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Room-temperature bonding technologies that will lead the realization of high value-added devices
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REGHLESICKISICEREEET D, (D) AREELRSIZINP
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2014F 0D/ —N)VYPBFEREC—RBERICBSILEL
AUD L (GaN) (& IRE. SBPEBNRRADFENLT A4 —R
(LED). OV 09 —DRBBAERL—Y—F A4 F—R(LD) &
DFEALT NA RCAVSTLALERL TS, e, GaNDEF
FINA AUFGEEB NN DG HD4G~EGBEDEKRT D4
BEZHE I DI EHEMBRENDERDEATVD, TH
[CVBRETEGaND/ND—FNA ADE IR ZRKTT DYV —)b
EUTEETNUBAMICAENTTON TV, CNHSDFEHR
TINA ZADIERUTE AR D Ty F VT A R T 2o —
RINBEEAM RO TYF VIS BY T IVAVBRE DB R
FEoreDIyhIvF VI E FEBEG TSI (ICPinductively
coupled plasma) ZFIRAUICRINEAF > TvF T (RIE:
Reactive lon Etching)I@EDRSA TwF T DIEATH, ZD
BRI TEVDITENTWVD LU, GaNIF EZBIIIIER
[CZECTHFICZD0001)Ga|EF -7 ILAVUREDBRZ
FOCITVF VI IRRMDEILINTHEST . T/ A REIETS
OERCOTYRIVF U IIFAVSNTWVGW, D I]RTE
FRSA TVFUTREFTTINA ZADEGEHTHN TSRS
ATYF VI FALZNICREBMRI TEEAICTYF VI TE
BRE. TYvFVITENDREYI XA —IHKRELINHT/NA
ADMHRES L ZS IETHRI I OREMN' B LI AT DR
WIwF U IEMAKOOSNT WD, A5 Tld. GaNDET X —
I ITyFUIEMEVGIFEFEINTLSHRESIEF (PEC :
Photoelectrochemical) TvF > (CDWVWTHEN TS,
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@ GaNDOPECIvF 7

HELEZIYVF VI F BRAD CHERDRREIC/ VR
FrvlRIBVIRIF—DHERFUCEFEALNEREE
S AERUCEAZRWVWTCHERORAZZEE L. 7 DER
e TYF VT THRETDEVNSDTYNTYF VI HEfD1D
T B, GaNDPECTwF T Hfild. MinskySICk>T 1996
FICFUHTRE' TN, ZDHR. SLDBMIHERINE,
1S IERDPECTYF VI HAfi DR Z R T ERDPEC
TwFVITR FITIvF I ITHREDO—BICERZRIT.
ZNENFOEIC DRV TEBFERDPICANSD, TYF VI HE
[CIE. GaND/N Y RFww LU ED365 nmEmDREEE I D
UVHZIREI L. GaNKREDBEE L ZEI S 2.,

1. Anodic oxidation 3. Waiting until

by UV and applied voltage electrolyte is stable
Pt cathode hy

1
! !sealing
back|contact
2. Stirring for
removing Ga,0, = [ NaOH(aq.)

M Ti mask
[ GaN epilayer
O GaN substrate
N Ga,0,

Copyright (2018) The Japan Society of Applied Physics.

X1 Schematics of the photoelectrochemical (PEC) etching.”



2GaN(s) + 6h* — 2Ga’** + Na(g) Mm
2Ga’* + 60OH — Ga203 + 3Hzo(1) (2)

FRE CHEUVCEFEAN DN, EFFEBHIHBOEZ
iU CBHERDPICHIERIT DY —INEE, CTTKERIN
SETHAERMBISHESNS,

2H,O() + 2e¢ — 20H + Ha(g) (3)

PECITvFr7E. GaNEBEEBSH ST 2D TIF R BEL
THOoBIEMEBBIEDEVWDIRTY S ERDCETEEN
[CREFRGaNZD TV N TCITvF VI I EICHINLTND,
DD RSATVFUTICHRUTCIYF VT IA=IHD
B F e N R ZEEH OB & RS Ul 5818 D & 2& IR
BICTYF VI TR EDTED IO HBHRTEUDIETA
DEGBHEVEH. GaNZEE(SRIED I EN T EEE LV DO
RZEBULTWVDB2(C.PECTYF VI ERVWTTEY AN —
2av T UzGaNERDSEMEEZRT”,

