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Gallium nitride (GaN) has been intensively studied for applications in various optical and electronic devices. In
terms of the device fabrication process, etching technology is one of the most important factors affecting device
performance. Generally, GaN is etched by inductively coupled plasma reactive ion etching, because it has excellent
chemical stability. However, plasma can easily damage GaN surfaces. This report presents photoelectrochemical

etching technology with simple set-up for damage-free GaN etching.
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GaN(s)+ 3h* — Ga3* + 1/2Nz2(g)T 6))
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JeMGHCRAE L 28 IR O, BT IEEURHS
SHERIAIES & Pei L CRT ISR T 72 ) — R
Eah, ZZTKRROERMISBIZE > THE SN .

2H20(1) + 2e- — 20H~ + H2(g) T 3)

PECT v F v 7%, GaN% BEIBAM X &2 DTk

B, BILL T oI EBIREEZ L0
Ty T EED LT ALFRIICRE KGaNE T = v
FCIyFUTTRIENTES, Ak, EiLTR
B L TWB A, GaNDN Y FE v v T3 KDL
BILEM KD & KE 020, BsTIERICm2 k&
FERRIL &S,

PECT v FY 27k, FIA Ty F U rIZHEELT
ITyFUTEA=UNRLEL, £, YA EEY
IE AN A B U 228k D A & IR I = » F &~
TEBIENTED, X612, XM cA T B IEA
DIFM NNz, GaNAEEEIZHELS S Z & A0f
BELEWIRIRAAL TWBEY, —JT, fEkDOPEC
Iy F VTR, Ty F VT 50 E R
T 5 N R AR EER AN DG & o T HME X 2 D
D, BITF4 20RMEICHVONBEZEEH T
g, mETUYX 2R NS Z L3 hh -7z,

a2 479 NUAPECI v F > THMTORS

Bk U 7296 3EPECT » 5 v 7 DEME X % RIS 5
728, SRR AN OGNS (T 22 P LX)

fFRit% 2020

Luminous array film

A=260nm %
ITuve |

>» -

003330003300

WD

B pah !

. \
A Distance delectrolyte

B Schematic illustration of the experimental
setup for electrodeless PEC etching using
K2S20s-containing solution under UVC
illumination??
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IELIERE Summary of the contactless PEC etching technologies 2V
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Intensit Rat
Author Electrolyte UV source (nrllvs;lcsrln};) Mask Stirring (nmjnelin)
G. Parish 19 KOH (pH=11.9-12.9) HeCd 325 nm laser 10 or 1000
+ Hg lamp (254 nm) to illuminate only 11 Pt Stirred 5-200
0.02-0.05 M K2S208  electrolyte ’
J. A. Bardwell 1 Hg lamp (500 W)
0.08-0.1 M KOH with 254 nm mirror 4.3 @ 254 nm 43 @ Pt
+ 21 @ 310 nm Pt or SiO2 Stirred 4.8 @ SiO2
0.08-0.1 M K2S20s8 with 365 nm mirror 4.1 @ 310 nm
21.7 @ 365 nm
Z.H. H 16) 0.01 M KOH
wang Hg lamp (1000 W) through a water filter .
§ with mechanical chopper 963 o Non ND
0.05 M K2S208
R.T. Green1? 0.005-0.1 M KOH §
Hg-Xe lamp (500 W) 70 @ 365 nm NiorTi With & w/o 590
+ ior Ti -
(HeCd laser) (160 @ 325 nm) stirring
0.1 M K2S20s8
D. H. Dorp1® 0.02 M KOH
van Jorp With & w/o
+ Xe lamp (500 W) ND Wax L. ND
stirring
0.02 M K2520s8
J. L. Weyher 19 0.004-0.1 M KOH
+ Xe lamp (500 W) ND Wax Non ND
0.01-0.1 M K2S20s8
S. G. Lee 29 0.01 M KOH Xe lamp (1000 W) through 345 nm
. . 100 (345-364 nm) . 30-60
+ long-pass filter with mechanical chopper Ti/Au ND
0.05 M K2S20s Q-switched 355 nm laser 3.0 x 10° 5-15
F. Horikiri 2D 0.01 M KOH . .
Luminous array film (15 W) by pulsed . . 5-(17) @ Ti
+ . 4-(8) @ 260 nm*  Ti or SiO2 Non X
driving 1 @ SiO2
0.05 M K2S208

