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We describe the growth of hexagonal GaN oflL$1) by gas source molecular beam epitaxy with
ammonia. The initial deposition of Al, at 1130-1190 K, resulted in a very rapid transition to a
two-dimensional growth mode of AIN. The rapid transition is essential for the subsequent growth of
high quality GaN and AlGaN. This procedure also resulted in complete elimination of cracking in
thick (>2 um) GaN layers. For layers thicker than LuBn, the full width at half maximum of the
(0002) GaN diffraction peak was less than 14 arc sec. We show that a short period superlattice of
AlGaN/GaN grown on the AIN buffer can be used to block defects propagating through GaN,
resulting in good crystal and luminescence quality. At room temperature, the linewidth of the GaN
exciton recombination peak was less than 40 meV, typical of the best samples grown on sapphire.
© 1999 American Institute of Physidss0003-6951(99)02140-3]

There has been a number of recent attempts to prepare7) to (1x 1), which occurs aff,=1100 K2° provided a
GaN structures on Si(ll]s)Jbstrateé.‘4 However, the large convenient temperature calibration po’tﬁt.
difference in lattice parameters, and the strength of the Si—N  Following our previous experimeritsn GSMBE of AIN
bond, makes high quality epitaxy of GaN on Si quite diffi- with ammonia, we grew AIN at 116030 K. The process
cult. The difficulties are alleviated by the use of a bufferwas started by exposing the Si surface to the flux of Al,
layer, such as AIN, prepared first on the surface of Biit ~ estimated afl, =(2.0-2.6)x 10**at/s cm 2, for 1-2 s, fol-
even with such a layer most of the GaN structures grown oowed by 1-2 s long exposure to ammoiwéth the Al flux
Si appear inferior to those prepared on more conventionadff). This process, repeated 5-10 times, facilitated formation
substrates, such as sapphire or SiC. of oriented AIN islands on Si and suppressed formation of

Gas source molecular beam epite(fSISMBE) with am- SiN, islands!! The growth of AIN was started by turning on
monia can be used to grow high quality AIN o{Bi1)>and  the ammonia and Al, together, with the hbeam equivalent
thus provide the needed buffer layer for the growth of GaNPressure of (0.5-3310 °Torr. The Al flux was then
High growth temperature of 1130-1190 K, combined withSlowly ~decreased, during~5 min, to (0.8-1.3)
carefully controlled deposition of an Al layer at the onset of X 10"*at/scni®. The entire 50-120 nm AIN buffer was

epitaxy, suppress formation of Silslands and result in very 9rown in 10-25 min. The formation of the K1) surface
rapid transition to two-dimensiondD) growth mode of structure could be seen by RHEED after deposition of 5-7
AIN. nm of AIN. A completed 2D growth mode could be seen, by

NRHEED, after about 40 nm. The rapid transition to 2D
growth is of interest for two reasons. First, it results in a
decrease in the defect density, as shown in the TEM cross
section of Fig. 1(a). Second, the rapid transition is needed to

This work describes the preparation of high quality Ga
layers on Si(111py GSMBE with ammonia. We use triple-
crystal x-ray diffraction, transmission electron microscopy
(TEM). Raman spectroscopy, and photoluminesceile

to show that these GaN structures are similar to the bestSSU'® crack-free samples, as discussed later.
samples reported on sapphfre The growth of GaN was started after the AIN buffer

The growth experiments were carried out on 2 and 3 ir].Iayer completed the transition to the 2D growth. GaN layers

. . . . were grown at a temperature of 13080 K and growth rates
diameter Sl(lllh)repgred by wet chem_|cal etching. The pro- of 0.4-1.1um/h. Formation of a (X2) surface structure
cedure used results in hydrogen terminated surfatafers

d by thi h d th " could be seen after deposition of 20—100 nm of GaN, as
prepared by this process showed thex(7) surface struc- shown in Fig. 2. The fastest 3D—2D transition in GaN was

ture, observed by rgflection high-energy ele_ctron diffractiongached at the highest growth rate. This is consistent with the
(RHEED), after heating to 920 K for a few minutes. The well high yalue of the lateral growth rate reported for GaN at the
known Si(111)surface reconstruction transition, from (7 optimal growth conditio2 We also prepared structures in-

corporating short period AIGaN/GaN superlatti¢&s.s) for

3Electronic mail: nusns@ttacs. ttu.edu control of defects propagating from the substrate interface.
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FIG. 3. X-ray linewidth(FWHM) in triple-crystal w—2® scan measured
GaN for GaN layers as a function of thickness. The solid line shows the FWHM
calculated for an ideal crystéee Ref. 13).

