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Ternary single crystalline bixbyite PrxY2�xO3 films over the full stoichiometry range (x¼ 0–2) have

been epitaxially grown on Si (111) with tailored electronic and crystallographic structure. In this

work, we present a detailed study of their local atomic environment by extended X-ray absorption

fine structure at both Y K and Pr LIII edges, in combination with complementary high resolution

x-ray diffraction measurements. The local structure exhibits systematic variations as a function of the

film composition. The cation coordination in the second and third coordination shells changes with

composition and is equal to the average concentration, implying that the PrxY2�xO3 films are indeed

fully mixed and have a local bixbyite structure with random atomic-scale ordering. A clear deviation

from the virtual crystal approximation for the cation-oxygen bond lengths is detected. This

demonstrates that the observed Vegard’s law for the lattice variation as a function of composition is

based microscopically on a more complex scheme related to local structural distortions which

accommodate the different cation–oxygen bond lengths. VC 2013 American Institute of Physics.

[http://dx.doi.org/10.1063/1.4788982]

I. INTRODUCTION

In recent years, the integration of crystalline rare earth

(RE) bixbyite oxide RE2O3 thin films on silicon (including

the oxides having isomorphic structures like Y2O3 and

Sc2O3) has attracted continuous and intense research inter-

est. The interest was to identify an alternative high-j
dielectric for Si-based complementary metal oxide semi-

conductor (CMOS) technology.1 Nowadays, RE2O3 thin

films also turn out to be a promising candidate for integrat-

ing numerous functions in Si technology. RE2O3 materials

not only exhibit various attractive functionalities of their

own (such as radiation tolerance,2 diluted magnetic semi-

conducting3 and luminescence4 properties, etc.) but also

may be used as tailored buffer layers for the growth of other

functional oxides (such as ferromagnetic5 and multiferroic6

compounds) as well as semiconductors including Si,7,8

Ge,9,10 and III-V11,12 on Si.

The heteroepitaxial growth of ternary crystalline RE2O3

alloys on Si with variable stoichiometry provides a new tool

and adds extra flexibility to tailor crystallographic and (opto-)

electronic properties.13,14 For instance, in our prior studies,15,16

we have shown that the growth of single crystalline PrxY2�xO3

films over the full stoichiometry range (x¼ 0–2) on Si (111)

with tailored electronic and crystallographic structures is feasi-

ble. The lattice constants of Pr2O3 (11.152 Å) and Y2O3

(10.604 Å) are 2.7% larger and 2.4% smaller than twice the Si

lattice constant (5.431 Å), respectively. It was thus demon-

strated that fully lattice-matched Pr0.9Y1.1O3 can be grown on

Si (111) to serve as a buffer layer for the growth of (almost)

fully relaxed Si/insulator/Si heterostructures.7

Despite the great importance of an understanding of the

local structure and ordering of such ternary mixed RE2O3

alloy thin films on Si, studies which provide atomistic

insights are still limited. From a fundamental research point

of view, the understanding of chemical disorder effects in

solid solutions will permit better comprehension and control

of their unique properties which the binary compounds do

not possess. From an application point of view, control over

the atomic ordering is for example of importance for Eu-

doped PrxY2�xO3 films which can potentially be used as

scintillator materials; in this case, it is important that the

Eu3þ activator cations reside solely on the non–centrosym-

metric cation sites of the mixed PrxY2�xO3 crystal in order

to optimize its optical activity.17 In this context, we present

here a first study to clarify whether the mixed PrxY2�xO3

system exhibits random atomic-scale ordering or whether

there is a preference for/against cation clustering. Moreover,

we probe the short scale structure by measuring the cation–

oxygen bond lengths as a function of concentration.

Extended X-ray absorption fine structure (EXAFS) per-

mits obtaining information on the local atomic geometry sur-

rounding the excited atom and therefore it is a powerful tool

for determining the local atomic structure of condensed matter

and in particular of semiconductor heterostructures and nano-

structures.18 It has been successfully used to investigate the

local structure (lattice distortion, bond length variation and

atomic inter-diffusion at the interface, etc.) of several hetero-

structure systems such as InGaAs/InP,19–21 GaN/AlN,22 Y2O3/

Si,23 Ag/MgO24 and NiO/Ag,25 and Ge-doped ZrO2.
26 X-ray

diffraction (XRD) is a suitable technique to determine infor-

mation such as crystal phase, unit cell dimensions and strain
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of thin films. In this work, we present a combined EXAFS

and XRD study on single crystalline ternary PrxY2�xO3 films

(x¼ 0–2) on Si (111) to investigate the local atomic ordering

of such mixed bixbyite RE2O3 thin films.

