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Growth of GaN free from cracks on a  (111)Si substrate by selective
metalorganic vapor-phase epitaxy
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The selective metalorganic vapor-phase epitaxy of wurtzite GaN was performe¢laf) ailicon
substrate using SiOgrid mask pattern. Within window regions (.2—0.5 mmx(0.2-0.5 mm,

GaN films free from cracks were achieved. The full width at half maximum of(@084 X-ray

rocking curve was as narrow as 388 arcs and that of the band edge emission was 18.6 meV at 77
K. The band edge emission peak energy was redshifted. The redshift is reduced slightly in a sample
grown on small windows. This suggests that the biaxial strain due to the thermal expansion
coefficient mismatch is partly relaxed on small windows. 28002 American Institute of Physics.

[DOI: 10.1063/1.1432764

The growth of Il nitrides on a silicon substrate will open growth of wurtzite GaN. A 70 nm thick SiQ layer was
a new possibility in the field of opto-electronics devices. Bydeposited by sputtering. Various grid mask patterns were
molecular-beam epitaxy, thin GaN films have been succesgormed with conventional photolithography on the substrate.
fully achieved on silicon(111) or (001) substrates. But the The window region was a square 00-500 umX(200—
sample is often a mixture of cubic and wurtzite structdres. 500 um and divided by(5-200 um wide SiGQ mask re-
The GaN grown on a Si substrate by metalorganic vaporgion. The SAG of GaN was performed in an atmospheric
phase epitaxy(MOVPE) exhibits, on the other hand, high pressure horizontal MOVPE chamber, using trimethylalumi-
crack density which is attributed to the large mismatch in thexum (TMA), trimethylgallium(TMG), and ammonia (Nk)
thermal expansion coefficients between GaN and S@s the source materials. After a heat treatment of the sub-
(55%).%~" Several attempts were reported to improve thestrate, an AIN intermediate layer was deposited at 1150 °C by
crystal quality by optimizing the formation process of ansupplying (TMA:NHz) =(1.83 umol/min:2.5 sim. The AIN
AIN intermediate layef, or utilizing multiple step growth thickness was 30—50 nm. Immediately after the formation of
method® But the effect of the thermal expansion coefficientthe intermediate layer, the SAG of GaN was performed at
mismatch is too large to suppress the formation of cracks id090 °C for 40 min by supplying (TMG:N§j=(18.3 umol/
the grown films. min:2.5 slm. A single crystal GaN was grown selectively
An elegant method was proposed by Matsuda andVithin the window region, of which the axis was normal to
Akasaki to suppress cracks in the hetero-epitaxial growth of€ (11)Si substrate surface and tie101) axis was paral-
a material with large thermal expansion coefficient!€! 0 the (—1—-12) axis of the SI|I$30n substrate. The thick-
mismatch'® They made a grid mask pattern with a $iftm ~ N€ss of the GaN crystal was typically L&n at the center
on a GaP substrate to restrict the growth area and succeedéion of the window area. More details of the heat treatment
in obtaining crack free znS films within the window area. ©f the sublgtrate and the growth process were reported
Following them, Shibataet al** tried to get high quality elsewheré: o _ . .
GaN thick films on sapphire substrate by hydride vapor _ 1he device size of the modern light emitting diode
phase epitaxy and proved the feasibility of the selective ared-EP) and laser diodéLD) is on the order of or less than
growth (SAG) method. In a recent paper, Zareir al 2 stud- several hundreds of micron. This is the reason why we have

ied the MOVPE growth of GaN on @il1). With a simple tested the SAG on square windows of which width is 200—
analysis, they found that the critical size free from crack is5(_)0'“m' In case OT 50mm windows, th‘? GaN grown on the
on the order of 15:m if the thickness of the GaN film is 0.7 window often exhibited cracks. For windows less than 400
m pum, we could have obtained GaN films free from cracks
#T over a wide area on the substrate. In case of 260win-

The crack density depends strongly on the growth ConEjows, we have found no cracks on the whole area. Typical

ditions and quality of the crystals achieved, i.e., the averageurface microscope images of the SAG-GaN are shown in

.Slzetﬁf the Cr?ﬁk freg_ts_ample can I?e m;rqeased tby m?ﬁ'ﬁ”' “ig. 1. In case of SAG, we can see that the GaN is free from
INg the growth conditions as well as € posigrow €& racks. Figure (b) represents the result obtained using

Masks of 20Qum wide. The peripheral morphology is due to
ridge growth, which is attributed to the lateral diffusion of
chemical species on the mask regidriThe ridge growth
should be suppressed if we are to fabricate uniform thin films
such as quantum-well structures. To make the layer as uni-
form as possible, the effect of the mask width on the ridge
dElectronic mail: sawaki@nuee.nagoya-u.ac.jp growth was studied. In case of samples obtained by using a

on the film, which gives a fatal difficulty in device applica-
tions. Thus, the control of the crack distribution in a large
area film is the main issue of the present study.