GaN/AlGaN the lower part of the structure is shown in Figb}l Figure 4
SL shows a narrow0002)peak of GaN and the presence of two
SLs. The sharpness of t6002) peak and the presence of
AIN Pendellosung fringes, demonstrate high degree of top layer
flathess and high crystalline quality. The coherence length
Si(111) calculated from the linewidth was almost equal to the thick-

ness of the top layer of GaN.

The room temperature PL spectrum of this sample shows
FIG. 1. TEs'\‘/é f{iTS-sed%t)io':lémE?g@')\log E éSO-nT-ghick tﬁlfl)\;guffertﬁyir a free excitonFE) peak at 3.408 eV with the FWHM of less
grown on ol ,an a a eposited on -nm-tnic H H
AIN buffer layer. A second SL, grown on 04m-thick layer of GaN, is not g]:fr;(‘jtobrlgi\kllhggiil c?ffttf?ee t?/?)set ;?Cr)nV\F/JI’I}eI?} ?:I;ZWZ \c/)\lr;rseai%%hr:rde
shown.

important in assuring low defecyellow) luminescence. In
samples grown without SLs, the intensity of yellow lumines-
The effectiveness of such structures is demonstrated in théence was significantly stronger.
TEM cross section of Flg(b) In addition to the SL placed The |ayers of GaN grown on Si are known to crack
at the 2D grown AIN layer, we experimented with a seconddquring the cool-down cycl& Cracking occurs along the
SL placed on GaN growing in a 2D mode. equivalent{1100} GaN planes and it splits the sample into

Figure 3 plots the x-ray diffraction linewidth, full width small areas, with the average distance between cracks as
at half maximum(FWHM), of the (0002)peak of GaN mea-  small as 50um. Cracking is believed to be an intrinsic phe-
sured as a function of the layer thickness. In samples 1.5-gomenon due to the thermal expansion coefficient mismatch
um thick the FWHM was as narrow as 14 arc sec. This ispetween GaN and Si. However, our experience shows that
narrower than the values reported for GaN grown by MBEcracking of GaN can be completely eliminated by suppress-
on sapphiré. Figure 3 also shows the FWHM curve calcu- ing formation of SiN islands and assuring uniform nucle-
lated for ideal crystalline layers as a function of thicknEss. ation of AIN at the Si—AIN interfacé!

A comparison of measured and calculated FWHM shows e used Raman scattering to estimate the amount of
that our layers are almost completely coherent in the growttrain in the layers and to monitor the buildup of strain with
direction, for all thicknesses studied here. the layer thickness. Raman measurements were carried out

X-ray diffraction measurement on a GaN structure incor-on structures similar to that illustrated in the inset of Fig. 4,
porating two AlGaN/GaN SLs is shown in Fig. 4. The struc-
ture is depicted in the inset of Fig. 4, a TEM cross section of

"~ GaN(0002)
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FIG. 4. X-ray diffraction data obtained on a GaN sample designed for
control of crystalline quality. The presence of Pendellosung fring#s,
FIG. 2. The (2<2) RHEED pattern related to 2D growth mode of GaN. near the(0002)GaN peak, is clear. The PF period corresponds to the thick-
The azimuth of the electron beam is parallel to the (ZEINO](ISI[110]. ness of the top GaN layer of 0.44m.
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T " T " residual stress due to lattice constant mismatch cannot be
Ez excluded.
GaN In summary, we describe GSMBE procedures which re-
sult in high quality GaN on Si(111). The layers have excel-
7‘1_ = 488 nm lent structural characteristics, strong and narrow room tem-
perature PL, and are free of cracks.
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