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THEWRX (XPS) W& T AE T TR, HLS-
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1 MG XRD BT 503 8RR SR H R

FEA D/nm d(002)/nm d(101)/nm a/nm ¢/nm

ZnO 19.66 0.2605 0.2475 0.3250 0.5210
Zng.95Nip.050 30.54 0.2597 0.2473 0.3247 0.5194
Zng.945Nip.05Feq.0050 23.53 0.2598 0.2472 0.3244 0.5196
Zng.94Nip.05Fe0.010 18.64 0.2599 0.2473 0.3243 0.5198
Zng.92Nip.05Fep.030 21.75 0.2601 0.2473 0.3244 0.5202
Zng.90Nip.o5Feq.050 24.33 0.2602 0.2473 0.3247 0.5204
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Kl 4 & Zng.g5_Nig.osFe,O (z = 0.01, 0.03,
0.05) # MBS X 2ok i 7 g i, Kl 4(a) B
o R L A6 R IR N 2pg 0 U 53 A T 45
fiE 855.545 eV, 854.778 eV 1 854.771 eV 4b. 5 Ni2+
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A7 710.75 eV) Fl Fet* (Fe30y4) [ (Fe 2ps o
WA T 711.20 eV) AL, X+ FesOy, kM
P 2, — AW T Fe?t & +2 1, WAk
T FedT I +3 4, L FesO4 1 & A& B FeO
5 FeoO3 A AL W, W K75 K FeO-FeoO5. Al

1 854.771 eV (a)

\
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I 1 ' I 1 ' 1
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3600
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fE & > 0.03 I, i AR AT HEAT i Fe3O4. FEA
SE R, Fet 1l fE i AR R kO
F1 Fe ™ & 7 25 1 I A A

34 HmBIACEES

K5 2 Bk % K 8 325 nm K,
Zno.95_5Nig.0sFe, O (z = 0, 0.005, 0.01, 0.03, 0.05)
W) PL P W%, BT A RE S OW Bk e
“h 400 nm (3.10 eV) 5 4h ey, LLIEA 420 nm
(2.95 eV) F1 484 nm (2.56 eV) A FF L ) i Y XL 717
PL & LL 530 nm (2.34 eV) A A SR KOG, B
%% Fe Ji, ARG, W6 R0 RN 4 6 0 (R4 B 34
B A, HEROGR RIS Fe 2% & 138 I, 4
BTN, AT 0L, 3E & ) Fe #5240 LU ZnO 3
JEL R AR FEE

1900 7 (b)
4 711.260 eV
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4200 7 855.545 eV
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1700 \\
1500+
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1 7. 90Nig.05Fe.050
13004
T 1 M Ll ' 1
17007
7] 711.110 eV
16004
" ]
£ ]
= 15001
:z -
2 14004 Fe 2ps)s
® ] .
@ 1300 Zmng 02Nig.05Fe0.030
ﬁ T v T ¢ T v 1
8007
n 711.276 eV
7807 \
760 1
- Fe 2P?,/Q
740 1 Zmng.94Nig.05Fep.010

g T v T T T T 1
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LEERE/ eV

[ 4 Zng.g95—2Nig.05Fe;0 (z = 0.01, 0.03, 0.05) #i 1) X L& ETHENE  (a) Ni2p 9 X Sk 6l T HE 1S (b) Fe 2p

19 X A2 e T

ML S, w]DUE B A R GIEAT T 400 nm
BT, A D810k i% 04 8 T ZnO 15 A HE K&
S, G RIAE 18] R REL S S L 400 nm ke
(V2L A, AT TIA A IG5 T L ph 3 T i 3
L (Vi) SRFERE M ERIT. X T4 ROCHLEE, %

A A RN L — 4 5 et A
B, BT S A B, =R kA
TR . BATAIE Z00 2 FLBEH BF 5
FEREL SOHCT 82 A B 6T B BERS D T B5, T
VBT B T 25T SR K T4 B .
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Kl 3 1 400 nm AL ISR AN ROGIE ) RE R 3.10 eV, Lb
AT (3.37 eV) H/, P LAFRATTIA A I 2R A M)
T HE 4. 4 400 nm 1% OGS EERE Fe 1
Bk TG N SE K PN, BATTIA R IX & i T Fe
(145 2 50 T MBS 1 e B A 55 R &8 BT i, AT 2
TR TIMRE, e 2 P BT R 1 .

