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ABSTRACT

In this work, we developed a selective etching process
for GaN that is a key process in p-GaN/AlGaN/GaN
enhancement-mode (E-mode) power switching field-effect
transistor (FET) fabrication. In order to achieve a high
current density of p-GaN/AlGaN/GaN E-mode FET, the
p-GaN layer beside the gate region must be selectively
etched whereas the underneath AlGaN layer should be
maintained. A selective etching process was implemented
by oxidizing the surface of the AlGaN layer and the GaN
layer by adding O, gas to CL/N, gas which is generally
used for GaN etching. A selective etching process was
optimized using Cly/N,/O, gas mixture and a high
selectivity of 53:1 (= GaN/AlGaN) was achieved.
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Fig. 1 p-GaN/AIGaN/GaN E-mode FET
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Fig. 2 Energy band diagram for p-GaN/AlGaN/GaN

W
flo o

2 2

g AY At 2 dE =
WA ABHE(GaN), BBHPA(SIO)0} 2
YA ME Rl g5 224 540 79
AL 14 A970] 5L 1 Fato] 7
53 7o) lom 71 Si 7w hEAle] of 2] 244
A TAE 5T 4= Q= BEEA| 2 S5 QT2
vk 0] GaN 7wk A 2ul e A= AlGaN/GaN o=
22 o) g3 sy ProlAY A BT 9 g
2 HARS 23 o] 21 qup}/\x o XAJBICE ©
2 AR7EA A O 2 QF) =8 HAX} W, wE A
Aol o] A-o] XU Il Q) A4t Z£7}3 (Enhancement-
mode (E-mode)) 222} G-& 0] o2 5442 7HA|aL 8l
t}. j¥ 32l E-mode ++& 7]« 2= Fluorine Z2}*u}
£ 70| = s}to] 7Fshz WAL, A0 E S1e] AlGaNF

ol s

ar

O]l

]_

-

N

¢

o

e

2 )

HE

£

Received 17 December 2019, Revised 3 January 2020, Accepted 15 January 2020

* Corresponding Author Ho-Young Cha(E-mail:hcha@hongik.ac.kr, Tel:+82-2-320-3062)
Professor, School of Electronic and Electrical Engineering, Hongik University, Seoul, 04066 Korea

http://doi.org/10.6109/jkiice.2020.24.2.321

print ISSN: 2234-4772 online ISSN: 2288-4165



B2 HEASHS| =2 X| Vol, 24, No, 2: 321-324, Feb, 2020

& omAom 4Zste] o] AR Gt 3
Al7]= AL Aol E ] AlGaNF ¢o]l p-GaN Alo| E
o= o]-85k= 4] 5ol Ak

p-GaN A|o|EE ZF= p-GaN/AlGaN/GaN G-329] 4~
A= 1% 13 2 Aol E o 39 o A] WHET}o]
o119 B4 T 29} gk sl Aho) Al 34 3t
oA 71 A A= Aol E G4 0] 99 p-GaNF
o 4z 3AolH e A% WES HA517] SAal4E
p-GaN AZ-& A8 1) AlGaNZ9] Al2ke 2255
ofof Gt} B AL O, 7]uke] Tl Als} A2 v
4 0] 85t0] AlGaNZT} p-GaNZe] Azkeo] %
o2 = e 417 ZHZS ST,
o= 2

ICP-RIE H84]] 42k 2712 7k T4, 1CP }9), 3
org] ew =o] AAWHLE HAFIYT ClL, YN, 7k~
T2 40 scem W 10 scem & 2 1143 0 O, 72
%%, A SR, 42 RE 99, B 250 ghsfe] 04
scem, 5-25 mTorr, 1750-2000 W, 5-60°CZ H-5-A| 7|1
A9E stk

N2 7t S
40 sccm 2 10 sccem o 2 1174 o}‘ﬁg\:q 0,7}~ g ke
2.5 scemo 2 TASIHECE A4 RF 3¢ 9 wlojojA
RF T}9] 1750 W 2 25 W2 1gsigon Lxt
20°CE 27] 2712 4gsteiek A L 5 mTor
B E 25 mTorr7}A] Z718FHA] A8S Jalstgo

rl

20 T T T T 40
—m— pGaN
—u— AlGaN
—u— Selectivity

-
o
T
L
@
o

g
125
2 2
< 1o} 120 2
I I} o
® Q
S {15 3
S (]
L 5r 110
m \
74\ 1s
ol '\- .
5 10 15 20 25

Chamber pressure (mTorr)

Fig. 3 Etch rate and selectivity between p-GaN and
AlGaN as a function of chamber pressure
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Fig. 4 Etch rate and selectivity between p-GaN and
AlGaN as a function of O, gas flow
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Fig. 5 Etch rate and selectivity between p-GaN and
AlGaN as a function of temperature
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Table. 1 Etch rate and selectivity between p-GaN and
AlGaN in overall experiments

O, | Chamber | Source | Temper| p-GaN | AlGaN Selec
Gas | pressure |RF power azure Etch rate | Etch rate o
(scem) | (mTorr) | (W) (°C) | (Alsec) | (Alsec)
2.5 5 1750 5 16.25 1.53 10
2.5 10 1750 5 3.37 0.8 4
2.5 15 1750 5 3.25 0.33 10
2.5 20 1750 5 2.3 0.1 23
2.5 25 1750 5 1.75 0.098 | 17
0 20 1750 5 14.33 1.61 8.9
1 20 1750 5 5.33 1.3 4
2 20 1750 5 4 0.1 38
3 20 1750 5 1.76 0.09 17
4 20 1750 5 1.2 0.09 12
2 20 2000 5 3.1 0.095 | 32
2 20 2000 20 3.26 0.085 | 38
2 20 2000 40 35 0.07 51
2 20 2000 60 3.62 0.07 53
Fixed conditions
Cl, 40 sccm, N; 10 sccm, Bias RF power 25W
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Fig. 6 AFM measurement of p-GaN depth profile
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