*: at the surface of electrolyte
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fRErR O~V F £ THEEA A v (S20827) 12UV
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— )5 TGaND K & ikl U CE 7 IEf L 2 4 x2 %
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OGS BB T, —J. GaNOhkIZId, 365 nmA:
WOUVDWG BB TH B, Zhbid, Kz bl
JTCHASICHE T I LTRSS, Ty F Uy
i % fE b4 5 729121F. 310 nmL FOUVEE1D T
M 2 FFICIT S ZEREFE LW, 2020121,
WG L 220V E YT ¥ 2 B £ S2082-D 45 it & GaN D
I 2 B & 5 . KoSeOsi g D eI R0 & % 4%
FTHEMENRD B, 7T, BHIRE DKS2087A ] 12
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FUTEREITY L L,

U RSSO 7 4 L L BUIRESY 7 5
2 FHNVE (SK-BUVC-0860)
260 nm  (FWHM = 55 nm)

FEfFTE : 0.01 M KOH + 0.05 M K25208
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LE WA Transmittance fitting parameters of the 0.01-0.1 M K2S20s (aq.) 29
Copyright (2019) The Japan Society of Applied Physics

K2S203 (aq.) (M)

0.01 0.02 0.04 0.06 0.08 0.10
Ai (nm) 231.1 241.6 251.7 259.1 263.4 267.6
b (nm) 16.3 17.3 18.5 19.2 19.5 20.0

10=92.36%, a=1cm

100 Loy =10 mm
< 7
S 80
[ 4
S 60 | /
% " K38,04 (aq.)
E / ——0 M: water
£ 40 —0.01M
tn —0.02M
c 0.04 M
© 20 ——0.06 M
= —0.08 M
I —o0.10M
o L AR R R R R R R R R R R

180 240 300 360 420
Wavelength (nm)

BEEEM Transmittance of K2S20s (aq.) at various
concentrations: 0 (water), 0.01, 0.02, 0.04,
0.06, 0.08, and 0.10 M. A 10 mm path-cell
length was used. The solid lines corre-
spond to experimental data. The dashed
lines correspond to the fitting results,
which are based on Eq. (5) with parame-
ters from Table 2.2D
Copyright (2019) The Japan Society of Applied
Physics
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Ty F U ZICHW A RHT, G ElonFIGaNFEAR |
12, A E R XK EZE (MOCVD : metal organic
chemical vapor deposition) TSBD (Schottky Barrier
Diode) HHEEDHGENE TE X F 2 v LKR L7728 DT,
HM FIZ)E X1 ymDnt R %2 T LT, Sit 1 x 1016
cmP F—=7On F) 7 MgaRELTHS, ZOLY
v B2, w227 & U TE E330nmDSiOfEE 2 v
VAV T ABETHEEL, T4 LY 2 M ERWE
TA MV TTTAEMT, Ny T 7= FT7 v BBIC
TY AR =V ERKR L, £, ¥ 227 Ofildl
EHNRAFNDS 720, —#BIZSETi% 100 nmAE &
L. BTE—240V VYT I77 1 Hiffiz T2 o8
=V &L 7zalf e FIZE L 72, Fig. 4l a2 v %
27 PV APECTX w F 2 L72GaND T v F v 71§
Xy F Uy SREOARERT, GaNOxT v F
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. | 0.01M KOH+0.05 M K,S,0;
E | delectrolyte 5mm Pie
£400 [ fove =4 mWicm? e
< = .538,-Y
5 300 Rloe g
g v
g’ 200 | mask,/.’
= ®
< . =0.98 x - 11.66
8 100 Y Re=0.98 )
i 510, mask g~}

