
& + 4
£ o4t N
=] +
= sl
s I +
1 1 1 1 1 1 1 1 1 1 1
pair 5 10 15 trip 5 10 15 quad 5 10
Cluster diameter/A
20
I (b) RS ® Nearest neighbor
15 ® Second neighbor
% L d + Other interaction
£
e 10 +
e
13
g
o 5+
4w + +
+
=1 + + +
S Ok e T S
= 0 =3
k3] +fﬁ- *I +
c L +
g
r |}
—10 1 N 1 N 1 N 1 N 1 N |

pair 5 10 15 trip 5 10 15 quad 5 10
Cluster diameter/A

B2 (T EE) (a) 85 8 b) S &R
CdyZn; - O HIA BRI T R 5

Fig. 2. (color online) Effective cluster interactions of
(a) WZ-CdzZn1 ;0 and (b) RS-CdyZn;_,O.

B 3 2 H 2R — P R B T SRR A R T AU
HHER CdyZn, O BB AE X L. 2.6
T B R WZ-Cd, Zny O B A, 85 5 1o A
Eh7n )72 RS-Cd, Zny O BRI k. 3@ IL & 3 A]
PAFE H, H 58— 1k R PO 5 AR ke A 4R [
JEITHEM & T B BB B A LA A%, 0T
Ly = b, RYIHEE RITETH KR AER

HET, R ZER/DN. WZ-CdyZng .0 38 X ES
N 3.5 meV, RS-Cd,Zn;_, O WA LIRS0 N
3.7 meV.

020 % WZ K
* RS ',&"

ECI fitted E¢/eV-pair—!

0 0.04 0.08 0.12 0.16 0.20
DFT calculated E¢/eV-pair—!

B3 (MTIRE) 58—t R AR RINEN G TR LT
B AUE 2587 CdpZng O & &AL RINT EL

Fig. 3. (color online) DFT-calculated vs ECI-
fitted formation energy of WZ-Cd;Zn;—,O and RS-
CdyZni_.0.

3.2 WZ-Cd,Zn,_, 08 &R TRl
ST
3.2.1 WZ-Cd,Zn,_,0 & & B4 5 6 ah 1Kk
2
H Yo, XEEET 45 R 1 Zn0, CdO, Cdy ;-
Zl’lg/gO%D Cd2/3Zn1/3Oiﬁ?fT%mﬁM{, H%*%PI%L’
g Rk 1 g, AR A Rk 2
Frgl. ZnO [ R 8 45 /) & 75 T 4F B 45 0, @
T Psznro TR, WFRYEN Coy_g, THEFTEHI &

#1 MRS ZnO, CdO, Cdy 3Zny/30 1 Cdy 5-
Zny j50 dh % Bt SEE 5 SO T B o B

Table 1. The calculated lattice constants of ZnO, CdO,
Cdy/3Zny,30 and Cdy /370, /30 after structural relax-
ation, in comparison with corresponding theoretical

and experimental data in the literature.

a/nm c¢/nm  c/a u Sk

ZnO 0.3194 0.5165 1.617 0.377 AL
0.3258 0.5220 1.602 0.380 5gik [23]

0.3283 0.5309 1.617 0.377 Fip[24]

0.3292 0.5292 1.608 0.379 i [25]

0.3280 0.5297 1.615 0.378 FHip [10]

Cdy /320930 0.3320 0.5272 1.5881 0.3822 A
Cds3Zn1 /30 0.3457 0.5392 1.5597 0.3870 A
CdO 0.3629 0.5388 1.485 0.401 AL
0.3678 0.5825 1.584 0.383 FHif [24]

0.3660 0.5560 1.519 0.394 FHif [20]

0.3674 0.5811 1.582 0.383 Hif [10]

157303-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 157303

¥ a = b = 0.319 nm, ¢ = 0.516 nm,
c/a = 1.617, LLBRAR 17577 % HERR S5 14 1) 1.633 1
/N, FL AR B 7S O HERURIBE 1R 75 5 2% HE A
RFERTR, W4 () fix. ANESITLLE |,
ZnO H BT AR — AN = A e (W), &K
ANFIRTAA, F00 575 HE TR 7 K KT
SHEH AR FRBK. ARSI CdO
5 ZnO FA1L, il 4 (b) Fias, THE T 0 ks 4
a=>b=0.363 nm, ¢ = 0.539 nm, c/a = 1.485, &
B W B a M e #HWZ-ZnO oK, X2 H1 T Cd
JRF Pt Zn K. B4 (c) B4 (d) B T

CA M4 B 8 Zn 1) O Zng 0 7 Cdy g Zny 150
RS WFR 1TV ), ASCHE R CAO 5
ZnO 7 fi ks 1 B0 SOk R E AR $23; BEA Cd
BRI, S EE o F ¢ SHBHHK, 1M c/a
fEZHE/DN. T Cd?t M F24% (0.74 A) K+
Zn?t B T2 (0.60 A), FTLAZR 2 Cd—O #E Lk
Zn—O KKK, WK 2 FIRATEH, Bi% Cd
BARIREE K, O—Zn(Cd)—O # A B A BN A
A X FEER BT CdOH 0—Cd—O0 #ANT
7ZnO F ) O—Zn—O 5 ff.

%2 HHIRILE ZnO, OdO, Cd, 5Zny, 50 M Cdy Zny 50 HBE KA H L
Table 2. Bond lengths and bond angles of ZnO, CdO, Cd;/3Zny,30 and Cdy/3Zny,30 after structural relaxation.