@ m e L4 RS () i P

AIRUISEY  PECTYF VI [F Iy F VT I RA—=IDRL,
B2ITRUE L DI I T+ (CTlRE CH D —T5 T K
DOPECTYF VI TR HABHIEBBZE AL THEB@ES N
LRI NERSIRNEWVNDIIBME G BF T/ N1 ADFHEIC
ALBNEILEH>TH EBETOTRICHRASINZILEFR
hofc. COBMSZREHET 21z ABBEB\DEHiiZ A EE
$2IVIINVAPECTYF VI HRIBEN TV, OV
IRUAPECTYF VI ICEBVTIF HRFCK>TELIEF
ZANBOBZRANS R BRRPOWHRES TS0, (S
HESERET @A) DRBZETIE D, NITKY. GaN
AR ZBFRRPITILO TUVHZRFN T BIZIFTT.GaND DTy
hRIvFYIZERIRIDIENTEDLIICRD.K3C, IS
INVAPECTYF VI RHBDRARZETRT 7,

GaN + photocarriers (3h*+3e) + 3SO,~
— Ga¥* + 3504 + 1/2Na(g)

Copyright (2018) The Japan Society of Applied Physics.

B2 SEM images of PEC-etched GaN with cylinder, cavity, trench, and “SCIOCS” logo patterns.”

’UVC_ I/ A=260 nm ’

KOH

v distance

©nannoanannan

+ K35,04 (aq.)

delectrolyte

Copyright (2019) The Japan Society of Applied Physics.

X3 Schematic illustration of the experimental setup for electrodeless PEC etching using K,S,O, containing solution under UVC illumination™
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CC CEERREIZRICIMEBSIH)LSO, (F. 581701 E
BITHY ., — RV A TV ZTHREBHUD L (KS,O8) IrED R
WAV A 412310 N TFOUVHZRBE T 5ET
RESHDICEN TED HABHIDIVITINVRAPECTYF
VIFEMICEBLT. GaNDDO Ty Ty F VI DigstEIAS o
UH L. CNETISRESN TV 25N EFICFEBREEDEAN
BEBRGENFHERINTVDBDIERL Fe. TYFVIHT
EFEWWSRRIFTZEDOHIEME TEZABLUTVDBDDEN .
ZZC.PECIVF VI DEARRIEICIIHRY BT —I%H
BETAHD ORI EIRDI,

IS ITNVAPECTIYF VI HEMDERIG . BFERPD
S, O A A VNCUVHZERE UL THEULSO, ZHRESHDI LI
H2BDN. —HTCCaNDXREZRIEL CBFIEANERESE D
WEHH 25,07 A A VDHRICIF. 310 nmILTFDUVHD
BHHINET. —7. GaNDFIEICIF. 365 nmAmDUV D
BRI NETH D, CNOF HREERFTHIIICRE TS E
BHTEDD . TyvF VI EBEEIEET 2/2HITF. 310 nmBL
TOUVHRI DTEHEZBRICITICENLEELL, ZDIEsH
[CIEF BHEUEUVAEZNSVARLS,07 1 7 D fEEGaN
DIEICER DR BRERDEEVPRSZRHETDINENH
%, Z T ESEEEDKS,O8RICBVTUVABBERDFEE
KFHZEATEUC, K4S BFERDRSINT cmODBFDFEBR
DATEERERYT  CDIERE . KS,OBRNELIZDIEE,
GaNDREEDTEHICE VWERERDUVHZRRE T 2MEBDH DT
EDDD D TNV R—JLDETERADIKEFEZZE R
TDEFREIX cmDK,S, OB RZB BT B GaNFKE TDIR
F8EX)(F XD TERITENTED,

I(A)=Iyx10—exp (— (A1— 1) /b) x (x/a) (5

100 Lcell =10 mm —

‘? B [

=2 80 4

o A

e 60 i

5 1 1 K38,04 (aq.)

