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Raman scattering has been used to estimate the critical layer thickness and to analyze the alloying
effect on strain relaxation in Ysa_,As layers grown by molecular beam epitaxy on InP
[001]-oriented substrate, fox ranging from 0.0 to 1.0. Measurements of longitudinal optical
GaAs-like phonon frequency and Raman linewidth showed that the indium/gallium ratio contents
greatly influences the strain relaxation. A comparison between Raman and x-ray diffraction
measurements of relaxation ratios as a function of layer thickness is presented. The results can be
explained in terms of the combined effect of strain and chemical and structural disorddQ9®
American Institute of Physic§S0003-695(98)00404-5

A fundamental problem in semiconductor heteroepitaxyfrequencies and disorder effects to the breakdown of Raman
is controlling the crystalline quality of the layer, since it selection rules and broadening of the Raman peaks. More-
determines the optoelectronic properties of the materials. In aver, contrary to the other optical techniques such as photo-
heterostructure, strains may arise due to a lattice mismatdaminescence, measurements may be performed at room
between the layer and its substrate and/or to the differencaemperature. In the present letter we report an original Ra-
in their thermal expansion coefficients. Some applicationsnan scattering study on J6a,_,As epilayers forx=0.00,
take advantage of the new properties of these strained strug:25, 0.42, 0.53, 0.75, 0.82, 0.85, and 1.00. Analysis of the
tures, since their properties can be modulated as required f@¢aman spectra allowed us to characterize the strain relax-
specific devices.However, strain relaxation by creation of ation and to estimate the critical layer thickness.
structural defects leads to a degradation of the properties of The samples were grown in a Riber 2300 molecular
the materials and therefore of device performance. For §egm epitaxy(MBE) system equipped with RHEED. A
given heterostructure, the threshold of the relaxation procesgyice-matched InsGa, 4+As layer was grown on the InP-
depends on the growth cogdltlo(tempergture, growth raté, [001] oriented substrate before epitaxy of the lattice-
and substrate orientatipf® The relaxation process starts mismatched IgGa,_,As layers. For each indium concentra-

when the elastic energy accumulate_d in the layer exceeds ﬂ?ﬁ)n, two layers of different thicknesses were grown. Details
energy necessary for defect creation. As the accumulate growth conditions, TEM, and RHEED results have al-
elastic energy depends on layer thickness, it takes place ] '

A . ready been reporteid:'2
when a layer exceeds a certain critical thickn@isT).* The 'I}/he Ramarr)l measurements were performed with a T800
most used techniques to experimentally determine CLT are.

photoluminescencéL),’ reflection high energy electron dif- derg ”'.p"? monochromator_ coupled with & cqoled GaAs
fraction (RHEED),® and x-ray diffraction(XRD).” photomultiplier and a conventional photon counting system.

Previously reported experimental studies on strain relax:rhe 488 nm line of an argon ion laser was used as exciting

ation and critical layer thickness are devoted mainly to thé'ght' The OUtqu power of the laser beam was }<ept within
In,Ga,_,As grown on GaAs substrafayhere the strains are 200 mW and cylindrical lenses were used to avoid overheat-

always compressives. For,[8a_As grown on InP, no ex- ing of the sample. Experimental geometry was always in

tensive Raman studies exfs® although this heterostructure Packscattering and the measurements performed at room
is very interesting because the epilayer is submitted to comf€Mperature. o _
pressive x>0.53) or tensile X<0.53) strains, in addition to Figure 1 shows the frequency of the longitudinal optical
chemical and structural disorder. These characteristics of thé-O) GaAs-like phonon mode as a function of the thickness
heterostructure greatly influence the vibrational spectra off the InGa _,As layer for several indium concentrations.
the layer material, making the Raman scattering a powerful he values on the ordinate axis were calculated for strained

technique for their study. Strains lead to changes in phonolfyers pseudomorphically grown on IrRef. 13 and the
values to the right are the frequencies for the solid solutfon.

a o This figure clearly shows a smooth evolution of the strain
Electronic mail: dpsp@power.ufscar.br - .