0 el o |

0 30 60 90
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B Results of contactless PEC etching with a
catalytic Ti mask, compared with those
obtained by using an SiO2 mask?2V
Copyright (2019) The Japan Society of Applied
Physics
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Ty F UL —riE, H50m/minT, Si02v A7 %
FAW7238548 & 0 &5 Kk & v, Van DorpiZ KA. Ti
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I CTDETFOHENELC Wz, GaNFFIZAR L
7o IR O M A Y — F & U THEREY
CEOWHBINE LI, ThHTyF Y
U= FDEICESTHATWSEEZONS, Z
DZ LD, GaNODa v &2 L APECT v F v &
ChWTiE, B Rich Y — N & U THERET B R
EEDOEHICHE. BRI 2 EEE LI L E
RIELTW3,
a4 2 b L APECTGaNfE b A#98 nm =™ » F /&
L 72kt 2211 OAFM  (Atomic Force Microscopy) 14
%Fig. 512§, s m O M X IZRMS = 2.26 nm &
#ﬁhﬁﬁ&ly%yﬁﬁﬁEEhfwéoﬁﬂi
MiciE, ZERROFKT v F v 7k g &
7z, ZO%EkRIE, UVHIGHCAR & - EfLAY, fSdh
HOERENIZ N5 v T ERTPECT v F ¥ 7I2% 5
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RMS =2.26 nm
Etching depth = 98 nm

BT AFM images of electrodeless PEC-etched
GaN surface under UVC irradiation
conditions for 98 nm etching depth2?
Copyright (2019) The Japan Society of Applied
Physics
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W, INETIRSIOPTIH EDEEELE TV 2
Hepixv/-beT, 7LV A PERWZT 5 b
VI TT 4 EITH>TCIAINNE—VEGRT B &
W FRIA A 5 Tz,

ZZTCHAIE, TA ) ROKOHIZEA T, 991

D) VIEHPO1 % BIRRIZ iy, R TOPECT v
F VIO A LD, FERRICHO 20N, Yt
FloOnHIGaNEM FiZ. MOCVDE: Tl D GaN % &
EFIERAF Ly LRELEZBZOT, TVEOF v
TRE, JEX, EMNEEIZ. ZhENR5 x 1016 cm3,
3um. 3x108ecm2TH 5, ZOTElFORKMIC
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DHRID T x LY A (Megaposit SPR6810) % A &
VA=A —=T9H0nmFEMAL., T+ MYV T T 4
iz O TIEIO pmD X b 5 4 T58% — v & L
7zo AV XY ML APECT v F ¥ I 5 BRI
2. 0.01 M H3PO4 + 0.05 M K2S208% JH\ 72, & 7=,
gD 728, 0.01 M KOH + 0.05 M K2S208D & fift ik %
HOWEBR G772, ThobADLy F v r¥E
OfEKIZ, M TRRZEDERULTH B,

Fig. 612, HsPOsRDFE M & KOHR DMK IZUV
Yo & HEGE U 72 B0, BIEEOpHOREEL O T %
AT, ZhE&D, HPOSRDEMRIL, R ORSHEIZ
PESPHOZEAL NS L, BEIZZ 9 F VI WIT A5
ZEDMERTE /2, ok, KOHRDEMIEIZB T,
pHORRMFZEALIZ, WiBRA 4~ 5 ¥ A LSOs- D E
PRV SN AHA 4+ VIS X 5 PRI E & LT,

14 . . ‘ ‘ .
® Experimental
12 “""i- --== Calculated
10F |
8 j KOH-based
T
2 6L Neutralization point ]
4L
2 !‘.0000;.*05‘.
0 H;PO,4-based 1

0 20 40 60 80 100 120
lllumination time (min)

X Correlation between pH value of solution
and illumination time of UVC light
Dashed lines indicate theoretical curves
obtained with the H* ion production rate of

1.54x 104 M/min?2?
Copyright (2019) The Japan Society of Applied
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100[  4,po, §
"E with photoresist .,
E wf *
=
B 60[
£ &
@ 40| j{ 1
= -
2 a
| 20 k
B KOH with SlOz
% 36 60 90
Time (min)

