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Measuring Interface Strains in Depth Using X-Ray Bragg-Surface Diffraction

An X-ray diffraction method, using three-beam Bragg-surface diffraction, is developed to measure strains at the
interface of MBE Au/GaAs(001), where grazing-incidence diffraction cannot apply due to the difference in refractive
index between Au and GaAs. Changes in diffraction images of the surface reflection (1-13) of GaAs(006)/(1-13) three-
beam Bragg-surface diffraction and the (-1-13) of GaAs(006)/(-1-13) at different azimuth and Bragg angles give the
depth penetration of 2A resolution. The variations of lattice constant, -49%, -27% and 2% along the surface
normal[001] and in-plane directions [-1-10] and [1-10] are determined within the depths of 18A, 72A, and 72A,

respectively.
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strain induced at interfaces may deteriorate material proper-
ties due to crystal lattice distortion, thus degrading the performance
and lifetime of the devices fabricated. Methods for characterizing
interface strain are therefore most desired. For the grazing incidence
diffraction frequently employed for surfaces/interfaces structural
studies, X-rays scattered from the interface may be overshadowed by
that diffracted from the substrate due to the large X-ray penetration
depth. Moreover, when the refractive index of a thin film is smaller
than that of the substrate, external total reflection does not occur for
X-rays travelling through the interface of the thin-film and substrate.
Without the totally reflected beam, the information about the inter-
face structure may not be easily extracted from the intensity mea-
surement of the transmitted diffracted beam. To overcome this diffi-
culty, we proposed a method to determine three dimensional inter-
face strain non-destructively with an atomic resolution for the mole-
cular beam epitaxial (MBE) Au/GaAs(001) sample system where the
refractive index of gold is smaller than that of GaAs for X-rays. No
total external reflection occurs unless diffraction takes place from the
backside of the sample. The proposed method adopts the so-called
Bragg-surface multiple diffraction (BSD), where a surface diffracted
beam carries interface structural information.

X-ray Bragg-Surface diffraction measurements were conducted
at the wiggler beamline BL17B, NSRRC. A Si(111) double-crystal
monochromator and a collimating mirror provided a highly mono-
chromatic (AE/E~10) and collimated beam. The X-ray energy used
was 11.0577 keV and the incident beam size was 0.5mm x 0.5mm.
The sample mounted on an 8-circle diffractometer was aligned first
for the symmetric Bragg reflection GaAs(006), the primary reflection
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