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Reflection high-energy electron diffraction experimental analysis
of polycrystalline MgO films with grain size and orientation
distributions
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Analysis of biaxial texture of MgO films grown by ion-beam-assisted deposition~IBAD ! has been
performed using a quantitative reflection high-energy electron diffraction~RHEED! based method.
MgO biaxial texture is determined by analysis of diffraction spot shapes from single RHEED
images, and by measuring the width of RHEED in-plane rocking curves for MgO films grown on
amorphous Si3N4 by IBAD using 750 eV Ar1 ions, at 45° incidence angle, and MgO e-beam
evaporation. RHEED-based biaxial texture measurement accuracy is verified by comparison with
in-plane and out-of-plane orientation distribution measurements made using transmission electron
microscopy and x-ray rocking curves.In situ RHEED measurements also enable the analysis of the
evolution of the biaxial texture which narrows with increasing film thickness. RHEED-based
measurements of IBAD MgO biaxial texture show that the minimum in-plane orientation
distribution depends on the out-of-plane orientation distribution, and indicates that the minimum
obtainable in-plane orientation on distribution is 2°. ©2003 American Institute of Physics.
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I. INTRODUCTION

Growth of biaxially textured MgO thin films is techno
logically interesting because it may provide a suitable p
for silicon integration of many important single crystal-lik
perovskite oxide thin films on top of the amorphous diele
tric thin films present at the back end of a typical integra
circuit fabrication process. This is accomplished by using
beam-assisted deposition~IBAD ! to create biaxially textured
films ~i.e., polycrystalline films with a preferred in-plane an
out-of-plane grain orientation! on amorphous substrate
Film functionality often depends on control of both the ou
of-plane grain orientation distribution@the full width at half
maximum~FWHM! is designated asDv# and in-plane grain
orientation distribution~FWHM is designated asDf!. Some
highly aligned biaxially textured oxide materials can exhi
similar functionality to single crystalline films. For exampl
biaxially textured superconductors such as YBa2Cu3O72x

have been reported to have critical current densities
proaching those of single crystalline films, while random
oriented polycrystalline films exhibit much lower critica
current densities.1 Biaxially textured piezoelectric films with
90° domain rotations are also expected to have flexing c
acteristics similar to those of single crystalline piezoelec
films, while randomly oriented polycrystalline piezoelectr
films experience significant degradation of translatio
range of motion. Incorporation of biaxially textured piez
electric films with silicon integrated circuits would enab

a!Website: http://daedalus.caltech.edu/;rhett/index.shtml; electronic mail
rhett@its.caltech.edu
2050021-8979/2003/93(1)/205/6/$20.00
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new types of ferroelectric actuators for microelectrical m
chanical systems~MEMS!. Previous work has shown tha
piezoelectric materials like BaTiO3 and Pb~Zr,Ti!O3 can be
deposited heteroepitaxially onto single crystal MgO~001!2,3

and even Si~001!.4 However, conventional silicon integrate
circuit processing employs extensive hydrogen passivat
which degrades ferroelectrics like Pb~Zr,Ti!O3 and BaTiO3.
It is therefore desirable to monolithically integrate piezoele
tric materials following integrated circuit fabrication. Wan
et al. demonstrated that IBAD MgO grown on amorpho
Si3N4 develops narrow biaxial texture in films only 11 n
thick.5 By eliminating the requirement for a pre-existing he
eroepitaxial template, IBAD provides an opportunity to i
corporate piezoelectric materials on top of amorphous die
tric films in silicon integrated circuits during the back-en
processing.

The performance of piezoelectric MEMS is likely to d
pend on the biaxial texture inherited from the MgO substra
Previous efforts to optimize the biaxial texture of IBA
MgO have been impeded by theex situnature of conven-
tional biaxial texture analysis techniques@transmission elec-
tron microscopy~TEM! or x-ray diffraction ~XRD!#. Be-
cause the biaxial texture develops within 11 nm of grow
XRD cannot resolve crystallographic texture unless the x-
source has synchrotron brightness. For these same rea
the IBAD biaxial texturing mechanisms are difficult to inve
tigate. To circumvent these obstacles, we have develop
reflection high-energy electron diffraction~RHEED! based
method for quantitativein situ biaxial texture analysis of
MgO. RHEED has been previously used to analyze the o
© 2003 American Institute of Physics
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of-plane texture for CoCr alloys, assuming the grains w
not large enough to affect the RHEED pattern.6 The small
grain size of IBAD MgO films~as small as 10 nm! necessi-
tate that we deconvolute the effects of grain size from
effects of out-of-plane orientation distribution for accura
texture distribution measurements. We also demonstrate
ability to measure the in-plane orientation distribution. B
cause RHEED is sensitive to films as thin as 3 nm thick,
have the capability of analyzing the biaxial texture develo
ment during the earliest stages of film growth.7 This analysis
capability enables greater understanding of IBAD MgO
axial texture development and how to optimize the Mg
biaxial texture.