WK 5 1R, 866000 H BLZE 420 nm (2.95 eV)
F1 484 nm (2.56 V) P T W5 ' XE 1 A 6 3 i Bl
# Fe #5245 IIG INAC38 X5 B W, 2 2 = 0.05
i, LR f N, s N 90 R A ik bk
ZEPIE Ik, W ZnO MR AL (Vo)
HAEN (Vo)s BEHEBR (Zng). AR (0. FI4
AL (Ozn) 55 LN R IE B8 2. FRATT S 56 b W %2 2]
] 420 nm Ab#E YR I RE R A 2.95 eV. R4
A 2 FPE T A BV AT (Zn,) TR
Jith e R BN A T BEZR 22 2.9 eV, Tl Ik £
B (Oy) ¥R ERER M Re g 2= 0 2.97 eV, B
Bt (Zny) BRBEBELL BT TG BE B 25 4 2.87 eV, #6
LI IRATI S BIH 420 nm AL K6 g AT
B, 420 nm AW R VA% S EEEEAL (Zng)s B
JARR (Zny) FEIARR (0) K.

7ZnO

120 Zng.04Nig.05Fe.010
" Zmng.92Nig.05Fe0.030
3
S 80 7ng.05Nlig,050
o
E 7mg.045Nig.05Feq.0050
) Zng.90Nig 050 050

B 5 ok KR 325 nm [ PL i

484 nm A WG R OGIE R BERE R 2.56 eV, F H
HA 1k, R LB BEAT I8 il I E AR B 4 P4k 1
Z HmTE TR FAF BB (Zn,) Wt HEZ 2
BERAL (Vi) ¥RZ L RERIM B 220 2.6 eV, BFHE
B (Zno) Vi 3 BE K BN E AR (O)) 1&3Z FRE I
RER 224 2.5 eV, #H FRATTL 5 O 52 21 1) 484 nm
AR WS R R e AL, W RGBT g S A A
B (Vo) F1 2R, AL (Vo) LEAT B ™ A AN It 1=
Regl, H— kit FRegl, 7 T34 F 0.3—0.5eV

Ab 2O L R REL, 0T SN 1.3—1.6eV
Ab. JFITLL 484 nm (2.56 eV) BT (1 ' 77 th T g
H A BT (Vo) il 32 RE R BN BE AL (Vi) 52
BEZR I IRIT (2.57 eV), B AL (Vo) M = AE
AR (0y) 2 EREHINE A (2.47—2.67 eV).
JT LA 484 nm [ WO K5 BERE AL (Zn,) BESS
B (V) AL (Vo) R (0y) £7 5.

15 A Ni, Fe 34 22 )45 UL F, Ni, Fe Jit
FE BRI Ni2t, Fe?t. Fe?t %518 A7 7E, Fe?t
42 (0.074 nm) Eb Zn?T [ 4% (0.72 nm) K,
7E ZnO MR 32 22 DU AT 2% BUAA AR, Ni2t [
1% (0.68 nm) 1 Fe3T [¥)2F-4% (0.064 nm) #Btt Zn%t
242 (0.72 nm) /N, 7€ ZnO 5 A 1] 58 DL A7
3 2% A B X A A IS A AR 24 = 0.01 I,
Fe 1 fE LA Fe?t & 7B ZnO & #%, T2 ik
B fr A g R B AR Zn2t S E0 T AL S b B
B (Zny) i B 09 B2 38 0, T 5 S08 60U &
ik, B Fe 524 B 4RSI N, ZnO I EEAS
P (V) SEBEAE BEAK, BT RS Fe?t A ZnO
e A% TE B R 28 T, AEEEIEBR (Zng) kb, X 33
T WGV R R K. T ZnO R T
PRI /NS T 1A%, T DUAUES 1T SRR (1) A 2R
RN, HLAR I BSURVERS A o5 0 B 1 TR BB 2 v, MR
DA E AR T2 18 U KRGS I 5 o0 #,
JERUEE AT BEAE FH T LT BRI BR (Zng) BRBF RE LR 3
s IO R BA B B A (Vo) T 3= i 21 3 e
TR (V) 52 1 RES I BRIT T 2L

