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The study of photoenhanced chemical
etching for GaN materials

Student: Chien-Yao Tseng Advisor: Dr. Edward Yi Chang

Institute of Material Science and Engineering

National Chiao-Tung University

Abstract

This research focuses on the photoenhanced chemical etching of
GaN and fabrication of AlGaN/GaN HEMTs using photoenhanced
chemical etching process.=The etching conditions were: KOH solution
concentration 0.015M, light intensity-30~50mW/cm®, Ti was used as
etching mask, solution was" stitrred.The etching rates for n'-GaN
(10"%/cm’) and n™-GaN (10'"/cm’) were 70nm and 35nm respectively. In
this work, we use ohmic contact as an etching mask and a new
mechanism was used to explain the etching phenomena observed. The
photoenhanced chemical etching was applied to the fabrication of
AlGaN/GaN HEMTs with optimized etching conditions. The AlGaN/GaN
HEMT device fabricated with PEC process for mesa isolation showed
following DC performance: transconductance 115mS/mm, saturation
current 510mA/mm. The same devices fabricated with dry eching for
1solation had lower transconductance and saturation current, 110mS/mm

and 460mA/mm respectively.
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Chapter 1
Introduction

Because of the excellent physical and chemical properties, such as

high band gap (3.4eV), high breakdown field (5x10°V/cm), high electron
saturation drift velocity (3x107cm/s)...etc, GaN based TI-IV nitrides

become important materials for applications in the optoelectronic devices
and high power electronic devices, such as light emitting diodes (LEDs),
laser diodes (LDs), heterostructute field<effect transistor (HFETS)... etc.
The fundamental step in realization of any devices is the transfer of
patterns to the surface of semiconductor by etching. For optical and
high frequency applications, patterning: of the semiconductor on
micrometer and submicrometer scales is required. The most convenient
etching of GaN has been accomplished by dry etching methods,

including reactive ion etching (RIE) , inductively coupled plasma (ICP)

RIE, electron cyclotron resonance (ECR) RIE ~ low energy electron

enhanced etching (LE4).

For the applications of high power and high frequency electronic
devices, the ion damage due to the strong bombardment of physical
component induced by dry etching method would degrade the device
performance. The wet etching method is a complement to dry etching by
providing low etching damage, low cost, complexity, and selective

etching of different materials. Due to the strong chemical stability of GaN

l.



materials, the etching rate is only several tens of angstroms per minutes
for GaN film using wet chemical etchant.' The etching rate of GaN in

different chemical solution is listed in Table 1.

Temperature  Etch rate Eiching planes
Chemical () | gem/min ) observed

Acetie acid (CH;COOH) 30 <2 (0.00] MNone
Hvdrochloric acid (HC) 50 << 0.001 MNone
Nitric acid (HNO»;) 51 <2 (.00 None
Phosphoric acid (HLPOy) 108195 0.013-3. Mo12}.11013}
Sulphuric acid (H;S0) 93 << (1.00] None
Potassium hvdroxide (KOH). 130247 0.003-2.3  Iofolf101T)

molten
S0% KOH in H,O %3 =2 (.00 ] Mone
0% 50% KOH in ethylene 90182 0.0015 010}

:-__‘|f'-"«."0|
(CH,OHCH,OH)
50% NaOH in HyO 100 <2 0.00] None
20% NaOH in ethvlene glveol 178 0.67-1.0 MNone

Table 1. The etching condition for different chemical solution.

Due to the specific chemical stability, it is difficult to etch GaN film

by general wet etching method at the room temperature. Photoenhanced

chemical etching on GaN has recently identified as a method of greatly

improving the chemical reactivity of GaN at the room temperature. The

developed wet etching process based on PEC reactions in KOH solution

have been published.>” J.Skriniarova et al.* reported the results of GaN

etched in KOH, NaOH, and AZ400K etching solutions with an external



bias. Etching rate as high as approximately 400nm/cm” by using KOH
solution have been published.’

