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Polarity of freestanding GaN grown by hydride vapor phase epitaxy
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Abstract The freestanding GaN substrates were grown by hydride vapor phase epitaxy (HVPE) on (0001) sapphire
substrate and prepared by using laser induced lift-off. After a mechanical polishing on both Ga and N-surfaces of GaN
films with 100 um thick, their polaritis have been investigated by using chemical etching in phosphoric acid solution, 3
dimensional surface profiler and Auger electron spectroscopy (AES). The composition of the GaN film measured by AES
indicated that Ga and N terminated surfaces have the different N/Ga peak ratio of 0.74 and 0.97, respectively. Ga-face
and N-face of GaN revealed quite different chemical properties: the Ga polar surfaces corresponding to (0001) plane are

resistant to a phosphoric acid etching whereas N-polar surfaces corresponding to (00A) are chemically active.

1. Introduction

Semiconductor nitrides such as aluminum nitride
(AIN), gallium nitride (GaN), and indium nitride (InN)
are very promising materials for opto-electronic de-
vices (both emitters and detectors) and high power/
temperature electronic devices [1, 2]. Nitride semicon-
ductors have been deposited by hydride vapor phase
epitaxy (HVPE) [3-5], organometallic vapor phase epit-
axy (OMVPE) [6], and by molecular beam epitaxy
(MBE) (7]. However, these devices are grown on for-
eign substrates such as sapphire and SiC due to the
lack of GaN substrates [8]. Consequently, the differ-
ence of the lattice constants and the thermal expan-
sion coefficients between GaN and foreign substrates
cause GaN layers exhibiting a high density of disloca-
tions and cracking and bending of the GaN layer.

GaN has a polar wurtzite structure and this epitaxial
film typically has been grown along the polar axis. The
most common growth direction is normal to the (0001)
basal plane and a basal plane surface may be either Ga
or N terminated. Ga-terminated means that Ga is
located on the top position of the basal plane. Since
the polarity of GaN has a great effect on the growth
and the device performance, determination of the pol-
arity is one of the important factors to consider. That
is, one of the key parameters for obtaining smooth and
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low defect density films is the polarity of the GaN
epilayer [9]. The attempts to study the polarity of GalN
epilayers were reported by Sasaki ¢f al. and using X-
ray photoemission spectroscopy (XPS) and by Khan et
al. using Auger electron spectroscopy (AES) tech-
niques [10, 11]. More recently, convergent beam elec-
tron diffraction (CBED) and a simple method using
chemical solution such as HsPO, and KOH have been
used to determine the polarity of the sample [12]. The
GaN film by HVPE system also is mainly grown along
a polar axis, which results in the polar orientation of
GaN materials.

This paper reports on the polarity determinations
in GaN film grown on (0001) sapphire substrates by
HVPE. After growing the crack free GaN thick films
with two inches size and preparing the freestanding
GaN by laser induced lift-off, we used a mechanical
polishing, a chemical etching, and AES analysis to
probe the polarity of two surfaces of film.

2. Experimental Procedure

Undoped GaN thick films with a thickness of 300
um were grown by hydride vapor phase epitaxy on
(0001) sapphire substrates [5]. C-plane sapphire sub-
strate with two inches in diameter is placed on a
1030°C horizontal susceptor in a hot-wall HVPE reac-
tor. Ga metal and HCl are pre-reacted to form GaCl
gas, which is transported by nitrogen as a carrier gas
to the hot growth-zone where it reacts with NH; and
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deposits GaN on the (0001) sapphire substrate. In
order to investigate the polarity on both sides of the
GaN crystals, the freestanding GaN was prepared by
separation from the sapphire substrates using laser
induced lift-off. Both sides of them, Ga- and N-face,
then were polished by diamond paste to a thickness of
100 pm. Double-crystal x-ray diffraction (DXRD) was
employed to evaluate the crystalline structure and
quality of both sides of the freestanding layer. The pol-
ished surfaces of Ga-face and N-face were observed by
optical 3-dimensional surface profiling system (3-D
surface profiler), and the polarity of the sample was
determined by AES. For the chemical etching of GaN
films, the samples were placed in HsPO, with a 85 %
concentration at 220°C. The morphology of surfaces
after etching was examined using optical microscope
and 3-D surface profiler.

