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Strain Analysis of IlI-V Epitaxial Growth by in Situ Synchrotron
X-ray Diffraction

Takuo Sasaki’

" and Masamitu Takahasi'

Dislocation-mediated strain relaxation during lattice-mismatched InGaAs/GaAs(001)

heteroepitaxy was studied through in situ x-ray reciprocal space mapping (in situ RSM).

At the synchrotron facility SPring-8, a hybrid system of molecular beam epitaxy and x-ray

diffractometry with a two-dimensional detector enabled us to perform in situ RSM at high-

speed and high-resolution. Using this experimental setup, the strain relaxation processes

were classified into four thickness ranges with different dislocation behavior. In order to

discuss this observation quantitatively, a strain relaxation model was proposed based on

the Dodson-Tsao’s kinetic model, and its validity was demonstrated by good agreement

with the experimental residual strain. In addition to the single InGaAs layer, strain

relaxation processes in multi-layer structures are discussed.
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Fig. 1 (a) Experimental setup of in situ RSM during
InGaAs/GaAs(001) growth. (b) Schematic
illustration of the 004 reflection in the HL

reciprocal space.
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Fig. 2 Typical 004 reciprocal space maps for
Ing.12Gag gsAs thicknesses from 40 to 469
nm grown on GaAs(001).
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Fig. 3 Evolution of residual strain (a), and FWHM , and
FWHM, (b) as a function of layer thickness.
Differential residual strain is also plotted to clarify
the change in the residual strain. The thickness
at which the differential and FWHM , have a
maximum is indicated by the dotted lines.
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Fig. 4 Comparison between experimental residual
strains and theoretical strains predicted by
conventional models.
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Fig. 5 Comparison between experimental residual
strains and calculated values obtained from
the modified model at each growth
temperature.
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Fig. 6 Kinetic rate coefficients, Ky, Ki(rap.), K; (sat.)
and K; as a function of the growth temperature.
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Fig. 7 In-plane anisotropic distribution of misfit

dislocations in InGaAs/GaAs(001).
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Fig. 8 022 reciprocal lattice point (a) and 022 diffraction
(b) in HKL-3D coordinate system.
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Fig. 9 Typical 022 reciprocal space maps for 3D and
projected 2D during Ing12GagggAs growth on
GaAs(001).
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Fig. 10 Evolution of reciprocal lattices along [110], [-110]
and [001] directions (a) and FWHM of 022
diffraction peaks along [110], [-110] directions

(b).
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Fig. 11 (a) Measured 004 reciprocal points in 3D
reciprocal space. (b) Typical H-L and K-L
reciprocal space maps at different InGaAs total
thicknesses.
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Fig. 12 Evolution of diffraction peak positions along

[001] (index L) associated with the residual
strain for the 1st and 2nd layers as a function
of total InGaAs thickness. The arrows indicate
the thicknesses at which large strain
relaxations were observed.
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Fig. 13 Evolution of the diffraction peak positions of the
1st layer in H-K-L 3D reciprocal space (a) and in
the projected H-K plane (b) during growth of the
1st and 2nd InGaAs layers. The peak positions
shown in (b) are associated with the direction
and the magnitude of lattice tilting.
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Fig. 14 Sample structure of compositionally step-graded
InGaAs buffer with the OS layer.
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