The photoenhanced chemical etching technique holds promise as a
method for low-damage processing of GaN-based electric and
optoelectronic devices. However, previous demonstrations of this
technique would result in significant levels of roughness on the etched
GaN surface. It is shown that smooth etching occurs for low solution
concentration and high illumination intensity under a diffusion limited
etching process. The surface roughness of 1.5nm and 50nm/min etching
rate are obtained using KOH solution and Hg arc lamp.°

As mentioned above, PEC etching has the advantages of low etching
damage and smooth surface;'so we hope.to develop the PEC etching
technique on GaN HEMT.-However there are no etching recipes of PEC
etching for us, we need to get PEC-etching recipes, and finally apply the

PEC etching on the GaN power transistor.



Chapter 2
Fundamentals

2.1 The reaction formula for PEC etching

The photoenhanced chemical etching for GaN materials is departed
into two main sub-reactions, as the oxidation reaction and dissolution
reaction’. Due to the strong chemical stability, it is difficult to etch GaN
with KOH solution at room temperature, so the GaN film must be excited
by the Hg arc illumination to generate electron-hole pairs at the sample
surface.

GaN + photon=> GaN +¢ + p”
Then, the p"and GaN material would interact with OH" in the solution,
and produce Ga,0;.

2GaN + 6p" + 60H™> Ga,0;3 + N, + 3H,0

After the oxidation step, the Ga,O; would react with OH™ and dissolve in
the KOH solution.

Ga,0; + 60H > 2Ga0;> + 3H,0

When high light intensity and low solution concentration are used,

and the oxidation rate and the dissolution rate reach a steady state, the
smooth etched surface would be obtained. It is so called diffusion limited

6
process.



2.2 selective etching of defects and perfect crystal of

GaN film

Because of the limitation of epilayer growth techniques, amounts of
crystal defects exist in the GaN bulk, including vacancy, dislocation, and
impurity, in the order of 10%cm’. Due to the different physical and
chemical properties, the selective etching occurs at dislocation®. At
dislocation, it has the fast electron-hole pair recombination rate than
normal crystal, so there is a low etching rate by the lack of p'. With the
increasing of the UV light intensity, the instant generation amounts of
electron-hole pairs would increase, and lower the recombination effect at
the dislocations. The smooth etching surface could be obtained by the
lower of the selective etching enffe(‘:iri".';i 3

In accordance of the 1iieraturcs; it shows that the etching peaks are

mostly Ga,0O; after PEC etéﬂhing;'ﬁso ‘p"ewak_s"-c‘an be removed by hot KOH
treatment™'’. Figure 2.1 show ‘the etched surface before hot KOH

treatment and after hot KOH treatment.

(a)




(b)




Chapter 3
Experimental

3.1 The etch conditions for PEC etching

To optimize the etching conditions for solution concentration and
light intensity would be carried out first. For light intensity, we applied
three different illumination powers, 200W, 300W, and 400W respectively.
The etching results were showed in Figure 3.1. Throughout this test, we
chose the 400W as the illumination power, because the etching peaks for
400W were finest than 200W and, 300W, and the peaks can be removed
clearly by hot KOH treatmer;t. The opﬁinﬁized light intensity condition
using in the experiment wa‘s‘ “shown‘i;njF‘i‘gure 32

Besides of light intensify, tﬁe‘ fecipes of KOH solution concentration
were also optimized. In the beginning, ‘we“used KOH concentration in the
range of 1M to 0.001M, but we found that 1M was rough etching and
0.001M was no etching. Finally the most proper conditions were decided

between 0.01M and 0.05M.

(a)




50 mW/cm’

2.0 cm

| ~

< 2.5 cm >

30 mW/cm®

Figure3.2 light intensity condition in the experiment (400W)
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In order to improve the convenience of experiments and practicality,
we designed the new equipment in Figure 3.3. Both of the parallel light
source and the sample carrier increased the efficiency and stability of the

PEC etching.