Zn—0/A Cd—O0/A 0—Zn—0/(°) 0—Cd—0/(°)

Zn0 1.950+0.003 108.81440.001
Cdy /3Zny)50 1.94440.005 2.1774+0.017 108.493+0.998 105.77741.189
CdysZny /30 1.939+0.006 2.17140.016 108.19640.810 105.553+1.395
Cdo 2.16540.026 103.167+0.001

B4 (MTIRE) 607 (a) ZnO, (b) CdO, (c) Cdyj3Zng 50, (d) CdysZny /50 i HKZ:H
Fig. 4. (color online) Ball-stick model of the wurtzite structure of (a) ZnO, (b) CdO, (c) Cd;/3Zny /30 and
(d) Cd2/3Zn1/3O.
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322 WZ-Cd,Zn, ,0&48 & S8 LT
25

AR SR AR AG G, AT T B S5 K 1)
Zn0, CdO {12 DOS. 73 &% FE (PDOS) Fl g 25
¥, H TSR A LDA v 51 e 7 Bt b S 06 {8 3 i
7N, BT BLSC R SR H GPAW 1 ) GLLB-sc B %k
AR 728, SR GLLB-sc 2R 5 5 B
W S IGAE LR, it SR GLLB-sc B4t
HAIAs [T BN 2.49 eV (SEE{E N 2.32 eV, LDA
THHEAE N 1.34 V) P8 LiF BN 14.96 eV (525
N 14.2 eV, LDATHHAE N8.78 eV) 1. E 5 K
ZnO W RE A A B 7% AN, HE S (a) 7]
N, ZnO AR T8 B B 8 i 7 MBRAE T sl b, i
BB, 2505 T8 N 3.78 eV, % iHAE 5 SR
3.37 eV P 3 A —5L.

12

10_(5«) /\ /\
8/4
6_
T 4t
~
% 2F
o
E
a ORI 7‘$ """ s § """
72-\‘< \\?><
—4 S I
e —— =
-8
A L I A HK T M r
(b) ; — O-2p
6r s S 0-2s
3+
0 0
> 6l Zn-3d
bt Zn-4s
g
S~
8
a0 —
20 } Total DOS
15}
10}
5-J\ _".APA"\JJ/L-A/\
0 1 1 4
—20 —-15 —-10 -5 0 5 10 15
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Abstract

Bandgap engineering is one of the keys to practical applications of ZnO. Using ternary ZnMeO (Me=Be, Mg, Cd,
etc.) alloys to regulate the bandgap of ZnO has been widely studied. Alloying ZnO with CdO to form CdzZn;_,O
is an effective way to narrow down the bandgap of ZnO. With its narrower bandgap, Cd;Zn;_,O is a promising can-
didate for fabricating optoelectronic devices operable in the UV-visible wavelength region. In this work, we study the
thermodynamic properties of Cd,Zni—,O alloys of both wurtzite (WZ) and rock salt (RS) structures by first-principles
calculations based on density functional theory (DFT) combined with the cluster expansion approach. The effective
cluster interactions (ECIs) fitted formation energies agree well with the DFT-calculated formation energies for different
compositions and structures correspondingly, validating the cluster expansion approach in calculations of the formation
energy for Cd,Zn1_,0O alloys. It is found that, for both WZ-Cd,;Zn;_,O and RS-Cd;Zn;_,O alloys, the ECIs involve
pair, triplet and quadruplet interactions: the pair interactions are dominant and contribute mostly to the formation
energy. The first- and second-neighbor pair interaction parameters of WZ-Cd;Zn;_,O are positive, which indicates a
tendency of ordering in WZ-Cd;Zn;_,0O. For RS-Cd;Zn;_,O alloys, the nearest-neighbor pair interaction is negative,
indicating a tendency to phase separation. The dominant positive second-neighbor pair interaction, however, appears to
favor the ordering tendency. For both the WZ-Cd,;Zn;_,O and RS-Cd,Zn;_,0O alloys, the calculated formation energy
of most structures is positive in the whole composition range, except for WZ-Cd,Zn;—,O with Cd concentrations of 1/3
and 2/3. Then, the crystal and electronic band structures of the metastable WZ-Cd; /3Zny/30 and WZ-Cdy/3Zn; /50
are calculated. It turns out that both lattice constants a and ¢ increase while the value of ¢/a and the bond angle of
O—Zn(Cd)—O decrease with increasing Cd concentration in the WZ-Cd,Zn;_,O alloys. Analyses of the band struc-
tures, densities of states (DOSs) and partial densities of states of WZ-Cd;Zn1—,O alloys reveal that the valence band
maximum (VBM) is determined by O-2p states and the conduction band minimum (CBM) stems from the hybrid Cd-5s
and Zn-4s orbital. The VBM rises while the CBM declines, leading to the decrease of the bandgap of WZ-Cd,Zn;_.0O
with increasing Cd concentration. At finite temperatures, the thermal stability of the solid-state system is determined
by Gibbs free energy. The bimodal curve, which indicates the equilibrium solubility limits as a function of temperature,

can be calculated by the common tangent approach from the Gibbs free energy. The critical temperatures, above which
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complete miscibility is possible for some concentrations, are 1000 and 2250 K for WZ and RS phases, respectively.
The higher critical temperature implies that it is more difficult to form RS-Cd;Zn;i_,O than to form WZ-Cd,Zn;_,0O.
Finally, the phase diagrams of WZ-Cd,Zn;_,;0O and RS-Cd;Zni_,O are derived based on calculations of the Gibbs free
energy. At 1600 K, the solubility of Cd in WZ-ZnO amounts to 0.13, while the solubility of Zn in RS-CdO limits to only
0.01, indicating that it is much easier to incorporate Cd into WZ-ZnO than to incorporate Zn into RS-CdO.

Keywords: Cd,Zn;_,O alloys, first-principles calculation, cluster expansion, formation energy

PACS: 73.61.Ga, 71.15.Mb, 61.50.Ah, 61.66.Dk DOI: 10.7498/aps.65.157303
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