II. EXPERIMENT

All PrxY2�xO3 samples were grown on 4 inch p-type Si

(111) wafers by co-evaporation using a DCA 600 molecular

beam epitaxy (MBE) reactor. More details on sample prepara-

tion can be found in Ref. 7. Four PrxY2�xO3/Si (111) samples

with different Pr concentrations of x¼ 0, 0.5, 0.7, 2.0 were

fabricated. The stoichiometries were determined using quanti-

tative X-ray photoelectron spectroscopy (XPS) analysis by cal-

culating the XPS peak areas below the curves and was cross

checked by Rutherford back scattering (RBS) (data not

shown). Detailed information was presented in Ref. 27. The

crystallinity of the samples was characterized using two X-ray

diffractometers with different arrangements: a Rigaku DMAX

1500 (Cu-Ka radiation) in medium-resolution setup without

crystal monochromator and a Rigaku SmartLab diffractometer

(Cu-Ka1 radiation, k¼ 1.5406 Å) in high-resolution setup with

Ge (400) � 2 crystal collimator. X-ray reflectivity was used to

determine oxide film thicknesses which are in the range of

15�20 nm for all samples discussed here (data not shown).

Y K edge and Pr LIII edge EXAFS measurements on the

PrxY2�xO3/Si (111) thin films as well as a bulk Y2O3 refer-

ence sample were carried out at the GILDA beam line

(BM08) of the European Synchrotron Radiation Facility

(ESRF) in Grenoble, France. The epi-layers were measured at

80 K (obtained using a liquid nitrogen cryostat) in the fluores-

cence mode using a dynamically sagitally focusing Si (311)

monochromator,28 a 13-element hyper pure Ge detector and

associated digital electronics with a 1 ls peaking time.29 For

the Y edge measurements (edge energy 17.038 keV) samples

were mounted vertically on a vibrating sample holder to elimi-

nate spectral distortions due to the single crystal substrate and

the angle between the impinging photon beam and the sample

surface was 45�. For the Pr edge measurements (edge energy

5.964 keV) the samples were nearly horizontal in a 2� grazing

incidence geometry30 since it was found to be the best solu-

tion to eliminate diffraction effects in this case. In both cases,

higher order harmonics were eliminated with a pair of Pd

coated grazing incidence mirrors. The energy spacing for the

EXAFS spectra was equivalent to less than 0.05 Å�1. For the

bulk Y2O3 reference sample (commercial yttria powder), data

were recorded at the Y K-edge at room temperature in the

transmission mode.

III. RESULTS AND DISCUSSION

A. XRD analysis

The crystalline quality of the epitaxial PrxY2�xO3 thin films

was characterized by XRD measurements. Fig. 1(a) shows spec-

ular h-2h measurements around the Si (222) Bragg diffraction

condition (2h¼ 58.88�). The pure Y2O3 (x¼ 0) and pure Pr2O3

(x¼ 2) films exhibit the oxide (444) peak at 2h¼ 60.46� and

2h¼ 56.78�, respectively, which correspond to almost entirely

relaxed films. Both samples were characterized by using a

medium-resolution diffractometer (DMAX 1500) thus their Si

(222) Bragg peaks show double-peak feature related to Cu-Ka1

and Cu-Ka2 (222) reflections of the Si (111) wafers. For the

mixed samples with x¼ 0.5 and x¼ 0.7, PrxY2�xO3 (444) peaks

appear between the Y2O3 (444) and the Pr2O3 (444) ones

(marked by dashed lines). Moreover, for these two samples,

only Cu-Ka1 reflection can be observed for Si (222) peak thanks

to the utilization of a high-resolution diffractometer (Rigaku

SmartLab) equipped with a crystal monochromator. We note

that the oxide peak is symmetric and un-split: this indicates that

the samples indeed crystallize in the cubic bixbyite phase with-

out phase separation. With increasing Pr concentration, the ox-

ide reflection shifts from the Y2O3 side towards the Pr2O3 side,

implying an increase of the lattice parameter. Furthermore, both

mixed PrxY2�xO3 films spectra display thickness-related inter-

ference fringes at the foot of the main oxide peak, revealing thus

a sharp interface structure of the epitaxial films.

In order to further examine the strain status of the mixed

oxide films, a cos2v measurement (Fig. 1(b)) was performed.