We used a(111) silicon wafer as the substrate for the
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FIG. 1. Microscope picture of GaN/AIN/Sia) GaN film grown without

grid mask.(b) GaN grown on 50Qum wide square windows with 20@m %
wide masks(c) GaN grown on 20Qum square windows with 1@m wide

masks. By the SAG method the crack density is much reduced &iegi o

cracks are observed. lib) and(c), the ridge growth took place. The width £, 3. pL spectra of GaN/AIN/Si at 77 ) GaN by conventional method,
of the ridge growth is around 2@m. (b) SAG-GaN grown on 50@m square windows(c) SAG-GaN grown on

400 um square windowgd) SAG-GaN grown on 20@m square windows.
fl'he peak energy is shown in eV and the FWHM in meV.
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50 um wide mask, the ridge growth was also observed. Bu
by reducing the mask less than &én, the ridge growth was
practically suppressed. At the edge of the square crystal, thgroves that the SAG method is effective to improve the crys-
grown layer is only 10% thicker than at the center. Thesdal quality of GaN as well as to reduce crack density.
results show that use of masks less thangtf will give The photoluminescencé’L) spectra were investigated
uniform and crack free GaN films on @11) silicon sub- at 77 K. In all samples, we observed strong band edge emis-
strate, which might be applicable to modern LED or LD. sion and weak yellow band emission, which suggested the
The results shown here are in contrast to those shown bgw point defect density in these samples. Figure 3 shows the
Zamir et al,'? where the film size free from cracks was one edge emission spectra. The relative intensity of the edge
order of magnitude smaller. In the case of ZnS/GaP, the difemission was weak in samples on 5@® wide windows but
ference in the thermal expansion coefficient is 35%, which iach spectrum was normalized by the peak height in Fig. 3.
a little bit smaller than the present GaN/Si case. Matsuddhe FWHM is apparently reduced in narrow windows. The
et al. achieved crack free 50@mx500 um ZnS film at the  narrowest one has 18.6 meV. The weak subsidiary peak at 70
thickness of 3Qum.2° According to their results, the surface meV below the main peak is attributed to the incorporation
morphology is rather rough and includes hillocks/pits. Thisof oxygen!* But we could not observe the donor—accepter
suggests presence of grain boundaries due to the columng@ir emission, which suggests high optical quality of the
structure of the ZnS, which may reduce the strength againstamples.
the tensile strain. The fact that we could have achieved crack As shown in Fig. 3, the edge emission peak for SAG-
free films of the same size but as thin as w® might be  GaN is at around 358 nm which is redshifted as compared to
due to the high quality of the material. the peak shown for samples grown on sapphire substrate.
Figure 2 shows typical x-ray rocking curves of the The difference is as large as 3 nfar 30 me\j. This is
samples. The-scan axis was along tH&1-20 axis of GaN.  attributed to the tensile strain given by the thermal expansion
Apparently, the full width at half maximurtFWHM) of the  coefficient mismatch between GaN and Si. It is notable that
(0004 diffraction peak of the SAG-GaN is much improved the magnitude of the redshift and FWHM depend on the
as compared to that for a sample grown by a conventionavindow size as shown in Fig. 4. On windows less than 400
method. Moreover, the samples on narrower windows exhibitzm, on the other hand, the redshift is slightly reduced as
narrower FWHM. The value of 388 arcs obtained for a 200compared to those on 400 or 5@Mn wide windows. Since
um window is extremely narrow for GaN grown on silicon we could not find any cracks on 2Qfm windows, the strain
substrate by MOVPE. The-axis orientation might be fluc- is supposed to be partially relaxed already by virtue of the
tuated by the cracks and/or the appearance of ridge growtismall size of the films. Since some of the samples on&®0
but the narrower value obtained in the present experimentgide windows exhibit cracks, the wide FWHM is attributed
to the fact that the strain has been partially relaxed by the
cracks which are however not uniformly distributed over the
sample surface.
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FIG. 2. (0004 X-ray-rocking curves of GaN/AIN/Si inv-scan modes(a)
GaN by conventional methodb) SAG-GaN grown on 50Qum square  FIG. 4. Dependence of the PL peak enefsglid line) and FWHM (broken

windows, (c) SAG-GaN grown on 20Qum square windows. line) on the window size.
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