II. EXPERIMENTAL APPROACH AND MODEL-BASED
ANALYSIS

Our RHEED-based biaxial texture analysis employs
previously reported kinematical electron scattering mod8

These calculations predict that spot shapes are sensitiv
the film microstructure, as shown in Fig. 1~a!. Diffraction
spot width and height are inversely proportional to the eff
tive grain size and electron penetration depth, respectiv
The width of the diffraction spot in the direction perpendic
lar to the location of the through spot, the nondiffracted el
tron beam, is directly proportional to the out-of-plane gra
orientation distribution ~Dv!. We therefore characteriz
RHEED patterns, whether calculated using a computer si
lation or from an experiment, by cutting across the diffra
tion spots along the previously mentioned directions, a
measuring the FWHM of these cuts, as shown in Fig. 1~b!.
We call this method ‘‘single image analysis.’’ All diffraction
spots shown in Fig. 1~b! are analyzed simultaneously, an
then compared to calculated RHEED pattern measurem
using a lookup table. The lookup table was generated
calculating the RHEED pattern for all relevant combinatio
of effective grains size~4–25 nm!, electron penetration
depth~2.5–10 nm!, and out-of-plane orientation distributio
~0°–20° FWHM!, and measuring the FWHM of cuts acro
the six diffraction spots shown in Fig. 1~b! in the directions
where the RHEED pattern is sensitive to electron penetra
depth, grain size, and out-of-plane orientation distribution

The effects of the in-plane orientation distribution o
diffraction spot shapes are negligible, so the in-plane ori
tation distribution FWHM was set to 10° for lookup tab
calculations, which is a typical value for in-plane orientati
distributions observed in IBAD MgO. Lookup table entrie
exist for all combinations of effective grain size, electr
penetration depth, and out-of-plane orientation distributi
and contain the measurements of the FWHM of the c
across each previously specified spot along the previo
specified directions. The film effective grain size, electr
penetration depth, and out-of-plane orientation distribut
are determined by comparing the FWHM of experimen
RHEED pattern diffraction spot cuts with the FWHM of th
spot cuts in the lookup table. For each lookup table entry,
experimentally measured FWHM of each spot cut is s
tracted from the lookup table FWHM of the same spot in
same direction. The differences between the experime
and lookup table measurements are then individually squ
Downloaded 29 Apr 2006 to 131.215.240.9. Redistribution subject to AIP
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before being added together to yield a total sum of the squ
errors measurement for that lookup table entry. The sum
the squared errors is calculated for every lookup table en
and the microstructural parameters are determined as
simulated combination of electron penetration depth, eff
tive grain size, and out-of-plane orientation distribution th
yields the smallest sum of the squared errors. Even tho
the kinematical electron scattering calculations predict t
the relative intensities of diffraction spots along the~00!,
~02!, and~04! Bragg rods are correlated to the in-plane o
entation distribution, it is not a very sensitive measureme
Therefore, RHEED in-plane rocking curves are used to m
sure the in-plane orientation distribution.

RHEED in-plane rocking curves are constructed by
tating the sample around the surface normal and record
the maximum intensity for each diffraction spot, minus t
average background intensity, for each anglef ~the angle

