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The study of electro-optical properties of nanocomposite ITO thin films
prepared by e-beam evaporation
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Indium-tin oxide thin films are deposited on sods lime glass substrates using e-beam evaporation system. In order to improve the structural
electrical and optical properties of the films, these films were annealed in vacuum and different temperature. The structure, sheet resistanc
and optical transmission of the films were systematically investigated as function of post annealing temperature. It has been observed tha
the films take its maximum transmission and conductivity at annealing temperatut€.4De XRD and AFM analysis reveals that the
amorphous films were oriented {p22) crystal texture direction with size of grains about 35-40 nm.
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1. Introduction position steps and one can improve these properties by post
annealing after deposition [16].

Indium-tin oxides are the most widely used transparent con- In this work, Indium-tin oxide thin films are first de-

ducting oxides for flat panel displays, primarily because theyosited on sods lime glass substrates by e-beam evaporation

have high optical transmittance in the visible region, highin room temperature and then annealed at different temper-

electrical conductivity, surface uniformity and process com-ature. The structural, electrical and optical properties of the

patibility [1]. Indium tin oxide (ITO) films are transparent nanocomposite ITO films have been studied in different an-

electrical conductor used for optoelectronic devices becausgealing temperature.

they have low resistivity and high transmittance in the visible

region with an n-type degenerated semiconductor and a widﬁ .

energy band (Eg- 4 eV) [2]. Sn-doped IpO3 (ITO) is of . Experimental method

great importance in technology and is widely used in elec- i .

tronic and optoelectronic devices due to its excellent electro--rhe ITO films were prepared by electron evaporation on glass

optical properties such as high electrical conductivity, trans-SUbStrate at room temperature using an ITO target composite

i 0, 0, 0, -
parency to light, high substrate adherence, good hardnes%f mixture of 90 wt% InOs and 10 wi% Sn@99.99% pu

and chemical inertness [1-3]. ITO has the same two crys['fy' The glass substrates were ultrasonically cleaned in an

tal structures as pure s [4], the bixbyite structure and the acetone and de-ionized water before depositions. The films

X i . i

corundum structure [5]. Compared to the ITO with bixbyite Vﬁri dref)OSI]:[%dZatn?n?asifrt)r?sdsurexi);B; trorr with tc:1eplo .

structure, the ITO with corundum structure has some advarp 1on rate ot U.c Nms. er deposition process, he layers
were annealed in different temperature for 1 hour.

tages such as higher specific gravity, higher green density, h ; hol f the thin fil |
and more stable conductivity [6], which are favorable for its € surface marphology o the thin mm samp’es on a
small scale was obtained using an atomic force microscopy

applications. Among all of the investigations on ITO, the re- ) X .
search on its thin films has been the most interesting issue fcng'_:M) |_nstrum_ent n cc_)ntact mode. AFM image were ac-
ired, in ambient air, in constant force mode and digitized

several decades due to the applications in various fields su 10512 % 512 pixels. A variety of ired at
transparent electrodes for display devices, transparent coeg1 0512 PIXEIS. A variely of Scans were acquired at ran-

ings for solar energy heat mirrors, windows films, etc [7-9]. om locations on th? f!lm surface. To analyze the ,AFM im-
ages, the topographic image data were converted into ASCII

To _sat_isfy the requirements of the wide applications Ofdata. To determine the structure of films, the XRD measure-
ITO thin films, a lot of research efforts have been made O ent were performed using a Seifert with Cu-Kadiation
the preparation of ITO films, and various manufacturing teCh'waveIength = 154 A). A Varian-Cary system 500 UV-

niques such as reactive electron vaporation [9], D.C. angis-NIR spectrophotometer was used to determine the optical
r.f. magnetron sputtering [10,11], reactive thermal depos"transmission spectra

tion [12], laser ablation [13], spray pyrolysis [14], and sol-gel

process [15] have been successfully developed. Especially in

recent years, the sol-gel method has been considered as 0Be Results and discussion

of the best available processes, and has been fully investi-

gated. It has been seen that the structure, electrical and opigure 1 shows the effect of annealing temperature at@00
tical properties of the ITO films are strongly affected by de-for 1 hour on crystal structure of the ITO films. It could be



