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1. Introduction 

In recent years, light emitting diodes (LEDs) have been 
attracted great attention for application on high-power and 
high-brightness lighting source, especially for GaN-based 
LED.1 At high current level operations, heat generation will 
increase the junction temperature rapidly, and reduce the 
device performance, such as lowering the internal quantum 
efficiency (IQE) and shorting the device lifetime.1 Owing 
to low cost and highly latticematch to GaN, sapphire has 
become the most commonly used substrates for GaN epi-
taxial growth. However, sapphire is poor in its thermal and 
electrical conductivity. Now therefore, in consideration of 
increasing the performance at high-power operation, fabri-
cating a freestanding GaN substrate by several different 
techniques had been reported in many literatures.2-4 The 
laser lift-off (LLO) technique is the most popular way to 
separate the GaN from the sapphire substrate.2 Even so, the 
LLO technique is still have many drawbacks such as, 
high-cost and low-throughput, large thermal stress, la-
ser-induced damage. In order to solve these problems, 
chemical lift-off (CLO) technique is an alternative way to 
fabricate a free-standing GaN substrate using for the vertic-
al type LEDs manufacture.3-4  In this study, we report a 
simple approach to successfully separate GaN film from its 
substrate without harming the material quality. 
 
2. Experiment 

In this work, the GaN samples prepared to carry out the 
CLO process were grown on c-plane sapphire substrates by 
metal organic chemical vapor deposition (MOCVD) sys-
tems. A low-temperature growth GaN nucleation layer fol-
lowed by a 1-μm-thick undoped GaN, and a 1-μm-thick 
Si-doped (3×1018 cm-3) n-GaN layer were grown. Then, 
we created a array of n-GaN nano-rods by using na-
noimprint process. The nano-rod arrays were 12-fold 
symmetry distributed on the entire substrate with a av-
erage nano-rod diameter of 350 nm, the nearest neigh-
boring circle distance of 550 nm, and an etch depth of 
about 1 μm. Next, nano-rods template was covered by 
SiO2 layer, which was fabricated by the spin-on-glass 
(SOG) process, and then backed on the furnace. In order 
to provide a regrowth template, a ICP etching was used 
to exposed the top surface of the n-GaN nano-rods, fol-
lowed a 4-μm-thick Si-doped (3×1018 cm-3) n-type na-
no-epitaxial lateral overgrowth (NELO) GaN, ten-pairs 
InGaN/GaN MQWs, and a 0.17-μm-thick Mg-doped 

(6×1017 cm-3) p-GaN were deposited onto the terrace of 
n-GaN nanostructure. The NELO technique was applied in 
order to improve the crystalline quality. Subsequently, a 
chip size of 300 mm×300 mm was defined by a laser scrib-
ing process and the covered SiO2 layer was removed using 
buffered Oxide Etcher (BOE). The sample structure was 
schematically shown in Fig. 1(a). Finally, the chemical 
lift-off (CLO) process were performed in different etching 
conditions, including the concentrations of KOH-ethylene 
glycol solution (molarity of 0.95M, 2.2M, 5.3M, 12.1M, 
and 20.4M) and process temperature (70。C and 120。C). All 
the samples were etched for at 20 minutes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 (a) Schematic of sample structure, and the SEM im-
ages of GaN after (b) HT & HC (c) LT&LC KOH-ethylene 
glycol solution etching. 

 
 

3. Results and Discussion 
Fig. 1(b) shows the SEM image of etched GaN sample 

at high temperature (HT) of 120。C and high concentration 
(HC) of 20.4M. In this image, triangular-shaped voids were 
formed over the space between n-GaN nano-rods. The 
etching behavior can be explained by polarity-selective 
chemical etching, which had been demonstrated in other 
literature.5-6 In KOH solution, the –c-plane was etched with 
extremely fast rate compared with other planes, whereas the 
+c-plane remained still (ie. the Ga-polar could prevent the 
surface from further etching). Then, isosceles triangles with 
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{11-22} planes had been formed above the inter-space of 
n-GaN nano-rods. On the other hand, fig. 1(c) reveals the 
observation of etched GaN sample at low temperature (LT) 
of 70。C and low concentration (LC) of 0.95M. Obviously, 
etching result was different from the etching behavior of 
HT and HC as mention above. Reduction of etching rate 
was observed and majority of nano-rods were etched and 
broken at the regrowth interface.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Fig. 2 The etching rates in different etching conditions of 
s-plane and m-plane, respectively. 

 
 
In order to identify the etching behavior of NELO 

GaN in KOH-ethylene glycol solution, a series etching 
condition was performed. The etching rates of m-plane 
{10-10} and s-plane {11-22} were investigated in Fig. 2. A 
significant phenomena was found at solution temperatures 
of 70。C (the solid line) and 120。C (the dash line). In higher 
concentration (molarity of 5.3M, 12.1M, and 20.4M) KOH 
solution, the etching rates of s-plane (square points) were 
faster than those of m-plane (circle points). On the contrary,  
the etching rates of the m-plane increase rapidly in lower 
concentration (molarity of 0.95M, and 2.2M) KOH solution 
etching, especially at the temperature of 120。C. The me-
chanism is under investigating, and a possible reason to 
explain this etching behavior is attributed to the stress.7 
Stress induced nono-rod braking at the regrowth interface 
while its diameter became thinner and thinner during the 
KOH etching. In addition, it is worth noting that possible 
damage on active region during CLO process. Therefore, 
the higher etching ratio of m-plane to s-plane was pre-
ferred.  

As shown in Fig. 3(a), we successfully separated indi-
vidual GaN chips from sapphire substrate after 
KOH-ethylene glycol solution of 70。C and 0.95M. The 
NELO GaN epilayer was transferred by 3M blue tape. Fur-
thermore, a nanostructure textured surface was obtained in 
our CLO chip which is revealed in Fig. 3(b). Once this 
CLO technique applied to LED device process after appro-
priate pattern designing, it will greatly improve the device 
performance through increasing the light extraction effi-

ciency. 
 
 

 
 
 
 
 
 
 
 
 
Fig. 3 SEM image of bottom surface of (a) a whole release 
NELO GaN chip. (b) a textured bottom surface of NELO 
GaN epilayer. 
 
 
4. Conclusions 

In summary, we have demonstrated an navol CLO 
process based on embedded nano-rods template. At HT and 
HC etching condition of KOH-ethylene., the polari-
ty-selective etching behavior was dominated. It is explained 
that the etching rates of s-plane were faster than those of 
m-plane under HC and HT etching condition. However, it 
is much desirable for CLO under LT and LC etching condi-
tion. As a result, a nanostructure texture surface was 
formed on the n-GaN surface. Our CLO technique is a 
promising way to separate the GaN from the sapphire sub-
strate, specifically the nanostructure texture surface of GaN 
epilayer is believed to improve the light extraction effi-
ciency of III-nitride LEDs. 
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