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Trends in residual stress for GaN/AIN/6H-SIC heterostructures
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We discuss trends in residual stress as a function of film thickness, growth temperature, and
substrate orientation for GaN/AIN/6H—-SIC heterostructures. Films are mostly compressive for
samples less than about Qum thick, are tensile up to about 2m, then abruptly become less

tensile with stress values near 1 kbar thereafter. We interpret this as a successive relief of lattice
mismatch and thermal stresses culminating in a catastrophic relief by unknown mechanisms at
moderate thicknesses. These data indicate that relaxation processes in these heterostructures are not
as well understood as previously supposed. 1898 American Institute of Physics.
[S0003-695(198)01845-2

As evident from the wide range of published excitonic (MOCVD) on 6H-SIC substrates. All samples were un-
energy positions;® residual stress in GaN clearly manifests doped, were grown with the same V-IIl flux ratio, have
itself in optical data. Samples grown under different condi-1000 A thick AIN buffer layers grown at 1000 °C, and were
tions yield reflectance spectra with different line shapes angubject to the same postgrowth rate of cooling. Details of
excitonic splittings due to different states of residual stress ircrystal growth are given elsewhef®eflectance line shapes
the layers. However, this wide range typically results fromwere analyzed in reciprocal space to yield the enerBies
the use of two very different substrate materials, 6H-SiCEg, andE. of the A, B, andC excitons associated with the
and ALO; rather than from achieving a wide variety of I'g, I'7, andI'; valence bands, respectively, to with#0.5
stresses on a single type of substfa@ptical data in the meV>® Residual in-plane stresses,= oyy= 011 Were esti-
literature give the impression that compressive stress is th@ated to within an additive constaB, from the measured
inevitable result of growth on AD, substrated?*while the  critical point energyE, as described previoushilm thick-
relative scarcity of data for GaN on 6H—SiC has reinforcednesses were measured in cross section to within 5% using a
the impression that only tensile material can be grown oRJEOL 6400FE field emission scanning electron microscope
this substraté=® (FE-SEM and verified by the reflectance data below the

Here, we show that such observations are simply a resufand edge.
of growth in the regime where GaN on 6H-SiC is tensile. ~ As stated previously, by conventional wisdom simple
This is done in the context of reporting empirical trends instructures grown on AD; are in compressidh'? while
residual stress for selected growth parameters in simple 6Hbose grown on 6H-SiC are in tensidh!>'*It is usually
SiC substrate/AIN buffer/GaN film heterostructures repre-assumed for growth on 6H-SIiC that compressive lattice-
senting the widest range of stress reported thus far for thiglsmatch stress&s'?are relieved after a few nanometers of
substrate materidlWe show that compressive GaN layers growth'® and tensile thermal mismatch stresses persist
are indeed achievable on this substrate, further supportingiereafter. To investigate these issues we pigtand o
our earlier hypothesisthat there is noa priori correlation Values for the samples versus film thickness in Fig. 1, versus
between substrate material and residual stress. But this relffowth temperature in Fig. 2, and compare on-axis and vici-
tively large collection of data clearly indicates that relaxationna@l samples in Fig. 3. From Fig. 1 we find that we can clas-

phenomena in these simple heterostructures are not well ugify these films as very thiti~0.7 um), moderately thick
derstood. (~0.7 to ~1.9 um), or very thick(>1.9 um) according to

Optical data were obtained with a single-beam low-their residual stress. Some global trends are evident in Fig. 1,
temperature reflectometer consisting of a Xe arc lamp and &dependent of growth temperature or offcut angle. Contrary
Cary 14 monochromator. Resolution was better than 1 me\O convenporgal wisdom, very thin samples are generally in
at 3.4 eV. Measurements were done on samples cooled to f@mpresspﬁ. Moderately thick samples are in tension with
K with an Air Products cryotip. We examined thirty GaN Stress typically increasing with thickness up to a critical

layers grown by metalorganic chemical vapor depositionthiCk”ess somewhgre near 281. Above this critical thick-
ness, samples are in tension at a reduced stres4 &bar. It