206 M. FARAHAMNDJOU

(222)

(212) (400)

(Intensity (a.u)

r T T T

20 30 410 50 60 70
7 theta (deg,) FIGURE 2. AFM images of ITO film after annealing at 400

FIGURE 1. XRD spectra of ITO films (a) before and (b) after an- yransmission increases. In fact increasing the carriers cause
nealing at 400C. to increasing the scattering and then decreasing the trans-

seen from the Fig. 1(a) that the XRD pattern of as—depositemss'on' Ip fapt, |nd|u'm OX'd.e. containing intrinsic oxy
A ; en vacancies is an anion-deficient n-type conductor where
ITO film is amorphous. After annealing at the temperatur S
. o ... the oxygen vacancy population limits the electron concentra-
of 400°C the ITO films show the XRD peak with intensities tion. This deficiency persists the growth conditions, at high
of the five major peaks, (211), (222), (400), (440) and (622), 2" yp 9 -athig

These picks show the cubic structure [17]. The CWS,[a"itytemperature. With tin doping a charge imbalance is created

increases as a function of annealing temperature. The XRBue to the different valences of indium and tin. The charge

results show that the intensity (222) peak is higher when th|mbalance can be compensated by incorporation of intersti-

ITO film annealed in vacuum at higher temperature. Th(§al oxygen atoms or/and oxygen vacancies. Tin cations and

structure of ITO film is rearranged by heating process anénterstltlal OXygen anions .can form clusfter defects. i
amorphous ITO film is then improved crystalline structure, '€ standard atomic planar distance of 222, is
due to annealing processes. The intensity ratioefllg of ~ 9222=2.921 A for ITO films. In table 1 it can be seen that
ITO powder is about 3.33 [18]. atomic planar distance (_3f 222 is more than stan(_jard value
According to Table I, the amorphous films are originatedPefore and after annealing. It shows that there is a stress
in (100) texture direction before annealing and the films arel the layer which cause to a strain in the film because of
originated in(222) crystal texture direction after annealing. N2t €xpansion difference between glass substrate and ITO
Especially the intensity ratio o4/l is too low at temper-  IMs [19]. - According to XRD analysis with sheerer for-
ature of 400C and the films are originated if111) texture ~ Mula [20] and also with AFM picture the size of ITO grains
direction. As you can see from the table 1 the sheet resistan@¥® Measured about 20 nm (#00) direction and grains are
and optical transmission of the films is optimum in temper-d€términed about 27-35 nm {822) direction at 400C.
ature of 400C. The electrical conductivity is related to the ~ Figure 2 show the AFM images of ITO thin films de-
number and mobility of carriers. In case of ITO grains whenPosited on a glass substrate on the as-deposited film and after
Sn atoms are substituted to indium atoms, an extra electropnealing at 400C. The size of ITO grains is about 35-40 nm
is injected to the atomic structure as free electron. Thereln (222) direction.
fore oxygen vacancies add two free electrons to the structure Figure 3 shows the UV-Vis-NIR transmission spectra be-
and it increases the conductivity and decrease the sheet resfere and after annealing at 400. It can be seen a decreasing
tance. On the other hand by increasing of the crystallity ofin transmission in near IR region because of increasing of the
the ITO films the light scattering decreases and the opticatarriers after annealing process [21].

TABLE |. Electro-optical and structural properties of ITO films.

Annealing boa/l400 Atomic Planar sheet resistance Transmission
circumstance Distance (222) (%)
Without annealing Amorphous Amorphous 17 23
200°C 0.13 2.981 300 82
300°C 0.50 2.980 91 81
400°C 0.33 2.955 16 85
450°C 0.66 2.960 44 85
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FIGURE 3. Shows the UV-Vis-NIR transmission spectra before and
after annealing at 40@. It can be seen a decreasing in transmis-
sion in near IR region because of increasing of the carriers after
annealing process [21].
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Conclusion

The structural, electrical and optical properties of the
nanocomposite ITO films on sods lime glass substrates were
studied in different annealing temperature. The results reveal
that the size and crystallity of the ITO grains increase with an-
nealing temperature and the films are oriente(R2) crys-

tal texture direction at optimum 40Q with size of 35-40 nm.
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