Ypresent address: Corning S. A., 7 bis avenue de Valvins, 77210 Avor{elaxfat'on' _Th(_ase data enabl_e us to estimate the CLT as a
France. function of indium concentration. The value fwas taken
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FIG. 1. Frequencies of the LO GaAs-like phonon as a function of thicknesGaAs-like phonons from Raman measurements: The full circle indicates the
layers for several In concentrations. The values on the ordinates axis are ti@lues from thicker layers and open circles from thinner layers. The dotted
calculated frequencies of the LO phonons from layers matched to the sund full lines are a guide for the eysee Ref. 1}

strate(pseudomorphig the values at the right are the frequencies from the

solid solution(completely relaxedfrom Ref. 14. Stars are data from Ref. . .
10. The dotted lines are fittings. of the LO GaAs-like phonon Raman peak as a function of

indium concentration, for two different layer thicknesses.
First, there are maximum broadenings at abott0.3 and
ted lines in Fig. 1; To fit, we have imposedw/dt=0 att  0-85, with a minimum ak=0.53. These results are in good
=0 andt=o, wheret is the thickness. agreement with double crystal x-ray diffractici®XRD)

Figure 2 shows the plot of the estimated values of thdneasurements from Ref. 16. Second, the broadening is
critical layer thickness obtained from the data above. Thigreater for thinner layers than for thicker ones in the region
figure also shows the theoretical calculations for the criticaPf low indium contents, a result suggesting that the structural
layer thickness from the Mathews—Blacks|&4B) model*® disorder is more important at the interface between the layer
It is interesting to note that for the region of tensile strains@nd substrate. Third, for the region between 0.53 and 0.82,
and low indium concentrationx&0.53) the values are the broadenings are approximately the same for both thick-
greater than theoretically predicted, while for the region oflesses, suggesting a two-dimensiof@D) growth mode,
compressive strains and large indium concentration (With a 2D/3D transition forx~0.85 (see a more detailed

>0.53) the values are in good agreement with the MBdiscussion in Ref. 17
model. Table | shows some characteristics of the samples and

Figure 3 shows the full width at half maximu(@WHM) the most accurate values of x-ray diffraction relaxation ratio
R% (as defined in Ref. )2determined from XRD data and
the Raman relaxation rati@% determined from the data in
- Fig. 1. We have definee% = (w,— wo/ wss— wg) X 100%,
i where w,, wy, and wg¢ are the measured, completely
matched, and completely relaxéstrain free solid solution
LO GaAs-like phonon frequencies, respectively. From the
data, the values ob% andR% are both noticeably greater
for compressive strains than tensile ones, indicating an asym-
- metry in strain relaxation. The differences betwé® and
- ve 0% for each sample could well be attributed to intrinsic dif-
° 'p. ferences between techniques: while Raman scattering probes
A4 phonons in small regionghe penetration depth of the light
- for the 488 nm line is about 50—15 nm, for GaAs and InAs,
respectively, XRD probes the bulk layer, providing aver-
aged structural information.
100 f I I I I i The above results cannot be explained in terms of strain
00 02 04 06 08 1.0 effects or chemical and structural disorder separately, since
the maxima of the strains are localizedkat 0.0 (tensile and
In concentration at x=1.0 (compressive where there is a minimum of
FIG. 2. Critical layer thickness estimated from Raman dé&id circles), chemical disorder. On the other hand, the maximum of
calculated from MB mode{dotted lineg and from Ref. Gtriangles. chemical disorder is localized at=0.50, where there is a

at the inflection point of the fitted Boltzmann functi¢aot-
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TABLE I. Some characteristics of the /@& _,As epilayersix is the I XRD relaxation ratios showed asymmetry in strain relaxation
content,t is the layer thicknessp% is the relaxation ratio from Raman compressive strained layers compared to the tensile case
measurements as defined in the text, & is the relaxation ratio from Th Its lead to th lusi that the strain d to th )
XRD measurements. e results lead to the conclusion that the strain due to the

lattice mismatch is not the only factor determining the crys-

X t (nm) 0% R% talline quality of the layer and the critical layer thickness: the

indium/gallium ratio contents have an important role in this
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