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In-Situ STM Observation of GaAs Surfaces after Nitridation
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Abstract
Scanning tunneling microscopy is used to study (m1), (1ll)B and (1ll)AGaAs sudac€s aft€r nitridation.

For the (001) surface, 3-nm-wide stripes are observed along [110]. A smooth surface densely covered with small
GaN grains is observed for (l I l)A, while large GaN grains wil.h some voids are observed for (111)8. The
root-mean-square roughness of the surface after nitridation is dctermincd !o be 0.21 nm for (l I l)A, 0.26 nm for
(001), and 0.38 nm for (l l1)B, These resuls suggest thal the (l I l)A surface is promising for the growth of GaN
on GaAs. The surface roushness ofGaAs afler nitridation was found to have a maior effect on the selecdvity of
GaAs growth.

l.Introduction
Recendy, GaN-based III-V semiconductors havg been developed for their applications to blue-light-emitting

devicesrs. A thin GaN film on GaAs can also be used as an iz-sr7z mask layer for GaAs selective growthr). Because GaN
substrates are not widely available, GaN-based devices must be grown on oher kinds of substrates such as GaAs substrat€s.

Thesc substrates have advantages in that they can be easily cleaved and the GaN can be deposited on a high-quality
homoepiiaxially grown GaAs surface with few impurities and defecb. It is difficult, however, to grow GaN on GaAs due
to the large lattice mismatch of about 20 %. Therefore, the initial stage of nitridation of GaAs substrates must be studied to
obtain two-dimensional nucleation. In this conference, we repon he in-sr'tr scanning lunneling microscopy (STM) and
reflection high-energy electron diffraction (RHEED) observation of (001), (lll)A, and (1ll)B GaAs surfaces after
nitridation. We also show the characteristics of the GaAs selective growth on lhese nitridcd GaAs surfaces as a mask layer.

2. Experiment
In this experiment, we used a metal organic molecular beam epitaxy (MOMBE) growth chamber combined with

an STM chambera). For the nitridation of the GaAs surface, the nitrogen molecu-les (N) were supplied on GaAs substrates
through a hot W filamentsq. The background As pressure was below lxloE Ton The subslrate tempemture during
nitridation, the W filament temperature and N2 pressure are 450 "C 2100 'C and 4xl0'5 Ton, respectively. The GaN
thickness is estimat€d to be about 7 monolayers (ML). Trimethylgallium (IMG) and @niarybutylarsine ('IBAs) were used

o grow GaAs layers. The substrate temperaure and the growth rarc were 550 t and I .l A/scc.

3. Results and discussion
First, we observed RHEED pauern changes bcfore and aftcr nitridation. Bcfore nitridation at 450 t, the surface

reconstructions of (ml), (l l1)A, and (111)B showed Q x 4), Q x 2), and ({I9 x {I$, respectively. After nitridation of a
(001) GaAs surface, the [110] RHEED pattem showed the lattice spacing of GaN, while a streaky pattern having the
spacing of a GaAs lattice was observed at the [Tl0] azimuth as reponed beford). In conlrast to the (001) surface, streaky
patterns having the spacing of a GaN lauice were observed ar both [10T] and [121] azimuths for (111)A and (111)8
surfac€s. After the RHEED observation, the substrate was uansfened to the STM chamber. Figures I (a), I (b), and I (c)
show the STM images of (001), (11l)A, and (l I l)B GaAs surfaces after nitridation. The scan arca and vertical scale arc
100 nm x 100 nm and l.l5 nm, respcctively. For (001), the 3-nm-wide stripes were obs€rvcd along U l0l, which was also
observed in cross-sectional transmission electron microscopy (IEM) images for the GaAs/3_aN/GaAs structure. Similar
but wider I l0] stripes have been reporrcd after the growth of GaN on (001) GaAs by MOVPE". A smooth surface
densely covered wilh small GaN grains was observed for (l l1)A, while large GaN grains with some voids were observed
for (111)B. The rool-mean-square nughness of the surface afrcr niridat ion was detprmined lo be 0.21 nm for (11 l)d 0.26
nm,for (001), and 0.38 nm for (l I l)B. These resul$ suggest hat the ( l I | )A surfacc is promising for the growth of GaN on

GaAs. They also support the reponred experimenal resulsEJ).



Fig. I (a).

STM image of (001) GaAs surface after ninidation. The

3-nm-wide suipes were observed along tl l0l.
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Fig。 1(b)。

STM image of(111)A GaAs surface after nitridationo A

relat市ely smooth surface with small GaN grains was

observed.

[1011

100 nm
x 100 nm

Fig. I (c).

STM irnage of (1l l)B GaAs surface after nitridation.'

Large GaN grains with some voids were observed.
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Next, we supplied TMG and TBAs on the surfaces after nitridation Lo check thoir selectivity by using the RHEED
patt6rn change. The substrat€ temperature was 550 'C Figure 2 shows the RHEED patlem change as a function of the time
for supplying TMG and TBAs. The RHEED pattern was observed every 15 sec. As the CaAa deposited on the surfaces,
the RHEED pattem changed from those of GaN to those of GaAs. For (l I l)B, a mixed GaAs and GaN RHEED panem
was observed after ls-sec supply, and the GaN pattem disappeared after 30 sec. In conl.rast, the RHEED pattern for
(111)A retained GaN streak for 45 sec. These results suggest hat the surface roughness of the GaAs surfaces af3er
nitridation has a major effect on the selectivity.
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Fig.2.
RFIEED pattern change as a function of the

time for supplying TMG and TBAs. For (111)B,
a mixed GaAs and GaN RIIEED pattern was
observed after 15-sec supply, and the GaN
pattern disappeared after 30 sec. In contrast, the
RHEED pau.ern for (l l l)A retained GaN streak
for 45 sec.
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4. Conclusion
(00D, (l l1)B and (111)A GaAs surfaces after nitridation is characbrized using STM. For the (001) sudac€, rhe

3-nm-wide stripes are observed along [110]. A smooth surface densely covered with small GaN grains is observed for
(l1l)A, while large GaN grains with some voids are observed for (11l)B. The root mean square roughness of the surface
after nitridation is determined to be 0.21 nm for (111)A, 0.26 nm for (001), ahd 0.38 nm for (111)B. These resulrs suggesr
that the (l I l)A surface is promising for the growth of GaN on GaAs. The surface roughness of GaAs after ni6idation was
found to have a major effect on the selecdviry of GaAs growth.
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