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Microstructure of ternary Zni- » Cd: O films on silicon substrate
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Abstract: Ternary Zn,-.Cd. O alloying films were deposited on silicon substrates by a reactive magnetron sputte

ring method. The structures of the films were characterized by transmission electron microscopy( TEM) and X-ray

diffraction ( XRD) analysis, respectively. The XRD measurement shows that the wurtzitetype structure of

Zn;_ ; Cd: O can be stabilized up to Cd content of x= 0. 53 without a cubic CdO phase separation. The TEM measure

ment shows that the films have a columnar structure and the grains are highly ¢ axis oriented perpendicularly on sili-

con substrate although some grain boundaries are slightly tilted. High resolution TEM observation indicates that a

native layer of amorphous SiO; exists at the ZnCdO/ Si interface and that ZnCdO grains with ¢ axis preferred orienta-

tion nucleate directly on substrate surface.
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1 INTRODUCTION

Wide and direct band gap semiconductors have
gained substantial attentions due to their potential
applications in short wavelength optoelectronic de-

™41 7Zn0 is a II- VI semiconductor of a hexa

vices
gonal wurtzite-type structure and exhibits attrac
tive properties with a direct band-gap of 3. 3 eV
and a large excitonic binding energy of 60 meV.
Therefore, ZnO is considered as an important lu-
minescent material. Furthermore, the band-gap of
Zn0O can be modulated by means of alloying with
CdO to widen the useable wavelength range' ™™ .
CdO has a cubic structure with a narrower direct
band-gap of 2. 3 eéV. Therefore, the luminescence
of ZnCdO alloys can cover green, blue to ultravio-
let light spectra.

Several techniques were attempted to deposit
ZnCdO alloying films, such as sol-gel'®, spray py-
. molecular beam epitaxy!” and pulsed
(219" " However, the crys-

rolysis'”
laser deposition methods
talline quality of reported ZnCdO alloying was not
satisfying due to the fine crystalline without pre
ferred orientation. Since the optical and electrical
properties in the device applications essentially de
pend on the quality of the films, detailed knowl-
edge of the microstructure of ZnCdO film is re
quired for improvement in crystal quality and for
device applications.

We have successfully deposited ternary Zni- .-

Cd. 0(0 <« 0. 53) alloy films by reactive magne-

tron sputtering method''"'. In this paper, we focus
on the microstructure of ZnCdO films on silicon
substrates.

2 EXPERIMENTAL

Ternary Zni-. Cd. 0 (0 S<x 0. 53) alloying
films have been prepared by reactive magnetron
sputtering method on Si(111) in argon and oxygen
mixture gas. Zinccadmium metals with varied ra-
tios were used as sputtering targets. The sputte
ring current and sputtering voltage were 0. 2 A and
200 V, respectively. The specific flux of argon and
oxygen was controlled at a ratio of Ar to O2 of
1. 4, and the total pressure were maintained at
4.0 Pa. The substrate temperature was 450 TC.
The deposition time was 30 min for each sample.
Details of the growth processing have been de
scribed elsew here!'™ "

The crystal structures of the samples were in-
vestigated by X-ray diffraction ( XRD), where a
Cu Kqo( 2= 0. 154 056 nm) source was used. Micro-
scopic characterizations were performed by trans-
mission electron microscopy (TEM) in cross-sec
tion and plan-view geometry using a PHILIPS
CM 200 microscope operated at 200 kV. TEM spec
prepared by
thinning procedures with a precision ion polishing

imens were standard ion-beam
system at an ion acceleration energy of 4 keV. For
plan-view observations, the silicon substrate was

milled by Ar ions mainly from the backside and
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then the top surface of ZnCdO was slightly milled
so that the observed ZnCdO region of TEM sample

was near interface.
3 RESULTS AND DISCUSSION

The XRD patterns of Zni-.Cd. O(0 <« 1. 0)
films are shown in Fig. 1. For x <0. 53, the film
exhibits only (002) Bragg peaks from hexagonal
wurtzite ZnCdO without CdO phase, which indi-
cates that wurtzite structure of the grown films is
stabilized and that the ZnCdO films are of nearly
complete caxis orientations. For further increasing
the Cd content up to x= 0. 77, the film shows two
Bragg peaks. One is the (002) reflection from hex-
agonal wurtzite ZnCdO phase and the other is the
(200) reflection from cubic CdO phase. Due to the
coexistence of hexagonal ZnCdO and cubic CdO,
the intensities of the Bragg peaks decrease greatly
with broadening full width at half maximum
(FWHM), which suggests that the crystallinity is
reduced dramatically for film with the Cd content
of x = 0. 77. For the pure CdO film, only the
(200) peak is observed. For the samples with x= 0
to x= 0.77, the corresponding lattice parameters ¢
calculated from the (002) peaks are 5.229 A
5.235 A 5.244 A 5.247 Aand 5.253 A respec
tively. The lattice parameters increase when Cd
content increases in hexagonal wurtzite structure.
It is contributed to that smaller Zn(with ionic radi-
us of 0.74 A) is substituted by larger Cd(with ion-
ic radius of 0.97 A) .
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Fig. 1 XRD patterns of Zni-.Cd.O(0 < <1 0)
films deposited on Si(111) substrates at 450 C