In this analysis, we measure the Bragg peaks of different ox-

ide lattice planes in a skew geometry inclined by an angle v to

the [111] growth direction. A lattice parameter is calculated

assuming a cubic lattice structure for each measurement.

These “cubic” lattice parameters are then plotted as a function

of cos2v. In this kind of plot, a cubic lattice (relaxed) exhibits

a horizontal line because the in-plane (aIP) and out-of-plane

(aOP) lattice parameters given at cos2v¼ 0 and cos2v¼ 1,

respectively, are identical. A tetragonal lattice (strained)

exhibits an inclined line, the slope of which is either negative

(aIP> aOP) for tensile or positive (aIP< aOP) for compressive

strain in the layer.31–33 The bulk lattice parameters of Pr2O3,

FIG. 1. (a) XRD specular h-2h measure-

ments of PrxY2�xO3 films with x¼ 0, 0.5,

0.7 and 2; (b) lattice parameters of

PrxY2�xO3 as a function of cos2v. The

bulk lattice parameters of Pr2O3, Y2O3

and the silicon are marked by dotted

lines. For better comparison with Si, the

oxide lattice parameters are divided by 2.

The Miller indices of the measured oxide

reflections are given in the plots. These

values have to be divided by 2 for the

corresponding indices of Si reflections.
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Y2O3 and silicon are marked by dotted lines in Fig. 1(b): note

that oxide lattice parameters are divided by 2 for better com-

parison with Si. It is observed that both samples (which are

Y2O3-rich) have smaller in-plane lattice parameters than Si.

The experimental points of the x¼ 0.7 sample (20.5 nm) are

positioned on a horizontal line, indicating that this film is fully

relaxed. The sample with x¼ 0.5 (14.8 nm), instead, exhibits

experimental points lying on an inclined line with a negative

slope which corresponds to a small tensile strain, which prob-

ably originates from an incomplete relaxation. The bulk lattice

parameter of this strained sample can be calculated by the

relationship between the in-plane and out-of-plane strain

during the tetragonal deformation for cubic materials:
aOP�a0

a0
¼ � 2�

1�� �
aIP�a0

a0
, where � is the Poisson’s ratio �0.3,

aOP¼ 5.358 Å and aIP¼ 5.393 Å; we find that a0¼ 5.375 Å,

indicating that the residual tensile strain in this sample is thus

only 0.33%. It is also worth noting that the lattice parameters

extracted from direct XRD measurement agree well with

those calculated by Vegard’s law, using the stoichiometry

determined by XPS and RBS. In other words, the variation of

lattice parameters of mixed cubic bixbyite PrxY2�xO3 films as

a function of stoichiometry follows Vegard’s law.

B. EXAFS data analysis

The initial data processing and background subtraction of

the EXAFS data were performed using ATHENA
34 and ESTRA

packages35 for the Y edge and the Pr edge, respectively. The

raw Y K edge and Pr LIII edge EXAFS oscillations [kv(k)] for

bulk Y2O3 reference and PrxY2�xO3 samples with x¼ 0, 0.5,

0.7 and 2 are, respectively, shown in Figs. 2(a) and 2(b).

Evidently, PrxY2�xO3 samples with different stoichiometries

exhibit similar main oscillations at both Y K edge and Pr LIII

edges. With increasing the Pr concentration, the fine structure

oscillations gradually change. Moreover, the data of the Y2O3

film (x¼ 0) demonstrate not only the same oscillations but

also a similar level of signal-to-noise ratio as the bulk Y2O3

reference powder sample.

The magnitude of the Fourier transforms (FT) of the k3

weighted spectra (continuous lines) and the corresponding

best fits (dashed lines) are shown in Figs. 3(a) and 3(b),

respectively. The ranges for the FT were 4–12 Å�1 and

2.5–9 Å�1 for the Y and Pr edge spectra, respectively. The

FTs allow a qualitative interpretation of the spectra. Fig. 3(a)

shows the FT spectra at Y K edge: the overall similarity of

the spectra for films and the bulk reference further confirm the

fact that all the mixed PrxY2�xO3 films have similar local

atomic environment of Y atoms as the bulk Y2O3 one. Further-

more, according to the local structure of bixbyite (see below in

detail), the first peak can be attributed to cation-O bonds, while

the second and third ones are related to cation-cation atomic

correlations.23 This interpretation will be confirmed by detailed

fitting. Spectra gradually evolve with composition, in particular

the relative intensity of the second and third peaks relative to

the first one change with increasing Pr concentration. This

could be due, in principle, to the presence of both Y and Pr in

the second and third coordination shells and/or to increased

structural disorder. Similar behavior was also observed for Pr

LIII edge spectra (Fig. 3(b)), which can be interpreted in a simi-

lar way.