Ouartz mask Sample carrier

T~

/
iy

\

\

Hg arc lamp

Connected to stirrer

»

» Condutive wire

Sample carrier

\ \ FElectrode

Figure3.3 PEC etching apparatus



3.2 GaN sample

The samples used in the experiment were grown by MOCVD. The

epilayer structure and the characteristics were listed below.

n*-GaN

n"-GaN (n~10*%cm™®)

Sapphire (sample 1)

n-GaN
n-GaN (n~101"cm)
Sapphire

(sample 2)

HEMT Aln 2Gan 7N (3 Onm)

n’-GaN (3um)
Sapphire

(sample 3)

At first, we used n'-GaN (sample 1) to test, including etching rate
and surface roughness. Because there were lots of literatures for PEC
etching on n'-GaN, it was convenient for us to collect the basic etching
conditions. Then n-GaN (sample 2) was the second testing material. Due
to the goal for applying PEC etching on HEMT process, it needed to
know the etching conditions of single layer, n-GaN. After the testing of
n’-GaN and n™-GaN, we would apply the PEC etching on HEMT device

(sample 3).

10.



3.3 Photoenhanced chemical etching on n*-GaN |,

n"-GaN using Ti etching mask

Because the etching conditions for different material were not the
same, for the stability and accuracy of the experiment, fist we needed to
know the etching rate and roughness related to each layer, and setup the
baseline for PEC etching process. The sample of n-GaN and n'-GaN
were prepared to be etched by photoenhanced chemical etching method in

this work. The process flow was shown below.

1. Initial clean
First the sample was tmmersed in ACE and IPA for each five
minutes to remove the surface particles-and organic contaminations,
then dried by N, gas. After-that;.the sample was immersed into
HCI:H,O = 1:10 for Sminutes to-temove the surface oxide, finally

rinsed in D.I water and dried by N, gas

2. Lithography
After initial clean step, the following step was lithography
process. We used AZ5214E lithography process to define the
pattern, then the sample was descummed in ICP to remove the

remaining organics.

3. Metal deposition

1000A Ti metal was deposited by E-gun evaporator.

11.



4. Standard lift-off process
Then we used ACE 5min to remove undesired Ti metal by
standard lift-off process, and IPA 5min to clean, finally dried in

N, gas.

5. PEC etching test
The PEC etching conditions are: KOH concentration 0.0075M
~0.03 M, Ti etching mask, light intensity 30~50mW/cm?, stirring
solution. (We used 80°C 1M hot KOH to remove the etched peaks
after PEC etching.)

6. Material analysis:
FESEM was used to observe the etched surface, and AFM was

used to measure surfaceiroughness.

3.4 Photoenhanced chemical etching on n*-GaN,

n"-GaN using ohmic etching mask

In the general PEC etching, Titanium metal always takes the role as
etching mask because of its low reactivity to KOH solution. However the
detail mechanism for the etching mask has not been investigated. Based
on the reaction formulas in chapter 2.1, we know the hole is the reactant
in the PEC etching, so the etching rate can be enhanced by transmitting

the extra photo-induced electrons into solution. Because of the reason, we

12.



replaced Ti mask for ohmic mask in order to understand the transmitting

mechanism for etching mask. As for stability issue, gold is an inert metal

(top layer of ohmic metal). By the replace of the etching mask metal, we

can understand the role in the PEC etching clearly. Additionally, by using

ohmic etching mask, it has the advantage of flexibility and integrated into

the device process. The process flow was shown below.

1.

Initial clean

First the sample was immersed in ACE and IPA for each five
minutes to remove the surface particles and organic contaminations,
then dried by N, gas. After that, the sample was immersed into
HCI:H,O = 1:10 for Sminutes to remove the surface oxide, finally

rinsed in D.I water and dried by N, gas

2. Lithography

After initial clean step, the following step was lithography
process. We used AZS5214E lithography process to define the
pattern, then the sample was descummed in ICP to remove the

remaining organics.

3. Ohmic contact formation & Standard lift-off process

The ohmic metal Ti/Al/Ni/Au (300 A /1500A/300 A/ 2000A)
was deposited by E-gun evaporator. Then the sample was
immersed into ACE Sminutes to remove the undesired metal by
lift-off process and IPA 5 minutes to clean remaining organics.