3. Results and Discussion

GaN epitaxial films are almost grown with either
[0001] or [0001] normal to the surface of the sub-
strates. Generally, the most common growth direction
is norml to the (0001) basal plane, and the [0001] ori-
entation grown by HVPE on sapphire substrate is
known as Ga-face, while the [0001] orientation is as
N-face. The polarity is a bulk property, not a surface
property. Figures 1 and 2 illustrate the crystal struc-
ture of GaN and the freestanding GaN, with 2 inches
size and crack free, grown by HVPE on sapphire sub-
strates. The freestanding GaN films are rough growth
surfaces with large number of hillocks and have some
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Fig. 1. The wurtzite crystal structure of GaN.

Fig. 2. Freestanding GaN substrate grown by HVPE.

bowing resulted from the difference of the thermal
expansion coefficient and the lattice parameter of GalN/
sapphire. Also, to compare the polar properties, Ga-
and N-polar, in a condition of a similar status, we did
the mechanical polishing by 100 um thick so that the
flat and smooth surfaces were obtained. Figure 3
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Fig. 3. X-ray diffraction rocking curves of GaN.
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Fig. 4. Auger electron spectroscopy (AES) of GaN substrate after polishing to reveal the Ga/N ratio between Ga- and N-

shows the X-ray rocking curves of both surfaces of
100 um thick GaN films, symmetric (002) reflection
and asymmetric (102) reflection. The full width at half
maximum (FWHM) of the (002) peak for the Ga-face
and the N-face were 126 and 153 arcsec, respectively.
Their asymmetric (102) peaks that are sensitive to the
structure of the pure edge threading dislocations [13]
also were 96 and 104 arcsec. It is believed that the
small difference in the (002) and the (102) XRD mea-
surement of the two faces results from the improve-

face.

ment in crystal quality with increasing layer thickness.
That is, from the XRD analysis, the FWHM of GaN
film may be independent on the surface and orienta-
tion of the GaN templates.

Figure 4 shows Auger spectra of the polished GaN
templates to reveal the N/Ga ratio between Ga- and
N-face. We measured the composition of the top 104
of the film weighted by the escape probabilities of the
Auger electrons. In spite of the difference between
this experiment and other researchers, the N/Ga ratio
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Fig. 5. 3-D Surface Profiling Images of Ga- and N-face after polishing (R;: root mean squares, R;: total height between peak
to valley).
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which was calculated from the atomic percent of Ga
and N peaks for the (0001) GaN grown on the sap-
phire was 0.74, while that for (0001) GaN was 0.97.
Also, other peaks such as carbon and oxvgen were
appeared. Oxygen peak is more intensive at the front
surface compared to back surface. It is considered that
much oxygen owing to a thin galliumoxide layer by
mechanical polishing exist at Ga terminated surface in
comparison with N terminated surface. This fact that
also ndicates the polar property of GaN film. Carbon
peak would be a result of contamination during analy-
sis. Based on the measured N/Ga ratios, it is sug-
gested that the top surface of the GaN film, which is
grown on the (0001) sapphire substrate, reveal the Ga
terminated property.

To investigate the polishing properties of Ga-face
and N-face of GaN films, we analyzed the polished
surfaces by using 3-D surface profiler. The subsequent
polishing for both sides yielded mirror-like surfaces.
Although some scratch lines and wave are remained as
appeared in Fig. 5, the morphology of the polished Ga-
face is more uniform than N-face. Also, the roughness
of the Ga-face such as R, (root mean squares: rms)
and R, (the value of peak to valley) reveals lower val-
ues than the N-face. This result suggests that the N-
face surface of GaN templates is mechanically weaker
than the Ga-face.

It is well known that Ga-face and N-face of GaN
have quite different chemical properties. The details of
the etching mechanism are obscure but an increase in
etching temperature normally increases the etch rate
of a GaN crystal. The Ga-face of GaN is chemicaily
more stable than the N-face. It has been reported
that hot phosphoric acid and KOH agueous solution
strongly etches the N-face of GalN but not the Ga-face
{14], The only defect sites on the Ga-face of GaN are
attacked by these chemical etchants, producing the
etch pits that reveal the location of point defects that
form in GaN. Etching experiments using the mask-pat-
terned GalN samples were carried out in 85 % H,PO,
solution at 220°C and 3-D surface profiler was used for
the etching rate measurements. The etching of GaN
template revealed that only one side, N-face, of the
two polar surfaces was attacked by sohution. The mea-
sured etching rates were close to zero for Ga-face
and about 1 pm/min for N-face, respectively. Still the
scratch Imes that resulted from the mechamical polish-
ing precess are visible on the Ga-face in Fig. 6(a),
indicating that Ga-face has not etched by hot HyPO,
acid. However, on the contrary, the N-face is quickly