Quantitative analysis was performed by nonlinear fitting

of the EXAFS signals using ARTEMIS34 based on theoretical

scattering functions simulated by FEFF.36 Simulations were

based on the bixbyite sesquioxide structure that belongs to

space group Ia3, N. 206. Bixbyite is thought of as an oxygen

deficient fluorite in which the lattice parameter is doubled by

removing in a systematic way a quarter of the oxygen atoms.17

As shown in Fig. 4, in the bixbyite structure there are two

FIG. 2. Background subtracted raw EXAFS data of PrxY2�xO3 samples. (a)

Y K-edge and (b) Pr LIII-edge.

FIG. 3. Magnitude of the Fourier Transforms of EXAFS presented in Fig. 2

(continuous lines) and corresponding fits (dashed lines). (a) Y K-edge and

(b) Pr LIII-edge.

FIG. 4. Schematic of bixbyite RE2O3 structure showing two unique cation

sites: 24 d site, where the O vacancy positions are on opposite corner of one

cube face leading to a distorted cube and 8 b site, where the O vacancy posi-

tions are diagonally opposed thus resulting in an undistorted cube.
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unique cation sites, named 24 d and 8 b, respectively. For the

24 d site, the O vacancy positions are on opposite corners of

one cube face leading to a cation coordination in the form of

a distorted octahedron with three distinct metal-oxide distan-

ces a, b and c. Instead, for the 8 b site, the O vacancy posi-

tions are diagonally opposed along a space diagonal, thus

resulting in an undistorted octahedron with six equal metal-

oxide distances a’. For each 8 b site there are three 24 d sites,

so the contribution of the regular 8 b site to the total signal

amplitude is 25% and the one of the distorted 24 d site 75%.

This complex local structure was taken into account by per-

forming two separate FEFF calculations for the two cation

sites and subsequently fixing their relative weight to 25%

and 75% in the fitting procedure.

In order to calculate scattering functions for the mixed

oxides, we used 2nd and 3rd shells composed of both Y and Pr

in equal amounts and we set the lattice parameter of PrxY2�xO3

according to Vegard’s law (a¼ x
2
:aPr2O3

þ (1- x
2
):aY2O3

) in

which x is the Pr concentration; cation-O distances were,

instead, kept being fixed at the values for the binary com-

pounds. We found that the paths that contribute significantly

to the signal were the oxygen 1st shell, the 2nd, 3rd cation

shells and the 4-leg back and forth multiple scattering from

two symmetrical 1st shell oxygen atoms. Fitting was per-

formed in the ranges k¼ 4–12 Å�1 and R¼ 1.4–4.2 Å for the

Y edge and k¼ 2.5–9 Å�1 and R¼ 1.4–4.6 Å for the Pr edge,

with a k3 weight; extensive attempts indicated that these

parameters provided the most consistent fits for all the sam-

ples, with reasonable and compatible structural parameters at

both edges. Fitting variables were a shift of the origin of the

k-scale, three distance variations with three Debye-Waller fac-

tors for all atomic correlations within the first three coordina-

tion shells; the distance variation of the multiple scattering

signal was set as twice that of the first shell and the amplitude

reduction factors were fixed to the value found for the refer-

ence samples. The best fits are reported in Figs. 3(a) and 3(b)

as dashed lines. We found that the best fits, with reasonable

structural parameters, were obtained at both edges when the

relative coordination numbers of the second and third cation

shells was equal to the nominal relative composition. This is

compatible with a random cation arrangement in the alloy

samples.

The numerical results of the fitting procedure are

reported in Tables I to IV. Numbers in brackets are estimates

of the uncertainties and for the sake of simplicity only aver-

age distances for each coordination shell are reported. We

note that for the x¼ 0.5 sample the small 0.33% strain

detected by XRD is expected to give a negligible effect on

the first shell distances.37

Cation-oxygen (first shell) distances are plotted as a

function of concentration in Fig. 5. In Fig. 5, the green solid

line reports the prediction of the Virtual-crystal approxima-

tion (VCA)38 for the cation-oxygen distances, calculated as

the linear interpolation between the average Pr-O and Y-O

distances. The chemical disorder in a solid solution can be

theoretically simulated by using first-principles calculation.