FIG. 1. RHEED images of MgO.~a! Simulated RHEED pattern of 20 keV
electrons at 1.2° grazing incidence along@100# from well-textured polycrys-
talline MgO with effective lateral grain sizeL54 nm, electron penetration
depth h51 nm, out-of-plane grain orientation distributionDv57°, and
in-plane orientation distributionDf514°. The qualitative effects of thes
parameters upon the RHEED spot shapes and relative intensities are
cated.~b! Experimental RHEED image from IBAD MgO showing the dif
fraction spots that are simultaneously analyzed to measure effective g
size and out-of-plane orientation distribution. The diffraction pattern is ch
acterized by measuring the diffraction spot widths along directions that
dependent on effective grain size, electron penetration depth, and ou
plane orientation distribution. As an example, these directions are marke
the ~024! diffraction spot.
 license or copyright, see http://jap.aip.org/jap/copyright.jsp
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between the nominal@100# zone axis and the projection o
the incident electron beam on the sample surface!. The re-
sulting intensity distributions are characterized by t
FWHM. To experimentally measure in-plane grain orien
tion distribution~Df!, the FWHM of RHEED in-plane rock-
ing curves9 from the ~024!, ~026!, ~044!, and ~046! diffrac-
tion spots are measured simultaneously and compared to
FWHM of calculated in-plane rocking curves in anoth
lookup table. As for the single image analysis, a lookup ta
was generated by calculating the FWHM of diffraction sp
in-plane RHEED rocking curves for all relevant film param
eter combinations, i.e., effective grain size~4–25 nm!, out-
of-plane orientation distribution~0°–20° FWHM!, and in-
plane orientation distribution~0°–30° FWHM!.

In-plane rocking curve FWHM was calculated to be i
dependent of the electron penetration depth, so it was set
nm, the value most often measured using single image an
sis at this electron energy and incidence angle. Each loo
table entry was indexed by its unique combination of
relevant film parameters~grain size, out-of-plane orientatio
distribution, and in-plane orientation distribution! and con-
tained the FWHM of the rocking curves from the~024!,
~026!, ~044!, and~046! diffraction spots. The in-plane orien
tation distribution is determined by searching the look
table for the simulation that has RHEED in-plane rocki
curves that most closely match the experimental rock
curves for all four diffraction spots. The FWHM of the in
plane rocking curves are highly correlated with the in-pla
orientation distribution, however, the rocking curve FWH
is also convoluted with the effective grain size and out-
plane orientation distribution. Therefore, to accurately m
sure in-plane orientation distribution using in-plane rocki
curves, the effective grain size and out-of-plane orientat
distribution is first measured using single image analysis
described above. The subsequent comparison between
experimental and simulated FWHM of the RHEED in-pla
rocking curves in the lookup tables are restricted to simu
tions with the effective grain size and out-of-plane orien
tion distribution measured using single image analysis.

Experimental RHEED in-plane rocking curves a
single image analyses were performed on 5- to 11-nm-th
IBAD MgO films. MgO was deposited, at room temperatu
on amorphous Si3N4 by electron beam evaporation at dep
sition rates ranging from 1.7 to 3.1 A/s, as measured b
quartz crystal monitor. Ion irradiation during MgO grow
was carried out with 750 eV Ar1 ions at 45° incidence angle
Ion/MgO flux ratios were varied between 0.33 and 0.58
single crystal of MgO was also analyzed for reference. O
timal film thickness was determined by monitoring the~004!
diffraction peak intensity.10 RHEED measurements wer
done at 25 kV and 2.6° incidence angle. Bragg spots al
the ~00!, ~02!, and ~04! Bragg rods, as shown in Fig. 1~b!
were used in the RHEED analysis. A 16 bit, 102431024
pixels CCD camera provided adequate dynamic range to
multaneously observe all necessary spots and to spatiall
solve spot shapes for single image analysis. Before attem
ing single image analysis, the diffuse background w
reduced by subtracting the Si3N4 substrate RHEED image
from the IBAD MgO RHEED pattern. This procedure wa
Downloaded 29 Apr 2006 to 131.215.240.9. Redistribution subject to AIP
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necessary to resolve weak diffraction spots and to red
shape distortion caused by the diffuse background.

Biaxial texture was also measured with either TEM
XRD to evaluate the accuracy of RHEED based measu
ments. The grazing incidence geometry of in-plane rock
curves enabled the use of either a rotating anode sourc
the Advanced Photon Source~APS! synchrotron to measure
in-plane orientation distributions. However, out-of-plane o
entation measurements of IBAD MgO layers required s
chrotron radiation for the out-of-plane x-ray rocking curve
Even with the APS synchrotron radiation, the x-ray rocki
curves did not provide reliable out-of-plane orientation d
tribution measurements for 8-nm-thick MgO samples w
the broadest out-of-plane distributions~.11°!.

