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Abstract

Control of the polarity of GaN films deposited by metalorganic chemical vapor

deposition was achieved by substrate nitridation and subsequent annealing of a buffer layer. The

surface morphology and optical properties of 1.2pm GaN films were influenced by the different

growth mode due to the polar direction. Coaxial impact collision ion scattering spectroscopy

revealed that the polarity composition of a buffer layer on nitrided sapphire varied by annealing

in a H2 atmosphere. It was considered that the systematic variation of the surface morphology was

caused by the polarity composition of the buffer layer.

Introduction

GaN, InGaN and AIGaN which have been successfully used in blue light emitting

devices [1] have a wrutzite crystal structure. Epitaxial films of these materials grow along the

polar c-axis direction and consequently have a polarity as illustrated in Fig. 1. The importance of

the polarity for understanding the fundamental mechanism of spontaneous and stimulated light

emission from the GaN/InGaN/GaN quantum well structure has been recognized. Although the

polarity of GaN has been intensively studied, not all of the results are consistent [2]. In order to

obtain a common view about the polarity of GaN film, not only the identification of polarity but

also the mechanism determining the polar growth direction must be studied.
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Irrespective of such growth techniques as metalorganic chemical vapor deposition

(MOCVD) and molecular beam epitaxy (MBE), GaN epitaxial films are typically deposited on c-

plane sapphire with a buffer layer deposited at low temperature [3]. There are many switching

steps during GaN growth. For example, sapphire substrates are cleaned in a H2 atmosphere at

high temperature, the substrate temperature is ramped up after depositing the buffer layer, and the

gas flow ratio (N2, H, NH3) in each step is changed to obtain high quality GaN films.

Furthermore, the substrate is occasionally nitrided [4][5]. Each step involves the chemical

reactions, which make the polarity issue complicated.

The polarity structure should be determined at the initial stage of the growth, i.e., at the

interface since the rest of the film growth can be considered as a kind of homoepitaxy. The insert

of a buffer layer forms another interface and substrate nitridation moderates the surface state [6].

We have investigated the influence of a buffer layer and substrate nitridation on GaN film growth

from the point of view of these interfaces [7]. As a result of this study, it was possible to control

the polarity of GaN films on c-plane sapphire [8].

(0001) Ga-face (+c) (OOOT) N-face (-c) Fig. I Schematic illustration of

Ga N• wrutzite GaN structure oriented

C C along c-axis. Left side is (0001) Ga-

face which is defined +c. Right side

is (0001) N-face which is defined

which is defined -c.
c-plane sapphire

In this paper, GaN films with the different polarity were deposited under the same

conditions except for the annealing time of the buffer layer. The systematic variation in the

surface morphology will be presented. The influence of thickness and annealing time on the

polarity of buffer layer was investigated in order to discuss the variation of surface morphology.



Experiment

GaN films with 1 .2tam thickness were deposited on c-plane sapphire by a two-step

atmospheric MOCVD method. Prior to deposition, the substrate was thermally cleaned in a H2

gas flow at 10800C for 10min. Substrate nitridation was carried out by heating at 1080°C in NH2

for 5min. After deposition of a 160nm GaN buffer layer at 600°C, the buffer layer was annealed

at 1040°C for up to 100min under a gaseous mixture of N2, H2 and NH3. GaN films were

deposited on the annealed buffer layer at 1040°C under the same conditions. The buffer layer as

thick as 160nm was intentionally prepared for the purpose in this study. For comparison, high

quality GaN films with 20nm buffer layer were also deposited on sapphire with and without

nitridation. Identification of the polarity was carried out by coaxial impact collision ion scattering

spectroscopy (CAICISS). The polarity of the GaN films was determined by comparison with

CAICISS results for ZnO which not only has a wurtzite crystal structure but also lattice constants

(a=0.3250nm, c=0.5207nm) close to those of GaN (a=0.3189nm, c=0.5185nm) [9].

Fig.2 Surface morphology
of GaN films deposited on
the buffer layer whose
polarity was controlled by
the annealing time of (a)
30min, (b)40min, (c)60min
and (d) 100min. GaN
epilayers were deposited
under the same conditions.
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Fig. 3 PL spectra near band edge at I0K for +c

and -c GaN films on (a) 20nm buffer layer,
(b)160nm buffer layer annealed for 10min. (c)
GaN on 20nm buffer and (d) 160nm buffer layer
annealed for 60min. The substrate was nitrided
in (b)-(d).
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Fig. 4 CAICISS spectra of 160nm buffer

layers on a nitrided sapphire for (b) 20min and

(c) 30min. The lines in (b) and (c) are

calculated line from the weight mean of the
spectra of (a) +c and (d) -c ZnO (See the text).

Results and discussion

The surface morphology of GaN films on 160nm buffer layers annealed for I 0min was

featureless, i.e.,smooth while those on buffer layers annealed for more than 30min were

hexagonal facet as shown in Fig.2. The polarity of GaN films with smooth and hexagonal facet

surface were determined Ga- (0001) (+c polarity) and N-face (0001) (-c polarity), respectively,

which was consistent with our previous results [10]. The "house-shaped" hexagonal structures are

observed to form hexagonal "columns" as indicated by the arrow in Fig. 2(c). The ratio of

"house-shaped" structure with I 1101 1 and (0001) planes to the hexagonal column with I 11001

and (0001) will be discussed later. The size of the hexagonal facet could be systematically

controlled up to 60pm by variation of the annealing time of the buffer layer. It is important that

the polarity and surface morphology of GaN films deposited even under the same conditions

varied systematically with the annealing conditions of buffer layer.



