$20% H11M x B

2008 4 11 H

& % %

JOURNAL OF SEMICONDUCTORS

Vol.29 No.11
Nov. ,2008

Cufszt

;‘(U%%LZ.S

L

KAE

ZnO MK EHIH =R SR FT 5T

TRHE ARR Rim’

(1 i E B2 B KBGO S W BT ST WOk SE AR E . K&  130033)

(2 EPHEBEAT I A BE . dEaT

100049)

(3 HAMIMFL R I B . DU 136000)

WE. RHMERILESR T —%%] Zn, - ,Cu, O(x =0.01,0.02,0. 03,0. 04) 44 K ki ¥, XRD 45 HF£ 0B Zn, , Cu, O ££ i
N B — () ZnO L RED 45 A . BEE 45 S B Zn, -, Cu, O(x = 0.01,0.02,0.03,0. 04) 7£ % ¥ F 3 3 4 8 #4 1. XRD,
TEM 5 XPS (il 25 5 2 8 B S b B0 BAT BRRE M 58 A 3. £ 4307 Zn; -, Cu, O(x = 0. 01,0. 02,0. 03,0. 04) [y %k

WETE SR CudB % ZnO YK G545 18 A% BT RFAE .

KW : WkF A Cufdd ZnO;s btk
PACC: 7550P; 7550D

RESES: 0482.5 XEFRIRAD: A

1 3§

i i > 3 A2 (DSMD R FI| B HL 7 199 | far 4 1 A0 8 i
FEVE - B e 502 PR AR e AR R 0 LR R K
PEM R G B ARG D RE 5 2 SR 0 5 B AL BT 3 Rl &
E—i, B 0 i G R RE L T LUAE A7 A
T L 2 D' PR 2 4 2 S R R I B L 2 T RO A AN
H e TS O A 2 N A . (HZE A DSM A kL
S o e A5 AR I SRR ) A i LR R 06 20 0 Bl
T DR ) A EL A T A 1 e B R b R
J ARG B #45. Diet] 28 N BS T T 4% Flh DSM
AR JE HLR B L5 R R W98 Bk 21K ZnO ] fE
R R IR S B 1 M R TR R AT R R
ZnO R e FARE AR R AT 4

H AT, &F ZnO M 21 TR B BF 7R 2 5 1M
HLf S AE — eV & TR 1B 2410 ZnO i P F: 0K 45 3]
TARREE T AR 26 T kR M A R R AE A B AL
A BN R ZnO JERG S0 0 Bk G v = 4 8 R
B A% JTAH 5 | RS A T b 4 T DA A A R I R e R
ENESE

J T RS, AT T AE#EPE W Cu 1E A B 2%
JCE B Cu F#E K Cu A1 IC 1) S A ) 35 0 A R 1%
X fF Cu$B4% ZnO Mk G TR 25 2 e il HL, —
S g R W] . Cu B2 ZnO(LiE e n Bk & p AD
B mfe B TS S e RN, — g B )
BT Cut ZnO A E | tE " HE, 24
R 1k s R 22RO F LA M 1) F 5% A A v A TR RN R
MR B LK) Cu 4B 2% ZnO LG F S 14 b
BRI AR D A & R AT B TR 56 1 & T 9ok 4544

* [H R H R I 4 BT B (kS . 60778040)
T M E1E# . Email: jhyangl @jlnu. edu. cn
2008-04-11 Y £ ,2008-07-03 & #i

NEHS:

0253-4177(2008)11-2256-04

1 Zn,-,Cu,O(x =0.01,0.02,0.03,0.04), %} Zn,_,-
Cu, O W &5 ¥ FREEREAT T 204 3F1 8 T Zn, -, Cu, O
(x<<0. 04) Bt = A= i A

2 X

[Zn(NOy), « 6H,O ] 5if & [ Cu (NO3),
SH, OB iR & 1EAT BRI Wb B i AB (AB =
Zn,Cw BT M FF AR IR A 5 1A AT AR IR AE S I i A e
AT AT IR R A S R 2 ) AR T K A
P BT BRI A5 2] 7 IR AR R 8 of AR Ar 0
Be4E AT A 19 7= ) ABO(Zn, - Cu, O, F il B 15 1
HLH WL 1. 3 F 52 6 07 1 S B 1 et ) B A s iR
T8 A T % A B 1 B e o L A S 6 ik BLAT ] B T
SAELF B