III. RESULTS AND DISCUSSION

A. RHEED-based measurement validation: In plane
orientation distribution

The in-plane orientation distributions measured us
RHEED-based analysis is compared to measurements
TEM or x-ray scattering in Fig. 2. The data are well repr
sented by a linear fit, demonstrating that the RHEED-ba
method successfully measures the in-plane orientation di
bution. There are many possible sources of deviation fr
the straight line. The RHEED measurements require the
convolution of the effective grain size and out-of-plane o
entation distribution from the in-plane distribution. Errors
measurements of the effective grain size and out-of-pl
orientation distribution therefore produce errors in the
plane orientation distribution measurement. There is als
convolution between the measurement of effective grain s
and out-of-plane orientation distribution such that an erro
one measurement is compensated by an error in the o
measurement. Reasonable errors for measurements of e
tive grain size and out-of-plane orientation distribution~61
nm and61°, respectively! yield a total in-plane measure

FIG. 2. In-plane orientation distribution~Df! measured by RHEED analysi
versus TEM or XRD measurements. X-ray rocking curves were collec
using either a rotating anode source at Los Alamos or synchrotron radia
from the APS. The error bars originate from limitations in deconvoluting
effects of out-of-plane orientation distribution and grain size measurem
using RHEED.
 license or copyright, see http://jap.aip.org/jap/copyright.jsp
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ment error of61.5°, represented by the error bars in Fig.
Additional deviations from liner dependence originate in d
ferent sample-to-sample growth conditions that were use
produce films with the wide range of in-plane orientati
distributions observed in Fig. 2. Measurements of IBA
MgO in-plane orientation distribution as a function of fil
thickness demonstrate that the in-plane orientation distr
tion decreases with increased film thickness, as illustrate
Fig. 3. We have also observed that the rate at which
in-plane distribution decreases depends on the ion/MgO
ratio. TEM and x-ray scattering techniques probe the bia
texture in a scattering volume that spans the entire thin fi
measuring the film’s average orientation distribution, wh
RHEED measurements are more surface sensitive. Th
fore, the in-plane orientation distribution measured
RHEED, a surface sensitive measurement, is not expecte
directly correspond to the x-ray measurement, which pro
the entire film thickness. With 750 eV Ar1 ion bombard-
ment, the first 3 nm of the IBAD MgO film are amorphou
However, this layer yields a biaxially textured film out of th
amorphous matrix through solid phase crystallization.7 The
first measurable RHEED patterns reveal that the initial
plane orientation distributions are very broad, but they n
row as the film thickens until reaching an optimal alignme
The difference between the initial and optimal in-plane o
entation distribution measurements is typically on the or
of 10° under these growth conditions. Depending on
thickness of the final film, the difference between the aver
and surface in-plane orientation distribution will be differe
causing another possible source of deviation from the lin
fit in Fig. 2.

Optimal biaxial texture under specific growth conditio
is achieved by growing the film until the~004! diffraction
spot reaches its maximum intensity.10 Integrating the mea-
sured in-plane orientation distribution in Fig. 3 over the e
tire film thickness yields an average film in-plane orientat
distribution about 2.5° broader than the surface in-plane
entation distribution. This is consistent with the offset b
tween the in-plane orientation distribution measureme

FIG. 3. In-plane~Df! and out-of-plane~Dv! orientation distribution for
IBAD MgO growth as a function of film thickness measured using RHEE
The lines are a fit to the data.
Downloaded 29 Apr 2006 to 131.215.240.9. Redistribution subject to AIP
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based on RHEED analysis and the x-ray or TEM analy
The magnitude of this offset depends on the thickness of
film when growth was stopped, as well as on growth con
tions such as ion/MgO flux ratio.

Despite the expected differences between the sur
sensitive and bulk measurement methods, as well as the
herent limitations of the RHEED measurements becaus
convolution with effective grain size and out-of-plane dist
bution measurements, the comparison between RHEED
x-ray or TEM measurements is well represented by a lin
fit. Not only does this analysis illustrate that RHEED can
used forin situ, quantitative in-plane orientation distributio
measurements, it also highlights that the RHEED-ba
method yields more accurate estimates of surface biaxial
tures than does XRD.