The photoluminescence (PL) spectra for +c and -c GaN films are shown in Fig. 3. As

can be clearly seen, the PL spectra varies significantly with the polarity. Although the peaks of +c

GaN films can be identified, those of -c GaN films can not. PL properties should originate from

the bulk GaN, or in other words, are never influenced by the polarity. Since the crystal structures

of -c GaN are comparable to those of +c GaN films (See Fig.6), the difference in PL must be due

to the different growth mode of the polar direction. It is possible that the amount of impurities

depends on the polarity. Theoretical and experimental research about the incorporation of

impurities is presently under way.

In order to consider the variations in surface morphology, the interfaces at the substrate

or buffer layers were investigated. The nitrided substrate was investigated by reflection of high

electron energy diffraction (RHEED) and X-ray photoelectron spectroscopy (XPS). A spotty

RHEED pattern, which could be assigned as wurtzite AIN (1120), was observed in the azimuth

[1100] of sapphire. The binding energy of nitrogen from the nitrided sapphire was observed at

403eV between nitrogen of AIN (397eV) [11] and nitrogen (408eV). The nitrogen was

incorporated into the substrate about one unit (I.2nm) from the surface. CAICISS analysis by

Shimizu et.al. revealed that AIN formed by the nitridation had -c polarity (N-face) terminated

with Al atoms [12]. Figure 4 (b) and 4(c) shows the CAICISS spectra for the buffer layer

annealed for 20 and 30min, respectively. The lines in Fig.4 (b) and 4(c) are calculated form the

weight mean of +c and -c ZnO spectra of Fig.4 (a) and 4(d). The ratio of +c to -c domains on the

surface (+c:-c ) was evaluated as 50:50 and 20:80 for Fig.4 (b) and 4(c), respectively. It was

verified that the polarity ratio at the buffer-layer surface varied with annealing time.

The above results leads us to hypothesize that the buffer layer on a nitrided sapphire

should have both +c and -c domains due to imperfect nitridation. Since H2 cleaning removes

oxygen, the non-nitrided surface should be covered with Al atoms. At the very initial stage of

GaN buffer growth, nitrogen atoms are bound to Al atoms regardless of a nitridation. Nitrogen

atoms are bonded to three Al atoms and have one bond pointing upwards normal to the surface on

the nitrided sapphire, reflecting -c polarity of AIN formed by a substrate nitridation. In contrast,

nitrogen atoms are bonded to one Al atom, and Ga atoms are bounded to three nitrogen
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Fig. 5 Schematic illustration of the variation of buffer layer on a nitrided sapphire by the

annealing. The annealing should enhanced the etching. (a) as-deposited buffer layer covered

with +c changed to the buffer layer with (c) -c polarity through the transition (b).

atoms in the direction away from the surface on a non-nitrided sapphire. Both +c and -c

nucleation due to imperfect nitridation should take place during the initial growth on nitrided

sapphire. Taking the higher growth rate [13] and re-evaporation of the +c domain into account

[7], we hypothesized that +c domains could cover -c domains at 600'C and that the selective

evaporation of +c domains by subsequent temperature ramping (a type of an annealing) would

leave -c domains in the buffer layer on the nitrided sapphire as illustrated in Fig.5.

In fact, the observed polarity of as-deposited 20nm buffer layer on nitrided sapphire was

predominantly +c polarity and it turned to -c polarity after the annealing. The buffer layer was too

thin to detect the transition from +c to -c polarity. It is expected that the polarity variation for the

160nm buffer layer should be an characteristic of the buffer layers on nitrided sapphire. Since the

absorbance at 3.6eV from the 160nm buffer layer decreased with increasing annealing time, the

reduction in the average thickness of the buffer layer was due to evaporation of +c domains as

illustrated in Fig.5. Consequently, the ratio of +c to -c domains at the surface varied with the

annealing time as shown in Fig.4. If it is accepted that the house-shaped and column hexagonal

structure represent +c and -c polarity, respectively [13], the surface morphology of MOCVD-

GaN films could represent the polarity composition at the buffer-layer surface acting as an

indicator. Figure 6 shows that the column hexagonal facet of GaN films becomes dominant with



increased annealing time. The difference in the ratio between the buffer layer annealed for 30min

and the GaN film on it will be pointed out. The transition in this case probably takes place

critically during 20-30min annealing giving rise to large experimental errors, e.g., the variation

with different batches, is considered to be one of the factors causing the difference. The polarity

of a buffer layer should determine the polarity and surface morphology of the GaN films.

Based on the results in this
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fact that MOCVD-GaN films with

Fig. 6 Ratio of flat hexagonal fact of GaN films smooth surface (+c polarity) were
deposited on 160nm buffer layer annealed for up to obtained in spite of substrate
100min. The sapphire was nitrided. The values of crystal
structure for those films and GaN film on 20nm buffer nitridation [5,7] was explained by
layer as a reference are also plotted, insufficient evaporation of +c

domains in the buffer layer. It is reasonable to conclude that the polar direction of GaN film

growth on c-plane sapphire is determined by the mechanism as reported in this study.

Conclusion

Control of the polarity of MOCVD-GaN was achieved by annealing of thicker buffer

layers on nitrided sapphire. The properties of 1.2pm GaN was influenced by the different growth

mode of the polarity. The mechanism determining the polar direction of GaN films was

investigated from the view point of the substrate nitridation and the buffer layer. The nitrogen

atom to Al atom bonding configurations at the interface of substrate were found to be modified



by substrate nitridation. Substrate nitridation, thickness of the buffer layer and annealing (gas

ratio, temperature ramp time etc.) after deposition of the buffer layer play a dominant role in

determining the polarity and surface morphology of MOCVD-GaN films. The systematic

variation of the surface morphology was caused by the polarity composition of the buffer layer.
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