Etching depth plotted as a function of
etching time using HsPO4-based solution

and KOH-based solution 2
Copyright (2019) The Japan Society of Applied
Physics
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After photo-
lithography
GaN surface

Resist '
10.6 um
+“—>

20 ym
(a)

After etching

(b)

Top-view images of sample with
patterned-photoresist film (a) before and
(b) after the etching??
Copyright (2019) The Japan Society of Applied
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fRNT§ % Z &M TE B2, Fig. 702, WiTE MR A HW
TITywF VT EIT-BO., —yF Vv 7EfET
F VORI OMBRERT, EH55DBMETEITL
WEEDENT yFVIL =B H6NATED, &
TN T Ebb Ty F v IR OHIEES R
I TdH %, Fig. 812, HsPOLRDEA A H T v
F VT EIT 5 2RO Ty F v S ET R O K G
Wi %" §, Fig. 8@ ix. T v F ¥ JHiDGaNZ i
LY AP AR TH2RE. b)iE. =y F
VIRIZVY A MY 27 BBREL % OGAND K
Thb, ZHIZKD, 74 VYA MEYAZICH
WTyF U TE, SiOev 22k E LMD X
WEBIRER OB Z AR I N, Dok
Moo, AV AT P L ZAOPECT vy F U 72BN
R OB HLFIHARETH 5 2 LW HERTE,
PECT v F ¥ 7 DI H# I A ERIZIRA - 720 Bl A
3, BREETFT A ZALE LTHWoh S EE TR
g~ 5 Y 24 (HEMT : high electron mobility
transistor) D4 — MO () L ZEE) 123V
A0 MV ADEERPECT v F ¥ 7 % H L 7z 529
5 ENFRICHE SR T 5,
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PECI v F JHMODTNA X270+t XIcH

b ay sz 2 b v ZAPECT v F ¥ Z i OB 5
AT LT, PECT v F ¥ 7 BGaND F /34 2 7 1
2R L TCEZETIBRHATE S0 L %
VTCBERIFIC, YO ETH DT /54 A A —
=2 LCPECT v F Vv 7 OEMMEE 7 E— ¢
5HIT, 2422 PHYDDPECL vy F ¥ 7 &>
THADIZ—=VIITOFEV AL —Y 3 V%
15721282 F 7= FEIIPNE 4 4 — FOEHLT
T 22 B B ET AR K OERRE RN D20
DOBEMT. (A HJEK) ICPECT v v 7 %M L.
WROFIA Ty F U THERLUZEA X — FEFF
DR E 1T 5722, AFETIE, ZThbHDFRIZD
WTHIIT S %,

Fig. 913, PN& A * — Fi§ED = EIZHJEDTi~ 2
2 & T CPECT v F v 7 % 1T - 72iA FIOSEM{% T
HB, BEIZYD L5720 ) v —FIDIS 8 — U H
BN TED, ¥4 Py F U IFE A

Substrate

50 pm

SU5000 20.0kV 14.5mm x1.00k SE(L)
(c)

| 516nm Ti mask

p-layer

2 pm
il —
SU5000 20.0kV 14.6mm x20.0k S U ) oopm

SEM images of PEC-etched cylinder
patterns: (a) Overhead view, (b) side view,
and (c) near Ti mask and pn-junction®
Copyright (2018) The Japan Society of Applied
Physics
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ERSIAEV, ZhuE, GaNHIZAEK L 7z 1IEfLoFFan
PN Z EICEKL Tl D, UVESERE X h =857
FUMEIRIC Ty F Y TEBZLEERLTNS,
Fig. 10i3. SBDRSED T VIZ, 41, 5. 10, 20 pm®
MO~ Z 238 — V& THRE7.7pmD L

SU5000 5.0kV 9.3mi 2.00! 20.0pm

IEEELIE SEM image of PEC-etched GaN SBD
with an etching depth of approximately
7.7 um. The diameters of the circular
cavities were designed to be 1, 5, 10, and
20 pm.19
Copyright (2018) The Japan Society of Applied
Physics