” T o o appears that the relaxation process occurs more
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FIG. 1. E5 and oy, Vs thicknessd for GaN films on 6H-SiC. Lines are W oss : :
shown to guide the eye. | 4 o7 059 : L 3
064 @
compressive stresses until moderate thickness is achieved 120 ¢~ L 4
and an abrupt relaxation of tensile stresses when the films
become very thick. The compressive range is consistent with 3.460 . L L
a gradual relaxation of pseudomorphic growth, given that the 1000 1050 1100
lattice parameters of GaN, AIN, and 6H—SiC at the growth Growth Temperature (°C)

18 ;
temperatyre are 3,'204’ 3'l§0and 3.092 A’ rGSpectlvely' FIG. 3. E, and o, vs growth temperature for growth ¢8001) and vicinal
The tensile range is presumably a thermal contraction effectge_4- toward[1120])) 6H-SiC. The numbers indicate film thicknesses in
since both AIN and GaNAa=0.17 and 0.16 A, respec- um.Sample pairs linked by dotted lines were grown at the same time under
tively) shrink more than 6H-SiCAXa=0.11 A) upon cool-  identical growth conditions.
ing to low temperature. The weakly tensile regions dor

~2.5um is consistent with the idea that for sufficiently thick ;- 1ated critical thicknesses of these layers aréRes. 21
films an underlying interface is no longer able to withstand,,4 12 AL respectively, high-resolution micrographs show

the stress and an abrupt relaxation occurs. that the films are not fully relaxetf. This follows from the

Other evidence supports this picture. While Cross—gayer of Fig. 2 in Ref. 5, and our reflection-differerBD)
sectional transmission electron microscoffEM) micro-

. ) data?? which shows evidence for anisotropic relaxation. Fur-
graphs show that the AIN/6H-SiC and GZaN/AII;lg|2noterfacesthermore’ calculated coherency stresses at the GaN/AIN in-
of these films are heavily dislocated-(0'%cn?),*?° and

terface @,x=56.5 kbar ando,,=54.8 kbay,'® are suffi-
ciently large to reasonably account for residual stresses of an

3490 T ' T order of magnitude less after initial relaxation processes oc-
: onm | e ooum cur and a multiplicity of defects with different Burgers vec-
.7-<1.9 L . .
A 10 - -3 s tors have been observed within a selection of representative
@ films,2° a possible indication that different slip mechanisms
L2 | £ could be activated as forces accumulate within a heterostruc-
3 ture with increasing GaN layer thicknesses. We will discuss
3480 | ® 062 1} © elsewhere the possibility that film stresses generated by lat-
® 044 ol tice and thermal mismatch are more complex than previously
_ - assumed?®
= [ °os [0 8 The effect of growth temperature on these processes is
i 061 e shown for on-axig0001) 6H-SiC samples in Fig. 2, and the
A ; r1e additional influence of substrate orientation is shown in Fig.
3. Three trends are apparent: First, from Fig. 2 the thickness
34701 4 L] 1412 at which compressive stress changes to tensile appears to
Bj tino A 5 vary with growth temperature. The-0.6 um films are
'T e n 5| 2 slightly tensile at 1050° and are slightly compressive at
g T tinto = 1000 °C, and at 1100 °C, a moderately thick sample is com-
thick [ 4 pressive, unlike those grown at lower temperatures. Second,
] a 1050 °C the tension in moderately thick samples increases
3.460 L L} - with increasing thickness while the reverse appears to be true
1000 1050 1100 at 975 °C. Third, we see that the range of stress over which
Growth Temperature (°C) these processes occur appears to increase with increasing

FIG. 2. The data in this figure vs growth temperature for on-axis 6H—SngrOWth temperatur_e. . .
samples. The arrows denote the progression in tensile stress with increasing It S€€ms plausible that at any given temperature any film

thickness for moderately thick filmsquaresat 975 and 1050 °C. will follow the same general trend of progressive relaxation
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