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Abstract: In this paper, we report that selective etching on N-polar face by EC (electro-chemical)-etching effect on the
reduction of bowing and strain of FS (free-standing)-GaN substrates. We applied the EC-etching to concave and convex
type of FS-GaN substrates. After the EC-etching for FS-GaN, nano porous structure was formed on N-polar face of
concave and convex type of FS-GaN. Consequently, the bowing in the convex type of FS-GaN substrate was decreased but
the bowing in the concave type of FS-GaN substrate was increased. Furthermore, the FWHM (full width at half maximum)
of (1 0 2) reflection for the convex type of FS-GaN was significantly decreased from 601 to 259 arcsec. In the case, we
confirmed that the EC-etching method was very effective to reduce the bowing in the convex type of FS-GaN and the

compressive stress in N-polar face of convex type of FS-GaN was fully released by Raman measurement.

Keywords: GaN, Electro-chemical etching, Bowing, Freestanding GaN, Wet process

1. M B ARAP)lo] AEE AR ZEen ook Acht 9

o A "wicZi(wide direct band gap)dt =& EA

GaNe Az #toldl olo] oold rfoleEllaser E& ZHAD] Leold AEsHe AAb|7l0] A8 ol
diode)4} ¥4 t}o] @ E(light emitting diode)?} Z2 Qlct [1]. FS-GaN (free-standing GaN) 7]&-2
GaN 472 {3t homo-epitaxial 4742 &
| fi&oll bulk GaN& HAlZ & ATt LA
oIt [2]. 543271454 (hydride vapor phase

Copyright ©2016 KIEEME. All rights reserved. ) epitaxy, HVPE)S 1Zxl0] FS-GaN tHAX S AlZsl

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution  Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Da)

H
>: 4>

pas)
N

a. Corresponding author; dwjeon@Kicet.re.kr

IS D T )
o
U

t2 bulk A (high-pressure solution growth,



A7V AAA 538 3]=FA), #1299 A1S pp. 30-34, 201610 1€:

ammonothermal S)o] H|3] A&l o 2 w2 AX} &
EoF Aqu|-g9] ool Sltt.
HVPEH oz g% A7l

0](Al,03)°t H2

29k GaN layer+= Ajmto]

g2 olF7|H Holl AgAsto] Atmtolof
71Hel FWHA» Atol2 st A|YARl HY
(bowing)o| S&t=Ict [3]. Est AubA oz L0 (laser-
lift off)e} 7+e ¥a] wpH oz Ambolo] 7]mm} Sof
GaNZ&2 Balstol®= L8 pm A E9] concave FHEf
9] bowing (2 inch wafer)g& 7FRICH [4]. ©abA],
homo-epitaxy GaN<S $J3t FS-GaN 7|2 HJALS &
ol Aol aiolm, o muE My AP1E
(Kuei-Ming Chen et al.)9] Zxto] ©r=2™H Ga-polar
Dﬂol =539t PE9 FS-GaN9| N-polar#o] 44 o
2 o] ICP (inductively coupled plasma) 9f

o>"

A 235lo] compressive straing ZTAA|7A B9
SAIZ T B ska Qlt [5].
o] AL =xOo homoepitaxial ARS 25|

HVPER S ol&slel 4A® FS-GaN 7|®o] Exjs}

|~> J

bowingS ZYAA]717] sl 7]£9] GaN on sapphire
7ol A&3lE H7]etel oS concave FE]Q

FS-GaN 7]@1} convex FEjQ] FS-GaN 7|&of A&
SHLL bowing®] Wate} Jot TAE AR U gL
Botel7] glatolrt.

B

2. & =

ek
0z

Ao AFEE FS-GaN 7|2 2427|454
o7 AR & LLOHo® Fejsto] FH|SIITE 7]
&0 GaN on sapphireo] thefsiA] &&= H7|hst
ool FS-GaN 7]Hol A& Alo] e oA
A 7o) njRl= @FZ A ET] s Ga-polar
Ho] concave FEY Ho]me} convex FEHY F F
7o Hojm & 742t st A FH|SHiTt

Jd 12 FS-GaN 7|H-2 o A] A= A7|skst
01]%““”4 E“EOIE% A71gre o™ =0l

A

1
r\o
i
ol
ig
2 A
3
)
=
=
£
|

steol AE
51 st ot Nikel plate
2 HoimE holding/\]ﬂi Troz ddstglo.

A 5 31

Pt wire

@ -
o -
30 Vv

O

DC power supply

Hot-plate

Fig. 1. Schematic diagram of electro-chemical etching.
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Fig. 2. Photographs of electro-chemical etching in FS-GaN. (a)
and (b) are before and after ECE in concave type FS-GaN, (c) and
(d) are before and after ECE in convex type FS-GaN, respectively.

Fig. 3. OM images (*500) of electro-chemical etching in FS-GaN. (a)
and (b) are before and after ECE on Ga-polar face, (c) and (d) are
before and after ECE on N-polar face in FS-GaN piece, respectively.
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Fig. 4. SEM images of electro-chemical etching in FS-GaN.
(a) is before ECE and (b) is after ECE on N-polar face in
FS-GaN, respectively.
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Fig. 5. Bow values of before and after ECE in concave and

convex type FS-GaN substrates.
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Fig. 6.
concave and convex FS-GaN substrates.
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