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Abstract— A comprehensive description of a procedure to 

form dense locally ordered 2D arrays of vertically aligned hex-

agonal in section GaN nanocolumns (NCs) without height de-

viations will be presented. Particular focus will be given for 

the preparation of silica nanosphere hard masks, dry etching to 

form GaN NCs, wet etching to modify NC shape, thermal an-

nealing and regrowth to recover non-polar m-plane facets, im-

prove NC crystal quality and array fill factor. 

I. INTRODUCTION 

In many applications materials structured in 3D on a na-

noscale are more advanced in comparison to their 2D (flat) an-

alogues due to a much higher surface/volume ratio and the ex-

posure of different facets, other than the basal facet of a flat 

template. Particularly useful examples are arrays of nanocou-

lumns (NCs). In the case of GaN such arrays have been previ-

ously successfully formed by different variations of a so-called 

“bottom-up” approach both by molecular beam epitaxy and 

metal-organic chemical vapour deposition (MOCVD) [1, 2]. 

While the bottom-up approach has its advantages, it is rather 

complex (particularly, as in the case of MOCVD it requires 

pulsed epitaxy for best results) and less compatible with mass 

production. At the same time very similar results can be 

achieved by “top-down” processing. In this study we combined 

all previously implemented elements of the top-down approach 

(silica nanosphere (SNS) lithography followed by inductively 

coupled plasma (ICP) dry etch [3-5], wet etch in a KOH solu-

tion [6-8], annealing [9] and regrow [5, 10]) to develop a hybrid 

top-down–regrow procedure of formation of locally ordered 

high filling factor arrays of GaN NCs with variable aspect ratio 

and diameters and with minimal height variation. 

II. MOCVD OF INITIAL GAN LAYERS 

Initial GaN/sapphire templates were prepared by MOCVD 

in a showerhead-type 3x2'' AIXTRON reactor using trimethyl-

gallium and ammonia as Ga and N precursors, disilane (50 ppm 

in helium) as a silicon dopant source and hydrogen as the carrier 

gas. GaN growth was on AlN/sapphire wafers (Kyma Technol-

ogies) at 1060°C (surface temperature measured by LayTec py-

rometer), 150 mbar and V/III ratio of 1000. The first 200 nm-

thick layer was undoped (no disilane was supplied), next ~2 µm 

of material were doped at ~5×1018 cm-3 and the final ~3 µm 

layer was deposited with 50 times reduced disilane flow to cre-

ate a typical n+/n- Schottky diode structure. 

III. SNS LITHOGRAPHY 

SNSs were first floated on the water surface, using a small 

volume fraction of heptane in a 1 : 2-3 ethanol : chloroform 

mixture to promote surface hydrophobicity of SNSs suspended 

in it. Spheres of up to at least 1 µm in diameter can be floated 

by slow dispensing of the suspension onto the water surface. 

The resulting self-assembled colloidal SNS monolayers were 

then transferred to the target semiconductor wafers by scooping 

[11] or conventional Langmiur-Blodgett method (Fig. 1, a). To 

form arrays of spaced out SNS a fluorine-based ICP dry etch is 

typically used [9]. This however results in a much more signif-

icant reduction of the vertical dimension of SNSs in comparison 

to their lateral shrinkage so that they take the form of “nano-

lenses” or “nanolentils” due to the directional nature of the dry 

etch. Here we apply a novel method of an isotropic HF-based 

wet etch of SNSs to prevent this issue and have a conformal 

size reduction instead (Fig. 1, b). This method also reduces oc-

currences of the monolayer defects in the form of second layer 

SNSs (above the desired monolayer). 

IV. FORMING OF GAN NCS 

To form initial GaN NCs, a chlorine-based dry etch is used 

over the SNS hard mask. As a result, tapered NCs with damage 

due to exposure to ion bombardment during the ICP etch can 

only be achieved (Fig. 1, c). It is therefore desirable to apply an 

additional wet etch to improve NC shape [8] by removing the 

damaged material. Here we investigate the effect of the wet etch 

from the point of view of NCs shape thus assuming that all de-

fects introduced by the ICP etch are removed at early stage of 

the wet etch. For the purpose of the wet etch we used 10% (by 

weight) KOH solution in DI water and the commercial KOH-

based developer AZ® 400K (referred as AZ). Better results 

from NC shape point of view have been achieved using AZ and 

the particular results as well as the wet etch mechanism will be 

reported in the presentation. 

V. ANNEALING 

Although the above described wet etch procedure does pro-

duce well shaped GaN NCs with nearly perfectly vertical side-

walls (Fig. 1, d), they are of no particular crystallographic ori-

entation (nearly circular in section), which may be a disad-

vantage for some applications. Previously we showed that 

nearly perfect m-plane facets can be recovered from initially 

circular in section GaN NCs by applying high temperature an-

nealing in N2+NH3 atmosphere [9]. Here we investigated the 
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effect of annealing at different temperatures in more detail and 

compared the corresponding results for uncapped and still 

capped (with SiO2) GaN NCs (Fig. 1, e). The material redistri-

bution mechanism responsible for the observed behaviour is 

considered and will be reported. 

VI. RE-GROWTH 

Based on the annealing experiments as described above, a 
fine-tuned re-growth procedure has been developed allowing 
without additional masks a good selectivity of GaN epitaxy. As 
a result of higher probability (at the chosen optimised condi-
tions) of Ga adatom adsorption to the non-polar m-planes of 
GaN, NCs can be grown laterally while almost no growth in 
between NCs happens (Fig. 1, f). This allows for further im-
provement of our dense NC arrays fill factors. Additionally, this 
leads to a decrease in the effective dislocation density in the 
NCs as no new dislocations (in addition to those remained in 
them after the dry and wet etches applied) are introduced when 
the NCs expand laterally during the re-growth. Moreover, in the 
case of the capped NCs, no vertical growth on top c-plane facets 
occurs. This provides the same level of top parts of NCs thro-
ughout the arrays, which is beneficial for any future processing 
steps that might be necessary for particular device fabrication. 

VII. CONCLUSIONS 

A brief description of hybrid top-down–regrow procedure 
of nonofabrication of uniform GaN nanocolumn arrays with 
high fill factors is given. Different stages of our approach can 
be summarised in Fig. 1 below.  

The high density and uniformity of such arrays makes them 
ideal templates for various device applications in opto- and 
power electronics and photonics. The presented technique can 
easily be applied to various other material systems after the par-
ticular procedures of dry and wet etches as well as epitaxial re-
growth are modified accordingly to match corresponding re-
quirements and properties of the new material systems. 
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Fig. 1. Nanofabrication steps: a – SNS (here 760 nm) array for-

mation, b –  HF-based wet etch of SNSs, c – dry ICP etch through the 

array, d – AZ-based wet etch, e – annealing, f – regrowth. 
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