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1. Introduction 

Recently porous semiconductors have been widely 
studied due to their unique optical properties compared to 
conventional bulk materials. Porous layer can be used as a 
buffer layer or intermediate layer for strain management 
during epitaxial regrowth. This porous structure can reduce 
the defeat density and relief strain caused by lattice 
mismatch between GaN and sapphire. The nanoporous 
n-GaN material had been reported to improve optical 
quality. Fabricating the porous on p-GaN more difficult 
than n-GaN. Because it needs hole to accumulate at p-GaN 
surface to form oxidation layer in this experiment. The PEC 
wet oxidation process and oxide removed process was used 
to form the nanoporous GaN:Mg and GaN:Si structures 
different from the previously reports.[1],[2],[3] 
 
2. General Instructions 

The processed LED structure consisted of a 1 
µm-thick unintentionally doped GaN layer, a 3 µm-thick 
n-type GaN:Si layer, and six-pairs of 3 nm-thick 
InGaN-well/7 nm-thick GaN-barrier MQW active layers, 
followed by a 0.1 µm-thick magnesium-doped GaN 
(GaN:Mg) layer. Prior to PEC wet-etching process, a mesa 
region was defined with a depth of about 1.5 µm by an 
inductively coupled plasma etcher using a Cl2 gas. During 
the wet-oxidation process, the DI water solution was used as 
the oxidation solution without stirring. Accompanied with 
the illumination exposure of a 400W Hg lamp for 30 min, an 
external DC bias fixed at positive 20 V was applied on the 
n-type GaN:Si layer surface as the anode contact and using 
platinum as the cathode. After removed the Ga2O3 layer on 
the GaN surface, the porous GaN:Si of ICP etching surface 
and GaN:Mg mesa surface were observed on the surface. 
The etched surface morphologies were observed using JEOL 
JSM-6700F field-emission scanning electron microscopy 
(FE-SEM). The photoluminescence spectrum was measured 
at room temperature by using a 355nm YVO4 laser as the 
excited source. 

 
After Figure 1 shows uniformly distributed 

nanoporous of GaN:Mg and GaN:Si surface were observed 
on the top mesa and bottom ICP etching surfaces after PEC 
oxidation and oxide-removed process. The oxidation layer 
was formed with DC-biased PEC process and then remove 
oxide layer by HCl or aqua-regia. The nanoporous structure 
on p-GaN and n-GaN layers was observed from SEM 
images shown in Fig. 1(a). The nanoporous GaN:Mg and 
GaN:Si surface in this InGaN-based LED structure has the 
potential to increasing the external quantum efficiency. The 

average pore size is about 80nm observed from the Fig. 
1(b). And the mesa sidewall was also roughening during 
this PEC process. This porous GaN has the high crystal 
quality to release the lattice mismatch induced stain 
compared with the previously reports. 
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Fig. 1 SEM micrographs of porous InGaN-based LED structure 
under PEC process, (a)the step profile of mesa region and (b) 
porous of the GaN:Mg surface on the mesa region. 

 
Figure 2 shows the PL emission spectra of standard  

and nanoporous LED samples in logarithm scale measured 
at room temperature. For the standard sample, the emission 
peaks of GaN bandage and InGaN/GaN MQW layers 
located at 371.0nm and 432.8 nm, respectively. After the 
PEC wet-oxidation and oxide-removed process, the GaN:Si 
and GaN:Mg layers were formed as the nanoporous 
structure. Different from the standard sample, the emissions 
peaks of GaN bandage, and two InGaN/GaN MQW 
emission peaks of the PEC treated sample were found to 
locate at 372.7, 408.6, and 432.8 nm respectively as shown 
in Fig. 2. Comparing with the PL peak position of the 
InGaN/GaN MQW structure at 432.8 nm (2.865 eV) for the 
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standard sample, a strong blue shift to 408.6 nm (3.035 eV) 
occurred in the PEC treated sample due to the reduction in 
piezoelectric field as reported by Dai et al.[4]. The strain 
caused by the lattice mismatch between the GaN and 
InGaN layers was expected to partly release in the 
nano-porous MQW structure, and thus the reduction in the 
piezoelectric field caused by the partial strain relief would 
then induce the blue shift phenomenon of 24.2 nm (170 
meV). By dividing 3 nm, the well width, the 170-meV blue 
shift of the PL peak position for the InGaN/GaN MQW 
layer corresponded to the reduction of piezoelectric field as 
about 0.56 MV/cm. The nanoporous enhanced the PL 
intensity by rough the p-GaN to increase extraction 
efficiency. After PEC process, the PL intensity is higher 
compared to sample without PEC treated caused by the 
roughness can scatter the light from bulk to air. Because of 
lattice mismatching could resulting in appearance of stress 
between these layers. The stress could be released was due 
to formation of nanoporous. The PL peak of n-GaN is 
tendency red shift which is attributed to release tensile 
stress. The PL peak of MQW structure, has the blue shift 
phenomenon, because of the releasing compressive stress.  

 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
Fig. 2 Photoluminescence emission spectra of standard and porous 
InGaN-based LED samples measured at room temperature. 
 
 
3. Conclusions 

In this paper we used PEC oxidation process to form 
nanoporous on p-GaN and n-GaN. The average pore size is 
about 80nm. The nanoporous enhanced the PL intensity by 
rough the p-GaN to increase extraction efficiency. After 
PEC process, the PL intensity is higher compared to sample 
without PEC treated caused by the roughness can scatter 
the light from bulk to air. The stress could be released was 
due to formation of nanoporous. The PL peak of n-GaN is 
tendency red shift which is attributed to release tensile 
stress. The PL peak of MQW structure, has the blue shift 
phenomenon, because of the releasing compressive stress. 
The piezoelectric field could be reduced attributed to the 
strain released. Reducing piezoelectric effect can increase 
recombination efficiency of electrons and holes, because of 
the band structure is not more tilting. We can obtain that 

releasing stress increases the internal efficiency. From this 
study, the nanoporous structure was fabricated by PEC 
treatment to release the strain, increase the internal and 
extraction efficiency of the InGaN-based LEDs. 
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