B. RHEED-based measurement validation:
Out-of-plane orientation distribution

X-ray measurement of in-plane orientation distributio
can be done with a rotating anode source because the gra
incidence geometry creates a relatively large scattering
ume even for very thin films. Out-of-plane orientation dist
bution, measured with theta rocking curves, required s
chrotron radiation to collect enough signal for reliab
measurements. Even with the brightness of the 33ID-D
dulator beamline at the APS synchrotron, which produc
3.03105 counts per second~cps!, some IBAD MgO films
which yielded measurable in-plane rocking curves did
yield out-of-plane rocking curves with measurable pea
RHEED measurements of out-of-plane orientation distrib
tion are plotted in Fig. 4 against measurements from
same samples made using x-ray rocking curves at APS.
error bars on the RHEED measurements result from un
tainties in the deconvolution of effects from grain size a
electron penetration depth broadening of the RHEED pat
from effects caused by the out-of-plane orientation distrib
tion. As with the in-plane measurements, we expect a dif
ence between surface sensitive RHEED measurements
bulk sensitive x-ray measurements. Figure 3 shows thain

.

FIG. 4. Out-of-plaen orientation distribution~Dv! measured using RHEED
and synchrotron X-ray out-of-plane rocking curves. The line is a linear fi
the data.
 license or copyright, see http://jap.aip.org/jap/copyright.jsp
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situ RHEED measurements of out-of-plane orientation dis
bution reveal that the out-of-plane distribution improves
the film grows, similar to the narrowing of the in-plane di
tribution with increasing film thickness. By integrating th
RHEED out-of-plane distribution measurements over
film thickness, the average out-of-plane distribution is fou
to be approximately 1° broader than the surface meas
ment. This offset is consistent with the offset between
RHEED and x-ray measurements observed in Fig. 4.

C. Biaxial texture as a function of ion ÕMgO flux ratio
measured using RHEED

RHEED-based biaxial texture measurement method p
vides information not measurable via x-ray scattering a
facilitates measurements of biaxial texture, providing insi
into biaxial texture development. One of the powerful a
pects of RHEED-based analysis is the real-time acquisi
of out-of-plane texture measurements. Figure 5 shows
out-of-plane orientation distribution measured from IBA
MgO as a function of film thickness and ion/MgO flux rati
As illustrated previously in Fig. 3, during IBAD the out-o
plane orientation distribution narrows as the film grows.
0.52 ion/MgO flux ratio (Ar1 energy of 750 eV!, the depo-
sition condition is close to producing zero net growth b
cause of ion sputtering, and therefore results in increased
damage to the MgO film. Decreasing the ion/MgO flux ra
from 0.52 to 0.37 reduces the ion damage, resulting in m
rapid narrowing of the out-of-plane orientation distributio
as the film grows. Each data point in Fig. 5 was collec
during IBAD MgO growth by taking a one second exposu
time image of the RHEED pattern, the points being separa
by 3 s of growth. The low noise levels from point to poin
show that the measurement technique is stable and repro
ible. Using x rays to obtain out-of-plane orientation distrib
tions as a function of film thickness would require stoppi
the growth at each thickness interval and performing an o
of-plane rocking curve. Using the 33ID-D beamline wi
2.93105 cps, the out-of-plane rocking curve for a 4 nm MgO
film, with an out-of-plane FWHM of 7°, took over 30 min t

FIG. 5. In situ RHEED measurements of out-of-plane orientation distrib
tion ~Dv! as a function of film thickness for ion/MgO flux ratios from 0.3
to 0.52.
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resolve. The real-time RHEED measurements have the ad
advantage of being more surface sensitive than XRD, allo
ing for a more accurate picture of the out-of-plane textu
evolution as a function of film thickness.

Simultaneous RHEED-based measurements of both
in-plane and out-of-plane orientation distribution yield i
sights into the limitations of in-plane texturing throug
IBAD. Figure 6 shows the dependence of the optimal
plane and out-of-plane orientation distributions as a funct
of ion/MgO flux ratio. The optimal in-plane orientation dis
tribution as a function of ion/MgO flux ratio has been prev
ously measured by Wang for 700 eV Ar1 ion
bombardment.10 We observe a similar trend for the depe
dence of in-plane distribution with ion/MgO flux ratio usin
RHEED-based measurements as was observed using X
however, the efficiency of the RHEED method allowed us
more finely resolve the dependency of the in-plane distri
tion on ion/MgO flux ratio and also measure the out-of-pla
orientation distribution simultaneously. We observe two
gimes of biaxial texturing: at low ion/MgO flux ratio th
out-of-plane orientation distribution is constant and the
plane orientation distribution gets narrower as the ion/M
flux ratio increases, while at high ion/MgO flux ratios th
out-of-plane orientation distribution is constant and the
plane orientation distribution gets narrower as the ion/M
flux ratio increases, while at high ion/MgO flux ratios th
out-of-plane orientation distribution broadens with increa
ing ion/MgO flux ratio and is accompanied by a broaden
of the in-plane orientation distribution.