HOOC < ol OH
>3 _—
HOOC kCOOH o
~ T~ 2
EETERIARES T
TSABZ A TSR L BAR
—o N0 T REARAB, | BAD

ABO

PTG 2 R o %9 S 0 L

Fig.1 Diagram of reaction mechanism for decomposing citrate

technique

©2008 H [H 72



%118 XNEH#ELE . Cu ik ZnO 4K 85 1Y = IR g mE M wF 7T 2257
z
5
=
— - x=0.04 &
- 1\ o U w Avmfr j 0 03| Y o
e k " 0.02" "
NN A 00T N o)
30 40 50 60
20/(°)

K 2 Zn;-,Cu,O(x=0.01,0.02,0.03,0.04) 19 X $£&fi7 5 &
Fig.2 XRD patterns of the Zn;,Cu,O (x =0.01,0. 02,0. 03,
0.04)

FEA Y X 2 AT 51 R A D/max-2500 X )6 5 2k it
Y (Cu $E Ko 40KV /200mA) M 5E 5 Kt 4 A K i T8 7]
¥E F§ TEM (JEM-2100HR 200keV) i 47 T #F 5%, % A
Lake Shore M-7407 ¥z gl # i #0558 31 %} Zn, -, Cu, O (x
<O W REPEREAT T 4087, [F B XF Zng o5 Cug.00 O AT T
XPS(VG ESCALAB Mark 1D 44

3 ZERE5Fg

& 2% Zn, ,Cu,O(x=0.01,0.02,0.03,0.04) 1y
XRD i & . N E R LU ST AT 50 2 X R A
ZnO (L EER 454 . %A 1B Cu,Cu B89 & Zn,
Cu [y 7oA. B 3 LM 1) TEM 455, WKl 3(a) ]
DL R 13 RS 258 50nm, X 5 XRD 4 it
SEE T — 3 s 4 P O A R A AR (I8 3(b)) R
fm T[] 5k 0. 26nm, X 5 2F 85 4549 ZnO 1Y (002) TH
FEXF R N XRD FiliE 43 HF TEM 43T 45 4, ol LI Ry
Cu JAF#E AT ZnO fis.

AT A P oh KE A W98 5 X Zn, o, Cu, O (x =
0.01.0.02,0. 03,0. 04) il 5 R i M e 47 7 3, LI 4
WA LU L BT AR 7 I 3 SR I Bk
AR W RBE Cu B2 i 3N Cu (9 B i % 56 W] 2
A8/, Zn, -, Cu, O(x =0.01,0.02,0. 03,0. 04) ¥ J§5i F
5 4% % Kk 0.74pB/Cu. 0.66uB/Cu, 0.40.B/Cu
0.19pB/Cu, 5 5 15 2| (% fix K # % 0.74uB/Cu H
Herng % A\ 15 2 /9 25 S K (H/N T HE (E 1. 00pB/
Cu. B 0 4 1 368/ T BE 2 b 40 oK 4 Rk 1 7R i 51 k2
F4) 55 AL [B) ) AH B A At & 5 R BAR M R4 . i Cu
B2 13N, Cu i 7 4% 5 Bl 22 38/ J2& B i 48 Y Cu
Ji - [v) ) B Ak AF B A G it 0 5 L L X 5 R I 1 B
WFFE 45 B — " N Zn, - Cu, O A HIE B R s nf
F . Cu J5 T8 A X 07 B 2R G50 G PE T 2 R Y
uﬁ[le»lﬂ'

4 A AN AR ARG R R LR S OB R L
MR TR . T 34k Cu 828 ZnO 4K 2544 1) = T 4k
WL AR IR L FRATXS Zng o5 Cug 0O FESS T XPS 230 #7
XPS iEE WK 5 frw. B g A Zn,Cu,O,C 4 Ffhig
BB IR R 0 U A e B LAt 4% A RIS S