C)

Ti mask

—
Epilayer ——
n~-epilayer
n*-epilayer

v 9.5mm x10.0k SE(L)

F VT AT o iR OSEMI% T 5. £7-. Fig. 11
3. SBDH§ED T I, K14, 2.8, 5.6 pmD A + 7
AT 2088 =V EMNITZ 9 F V7 %fF0, b
LY F iR 72RO WTRISEMIS T 5. WO W
M3 UMICE TS E CEINCT y F UM TET
B0, PECT vy F U2t 2/HER X HHEDOE
K7ZTTEL, BFOTA I L=V 3 VRA—/5—
Vx vy a YHEEOHEK s ERALIBHTE S
a[HEME AR X 2z, Fig. 1213, PECT v 7 ¥ 7 Hifiy
o> TGaNTHK L 2 4ftou I Th b, 20K

I S AHEED Ty F U SETRETH B,

WIZ, PNZ A+ — FORIEMR AR, Fig. 13
. PR L 72PN & A F — F ORERE % 3 W im x|
Thb, TOXAF—FDAHMITIZ, PECT y F
v 7 %M L7, Fig. 1412, PECT v+~ 7 Tk
L7z XY IROSEMEH 2 /8§, JiKD 728, ICP

IEPEEN PEC etched logo pattern of our company
“SCIOCS”

Field plate electrode (Ti/Al)
Anode electrode (Pd)

Electrode diameter: 60 pm

SiO2
SOG p*-GaN: Mg (2x1020 cm=3), 30 nm
n-substrate ™ p-GaN: Mg (1x108 cm=3), 500 nm
n--epilayer T ‘ un-GaN: Si (<3 %10 cm3), 2 ym
; \{ n--GaN: Si (7105 cm3), 23 pm
n-GaN: Si (2x10'8 cm=3), 2 um

n~-epilayer

n*-epilayer

9.5mm x10.0k SE(L)

IGFEEE Typical cross-sectional SEM images of
the PEC etched trench patterns. The
design PEC etching depth and Ti mask
width were (a) Wr=7.7 ym and 1.4 ym, (b)
Wr=7.7 ym and 2.8 um, (c) Wr=7.7 ym
and 5.6 ym, (d) Wr=33 ym and 1.4 pm, ()
Wr=33 um and 2.8 ym, (f) Wr=33 ym and
5.6 um, respectively.!3)

Copyright (2018) The Japan Society of Applied
Physics
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n-GaN substrate

Cathode electrode (Ti/Al)

HERER Schematic cross-sectional structure of the
GaN PN junction diode

SEM images of the mesa areas by PEC
etching (left) and dry etching (right) 26)
Copyright (2019) The Japan Society of Applied
Physics
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107 b

Current (A)

10°}

10710
0

108

—Dry etching
——PEC etching

Voltage (kV)

IGPEE Reverse I-V characteristics of the diodes

fabricated by PEC etching and dry

etching 29
Copyright (2019) The Japan Society of Applied
Physics
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IEEEIE Variations in the breakdown voltage of

PEC etching Dry etching

the diodes fabricated by PEC etching and
dry etching 20
Copyright (2019) The Japan Society of Applied
Physics

GaN#EROPEC (tER(L®) TvF>J

KS4xTyFY 2 TRIKL =X HIR G D TR,
PECT v F Y7 DEMNH6 M AaFKRNFEON, /2,
T MLIxy vy ZAWEDH RNy F V7
A= P RN ENERTE TS, fFRL
LA F — FOLVRE# IR L 72 & 2 A, EJf1A Tl
LA EEDRENL D 57208, W7 A P
BEMNEL 2, Fig. 1513, PECT vy F v 27 & F 54
Ty F Y7 TEEIL 72PNZ A % — F O 5 aE-VE
EINT 57 ThHB, PECTyF v CERIL 724
AF = FOHNB, ) —2BHRIDEL, EOMED
RoENTNBZENTh D, Fig. 161k, &6{HD & 4
I — FTHIE L 228 FANEDIL S D& &/RT 07
7TH%, PECTyF V7 TEHLELZA L —FD
T e S RMIESEL . 2D, 6D %
L0, ThE, A ROy F 7L RX—Dp
BWD) — I N A5 25& 50 FIk->TED,
ZhDOBHEWPECT v F ¥ 7, TN 2 OIS
M EIZRNZHFG TR L E2RTENDTH B,