High temperature physical vapor deposition of MgO
amorphous SiO2 favors nucleation with a~001! fiber
texture;11 however, at room temperature we have not o
served a strong out-of-plane texture without ion bomba
ment. The energy from the ion bombardment must be su
cient for the MgO to grow in the preferred@001# out-of-plane
orientation. Ressleret al. proposed that ion induced in-plan

-

FIG. 6. Optimal in-plane~Df! and out-of-plane~Dv! orientation distribu-
tions for IBAD MgO growth with 750 eV Ar1 ions as a function of ion/
MgO molecule flux ratio. Measurements were performed using RHE
based analysis and the lines are fits to the data.
 license or copyright, see http://jap.aip.org/jap/copyright.jsp
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alignment results from anisotropic grain damage, where
grains with the most damage resistant planes are orie
toward the axis of the incoming ion flux.12 For IBAD MgO,
the~101! planes are found to orient toward the Ar1 ion bom-
bardment. At low ion/MgO flux ratios, the film has enoug
energy to select the preferred~001! out-of-plane texture, bu
does not have enough ion bombardment to efficiently se
the in-plane orientation of every crystal, resulting in a bro
in-plane orientation distribution. As the ion/MgO flux rat
increases to the optimal ratio, between 0.45 and 0.48 for
eV Ar1 ion bombardment, the out-of-plane orientation d
tribution stays constant, while the increase in ion bomba
ment more efficiently selects the crystals with the~101!
plane oriented toward the ion bombardment, until the
plane orientation distribution is within 2° of the out-of-plan
distribution. Once the ion/MgO flux ratio increases past
optimal conditions, ion damage cause the out-of-plane
ture to broaden. A MgO crystal that has been rotated out
plane about thex-axis, the direction of the ion bombardme
projected onto the plane of the substrate, misorients the~101!
plane away from the Ar1 ions. However, a subsequent in
plane rotation, a rotation about the axis perpendicular to
substrate, can be used to restore the~101! plane to directly
face the incident ions. As the out-of-plane distribution broa
ens, the distribution of in-plane rotations to realign the~101!
directions along the axis of the incoming ion bombardm
also broadens. The in-plane orientation distribution achi
able with IBAD is limited by the out-of-plane orientatio
distribution. These experiments indicate that the minim
in-plane orientation distribution achievable for IBAD Mg
with 750 eV Ar1 ion bombardment is 2°, which could onl
be obtained if the out-of-plane texture is perfectly aligned

IV. CONCLUSION

We have developed a RHEED-based method for qua
tative biaxial texture measurement of MgO. Comparison
tween biaxial texture measurements made using RHEED
synchrotron XRD confirm thatin situ RHEED analysis
yields quantitative measurements of both in-plane and
of-plane grain orientation distribution. The systematic offs
between RHEED analysis and x-ray measurements of bia
texture, coupled with evidence that biaxial texture improv
with increasing film thickness, indicates that RHEED is
superior technique for probing surface biaxial texture.
have used RHEED to observe that the biaxial texture nu
ates with a relatively broad orientation that improves as
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film thickness increases to an optimal level. We have a
seen that the IBAD in-plane orientation mechanism lim
the in-plane alignment due to the out-of-plane orientat
distribution. We have found that the minimum in-plane o
entation distribution requires perfect out-of-plane alignme
and that for 750 eV Ar1 IBAD MgO the optimal in-plane
orientation distribution achievable is approximately
FWHM. RHEED simulations of other biaxially textured cu
bic materials like BaTiO3 exhibit similar dependence on b
axial texture as seen in MgO, indicating that this meth
should be generally applicable to cubic materials. Weak s
tering of MgO and rapid biaxial texture development ma
investigation of IBAD biaxial texture development difficu
with ex situXRD. The surface sensitivity andin situ nature
of RHEED provides novel information about biaxial textu
development and will facilitate rapid investigation of biaxi
texturing mechanisms and biaxial texture optimization.
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