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1 (MFPEM) FHI5B 2 Zno.osFo.020 HIE (a) XL S5AFB R TM T E M Zng.os—o TMzFo.020 HIE T
AFM BEl1%; (b) Cu, z = 0.02; (c) Ni, z = 0.01; (d) Mn, = = 0.05; (e) Co, z = 0.05; (f) Fe, z = 0.02

Fig. 1. (color online) AFM images of Zng.98—oT MzF0.020 thin films: (a) z = 0; (b) Cu, z = 0.02; (¢) Ni,
z = 0.01; (d) Mn, z = 0.05; (e) Co, z = 0.05; (f) Fe, z = 0.02.
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Fig. 2. (color online) XRD patterns of Zng.g8—zT MoFo.020
(T Mz = Cug.o2, Nig.o1, Mng.os, Feo.o2, Coo.05) thin films.
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R, B Zng 93 Mng.o5F0.020 7 5 R 45 fi P

RTS8 TR TM (Cu, Ni, Mn, Co,
Fe) $%Xf ZnO: F G AA LS K g, A 15
HTAEBEFEREES . NRITTUESR] F
HBE ZnO:F HAL M S H £ a, ¢ 4771108 0.3201,
0.5146 nm. Cu, Ni5 F 345 30 0 0 5% 5 4L
a, cEWF BB/, KRB ANIT, Cut FEF
124 5N 0.069, 0.073 nm, ZHS /N T Zn?t 2
#£0.074 nm, B ZnT J5 28 A% HORCN. M
S, BT 242 KA Mn?t (0.080 nm), Fe?+(0.078

nm), Co?*(0.075 nm) # A ZnO @A /N2 M)
Zn?*(0.074 nm) B, 2 f ks H 0GR, R AR
AR EEE R SRR D = 0.89M/(B cos6),
X DR EK R, BAY ST, 06T A,
AN X B 28 PR B K (0.154056 nm). 5 F 5 4%
Zng.9sF0.020 WEEAH EE, o Mn, F 34528 0 5
WUR RST /) (12.1 nm); Co, F 2R3 220 & 11
FRST 5K (26.7 nm); Cu, Ni, Fe 5 F 25445 4
BB RS KN LA ], 5 Bk AFM 45 A
—H

K1 R XRD T 3 ) 25 44 4
Table 1. The structure constants of ZnO thin films according to the XRD patterns.

Sample (002)/(°) d(002)/nm d(100)/nm a/nm ¢/nm D/nm
7Zng.96 Cug.02F0.020 34.96 0.2564 0.2763 0.3191 0.5128 21.0
Zng.97Nig.01F0.020 34.94 0.2566 0.2764 0.3192 0.5132 20.2

Zngp.98F0.020 34.84 0.2573 0.2771 0.3201 0.5146 25.2
Zng.93Mng.05F0.020 34.54 0.2595 0.2808 0.3243 0.5190 12.1
7Zn0.93C00.05F0.020 34.50 0.2598 0.2810 0.3246 0.5196 26.7
Zmno.96Fe0.02F0.020 34.46 0.2600 0.2815 0.3251 0.5200 20.8

3.3 HamH) X S8R T RER (XPS) 747

Bl 3 N Zng gs— o T M, Fo.020 T 5 FE 5 A AN [H
HE SRR TM (Cu, Ni, Mn, Co, Fe) [ XPS
K. M 3 (a) AT ELE H, Co 2pg /0 M 2py /o
W& 5743 I 7E 780.35 A1 796.02 €V, 12 15.67 eV. M
XPS Fft A LA E, 24 Co 351 L +3 Al 20 &
FAAET ZnO HEPI, Co 2ps /o 1 2py o BIZEAE 7T
M 15.05, 15.5, 16.33 eV, W it Co 1k 2
&R +2 5 +3 M 347, &3 (b) #n i Cu 2ps)0
F12p1 o I W A7 53 J3) 75 932.73 F1 952.31 eV, X 5
+14 Cu 2pg o M 2py o HIUEAH 932.7, 952.3 eV %
A2 R Py DU Cu L +1 4 724, B3 (c)
A LLE H, Mn 2ps/, I {H N640.9 eV, ZH S
Mn?* [ 2pg o 45 & REFF & AR 47 PO, B Mn Jg
FAEMM R 2 2 AR WES ()T
LAE i, Ni 2pg ) IE{H 855 eV, Z%MH 5 +1 41 Ni
2p3 /0 K455 HESDD eV AT B 3R IF, T WINiJT R
TE 2 UM FTER. WS (e) F AT LLE
#, Zng.gsFeq.02F0.020 i 5 AE 5 o Fe 2pg o U fiL
T-709.8 eV, M XPSF- M Al LA B AH A [F T