PECT v F > JHMOERICETT

GaNDa v &2 b L APECT v F v 7, BEICA
MOFATTIEdD 22, ZHIBERL 2 FEEFINEIE Z
NETIFEEAERL, 7 E AT OERL
PHAZRWIZH S, LB, FEDT/INA A A —
= IZHAREFAEMAOhTLES &, PECT v+
VIOERITHL < B, GaNT N4 Z TG HIEARAN
DOEME RIADEL KD, ZZ T, T/ A2 A —
A —IZAHMICPECT y F v 7 & MlioTE 625 K5,
HEAONDBHARNEPECT v F 7 Fiffi. REIZH
TR AR L T 520,

PEC Etching Apparatus: commercially available

JAPAN

Dec. 11-13, 2019. Tokyo.

PEC—6

Fully-automated PEC process apparatus

Sequence

Sample size
Light source

Electrolyte : Automated supply

Dispose

Handling

& sclocs Sanmel

: Programmable control
Light: ON/OFF
Light exposed time, Cycle number
Electrolyte: Supply/dispose
: Chip ®150 mm
: 3types
Hg-Xe
UVB-LED
uvc

: Spin dry
(to 20 L buffer tank)
: Manual, Single wafer type

Poster of the PEC etching apparatus presented in SEMICON JAPAN 2019 by SANMEI Co., Ltd.
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PECT v F ¥ 7 i3, S+t O #GFH Th 5 GaNHE

M. GaNT & = AW T TN, 2 & AE3Y 5 55
12, ZOMEREERKBIZEI E T 720 DFIiTH 5.
Wis, PECT v F v 7 Hifliid. Mtk BG4 pEICFF S
T25LDTIF AL, YHOBEEIZBEH O WZ2E 0T
PIDTHRERET S, ZDHIZIE, PECT v F
VO EF R R A 8 U TGaNT
INA ZBREIIAD D Z & S HEEZ N, EEFICH 5
TR ZODN=FILET TR, a4y
MU ZPECT v F vV HOERHEEEZFRA L. &l
TGt 2 2L HEHETH D, £2T. 74
OTF A4 F=RF A VT v PREE L & BER
76 LT B3R 2t ZIIZPECT v F 7 O Hifli {5
AW, EBoRFFE5 4 2L T, PECT vy
F U EOREEIT > T2 T W5, Fig. 17
. 2019 DO I Ty Y v 8 THRASH =0
HIE 7 — Z 28R L 72 HFE P OPECRE D K A &4 —
THb, ZOWEIZ, 20205 ha I disiE A+
<. Bifi#fiirhC¢dh 5.

BHUIC

GaNiZ, AL 74 F Y FE v o 7B TH 3SiC
EHBLT, MPEHREDZ 2 — B EL 57258, 7
Ot 2 OBESENRTE D . PPERIZ IR B %
RO aVIZhDENE, Bhrkhr/NT =TIV,
S TOERBEA TR, AFTHEALZa Y
%2 b L ZAPECT v F ¥ 7 Hiliid. GaND 7 a1+ 2
JEOER A KRESIRT. K0 EOT A 2R
X TROTHD, TheaEkIE5Z LT
GaNT /A ZDWENRELIEN B Z & 2L T
W3,

A E

AR TR =FARE RO —E1E, BES [AkD
HBEREME - 54 T 224N ERBET Bk 4 7
R—v g VHEE| ORCEZTIZEDTY, 7=,
b R EHERIL Y bo=2 2% LY 4 —
Ve K HEEH7 & O LFEIFTE I K OERBORS A A+ v
Y — A AT =05 R B & O KRR ORCR
AEATED., ZZISRRLTUEHEHRL EFE4,
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