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1 Introduction

Studying the microstructure of polycrystalline thin films by
means of X-ray diffraction on a common X-ray dif-
fractometer with a Bragg-Brentano goniometer we often
meet the situation when due to a very strong preferred ori-
entation of crystallites in a certain direction, only one dif-
fraction line can be observed. Its higher orders are often
very weak or cannot be observed at all.

In such case, one can obtain information about the
microstructure of thin film by means of a method proposed
by Langford [1], considering that the physical profile of
diffraction line can be described by a Voigt profile. In case
when both contributions of broadening of diffraction line
i.e. due to microdeformations as well as due to dimensions
of areas of coherent scattering can be described by the
Voigt pro ile, there is more convenient to use a method pro-
posed by Balzar and Ledbetter [2]. In their work, Balzar
and Ledbetter demonstrated that the results obtained by
means of a method proposed by Warren and Averbach [3]
express so called "surface weighted domain sizes <Dg>",
whereas the results of approximative methods express so
called "volume weighted domain sizes <D, >". The relation
between them can be expressed according to [2] as follows

<D, >

<D > :zﬁkexp[kz(l —erf(k))],

where

B.
fe=—=
JmB,

Therefore, in our work, we concentrated on a compari-
son of the three methods proposed by: (i) War-
ren-Averbach (WA), (ii)) Langford (L) and (iii)
Balzar-Ledbetter (BL). The conditions for the obtaining of
trustworthy results for the (WA)-method were described in
detail in [4,5,6,7,8]. Furthermore, the influence of disper-
sion on accuracy of the results as well as the recommenda-
tions how to reach the minimum of the total dispersion and
the constant dispersion of Fourier coefficients are demon-
strated in [9].

Using the approximative methods we found out that
the diffraction line cannot be correctly approximated
within the whole profile by one analytical function ex-
pressed by a mathematical formula. Therefore, we used a

combined method, where the top of diffraction line is ap-
proximated by a Pearson VII profile, whereas the tails and
the bends are not approximated at all [10].

2 Experimental procedure

In order to verify the individual methods mentioned above,
zinc oxide (ZnO) thin films deposited by means of reactive
diode sputtering in ZnO-A1,05-Al-Si0,-Si multilayered
configuration were used. The zinc oxide layer was about 5
pm thick and the other layers were about 0.1 pm in thick-
ness. More detailed information regarding the thin film
preparation can be found in [11]. Ceramic A1,0; from
NIST was used as an instrumental standard. The A1,0; dif-
fraction lines (104) and (030) were used as the standard
lines because they are close to (002) and (004) ZnO diffrac-
tion lines. The experimental data of (104) and (030) lines
are presented in Figures 1, 2.
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Figure 1. XRD-scan for (104) line of ceramic A1,0; used as an
instrumental standard

X-ray diffraction analysis was carried out on an auto-
matic X-ray powder diffractometer URD-6 with a Bragg-
Brentano goniometer, using a copper X-ray tube (A =
0.154178 nm). Preliminary diffraction patterns recorded on
the film indicated that the zinc oxide film is polycrystalline
and that there is also a very strong preferred orientation in
the [001]direction perpendicular to the substrate. That is
why we concentrated on the analysis of the (002) and (004)
diffraction lines. The data collection were done in the range
0f33.38-35.38 and 71.5-73 .9 degrees of 20 using two dif-
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Figure 2. XRD-scan for (030) line of ceramic A1,0; used as an
instrumental standard

ferent ways: (i) with a constant step of 0.02 deg in 20 (total
measured points was 101 and 121) and with a constant
counting time of 40 seconds at each step, and (ii) with an
optimal number of 41 measured points with a different
counting time at each step according to [9] in order to ob-
tain constant dispersion at each measured point. The exper-
imental data for (002) and (004) diffraction lines of ZnO
thin film recorded by two different ways described above
are demonstrated in Figures 3, 4, 5 and 6.
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Figure 3. XRD-scan for (002) line of ZnO thin film recorded
with a constant counting
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Figure 4 XRD-scan for (002) line of ZnO thin film recorded with
a constant statistics
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F'igure 5. XRD-scan for (004) line of ZnO thin film recorded
with a constant counting
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Figure 6. XRD-scan for (004) line of ZnO thin film recorded
with a constant statistics

Because all authors [4-9] agree that the all methods
mentioned above require precise background determina-
tion, a method of background subtraction proposed by
Enzo and Parrish [12] was used. After smoothing of tails
and bends of diffraction lines by means of programs for
preliminary data processing [13] we determined the inter-
val of approximation by Pearson VII profile for each line.
When approximating the reference lines we found out that
the 0 and a5 lines are asymmetric and that they are not
identical. Therefore, we decided to use the Pearson VII pro-
file for each line i.e. O and 0 separately [ 10).

Considering that the search of the absolute minimum
of function of nine variables is a very complicated task, we
divided it into the two parts. First, we performed only a
rough approximation assuming that the o line has a half of
the intensity of a; line, it has the same shape and that both
lines are shifted by a certain angle of A2© from each other.
When obtained the rough parameters, the method of least
square sum was used to evaluate all nine parameters. When
applied the method of least square sum, at first we used a
spline method and then we used a gradient method in order
to determine the absolute minimum of investigated func-
tion as it is indicated in [14].