Bl 3 (a) Zng.osCug.o0 O YKL T B K5 BF TEM [ ;5 (b) Zng.o6 Cug.0s O
YK KL F 11 5 43 BF TEM [

Fig.3
nanoparticles; (b) High-resolution TEM micrograph of Zng g-

(a) Low-resolution TEM micrograph of Zng.¢s Cug.00 O

Cuy., O nanoparticles

Kb Zn, - Cu, O B BR M PEA 2 b FE At 2% AR 51 & /9.
HI 1 5 B4 AT LU Cu Jo &R A A 1623 31 2
932.90eV ) Cu2p3/2 & H1 952. 76eV 1y Cu2pl/2 &,
ENIXE Cu g+ 1 A+ 2 ARG & wae
ULRGE ) Cu i Cu'' Fl Cu®' IR G M. Cu'' (3d"
4s") Y 3d BLIE I A A - DR IO A B Bk TE B AT BT
K 5 TATRE e B CuO 2 STk R 10 L B X R S Y
BREGVEAR — E R .

0.8

0.6

0.4
0.2

® x=0.01

-0.41 0 x=0.02
06| = x=0.03
] » x=0.04
-0.8 s s
210000 —5000 0 5000 10000

H/Oe

B4 Zn;-,Cu,O(x=0.01,0.02,0.03,0.04) (% M-H %%
Fig.4 M-H relation of Zn,-, Cu,O (x = 0.01,0.02, 0.03,
0.04) at room temperature



2258 e

{ZS

2,
e

1% %29 &

2
1=

2| %0 o o o ZnLMM
‘7 Binding energy/eV ]

8

= 2z

= o

400 600 800 1000
Binding energy/eV

0 200

5 Zng.osCug.04O Y XPS i &l
Fig.5 XPS spectrum of Zny.¢5 Cug.00 O

Wt BT, I ATTHE Cu B2k ZnO YKk g5 1 5
o B R R M 5 4 D T R R 2% IR TG G T S LA B 1)
PEJTT . H FT G T4 021 S AR R 4k M AR U 1 o R 2 2
AW R . —Fp i Coey 55 A2 th 19 1 T 8% 24 it 3 2% T Ag
TR 33 A 50T 2 Y OR A g — S B b s B B G
T B G R U % A AR D R S T A5 3 1Y 2k
PG . Iy — Tl fife TR Ak 7 A B AR P F0OBUAR EAE T ) % Ak A
B, FEGE TR TR A B A 3R s R
(1 e K i 1 AR SE B TR Cu 4824 ZnO fifi Cu iF A
ZnO § %51 T Cu i 3d BEHF 5 ZnO 4 (O-p 1)
ZIE ) p-d Z4Ab 7= A TR, BB T B 1 )
TE n BB 2 ke AR T Zn 25 037 0] BE X R Lk
MRS T —EERErEN.

4 ZEig

FRATFH A R B R R ) A A R R A A T —
R Zn, -, Cu, O B il FRGUKRAL T . XRD 251 %
Bl Zn,_,Cu,O KB —F) ZnO L 5E5 458 , 1 1 ) i 2%
FEB Zn, ., Cu,O(x=0.01,0.02,0.03,0.04) HA7 %
TR REE S B Cu 18 2% 1 (14 388 Jin 51 6 ek /N . 4 A 45
FH] Zn, ,Cu,OCx=0.01,0.02,0.03,0. 04) [ 4k i ¥4
50 U 4 U B FL b 2% SRH TG 5% R i SRy R S AR R R
M.