<5 i

- ——0 moliL: water

g 401 © ——0.01 mol/L

n ——0.02 mol/L

c 0.04 mol/L

E 20 | ——0.06 mol/L

 — ——0.08 mol/L
—0.10 mol/L

0- e '
180 240 300 360 420
Wavelength (nm)

Copyright (2019) The Japan Society of Applied Physics.

K4 Transmittance of K,S,Os (aq.) at various concentrations: O (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 correspond to experimental data. The dashed
lines correspond to the fitting results, which are based on Eg. (5) with
parameters from Table 1.
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CIT W BRRRAICH T 2RMEE. ald. H4DT—5
AEROBBEARS=1 cMTH Do TAvTA VT INTA—=ID
ABRUbDEZR TR s T vT+ V7 DfERIF. KAFICR
RCTRUTH D,

%1 Transmittance fitting parameters of the 0.01-0.1 M K,S,0; (aq.).””

K5S5,05 (aq.) (mol 1

0.01 0.02 0.04 0.06 0.08 0.10
A (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
*p =92.36%. %*a =1 (cm).

Copyright (2019) The Japan Society of Applied Physics.

RAERREZIT T IRDLSGERN CPECTYF VI R~z
Torz,

WGBSR D « )L N BSREN S S AV HI SR
(SK-BUVC-0860)
FIHFR260 nm (FWHM=55 nm)
BFR& : 0.01 M KOH+0.05 M K,S,0¢
BIFRADZREE -5 mm
KRNSO EBRAE CORREE - 40 mm
BERREREOENNEE - 4mW/cm’ (USHIORIUVIREST
UIT-250(CCEHAI)

CDEG T BHEDONREGaNER_ED—ZBIC, SIOEZE
EVFA VT SET330 nmAERL TR AJELPECTIYF Y
TEEBEET oI, ZDFER, Ty F VI L—NFHIT nm/minT,
GaNDIwF VTR [FIRRBICHRU THREICE(LL. flEER
IVvFVITEBDIENHR TEIC.H5IC, GaN#EB#E98
nMIvF VT U BREDRFEAEMERE (AFM:Atomic
Force Microscopy)%Zmnd . sEIREI DS FRMS=2.26
NMEFEBICFIERTYF VY ITEINEONTWVS, EIEREIC

RMS = 2.26 nm

¢ Etching depth =
S g dep

Copyright (2019) The Japan Society of Applied Physics.

BI5 AFM images of electrodeless PEC-etched GaN surface under UVC
irradiation conditions for 98 nm etching depth™
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TIVvF VI ZRTIEBD. TyF U ITBEETYF VT RED
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DOHEEDRIFCTHD. U EDREINS, AVI TRV ADPEC
TvFVIICBVWTEROEHE AN FIRATETCH DI LN
RCE PECTYF VT DAEENEERICILN oIz AIZ F.
BSETEREENS VIS (HEMT:High Electron Mobility
Transistor) DUEAERICT VI IRV ADBRPECTYF
I BERAUEER IR EHBRCRE STUIEH T D,
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[ ® Experimental |

12 L «u Calculated
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Copyright (2019) The Japan Society of Applied Physics.
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B6 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 1.54X10* M/min '*
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7 Etching depth plotted as a function of etching time using
H:PO,-based solution and KOH-based solution'
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K8 Schematics of the experimental setup for the
thermal-assisted contactless photoelectrochemical (CL-
PEC) etching.”
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X9 Relationship between the pH and the temperature in
the 1:1 mixed solutions of 0.01 M KOH (ag.) and 0.05 M
K:S,0s (@q.). The inset represents the elevating temperature
curve and the pH against time."”
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o
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- in 10mm depth
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£ ,

£ 30 1 with stirring /
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20 1 S {,% 025 M
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I TR o 025 M
20 80 100

Etchant temperature (°C)

Copyright (2020) The Japan Society of Applied Physics.

10 Relationship between the etching rate and the electrolyte temperature. The electrolyte concentration of 0.025 M and 0.25 M (NH.,),S.0s
(aq.), respectively. The broken lines represent the eye guides of the sulfate radicals (SO, ") produced from $,0,* ions by heat or UVC."”
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BJ11 Fully-automated PEC etching apparatus
(SANMEI Co., Ltd., PEC-6)."
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