Finally the ohmic contact was formed by rapid thermal annealing

13.



850°C 50sec

4. PEC etching
In chapter 3.3, we tested the KOH concentration range from
0.0075M to 0.03M, then we found that KOH concentration at
0.015M is best condition, so 0.015M was used here. The etching
condition was: KOH concentration 0.015M, ohmic etching mask,
light intensity 30~50mW/cm?, stirring solution. (Hot KOH

treatment was also used to modify the etched surface.)

5. Material analysis
FESEM and AFM were used to observe the etched surface and

to measure surface roughness.

3.5 Recipe test of Mesa isolation by PEC etching

In the flow of HEMT process, the PEC etching can be applied on the
two parts, mesa isolation and gate recess. In this work, we applied PEC
etching on device mesa isolation and used Ga-face HEMT to be the
device sample. Due to the specific material properties for Ga-face HEMT
device, it was difficult to process mesa isolation in one step. The problem
was solved by double Ti etching mask. The detail process steps and the
obstacles occurring in the experiment were described in the chapter 4.2

“The device fabrication”.

14.



3.6 HEMT process

After the recipes testing, the sample was carried out in HEMT process

by photoenhanced chemical etching. The process step was listed below.

1. Mesa isolation
PEC etching and ICP dry etching were used in mesa isolation. The

meaning of ICP dry etching was a comparison for PEC etching.

- PEC etching condition: After wafer initial clean, we used AZ5214E

lithography to define the device active region, then deposited 1000A
Ti by E-gun evaporator. We used PEC etching to etch 300A AlGaN
after lift-off process. The following step was to use AZ5214E
lithography to define the ohmig pattern; then we deposited 1000A Ti
by E-gun evaporator. After lift-off process, 2000A GaN was etched
by PEC etching. The étching depth was checked by a-step. Finally
used HF solution to remove Ti metal on the sample. The etching
condition was: KOH concentration 0.015M, double Ti mask, light

intensity 30~50mW/cm?, stirring solution.

- Dry etching condition: First deposited 2000A Ni by E-gun
evaporator after wafer initial clean, and used FH6400 to define the
active region, then used the HNOj; solution to etch Ni metal. ICP was
applied on mesa etching for the depth of 2000A. The ICP dry
etching condition was: ICP/RF power 600/200W, Cl,/Ar=25/5sccm,
10mtorr, etching time 1min. The etching step is check by a-step.

Finally the sample was immersed into HNO; to remove the Ni metal

15.



2. Ohmic contact
First we used AZ5214E lithography to define the ohmic pattern,
and then used HCI solution to clean surface oxide for good ohmic
property. The Ohmic metal Ti/Al/Ni/Au (300A/1500A/300A/2000A)
was deposited by E-gun evaporator, then throughout rapid thermal

annealing: 850°C, 50sec

3. T-gate formation
The T-gate was fabricated by lithography with gate length lum,
2um, 3um. After alignment, we used FHDS5 to develop. Then optical
microscope was used to check the lithography process. Ni/Au
(200A/3000A) was the gate metal, deposited by E-gun evaporator.

Finally the T-gate was formed by standard: lift-off process.

4. Passivation
Passivation was the final device process step. The meaning was

to protect the device by depositing a stable layer. The sample here was

passivated with 1000 A Si;N, by PECVD.

3.7 Material analysis
The PEC etching rate is the slope of the plot of etching depth divided

by etching time. The etching depth were measured by « -step (TENCOR

p-10). Field-emission scanning electronic microscope (FESEM) were

used to observe the surface morphology. Atomic force microscope (AFM)

16.



was used to measure the surface roughness after PEC etching. The
scanning mode is contact mode. The device DC performances were

carried out by HP 4142 measurement system.

17.



Chapter 4
Results and Discussion

4.1 The PEC etching results

After many times testing, the final etching condition were: KOH
concentration 0.015M, light intensity 30~50mW/cm?’, stirred solution.
After PEC etching, the hot KOH treatment at 80°C for 1min was applied
to improve the surface morphology. The recipe above can be regarded as

a standard etching condition in.this work.

