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For p-GaN digital etching, N2O or O2 are commonly 

used to oxidize p-GaN, and a dry BCl3 plasma etching or 
an HCl wet etching step is used to remove oxide layer [1, 
13-14]. In Ref. [1], there is a 1 nm AlN layer under p-
GaN as stop layer to achieve self-terminated digital 
etching. For the oxidation step, the oxidation depth in p-
GaN depends on the oxidation time and the plasma 
bombardment strength, which is controlled by the radio 
frequency (RF) power and the O2 flow. It can also be 
seen that higher bombardment strength means higher etch 
depth per circle but more surface damages. Therefore, 
these parameters need to be carefully tuned. Although 
O2-plasma-based digital etching of p-GaN has been 
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reported in [1], important etch recipe parameters were not 
discussed, which was studied in this work.   
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Figure 1. Schematics showing the cross-sections of the 
epitaxy structure (a) before etching with the hard mask, 
(b) during the ICP oxidation (dry etching), (c) after the 
HCl wet etching and (d) after removing the hard mask. 
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Figure 2. 
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Experiments 
Fig. 4 shows the p-GaN epitaxial structures in this 

work provide by Enkris Semiconductor Inc., and the 
digital etching process. A 300 nm thick SiO2 by plasma 
enhanced chemical vapor deposition (PECVD) was used 
as the hard mask, which was then patterned using in an 
ICP etcher with SF6 plasma. Secondly, p-GaN was 
oxidized by O2 plasma. Finally, the oxidation products 
were removed by an HCl solution (deionized water: HCl 
= 4:1) for 3 min. 

 
 
Figure. 4. Schematics showing a) cross-sections of the 
starting epitaxy structure, b) SiO2 hardmask patterning, c) 
dry oxidation by O2, and d) wet etching by HCl. 
 
3.2 Results and Discussion 

For etch circle digital etching, p-GaN oxidize depth 
per cycle, which is also the etch depth, will saturate with 
the oxygen flow and oxidation time. Fig. 5 (a) shows the 
oxygen flow dependence with 100 W ICP power and 40 
W RF power. The oxidation depth saturates at 40 sccm. 
The oxidation depth also saturates with the oxidation 
time as seen in Fig. 5 (b).  

  

 

 
Figure. 5. (a) P-GaN etch depth per cycle under different 
O2 flow with ICP power 100W, RF power 40W and 
etching time 3 mins, (b) P-GaN etch depth per cycle 
under different ICP power and RF power with oxidation 
time increase when O2 flow is 40 sccm. 
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A shallower etch depth per cycle is preferred for a 
better etch controllability. There is a very weak 
dependence on the ICP power. Therefore, 100 W ICP 
power and 40 W RF were chosen. 40 sccm O2 flow and 3 
min oxidation time were chosen, at which, the oxidation 
depth, also the etch depth, started to saturate. The choice 
of these parameters were to obtain the peak etch depth 
with the minimum oxidation time and flow to introduce 
less surface damages.  

 
Surface roughness before and after 6 cycles of digital 

etching was measured by AFM and summarized in Table. 
1. Our etch recipe (100 W ICP power, 40 W RF power, 
40 sccm oxygen, 3 min oxidation time and 3 min HCl 
solution wet etch) generated a RMS surface roughness of 
0.638 nm, which is quite reasonable. 
 
Table 1.  Surface roughness before and after 6 cycles of 

digital etching. 
 

Etch condition RMS 
roughness 

Mean 
roughness 

Un-etched 0.991 nm 0.787 nm 
ICP 450 W  
RF 75 W 

1.201 nm 0.446 nm 

ICP 100 W  
RF 40 W 

0.638 nm 0.487 nm 

 
- - -

  
In summary, key parameters for O2-plamsa-based 

digital etching of p-GaN were investigated. p-GaN etch 
depth per cycle saturates with the oxygen flow and 
oxidation time. 100 W ICP power, 40 W RF power, 40 
sccm oxygen, 3 min oxidation time and 3 min HCl 
solution wet etch formed a good etch recipe, which can 
obtain 3.6 nm etch depth per circle and the achieved 
RMS surface roughness was around 0.638 nm after 
etching. 
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