[ 1] Dietl T,Ohno H,Matsukura F,et al. Zener model description of
ferromagnetism in zinc-blende magnetic semiconductors. Science.
2000,287:1019

2]

£3]

[4]

L7]

[8]

L9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Hsu H S,Huang J C A,Huang Y H,et al. Evidence of oxygen va-
cancy enhanced room-temperature ferromagnetism in Co-doped
ZnO. Appl Phys Lett,2006,88:242507

Liu X C,Shi E W,Chen Z Z,et al. High-temperature ferromag-
netism in (Co,AD-codoped ZnO powders. Appl Phys Lett, 2006,
88:252503

Kane M H,Shalini K,Summers C J, et al. Magnetic properties of
bulk Zn;- ,Mn,O and Zn;-, Co,O single crystals.J Appl Phys,
2005,97:023906

Liu L Q,Xiang B,Zhang X Z.et al. Synthesis and room tempera-
ture ferromagnetism of FeCo-codoped ZnO nanowires. Appl Phys
Lett,2006,88:063104

Liu Xiaoxue,Lin Fangting,Sun Linlin,et al. Doping concentration
dependence of room-temperature ferromagnetism for Ni-doped
ZnO thin films prepared by pulsed-laser deposition. Appl Phys
Lett,2006,88:062508

Herng T S,Lau S P,Yu S F.et al. Magnetic anisotropy in the fer-
romagnetic Cu-doped ZnO nanoneedles. Appl Phys Lett,2007,90:
032509

Karmakar D, Mandal S K,Kadam R M.et al. Ferromagnetism in
Fe-doped ZnO Nanocrystals: Experimental and theoretical inves-
tigations. Phys Rev B, 2007,75:144404

Wolf S A, Awschalom D D, Buhrman R A, et al. Spintronics: A
spin-based electronics vision for the future. Science, 2001, 294 .
1488

Wei M, Braddon N, Zhi D,et al. Room temperature ferromagnet-
ism in bulk Mn-Doped CuzO. Appl Phys Lett,2005,86.:72514

Ye L H,Freeman A J,Delley B. Half-metallic ferromagnetism in
Cu-doped ZnO: Density functional calculations. Phys Rev B,
2006,73:033203

Huang L M, Rosa A L, Ahuja R. Ferromagnetism in Cu-doped
ZnO from first-principles theory. Phys Rev B,2006,74:075206
Sudakar C, Thakur J S, Lawes G, et al. Ferromagnetism induced
by planar nanoscale CuO inclusions in Cu-doped ZnO thin films.
Phys Rev B.2007,75:054423

Herng T S,Lau S P.Yu S F,et al. Origin of room temperature fer-
romagnetism in ZnO:Cu films.J Appl Phys,2006,99:086101
Sato K, Katayama-Yoshida H. Material design for transparent
ferromagnets with ZnO-based magnetic semiconductors. Jpn J
Appl Phys Part 2,2000,39.:L555

Park M S,Min B I. Theoretical search for spintronic and electro-
chromic device materials based on Li-intercalated transition-met-
al-doped anatase TiOz. Phys Rev B,2003,68:224436

Chien C H,Chiou S H,Gao G Y,et al. Electronic structure and
magnetic moments of 3d transition metal-doped ZnO.J Magn
Magn Mater,2004,282:275

Shim J H,Wang T H.Lee S.Origin of ferromagnetism in Fe- and
Cu-codoped ZnO. Appl Phys Lett,2005,86:08250

Coey J M D, Venkatesan M, Fitzgerald C B. Donor impurity-band
exchange in dilute ferromagnetic oxides. Nat Mater,2005,4:173
Calderon M J,Sarma S D. Theory of carrier mediated ferromag-
netism in dilute magnetic oxides. Annals of Physics, 2007, 322
2618



%11 X HIESE . CudBde ZnO JOKRE I = IR BRI 2259

Room Temperature Ferromagnetism in Nanostructure Cu-Doped ZnO"
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Abstract: A series of Zn;-,Cu,O (x =0.01,0.02,0.03,0. 04) nanoparticles were synthesized from Zn nitrate and Cu nitrate reduced
by citrate. X-ray diffraction (XRD) shows that Zn, , Cu,O samples are single phase with ZnO-like wurtzite structure. Magnetic
measurements indicate that Zn;-,Cu,O (x =0. 01,0. 02,0. 03,0. 04) are ferromagnetic at room temperature. XRD, transmission elec-
tron microscope (TEM) analysis,and X-ray photoelectron spectroscopy (XPS) reveal that no ferromagnetic-related secondary phase
was detected. The ferromagnetism in Zn, -, Cu, O(x<<0. 04) is intrinsic.
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