& J& Fe ¥ 2p3 0 45 75 BEVE AL 706.75 eV, HANFE T
Fe?t (FeaOg) ) 2p3 o & A BEUESL 710.9 eV, TR
Fe?t (FeO) 454 RGN 710.0 eV, A Fe JL R AL H
JEH LA -2 I A7 TE.

MO XPS Btk A (Wl 4 Frw), O 1s [
RE 2 ik AN KRR, 7550 R 45 G RE BRI 2R — ) I,
FWILERE S R TH A 8 MRS B 45
F 845 28 Zng.9sFo.0:0 HJE 5 AR5 28 TM (Chu,
Ni, Mn, Co, Fe) JG3 ] Zng o8 T M Fo.020 7 5
FEm O 1s5 ST G, KO Is A BL
=AME S, KA F (530.140.1) eV T2 H
ZnO A IR L] R A 223 BROA & A 4R (On).
H AL F (531.240.2) eV 10638 5 A N A2 B ZnO
s i PR U (R BRI Vo) Bl B3)) #k
NERFE4E (Op). AL THim 45 & RE (532.040.1) eV Ak
g E 25 7 (—OH) A X B2, R 0n. M
T2 u[ LA H F HAB 2R Zng 95 Fo.020 T 1 Ak
SRR B S IR L AETF] (Op /O, = 0.99), #
A Cu, Ni, Co, Fe J5#BEH ) Op(EERE Vo) HIL
KME FE BRI, B33\ Mn 5 B ) Op (22
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Vo) #I3EhT (Op/OL = 1.13), X5 XRD 145 #r Cu, Ni, Co, Fe 5 A ZnO:F y#i5 2 S BRI IR
SRR, Mn, F B ERT Zn0O &k B R AT BE 2 RN R AR iE A, 5 T8 6 1

= /= /7. =] =R e ] 34
T A7 72 KB AR SRR B T B 1 L o A o A v R THI R B — OH 1341,
T T T T 44000 T T T T
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_.é 780.35 eV é Cu 2ps3)» |
£ £ L3000l 98273V Gy
4 g 952.31 eV |
< 99000 <
ey ey
k= £ 42000
=] =]
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& =
96000 41000
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(e)
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94000

Fe 2p3/2

93000 709.8 eV
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91000
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Binding energy/eV

3 (MTIEEA) RE TMBICE Zng.os—o TMzFo.020 HE XPS  (a) Co, z = 0.05; (b) Cu, z = 0.02;

(¢) Mn, = 0.05; (d) Ni, z = 0.01; (e) Fe, x = 0.02

Fig. 3. (color online) XPS spectra of Zng.98—zTM;Fo.020 thin films: (a) Co, z = 0.05; (b) Cu, z = 0.02;

(¢) Mn, z = 0.05; (d) Ni, z = 0.01; (e) Fe, z = 0.02.

#2 Zng.ogFo.020 WS AEBI TM JCHRM Zno.og—o T M Fo.020 #EF O Al Zn JE K 1) XPS i
Table 2. XPS data of Oxygen and Zinc element on the surface of different Zng 9gg—T M.F0.020 thin films.

Sample OL(46fE/eV) Op(&&ft/eV) Oup(4fft/eV) Zn/OL(ETFHL) Op/OL(FETFI)
Znp.96Cup.02F0.020 530.0 531.4 532.0 1.13 0.11
Zng.97Nig.01Fo0.020 529.9 531.5 0 1.16 0.35

Zno.98F0.020 530.2 531.3 0 1.35 0.99
Zng.93Mng.05F0.020 529.9 531.2 0 1.65 1.13
Znp.93C00.05F0.020 530.0 531.1 531.9 1.15 0.25
Zno.96Fe0.02F0.020 530.1 531.5 532.1 1.09 0.24
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1s itk