Because the shift of the 0, line against the at line get-
ting worse an accuracy of setting of the Fourier coefficients
[4] and at the same time the approximative methods need
the integral breadth and FWHM as well, the separation of

O Krystalograficka spole€nost



@ COMPARISON OF METHODS FOR EVALUATION OF MICROSTRUCTURE OF MATERIALS 17

complete line profile into its individual a; and o, compo-
nents was necessary. The top part of the diffraction profile
was already separated in the course of approximation by
Pearson VII profile so that only tails and outer bends had to
be separated. Because a Rachinger method did not satisfy
for this purpose (the a; and 0, line profiles are asymmet-
ric), the separation of complete a line profile into its indi-
vidual 0, and O, components was done by using a Lorentz
profile with a variable power which was particularly set up
for the each profile. The same widths were used as in case
of approximation by Pearson VII profile.

Preliminary processing and the separation of complete
a line profiles into their individual o, and a, components
are demonstrated in Figures 7, 8, 9 and 10. Fourier analysis
and determination of microdeformations and dimensions
of areas of coherent scattering were performed according to
Iveronova and Revkevic [15].
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Figure 7. XRD-scan for (104) line of ceramic A1,0; after its pre-
liminary processing
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Figure 8. XRD-scan for (030) line of ceramic A1,0; after its pre-
liminary processing

3 Results and Discussion

Microdeformations and the dimensions of areas of co-
herent scattering calculated by different methods are pre-
sented in Table 1 and in Figures 12 and 13. When working
up the experimental data, we found out that the method of
recording with a constant counting time at each step is not
quite convenient for diffraction line with a low intensity.
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Figure 9. XRD-scan for (002) line of ZnO film recorded with a
constant counting
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Figure 10. XRD-scan for (002) line of ZnO film recorded with a

constant statistics at each step after its preliminary processing and
separation into 0; and 0, components
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Figure 11. XRD-scan for (004) line of ZnO film recorded with a

constant statistics after its preliminary processing and separation
into 0y and 03 components

TkacCev [16] has demonstrated that for a correct
determination of integrated intensity a very high number of
counts has to be recorded. In case of recording with a con-
stant counting time at each step, it is not always accepted.
In consequence that the (BL)-method could not be used for
a sample which was working up by the way mentioned
above.

In the approximation of (004) line recorded with a con-
stant time at each step by a Pearson VII profile we always
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Table 1. Size-strain parameters obtained by different methods

Langford method
Sample e x10° D [nm]
Zn0gpy) G°=const 2.3 90
ZnO(g04) o’=const 2.4 65
ZnOgg) t=const 1.6 80
ZnO(gp4) t=const 1.2 30
Balzar & Ledbetter method
Sample Desr [nm] Dy [nm]
ZnOp) o’=const 60 110
ZnOgo4) o’=const - -
ZnOgg) t=const - -
ZnO(gp4) t=const - -
Warren & Averbach method
Sample Dy [nm] Dy [nm]
ZnOp) o’=const 85 110
ZnO(go4) o’=const - -
ZnOgg) t=const 92 130
ZnO(gp4) t=const -

obtained powers less than the unity for the o; component
and for the a, component as well. As a consequence of that,
when using the method proposed by (BL) we could obtain
hugher values for Dg than that for Dy,which is in contra-
diction to the theory. Therefore, this method could not be
used in case of lines recorded with a constant counting time
at each step. When compared the (L) and (BL) methods we
found out that the domain sizes obtained by the (L)-method
are comparable if the results of the second order line is
taken into consideration (Table 1). On the other hand, the
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Figure 12. Mean square strains <¢* > as a function of the recipro-
cal of distance L for (002) line of ZnO thin fllm recorded with a
constant statistics at each step.
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Figure 13. Microstrains in investigated ZnO thin fllms obtained
by the Fourier analysis

microstrains obtained by the (L)-method do not depend on
the order of reflection at all.

Microstrains determined by the (L)-method corre-
spond to the microstrains determined by the (BL)-method
approximately at 5 nm from the strain source.

Crystallite sizes calculated by means of Fourier analy-
sis and according to the (BL)-method correspond to the the-
oretical assumption in case of sample investigated with a
constant statistics at each point. On the other hand in case
of the sample investigated with a constant counting time at
each point, the higher values of crystallite sizes and lower
microdeformations were observed in comparison with the
sample investigated with a constant statistics not depend-
ing on the method of evaluation.

Values of microdeformations obtained by the Fourier
analysis are in agreement with those obtained from the
methods proposed by Langford and by Balzar and
Ledbetter, nevertheless, they are a little higher.

4 Conclusions

Our experiments confirmed that the results obtained by
means of different methods are comparable and therefore it
is possible to use the method proposed by Langford as well
as the more precise method proposed by Balzar and
Ledbetter depending on the preciseness required.

Weak diffraction lines for the "size-strain" analysis
have to be recorded with the constant statistics at each point
as it is proposed by Stremel [9]. Lines investigated by a
constant counting time at each step seem to be narrower
than those investigated by the constant statistics.

The method proposed by Langford gives satisfactory
results for determination of microstrains while the domain
sizes obtained by this method have to be taken into consid-
eration only as an informative.
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