SRR OGRS IR H AT R 2, EELsk A Dol
K 530 nm S0 HL T AT (Vo) iR Reg 2
BEAT. (V) BB RS IO RAT 5 1. — gk (2223
NGRS T 5 I RS 7 (Ogy) B RES
PIERIE. R ALt 2 a7t 545 2 3o
JE AT (Ozy) SRBFARE I REL 20 2.38 eV. IX
L ¥ 530 nm A SOGIRIRAE R & (2.34 eV) &I
FHIE . ARTEASZIG T, % I S4B 2R BE AN i,
A R R B TR R AR e, T ABRAT I AU
P (Ogy) BRBARELDL T B GR I T RETEAR /N, X
T-530 nm(2.34 eV) ARG, JLoR AR Fe
BRI KE /DN, ¢ = 0.01 48R
S, > 0.01 IR ARG B 55 SL 5 i 72 v,
b4 Fe 5% = 136 N, K1t Fe Jii 7 LA Fe?T & 1JE
KR T Zn2F, HEESAL (Vi) B FEHR BEBEAR, 1
BENT (V) 100, W25 53048 6 KOG T B
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XS AR W EI 2 = 0.01 B4R
U F ik, & > 0.01 W46 R 6 IR IS MBS AN FF. fir
PAFRATTIA A R S T 1 A AT (Vo) it =
RES BIBE AL (Vi) 1R EREDIMIRIT. FRATTI 45
FARW, ZnO: Ni I 1R A e PR vT LLE I 15 Fe
BT LAFE . 28R R ) ' 2 R 2 11 TR 3%
WHIRZ, XEHAG R — TR,

4 % i
K8 e vk ) £ 7 46 ZnO I Ni &% &

N 5%M) Ni, Fe 3£48 Zng 95—, Nig.05Fe,0 (z = 0,
0.005, 0.01, 0.03, 0.05) # fi£. F| Al SEM, XRD

A XPS I3 #r T IR it (1) 2 10 350 S B Sl T
FE KBNS IR E THIENT Zn0 15 4%, BT
P il £ 2 T RORE 3 AR 39 20, HELAT ¢ BRI ),
H. ZnO I EHBAT A5 % B T HOR. 3E 24K Fe
AT IRAFECE . ST, JF AT BLgGE ZnO
ey k. T 566 0 K A B, B AR
(1) PL P b AR LR L TSR A RO Al, e RO K
26RO, ZnO: Ni JER AR A0 B2 ] LU i Fe
BAATAROR . XA AT T o, A
HNEIE T I T 2, Fe (B2 1 HERRRE ol rh B
SR BSURVER 20 (67 R o (R, AT Y T S B 08 1)
R E. ol b S A B A A R B RE SR 3 2L
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Abstract

Zng.95—Nig.osFezO (x = 0, 0.005, 0.01, 0.03, 0.05) thin films are fabricated on the glass substrates by the sol-gel method.
The surface morphologies and crystal structures of the films are investigated using scanning electron microscopy (SEM) and X-ray
diffraction (XRD). The results reveal that preferential orientations are all along the (002) direction in all films. the qualities of ZnO:
Ni films for low or high Fe concentration become worse, the crystal grain sizes of ZnO: Ni film are reduced, but moderate Fe doping
seems to improve the film quality. XPS results reveal that Ni elements exist as Ni>T, and Fe elements exist as Fe>™ and Fe3T. Strong
ultraviolet emission peaks, blue double emission peaks and green emission peaks are observed in the photoluminescence spectra of all
samples at room temperature. It is found that the PL intensities of (Ni, Fe) co-doped ZnO films could be well modulated by Fe doping.
In combination with other reports, we think that the ultraviolet emission peaks are due to exciton recombination; while the blue double
peaks are caused by transition of electrons from the zinc interstitial to the top of the valence band or from the oxygen vacancy to the

zinc vacancy. However, the green peak is highly dependent on oxygen vacancy and zinc vacancy formed by doping.
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