Typical bright-field TEM image in plan-view
geometry from ZnCdO samples on silicon sub-
strate, shown in Fig. 2(a), indicates that the diam-
eter of grains is about 100nm in lateral dimension.
Fig. 2(b) shows its corresponding SAD pattern.
The diffraction spots of Si[ 111] zone axis and dif-
fraction rings of ZnCdO, {100}, {110}, {200},

{210} and {300} planes etc, which all belong to
[001] zone axis of ZnCdO, are observed. But other
low index planes of ZnCdO, such as {002}, {101},
{102}, {103} and {112}, are absent, suggesting
that all grains of film have a preferred caxis orien-
tation perpendicular to substrate surface. This is in
agreement with the results of XRD pattern.

N

Fig. 2 Plan-view bright-field TEM image( a)
and corresponding SAD pattern(b) of
ZnCdO film on Si( 111)

Fig. 3 shows a plan-view high-resolution trans-
mission electron microscopy (HRTEM) image of
ZnCdO film. It shows that three grains, A, B and
C, are all in a projection near [ 001] orientation and
rotate each other around caxis. The Moire fringe
between grains indicates that adjacent grains are
overlapped, so that some boundaries are slightly
tilted although the grains are all c-axis oriented.

Fig. 4 shows the cross-section bright field
TEM image observed along the [ 110] zone axis of
silicon substrate. It shows that the film is colum-
nar structure. The cross-section HRTEM micro-
graph, shown in Fig. 5, reveals an about 5 nm
thick amorphous SiO» interface layer which is a
random pattern typical for the amorphous phase. It
also indicates that gains with caxis preferred orr
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Fig. 3 Plan-view HRTEM image around grain
boundary taken in projection near

[001] zone axis of ZnCdO

Fig. 4 Cross-section bright-field TEM
image taken in projection near [ 110] axis of
silicon substrate

entation nucleate directly on substrate surface and
there is no small crystallite layer of other orienta-
tion near interface. Therefore, a highly caxis ori-
entation is generated from the initial stage of
growth. However, some planar defects are ob-
served in as-deposited film in Fig. 5.

In general, ZnO textured film can be grown
by an evolution of competition process of the sta
tistically oriented grains. In some depositing condi-
tion, small crystallites layer of ZnO with random
orientation grows at the beginning on substrate''*' .
It can be expected that [ 001] orientation of ZnO is
the fastest crystal growth direction since ( 001)
plane is densest. Therefore only caxis oriented
grains can survive while other grains will be sup-
pressed. Then caxis oriented grains become domi-
nant at top region of films. As a result, a small

Fig.5 Cross-section HRTEM image
taken in projection near [ 110] axis of
silicon substrate

crystallites region is formed before columnar grains
grow, which is not of good quality.

But in our work, all initial grains of films are
caxis oriented and there is no layer of small crys-
tallites with random orientation and the films are of
good quality. The caxis oriented ZnO film forma
tion from the initial stage of growth can be ana-
lyzed from the surface energy minimization consid-
erations. The ZnO has a wurtzite structure and the
(001) plane of ZnO has the lowest surface ener-
gy'"”'. According to the Wulff theorem, the (001)
plane will try to grow parallelly to the silicon sur-
face at thermodynamic equilibrium''". Therefore
only grains with caxis preferred orientation can
nucleate on substrate surface. However, the ZnO
film with completely caxis preferred orientation is
formed at the initial stage only if the deposition
condition is in optimum range of thermodynamic e
quilibrium.

The crystal quality of ZnO films with a small
crystallites layer is deteriorated and the inhomoge-
neities in small crystallites layer can strongly affect
the heterojunction properties'''. Therefore, it is
important to prepare ZnO films with good crystal-
line quality that the process parameters during de-
positing are adjusted in optimum range to achieve
the thermodynamic equilibrium condition, so that
only caxis oriented ZnO films grow directly on sil-
icon surface to prevent the formation of small crys-
tallite region. As a result, the better crystalline
quality with completely caxis preferred orientation
can be expected.

4 SUMMARY

In summary, ZnCdO films have been prepared
on silicon substrates by a reactive magnetron sput-
tering method. The films have a columnar struc
ture and the grains are highly caxis oriented. The
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grains with ¢ axis preferred orientation nucleate di-

rectly on substrate surface due to the minimization

of the surface energy and the crystalline quality of
film is of good quality. The results show that it is

important to control the process parameters in op-

timum range to avoid small crystallite layer in or-
der to deposit films of high quality.
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