A direct way is to use as large as possible supercells with

periodic boundary conditions so that inhomogeneities can be

incorporated into perfectly periodic systems, an approach

which is, however quite computationally demanding.38

TABLE I. Average Y K edge distances.

Sample RðY � OÞ (Å) RðY � Y2Þ (Å) RðY � Pr2Þ (Å) RðY � Y3Þ (Å) RðY � Pr3Þ (Å)

Pr0.5Y1.5O3 2.305 (0.010) 3.519 (0.014) 3.576 (0.037) 4.028 (0.032) 4.120 (0.044)

Pr0.7Y1.3O3 2.305 (0.015) 3.496 (0.024) 3.590 (0.047) 3.88 (0.15) 3.989 (0.065)

Y2O3 2.281 (0.010) 3.540 (0.009) 2 4.024 (0.011) 2

Y2O3 bulk 2.266 (0.013) 3.523 (0.013) 2 3.999 (0.019) 2

Y2O3 XRD 2.2811 3.5294 2 3.998 2

TABLE III. Average Pr LIII edge distances.

Sample RðPr � OÞ (Å) RðPr � Pr2Þ (Å) RðPr � Y2Þ (Å) RðPr � Pr3Þ (Å) RðPr � Y3Þ (Å)

Pr2O3 XRD 2.429 3.7631 2 4.248 2

Pr2O3 2.448 (0.022) 3.777 (0.018) 2 4.114 (0.097) 2

Pr0.7Y1.3O3 2.368 (0.013) 3.67 (0.14) 3.602 (0.058) 4.011 (0.096) 4.011 (0.089)

Pr0.5Y1.5O3 2.368 (0.030) 3.71 (0.28) 3.574 (0.039) 4.116 (0.091) 4.09 (0.10)

TABLE II. Y edge Debye-Waller factors.

Sample r2ðY � OÞ (10�3Å2) r2ðY � Y2Þ (10�3Å2) r2ðY � Pr2Þ (10�3Å2) r2ðY � Y3Þ (10�3Å2) r2ðY � Pr3Þ (10�3Å2) r2ðMSÞ (10�3Å2)

Pr0.5Y1.5O3 4.5 (0.7) 2.1 (1.4) 1.5 (3.8) 3.7 (2.0) 1.1 (3.0) 1 (10)

Pr0.7Y1.3O3 5.3 (0.8) 1.7 (3.0) 0.7 (4.0) 7 (20) 3 (11) 3 (19)

Y2O3 3.4 (0.9) 2.1 (0.4) 2 2.8 (0.7) 2 10 (30)

Y2O3 bulk 3.4 (1.0) 3.8 (0.6) 2 6.2 (1.5) 2 3 (19)
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Therefore, the VCA, as a simplified approach to address this

issue, has been widely used in the last few decades. It con-

structs a composite potential which represents the average of

the component atoms and thus implies a linear interpolation

between the cation-oxygen distances of the parent

compounds.

In Fig. 5, the first shell cation-oxygen distances (crosses)

calculated from the XRD measurement (dM-O¼
ffiffiffi

3
p

aoxide/4)39,40

lie as expected on the VCA line. Interestingly, the EXAFS

data show that the cation-oxygen distances change with con-

centration but clearly do not follow the VCA line. The indi-

vidual Y-O and Pr-O bond lengths have a smaller variation

with concentration respect to that predicted by the VCA.

In the discussion of the dependence of bond lengths as a

function of concentration in solid solutions of the type

AxB1�xC (AC and BC being the binary compounds), it is cus-

tomary to identify two limiting cases:41 (i) composition inde-

pendent according to Bragg’s and Pauling’s notions, namely,

RAC(x) and RBC(x) always equal the sum of the covalent

(or ionic) radii R0
AC and R0

BC (marked by straight dotted line

in Fig. 5); (ii) composition dependent with linear variation, as

predicted by VCA. In the present case, the bond lengths

exhibit a composition dependence which is in between the

two limits. This behavior is similar to what has been found in

III-V semiconductor alloys42–45 and ternary oxide systems

like Th1�xUxO2 or Th1�xPuxO2
39 and Cd1�xCaxO46. This

behavior has been understood as due to the fact that a bond

angle distortion is energetically less costly than a bond length

variation; the linear variation of the lattice parameter

(Vegard’s law) is thus accommodated locally by angular dis-

tortions and the bond lengths tend to remain relatively close to

the sum of the ionic radii exhibiting a bimodal distribution.