4.1.1 n+ GaN with different solution concentration, Ti etching mask
Figure 4.1 showed the etching rate of n+ GaN ( n~10"") as a function

of etching time in different KOH concentrations which were 0.0075M,

0.015M, and 0.03M respectively. From Figure 4.1, the etching rate for

n'-GaN increases with the solution concentration. Increasing KOH
concentration means increasing of OH content. According to the Le

Chatelier’s principle, the reaction would occur toward equilibrium state,
so the reaction formula (1) would react to right direction to increase the
etching rate. The etching rates were about 700A/min, 1000A/min, and
1400A/min for 0.0075M, 0.015M, and 0.03M respectively. Figure 4.2

was the SEM figure of etched surface before and after hot KOH treatment

18.



for 0.0075M KOH concentration. Figure 4.3 was the SEM figure of
etched surface before and after hot KOH treatment for 0.015M KOH
concentration and Figure 4.4 showed the etching results for 0.03M
solution concentration. (hot KOH treatment was a method to remove the
surface oxide and the surface whiskers after PEC etching)

Figure 4.5 showed the three-dimension AFM image of the etching
roughness after hot KOH treatment for 0.0075M, 0.015M, and 0.03M
respectively. The etching roughness for 0.0075M, 0.015M, and 0.03M
were respectively 14.567nm, 16.040nm, and 16.119nm after 1M, 1

minute hot KOH treatment.

4.1.2 n*-GaN with Ti and ohmic etching mask

Figure 4.6 shows the etching rate-of Ti'and ohmic etching mask for
n'-GaN. The etching rates of ‘Fi.and-ohmic etching mask were about
700A and 2000A respectively. Apparently the etching rate of ohmic
etching mask was higher than Ti mask. Because using ohmic etching
mask had lower contact resistance than Ti, ohmic metal increased the
etching rate by transmitting the photo-induced electrons rapidly into the
solution. Figure 4.7 described the transmission mechanism of Ti and
ohmic etching mask by energy band diagram. For Ti etching mask, it can
be regarded as a shottcky contact for GaN because the energy level of Ti
metal is higher than GaN. Because high shottcky barrier disturb the
transmission of extra electron, it has low etching rate for PEC etching.
For ohmic contact, due to the match of the energy level for ohmic metal

and GaN material, photo-induced electrons on the surface can rapidly

19.



transmit throughout ohmic metal by tunneling mechanism. Therefore
with these two different transmission mechanism of Ti and ohmic metal
on GaN, the etching rate with ohmic mask was higher than that with Ti

etching mask.

et |

Figure 4.7 the transmission mechanism for (a)Ti mask (b) ohmic mask

20.



For this reason, transmitting the extra electrons into solution makes
more holes available to react with GaN and OH’, and increases the

reaction rate. The Figure 4.8 below describes the etching situation.

(a) (b)

++ ++ -+

Figure 4.8 the comparison of the ability of transmitting electrons into
Solution (a) Ti etching mask,(b) ohmicretching mask

The etching roughness “of n'<GaN-with “Ti and ohmic mask using
0.015M solution concentration.. were . '16.040 and 15.191nm. The
roughness of Ti and ohmic mask were almost the same order. The
roughness images were shown in Figure 4.9 and the SEM images of
etched surface were shown in Figure 4.10 for ohmic etching mask. From
the Figure 4.5 and Figure 4.9, the roughness of n+ GaN with different
etching mask were totally in the same order. We believed that the
important factor which affects the etching roughness resulted from the
intrinsic material properties. In this experiment, we used the same
n"-GaN sample (n~10'%/cm’) to test, and all process steps were equal
except for deposition metal (Ti and ohmic metal). According to the
phenomenon observed in the experiment, it demonstrated that the etched

surface roughness wss related to the material properties (dopant

21.



concentration).

