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ABSTRACT

T - ' : . ' o
_{X-ray double-crystal diffractometry combined with theoreti-!
\cal simulation of rocking curves using the x-ray dynamical scatter-i+:

ling theory is one of the most powerful tools for structural analysis:
|of semiconductor multilayer and superlattice structures JIn this
“thesis, a recurrence formula used for theoretical simulation of the
x-ray double-crystal diffraction rocking curves is derived from the
general theory of x-ray dynamical diffraction—the Takaki-Taupin
equations. Different kinds of multilayer and superlattice samples
\}zel'erstudied and the main results are as followig:
{1) A method for theoretical simulation of the rocking curves
for strain relaxed superlattice ‘as given, ett. rrflléwiﬁ‘ewcﬂlﬁﬁ'ié}ﬁ of
| strain relaxation, the misorientation between the superlattice lay-
“ors and the substrate, and the peak broadening due to the for-
mation of misfit dislocations were taken into account in the sim-
dation. We demnonstrate that if the strain is relaxed only on the

superlattice/substrate interface (mechanism 1), the relative posi-
tion of the superlattice satellites will be influenced by the relax- “'
ation ratio R, but not the distribution of their intensities. While if
tlie strain is relaxed on the interfaces throughout the superlattice
lavers (mechanism 2). both the relative position and the intensity
distribution of the superlattice satellites will be changed with the
change of R. Therefore by fitting the intensities of the simulated
rocking curves to their experimental counterparts. the mechanism
of strain relaxation for a superlattice can be determined.

For a Ing 15 Gag g2 AS (1:3()404) /GaAs (180-:&) superlattice with

15 periods, the experimental results show that the strain is relaxed
with mechanisim 1. The average percentage strain relaxation ratio
R is 32.7%. A misorientation angle with 325" along [010] direction
between the superlattice layers and the substrate was observed.
- 52) The peak separation of the superlattice satellites and the
appearance of strong oscillation fringes around the satellites in the
rocking curves of GeSi/Si superlattices and its related structural
imperfection were studied. [We show that the peak separation of -~



fthe satelhtes is caused by an ablupt variation of the structural
parameters during the growth process, while the appearance of
the oscillation fringes around the satellites is due to the formation
of a A1BAs type structure. If the average misfit of B is 1arger/s
than that of A, the fringes appear on the higher angle sides of the:
fgsatelhtes and 1f the average misfit of B is smaller than that of A
Eéthen the fringes appear on the lower angle sides of the satellites.
——43) The structures of AlyGa;_;As/Al,Gai_y As/GaAs step
multhuantum wells on (001) GaAs Was studled rn the snnulatloﬂ
lof the experimental rocking curves the p0551ble variation of the|
structural parameters due to the variation of beam fluxes durmg\,ﬂ\v
the growth process were considered, The effect of the variation of
x and y on the rocking curves were analyzed. Good agreementsl
between the theoretical simulated rocking curves and the experi-.
imental ones were obtained. As a result, both the real structuresx
land the possible reasons for them duftm& from the design ones.

i

pvere deduced. 1

et e t

\&(4) GaAs/Si materials 51 ownl b} different ¢ OTOW wth p1 ocess s with

_different structure ° \?P@le \studled ,A shear strain model was pro-|
poscd to interpret the e\peumcntal phenomenon that the observed\t
lattice parameters of the GaAs epilayers are smaller than that of
GaAs bulk materials. We found that when the shear strain is.

smaller than 0.7%, the lattice deformation of GaAs epilayers are :

- small and then the measured lattice misfit between the GaAs epi--

21a\ ers and the Si substrates are close to that between GaAs and

- Si bulk materials. When the shear strain is greater than 0.7%, the .
‘lattice deformation of GaAs epilayers increased sharply, so that
| the measured lattice misfit between the GaAs epilayers and the St
substlatcs obviously smaller than that between GaAs and Si bulk

| L materials.

i

L

Key words:  Double-crystal diffraction, Dynamical scattering,
Rocking curve, Simmulation, Semiconductor epilayer, Superlat-
tice, Multiquantum well, Strain relaxation, Lattice deformation.
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