Furthermore, the bimodal distribution of bond lengths is con-

sidered to probably result in optical bowing for semiconductor

alloys, which is, however, not the case for our mixed bixbyite

dielectric oxides because the band gaps of the PrxY2�xO3

films seem to exhibit a quite good linear variation as a func-

tion of the concentration x (see our prior work Ref. 15).

The second and third shell interatomic distances,

reported in Tables I to IV, are roughly constant as a function

of composition and follow a reasonable trend. The second

and third shell Y-Pr and Pr-Y distances are equal, within

the uncertainties. On average, distances increase in the order

Y-Y, Y-Pr/Pr-Y, Pr-Pr. This behavior is consistent with ionic

radii, considering that the ionic radii for Y3þ, Pr3þ and O2�

are 1.04 Å, 1.13 Å and 1.26 Å, respectively.47

Turning now to the Debye-Waller factors reported in

Tables I to IV and Fig. 6, it can be observed that the ones

related to the cation–oxygen bonds fall, except for the pure

Pr2O3 sample (x¼ 2), in the range of 0.002 Å2�0.006 Å2,

suggesting similar ordered structure in these films. A slightly

higher Debye-Waller factor of the pure Pr2O3 film suggests

an increase of disorder in the film. It is likely that the fact

that the pure Pr2O3 film exhibits a more disordered structure

is related to the complex phase diagram Pr-O which has dif-

ferent non-stoichiometric oxide phases between PrO2 and

Pr2O3.
48 Some of the second and third shell Debye–Waller

factors have very large errors, sometimes associated to

unphysical negative best estimates (in these cases, however,

the large error indicates a range of the Debye-Waller factor

which includes positive values); this is very likely due to the

limited k-range and the correlation among fitting variables

and precludes the possibility of extracting meaningful

TABLE IV. Pr edge Debye-Waller factors.

Sample r2ðPr � OÞ (10�3Å2) r2ðPr � Pr2Þ (10�3Å2) r2ðPr � Y2Þ (10�3Å2) r2ðPr � Pr3Þ (10�3Å2) r2ðPr � Y3Þ (10�3Å2) r2ðMSÞ (10�3Å2)

Pr2O3 10.4 (3.6) 7.4 (2.2) 2 26 (19) 2 2 (17)

Pr0.7Y1.3O3 2.4 (1.2) �1.6 (6.4) �0.2 (7.0) �5.6 (9.6) �9.8 (8.1) 0 (40)

Pr0.5Y1.5O3 4.4 (2.4) 0 (36) 1.5 (4.4) �10 (10) �5 (10) 1 (52)

FIG. 5. Average cation-oxygen bond lengths; the green line reports the pre-

diction of the virtual crystal approximation (VCA). Circles: Pr-O bond

length; squares: Y-O bond length; crosses: cation-oxygen average distances

calculated from XRD on the samples which follow Vegard’s law.

FIG. 6. Cation-oxygen Debye-Waller factors (r2). Circles: r2(Pr-O); squares:

r2(Y-O).
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physical information from the second and third shell Debye-

Waller factors.

IV. CONCLUSION

In conclusion, we presented a detailed EXAFS and

XRD study on the short and long range order of ternary

mixed PrxY2�xO3 films on Si (111). The high-quality single

crystalline characteristics of the films were confirmed by

XRD measurements. The variation of lattice parameters of

mixed ternary PrxY2�xO3 films follows Vegard’s law. The

EXAFS data at the Y K edge and Pr LIII edge reveals that all

the samples have a local structure which bears a close rela-

tion to the expected bixbyite one. For the alloys no signifi-

cant increase in static disorder in the cation–oxygen

distances is found. With the variation of the film composi-

tion, the local environment of the excited atom shows an

ordered evolution. Furthermore, for the two alloy samples,

the local cation coordination is random with the composition

in the second and third coordination shells being equal to the

average concentration. This result confirms the formation of

fully mixed ternary PrxY2�xO3 films on Si (111). A bimodal

distribution of the nearest-neighbor bond length exists in the

oxide solutions because the individual Y-O and Pr-O bond

lengths demonstrate significantly smaller concentration-

induced variation than that predicted by the VCA. The sec-

ond and third shell interatomic distances display a behavior

consistent with atomic radii.

The results presented in this study permit improving the

understanding of the local atomic structure of mixed RE2O3

films grown on Si, in order to engineer their properties for

future applications.
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