Fig. 6. Images of the etched N-face of GaN substrate by
phosphoric acid (a) Optical microscope, (b) and {¢) 3-D
surface profiler.

dissolved. This fact can be proved from the photolumi-
nescence spectra analysis that is one of the indirect
methods to confirm the existence of the damage layer
occurred by a mechanical polishing. The Pl intensity
of N-face after the efching process was entirely recov-
ered but not for the Ga-face. In order to observe the
etching property of N-face of GaN, we performed the
over-etching test at 220°C for 10 min. Figure 6 shows
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the etched morphology of N-face, indicating that the
N-face was preferentially etched toward the special
planes. From the etched images, it is shown that the
etching of N-face of GaN films appeared the stepped
morphology. In order to observe the step appearance,
we used 3-D surface profiler. As shown in Fig. 6(b)
and (c), the inclination of the stepped plane, the ratio
of c-axis to a-axis, by etching was approximately esti-
mated 2, as will be discussed in detail elsewhere.

4. Conclusions

The freestanding GaN substrates were grown by
hydride vapor phase epitaxy (HVPE) on (0001) sap-
phire substrates and prepared by using laser induced
lift-off. In order to investigate the polar property, we
performed the mechanical polishing on both Ga and N-
surfaces of GaN films and the polarity was investi-
gated using chemical etching in phosphoric acid solu-
tion, and 3-D surface profiler and Auger electron
spectroscopy (AES). The composition of the film by
AES indicated that Ga- and N-face have the different
N/Ga peak ratio of 0.74 and 0.97, respectively. Ga-face
and N-face of GaN revealed quite different chemical
properties: the Ga polar surface, (0001) plane, was
resistant to a phosphoric acid etchihg whereas N-polar
surface corresponding to (0001) was chemically active.

References

{11 S. Nakamura, M. Senoch, S. Nagahama, N. Iwasa, T.

Yamada, T. Matsushita, H. Kiyoku and Y. Sugimoto,
Jpn. J. Appl. Phys. 35 (1996) L74.

[2] H. Amano, M. Kito, K. Hiramatsu and I. Akasaki, J.
Appl. Phys. 28 (1989) 2112.

[31 A. Usui, H. Sunakawa, A. Sakai and A. Yamaguchi,
Jon. J. Appl. Phys. 36 (1997) L899.

[47 S.T. Kim, YJ. Lee, D.C. Moon, C.H. Hong and TXK.
Yoo, J. Cryst. Growth 194 (1998) 37.

[57 S.S. Park, ILW. Park and S.H. Choh, Jpn. J. Appl
Phys. 39 (2000) L1141,

[6] M. Hashimoto, H. Amano, N. Sawaki and I
Akasaki, J. Cryst. Growth 68 (1998) 163.

[71S. Yoshida, S. Miwasa and A. Itoh, Appl. Phys.
Lett. 26 (1975) 461.

[ 8] H. Morkoc, S. Strite, G.B. Gao, M.E. Lin, B. Sver-
dlov and M. Burns, J. Appl. Phys. 76 (1994) 1363.

[91 J.L. Rouviere, J.L. Weyher, M. Seelmann-Eggebert
and S. Porowski, Appl. Phys. Lett. 73 (1996) 668.

[10] T. Sasaki and T. Matsuoka, J. Appl. Phys. 64 (1988)
4531,

[111 M. Asif Khan, JN. Kuznia, D.T. Olson and R.
Kaplan, J. Appl. Phys. 73 (1993) 3108.

[12] FA. Ponce, D.P. Bour, W.T. Young, M. Saunders and
W. Steeds, Appl. Phys. Lett. 69 (1996) 337.

[13] B. Heying, X.H. Wu, S. Keller, Y. Li, D. Kapolnek,
B.E Keller, SP Denbaars and J.S. Speck, Appl
Phys. Lett. 68 (1996) 643.

[14] M. Seelmann, J.L. Weyher, H. Obloh, H. Zimmer-
mann, A. Rar and S. Porowski, Appl. Phys. Lett.
71 (1997) 2635.