(a) z =0; (b) Co, z = 0.05; (¢) Cu, z = 0.02; (d) Ni, z = 0.01; (e) Mn, z = 0.05; (f) Fe, z = 0.02

Fig. 4. (color online) The XPS spectra of O 1s of Zng 98— T MyF0.020 thin films: (a) z = 0; (b) Co, z = 0.05;
(c) Cu, z =0.02; (d) Ni, z = 0.01; (e) Mn, z = 0.05; (f) Fe, z = 0.02.
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Binding energy/eV

K5 (MTIRE) F 8B Zng.osFo.020 R & 5 AR S
i TM TG Zno.os - TMaFo.020 LN XPS F 1s Pl
Fig. 5. (color online) The XPS spectra of F 1s of
Zno.98—2TMzF0.020 (I'Mz = Cuo.o2, Nio.o1, Mno.os5,
Feg.02, Cog.05) thin films.

Bl 5 AR 4 )8 St = TM (Cu, Ni, Mn,
Co, Fe) 5 F B4 Zng g T M, Fo.020 T R 5
F 1s &S H T REH M XPS i, 7T 688.9 eV 16
LU BT F /0 1s A TR 4 B PO B
ALAEH, AT 1s 06/ FIE AR O
&K, XA AR 4 5d 500 °C HIIE K ALEE, F
T AR it

3.4 MHEELAFEST

K6 9 F 514528 Zing 9sF 0,020 WEFE ff S AN[A]
L4/ ICE TM (Cu, Ni, Mn, Co, Fe) 5 F Jti#%
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Abstract

Transition metal (T'M = Cu, Ni, Mn, Fe and Co)-doped ZnO:F thin films are deposited on glass substrates by
a sol-gel method through using ethanol as solvent. All the samples are checked by using X-ray diffraction (XRD),
atomic force microscope (AFM), X-ray photoelectron spectroscope (XPS), photoluminescence, UV spectrophotometer,
and vibrating sample magnetometer. The XRD reveals that Cu, Ni, Mn, Fe and Co occupy the Zn sites successfully
without changing the wurtzite structure of ZnO at moderate doping concentration, and no evidence of any secondary
phases is found. The AFM measurements show that the average values of crystallite surface roughness of the samples are
in a range from about 2 to 12.7 nm. The surface of ZnO:F thin film becomes less compact and uniform when ZnO:F thin
film is doped with TM ions. The TM ions are indeed substituted at the Zn?? site into the ZnO lattice as shown in the
results obtained by XPS and XRD. Further studies show that most of the ZnO films exhibit preferred (002) orientations,
while the best c-axis orientation occurs in Zng.93C00.05F0.020 film. However, the crystalline quality and preferential
orientation of ZnO film become poor in Zng.93Mng.o5F0.020. The optical bandgaps of all the ZnO:F films decrease after
doping T'M. All the samples show high transmittance values in the visible region. Strong ultraviolet emission and weak
blue emission are observed in the photoluminescence spectra measured at room temperature for all the samples. The
7Zmo.93Mng 05F0.020 film shows the weakest ultraviolet emission peak and strongest blue emission peak, corresponding to
the strongest ferromagnetism; while for the Zng.o6Cug.02F0.020 film, the strongest ultraviolet emission peak and weakest
blue emission peak are observed, accompanied by the weakest ferromagnetism. To determine the optical bandgap (Fg)
of TM-doped ZnO:F thin film, we plot the curve of (ahv)? versus photon energy (hv). It is found that the E, decreases
from 3.16 eV to 3.01 eV with the TM ions doping. We show the variations of saturation magnetization with the Vo
concentration for T'M-doped ZnO:F thin films with the different transition metal ions. In the case of Cu-doped ZnO:F
thin films, the ZnO sample shows that a weaker magnetism. ZnMnFO film exhibits well-defined hysteresis with a coercive
field of 7.28 x 10™° emu/g. Further studies reveal that these interesting magnetic properties are correlated with the
defect-related model for ferromagnetism. Our results will expand the applications of ZnO:F thin films in visible light
emitting diode, photovoltaic devices, photoelectrochromic devices, etc. Meanwhile, extreme cares should be taken to

control the codoping of ZnO:F thin films for tuning the magnetization.

Keywords: ZnO films, sol-gel method, optical properties, magnetic properties
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