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lon-beam-induced porosity of GaN
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Wurtzite GaN films bombarded with heavy ion$°Au™) show anomalous swelling of the
implanted region with corresponding volume expansion up~t80%. Results show that this
phenomenon is due to the formation of a porous layemobrphougsaN. An important implication

of this study for the fabrication of GaN-based devices is that amorphization of GaN should be
avoided during ion implantation. @000 American Institute of Physi¢&0003-695(00)03136-3

Very attractive applications of ion beams in the fabrica-ogy of implanted samples was studied by tapping mode
tion of GaN-based devices have stimulated considerable reatomic force microscopyAFM). The AFM study was per-
search efforts to understand ion beam processes in’GaN. formed under ambient conditions with a Nanoscope Il scan-
has been shown that, despite very efficient dynamic anneaking probe microscope using commercial single-beam Si
ing of radiation defects, GaN can be rendered amorphous byantilevers with force constants of 30—120 NnIn addi-
high dose ion implantatiof.> However, the properties of tion to AFM, the step height between implanted and unim-
GaN amorphized by ion bombardment have not yet beeplanted regions was measured by a Tencor Instruments
studied in any detail. In this letter, we show that GaN layersAlpha-Step 200 stylus profilometer.
amorphized by heavy iorf{’Au*) bombardment are porous. An AFM image in Fig. 1 illustrates the border between
The formation of a porous structure causes large materiamplanted(on the lefy and unimplantedon the righy areas
swelling and increased surface roughness. This observatiaf a GaN sample bombarded with 2 MeV Au ions atiN
has significant technological implications, suggesting that dose of & 10'®cm™2. As clearly seen, ion implantation
amorphization of GaN should be avoided during high dosehas caused pronounced material swelling with a step height
ion implantation. as large as-1700 A. In addition, the implanted area exhibits

The ~2-um-thick wurtzite undoped GaN epilayers used large-scale roughness.
in this study were grown or-plane sapphire substrates by Shown in Fig. 2 is the dose dependence of the step
metalorganic chemical vapor deposition in a rotating disk
reactor at Ledex Corporation. Implantation with 2 MeV
197aAu* ions was done at liquid nitrogen temperature gL.N
with a beam flux of 5 10"2cm 2s ! over the dose range
from 1x 10*cm™2 to 5X 10**cm™2 using the ANU 1.7 MV
tandem accelerato(NEC, 5SDH. Before implantation,
samples were partly masked by a piece of Si. During implan-

tation, samples were tilted by 7° relative to the incident £ %0
ion beam to avoid channeling. £

After implantation, samples were characterized situ .‘g 250
by Rutherford backscattering/channelifRBS/O spectrom- %

etry with 1.8 MeV*He" ions incident along th¢0001] di-
rection. Selected samples were studied by cross-sectional
transmission electron microscofyEM) in a Philips CM12
TEM operating at 120 keV. Cross-sectional TEM specimens
were prepared by 3 keV Arion beam thinning using a

Gatan precision ion polishing system. The surface morpholFIG. 1. Tapping mode AFM image illustrating the border between im-
planted(on the lef} and unimplantedon the righj areas of a GaN sample
bombarded with 2 MeV Au ions at Lj\to a dose of X 10'®cm™2 with a
¥Electronic mail: sok109@rsphysse.anu.edu.au beam flux of 5<102cm 2s™ %,
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FIG. 2. Dose dependence of the step height between implanted and unim-
planted regions of GaN films bombarded with 2 MeV Au ions at, hith
a beam flux of 5x10*2cm 2572,

height between implanted and unimplanted regions of 2
MeV Au ion bombarded GaN. It is seen that rapid step
height increase occurs for ion doses abev@x 10°cm 2.
Figure 3a) shows a cross-sectiondlow magnification —
TEM image of the GaN film bombarded with 2 MeV ions at y
LN, to a dose of K10**cm™2 This TEM image illustrates

a ~5500A-thick, completely amorphous surface layer
bounded by a- 1000 A-thick band of defect complexes and
planar defects, which has been confirmed by detailed TEM
and electron diffraction measurements. An enlarged image of
the near-surface part of the same sample is shown in Fig.
3(b). It is seen that the amorphous GaN layer has voids or
gas bubbles which are close to spherical in shape. The aver-
age radius of the voids/bubbles depends on the depth and
seems to scale with the nuclear energy loss profile of Au
ions.

A combination of RBS/C, TEM, and AFM data shows
that the onset of the large step height, with increasing ion
dose, coincides with the nucleation of a buried amorphous
layer in the region of the maximum nuclear energy loss.
Moreover, rapid step height increase in the dose range from
—3x 1015cm > 1o ~7X 1¢5cm 2.(See Fig. 2 corresponds FIG. 3. Cross-sectional bright-field TEM images of the GaN epilayer bom-
to the dose interval in which buried and surface amorphougy geq with 2 Mev Au ions at Lito a dose of % 10 cm ™2 with a beam
layers extend until they meet, resulting in a thick continuousSiux of 5x 102cm™2s72. Images(a and(b) have been taken using different
layer of amorphous material. These results indicate that ionmagnification.
beam-induced porosity and concomitant material swelling
are the effects observed amorphousGaN. Relatively small  Similar effects have been observed in some other semicon-
material expansiorisee Fig. 2 for ion doses before those ductors, such as G¥, InSb® and GaSb.In general, amor-
required for amorphization in the GaN bulk may be partly phousness is not necessarily the final state of a semiconduc-
attributed to the swelling caused by the formation of a thintor exposed to ion bombardment. Although studied in some
surface amorphous layer. The origin of this thin surfacedetail (particularly in the case of G¢ ion-beam-induced for-
amorphous layer, observed by TEM and RBS/C, has beemation and evolution of porous structures in amorphous ma-
previously attributed to the trapping of migrating point de-terials are not well understood. One of the possible explana-
fects by the GaN surface or amorphous/crystallinetions for this effect is energetically favorable agglomeration
interface®® of vacancy-like defects, generated by an ion beam in an

It should be noted that similar porous structures haveamorphous matrix, resulting in the formation of voftfs'°In
also been observed in GaN films amorphized by 300 keV Awaddition, in the case of GaN, the porosity reported here may
ion bombardment. However, in this latter case of kilo-be also stimulated by ion-beam-induced material decompo-
electron-volt heavy ion bombardment, the ion penetratiorsition with the formation of N gas bubbles in a Ga-rich
depth is significantly smaller than that in the case of megamatrix, a process which has been discussed elsewhere.
electron-volt ion irradiation, which makes the material swell- In conclusion, anomalous swelling of GaN films bom-
ing less pronounced. A combination of TEM, RBS/C, andbarded with heavy ions has been observed. A combination of
AFM data shows that ion-beam-induced volume expansiofiRBS/C, TEM, and AFM studies indicates that such an
of amorphous GaN is close to 50%. anomalous material expansidgwith the volume expansion

The effects of ion-beam-induced porosity and concomi-up to ~50%) is attributed to ion-beam-induced porosity of
tant material expansion reported here are, in fact, not newvamorphousGaN. The phenomenon deserves particular atten-
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