4.1.3 n"-GaN with Ti and ohmic etching mask

The etching rate of n-GaN film with Ti and ohmic etching mask were
350 A and 800A, shown in Figure 4.11. From the Figure 4.6 and Figure
4.11, it showed that the etching rate of n'-GaN was lower than n'-GaN
apparently, because the conduction rate for n'-GaN is larger than n-GaN .
Table 4.1 showed the etching rate for n'-GaN and n-GaN with Ti and
ohmic etching mask respectively. The SEM images of n'-GaN with Ti and
ohmic etching mask after PEC etching and hot KOH treatment were

shown in Figure 4.12 and Figure 4.13 respectively.

ohmic etching mask Ti etching mask
n*-GaN ~200nm/min ~70nm/min
n-GaN ~80nm/min ~40nm/min

Table 4.1 comparisons for n'-GaN and n-GaN with Ti and ohmic etching mask

respectively.

The roughness of n-GaN with Ti and ohmic etching mask were
68.327nm and 60.53 1nm respectively. Figure 4.14 showed the roughness
3-D images of n-GaN. Apparently the roughness of n-GaN were bigger

than n"-GaN etched roughness. From the results, we can conclude that the

22.



etched roughness was related to dopant concentration. When the higher
the dopant concentration is, the lower the selective etching effect is. In
other words, the higher dopant concentration means the smoother etched

surface.

4.2 The device fabrication

After GaN bulk etching test, we applied PEC etching on fabrication
process of AlGaN/GaN HEMTs. Due to the absence of sample of
AlGaN/GaN HEMTs with n'-GaN capping layer, we only can finish the
part of mesa isolation. The meaning of mesa isolation, the first step for
HEMTs process, is to define the active region of device and to isolate the
devices.By the database of PEC etching, we chose the standard etching
recipe (KOH concentration™ 0.015M, light intensity 30~50mW/cm?,
stirred solution and Ti etching mask)to fabricate mesa isolation. Due to
the specific quality of device sample, we faced a lot of obstacles for mesa
isolation. The first one was that PEC etching can’t etch the second layer
(GaN bulk) of device, because the barrier of 2DEG was too high for
electron to transmit from GaN buffer into AIGaN. Figure 4.15 was the

band diagram.
AlGaN 1 GaN

300A | 3um
I

N %

Figure 4.15 band diagram for AIGaN/GaN HEMTs
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Figure 4.16 showed the etched surface after 50min, 90min, and
130min PEC etching respectively. From the SEM figures, there was no
etching depth for GaN even over 130min PEC etching.

In order to solve the transmission problem, we used the ohmic etching
mask to avoid the failure of transmission mechanism of buffer layer. We
solved successfully the unetched phenomenon, but there was the second
obstacle after using ohmic etching mask. From the Figure 4.17, there was
nonuniform etching at the region between devices. We thought it was due
to the electron accumulations on the etching mask, resulting in the
nonuniform etching near the mask. We tried to minimize the effect of
nonuniform etching by using 0.0075M KOH solution, but the method
can’t solve this problem thoroughly.

Finally we overcame the obstacles-by using double Ti etching mask
and finished the device mesa isolation-successfully. The flow of mesa
process was shown in Figure ‘4.18. We-used the first Ti mask to etch the
AlGaN, then deposited the second Ti mask to etch the GaN buffer.

After mesa isolation, we finished the ohmic contact, optical gate, and
nitride passivation consequently. The performances of DC characteristics
were shown in Figure 4.19. The device size was a 100um gatewidth, 2um
gatelength, Sum source-drain spacing, and 2um G-D spacing. The Ipss
was 510mA/mm and Gm was 120mS/mm for PEC etching device.
Besides of wet etching, we fabricated the second device by dry etching.
Figure 4.20 showed the DC characteristics. The device size was the same
with that fabricated by PEC etching. The Ipss was 460mA/mm and Gm is
110ms/mm for ICP dry etching. According to the DC performance in

Figure 4.19 and Figure 4.20, we can identify that the double Ti etching
24,



mask solved successfully the process step of device mesa isolation, and
the device fabricated by PEC etching had the better characteristics than
that by dry etching. We believed the difference of the DC performances
between PEC and dry etching resulted from the etching damage existing

on etching surface.
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Chapter 5
Conclusions

This work studies the PEC etch for GaN materials. The PEC etching
was successfully applied to n’-GaN and n-GaN and a new etching
mechanism was proposed.

