The Medhanism of Photoenhanced Wet Etching of GaN
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The mechanism for simple UV photoenhanced
wet etching of GaN is determined. Unlike photoeledro-
chemicd (PEC) wet etching (1,2), the present technique
does not require an eledricd contad to be made to the
sample, and nitrides deposited on insulating substrates
(such as spphire) can be dched. The present technique
relies on adding an appropriate oxidizing agent, peroxydi-
sulfate (S,04%), to KOH solutions (3,4).

A noble metal mask (e.g. Pt) ads in a caalytic
manner, yielding etch rates approximately one order of
magnitude greaer than those observed using inert masks
(e.g. SIO,). Etch rates of up to 50nm/min have been ob-
served.

The role of free radicds, originating from the
peroxydisulfate ion, in the dching readion is confirmed.
The éching readion is more rapid for more heavily n-
type doped samples, and insulating C-doped layers ad as
an etch stop layer.

Fig. 1 shows various gages of the K,S,0¢/KOH
etching readion. For the most lightly etched sample, Fig.
1(a), the centers of the aystals are atadked, while diso-
cdions and grain boundaries are left intad. The maao-
scopic Dektak probe canot penetrate into the interior of
the grains which have been etched aut, and thus the sam-
ple gpeasamost unetched when Dektaked. InFig. 1(b),
where the extent of etching is greaer, some long disloca-
tions, which are bent, but not completely broken off, are
visible. Grain boundary walls are dso visible, but these
have been etched down below the original surface Con-
sistent with this, the Dektak reveals an etch depth of 48
nm. In Fig. 1(c), the most heavily etched sample, the
morphology mostly consists of dislocations, with only the
occasiona grain boundary wall visible. Thus, it is clea
that the following stages occur during wet etching of
GaN. The centers of the aystas are ataded first, with
the grain boundaries undergoing subsequent attack, leav-
ing the dislocations unetched. Finally, the dislocations
are physicdly broken off by solution agitation during
stirring and/or sonication.

Smoathly etched surfaces can be obtained under
the proper conditions. An example is shown in Fig. 2.
The dch depth varied from 1.48 u nea to the mesa, to
0.45 p far from the mesa. Atomic Force Microscopy
measurements showed a surfaceroughness of 27 mm for
the eched surfacefar from the mesa, compared to 29 nm
for the starting surface
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Fig. 1 Fied-emisson secondary electron microscope images
of different stagesin the phatoenhanced wet etching of GalN.

Fig. 2 Smoocthly etched GaN surface