The etching rates of n'-GaN with Ti mask at 0.0075M, 0.015M, and
0.03M KOH concentration were 700A/min, 1000A/min, and 1400A/min
respectively. From the data, we know that the higher the KOH
concentration is, the faster the etching'fate is. The etching rate of n'-GaN
using ohmic etching mask was 2000 A/min (0.015M KOH concentration).
Apparently the etching rate for ohmic mask -was higher than that for Ti
mask. The roughness was 16.0nm and 15.2nm for Ti and ohmic mask at
0.015M KOH concentration respectively. The etched roughness of the
samples were in the same order for the n"-GaN etched at different etching
conditions.

The etching rates of n-GaN were 350A/min and 800A/min for using
Ti etching mask and ohmic etching mask respectively and the surface
roughnesses were 68.327nm and 60.531nm for Ti and ohmic etching
mask respectively. From the comparison for n'-GaN and n-GaN, we
know that the higher dopant concentration would minimize the selective
etching effect, and result in the smooth etching surface.

In this work, we found the transmission mechanism for etching mask

in PEC etching, and explained why the etching rate fast of ohmic mask

26.



was. Besides of this, we used double Ti mask to solve successfully the
mesa isolation, and the PEC etching was applied to the AlGaN/GaN
HEMT process for mesa etch. The results were compared to those
AlGaN/GaN processed with conventional ICP dry etch for isolation.
From the DC measurement data, the device fabricated by PEC etching
had the better characteristics with Gm 115mA/mm and Ipss 510mS/mm:;
meanwhile the device using dry etching for isolation had Gm 110mA/mm

and Ipss 460mS/mm
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Figure 4.1 the etching rate of Ti etching mask for n+ GaN at 0.0075M,
0.015M, and 0.03M respectively.



(b)

Figure 4.2 the SEM image for n+ GaN with 0.0075M KOH concentration
(a) after PEC etching, (b) after KOH treatment



(a)

(b)

Figure 4.3 the SEM image for n+ GaN with 0.015M KOH concentration
(a) after PEC etching, (b) after hot KOH treatment



(a)

Figure 4.4 the SEM image for n+ GaN with 0.03M KOH concentration
(a) after PEC etching, (b) after hot KOH treatment
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Figure 4.5 the AFM image for n+ GaN (a)unetched (b) 0.0075M (c) 0.015M
(d)0.03M
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Figure 4.6 the etching rate of Ti and ohmic etching mask for n+ GaN
at 0.015M solution concentration.
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Figure 4.9
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the AFM image for n+ GaN after hot KOH treatment (a)Ti etching mask

(b)ohmic etching mask
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Figure 4.10 the SEM image for n+ GaN with ohmic mask using 0.015M KOH
concentration (a)after PEC etching, (b) after hot KOH treatment
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Figure 4.11 the etching rate of Ti and ohmic etching mask for low

doping GaN at 0.015M KOH concentration.
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Figure 4.12 the SEM images for low doping GaN with Ti mask using 0.015M
KOH concentration (a)after PEC etching, (b) after hot KOH
treatment
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Figure 4.13 the SEM images for low doping GaN with ohmic mask using 0.015M
KOH concentration (a)after PEC etching, (b) after hot KOH
treatment
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Figure 4.14 the AFM image for low doping GaN after hot KOH treatment (a)unetched
surface (b)Ti etching mask (c)ohmic etching mask
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Figure 4.16 the SEM images for HEMTs device using the standard PEC etching (a)
50min (b) 90min (¢) 130min
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Figure 4.17 the optical microscope images for HEMTs device using ohmic
etching mask (a) 0.015M (b) 0.0075M



Ti mask
- » AlGaN

GaN

Figure 4.18 the process flow of device mesa isolation
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Figure 4.19 the DC performances of the device fabricated by PEC etching

(a) IV curve (b) Gm
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Figure 4.20 the DC performances of the device fabricated by dry etching

(a) IV curve (b) Gm
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