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Understanding of formation dynamics of femtosecond-laser-induced periodic
structures on SiC substrate
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Femtosecond-laser-induced periodic structures have less periodicity than the
wavelength of the incident laser. In this study, | attempted to clarify the dynamics of the
formation of the periodic structures.
The periodic structures were formed by superimposed pulses, and the periodicity changed with the
pulse number. The periodicity and the crystallinity depended on the irradiated material. For the
application as quantum devices, anisotropic wet etching was also effective to narrow the width in
1/4 and keep the structures crystalline.



¢ X C—19, F-19—1, Z—19, CK—19 (dm)

1. WFFERRAE 4 IO 5t

Tz A ML= =X, BHIEBORY BEaf) LVEVULRIEDTD, MR~
MFZ A=V aBHIMZ H5ND 2 &, EBEDENRET L2 L End, BHMEI~D L —
— TR —Y—F A TR IS EN TS, Zoh ML —F— 2 FEEARSRBICH
H42Z T BELEL—VF—DEEIVEVESHORBEESBREND Z LN HNT
W5, ZORYEEX. RETT7 XA T U PUOGRORT A N v T BRERE R EOME
FETOT T RAARIELNEL L TND ZERRSN TSR, DX A F I 7 AW
A bk E T H B,

HEEE 1L, @A T =T 3 27 oS 72 Sic o R mtgrElb 2 B L. SiC
HREEH DT = A ML —F —FHEEAIEEOERICIR Y A TE, ZEHL—VP— UL R
B L 0 B E 2R L. SV AFEEOD R WGEE IR E L RBREDEE LD 0m0
JEHOE IS Z . SV ATEEN S 25 EWRE XD om0 EoOME AT 5 2 & AR
L7z (K1), LOLZRNG, RSN 5O 80k d R iE N2 L 2l OFEMIXEA & 2
W7o TWRVORBIRTH D, TOFAFTIZRA2BRTEIILET, 75 MLV TOD
KLHELOHMBEERZEMRTE D, Tobb, (oA XX dMEIOEmEIREDELE
BiE 5, ZhUE, B ARBEOMA L e D L RIEHC, MEIREOBELS T = A L —)
—DISHDWEEIET 5 Z LI b BN D,

1 pulse

2-100 pulses 3000 pulses ~

Polarization
direction

Zum . Zpm 2pm

ARSE ORI K 1pm (S0) OFME  200nm (=4/5) OJE HitiE
L WG L AT S L — Y =T RGO A 22

2. WHEOEM
BHREESH LV EVRRTOXEYE L DHEEAZETF LUV THFA L, BEENIZSHATS
TLEAMEORK LTS,

BARANCIZ, LR D 3 D ERZ HIET,

(1) 7= ML —H—FFEEREE DR S A T I 7 AD R

(2) FEBRAIFEN & BRI E L T L —Y ) L MBI O BAEH & PR fiE

(3) HT-7HRE A BT 5 K il DAL

B COEFRECHBIREEZ BE LA bE ., L—F—0 L 2H0M 0 K UJE B
BRI CE DV AT LAEHESTDHZ L THLMNZT D,

3. WHFEDTTE

JeEWE L OMBEIEM 2 BT 5 2 L AARMTEOHE L, LUFOMFSEIC I Y fiTe,

(1) 7= bR V—YP—FREAIEDR S A F X 7 2 DB

L= =DV ZERH ) IR U A RIS D0 AT AL, L= — SR A
MEHZ G 2 2 B ERERNCIR~ 2 2 L O eI & JEIRSETE R D 2 A T 2 7 A2 BFT 5,

(2) FEBRAGTFA & BAAYE 52C L — S L BERF OO L (P 2 FRAE

L— YRR &5 R R O ZE L | BB (1) 72 & 0B RREE BT 1
L0 LB SRR LA & TR B, 72, BOBRA & LRI T 5 = L T,
RS A TR 7 A E RS 5.

(3) M7 7ppRE & JE B 5 &K DAL

L — P —IREHR L — — T A IS RIS 36 1 D Rl R B DL & (2) TREMIZH~
HZEITh D, RiERED HIEREIE 2 FZB L, £ ORI 25D Lo R AR & 0 BERER 72
IEM & BT



4. WFEER
(1) 7=L L — %—*EH%%L®mm&4% 7 A DR
BHEDOZ7 = b L — Y —RIEZ
( IMRA AMERICA #: % D-10K: 3% &
1045nm, /L AME 450fs, ##0 K LA
% 100k-1000kHz) (2, ZMEBHlfEIZ LD
VA ETIET DV AT AEHEE LT,
X2z, F—fEprcEEsnd L—3
— WA ST L7 Si ok
[f SEM 4% ~9, (@) a v hDOEARD
DENG AR, ARSI IR T
E—AROPEICT T L — g X
Nl=oizxt L, (b)-(d) BRI D — 58
THHL> TREINIHGAICE. B
lum B E 2N Lz, £/, BHE

DFIRNIEL 7D ETELT 7 AD~ Derom)
A7 afEEERR LTIz, 2k b, v o L ARRE B2 CHRM L7 Si T SN
A D—H WA A > ay e = Si
7?_£§E§§;;23$ ai% (a) SV ADERY 72 L, (b) 1. 9um® 2shots HR Y |
NI LTb\g LIRSy T (c) 7. 2um O 2shots H72 ¥, (d)2. 3um 0 3shots H 72 Y

(2) EBRAGFEAML & FRAO B T L —Y = MBI O B % HfE

BRI BHC X D38 WA TS 72, 28K (SiC, GaN, Sapphire, Si, GaAs) (2K L 7=
L— Y — i S IR S O JE ) LA EREE A X 312 F & Tz, TERL S D JE IS o JE R
FMEHZ K> TRARD Z LIXINE TICHRINTW N, IR FEAE T fEsIR BT BN

iofﬁ@é:&%%E#KLkoﬁCTﬁ%ﬁkﬂ%g®Fmﬁ%ﬁﬁbfwé® XL

GaN =° Sapphire TIXAFTHIC S OB AIELIVAFA L, Si X° GaAs TIHIME N LML L
TWBZ ERGMD, ﬂ%%L%WWTéV*f*®%#%£@ét@ﬁ%%&m@iﬁbw
N, AHB IS ORERIRIEIX EOMEMAIEITEIRN LTV 5 D% BLEGIIE LR & R T NS

T5Z LT, %Lﬁ/ﬁm)ﬁfﬁﬁﬂﬁﬂ ZEIF K

SiC GaN Sapphire Si GaAs
0.5W,1000kHz | 0.1W,100kHz 4W,1000kHz | 0.075W,100kHz | 0.2W, 100kHz

T
E
M . 9

: ‘ 5%?

FES T (20nm) clR A M IZREi £ 1 um
- Ll 1D 200 nm

E Eh
? B
L
E 200-250 nm | 200-300 nm 650 nm 60,450,700nm

¥ 3. AABHI IR L 7 J8 A o 8 1 & i ik i

(3) W1z IRHhE & ST % R DA
K WET A AT AT oo

Az E T B A ARICK
DT A5 TTE D, T Lot — KOH
A AT, BIWR YT T A 44
R B SNT WD, A5 T,
7/ HEE R TE & L CLIPSS & i

MEEiz, AFEE M4 T &

SIF ) fEEE Ny X RT LEDA& LIPSS-LED Quantum wires-LED
2 50 = - pra=d ML A
ﬁ/ﬁk(% 60 if\_\ E'ft#@#%’ﬂg?—ﬁ 4_}_/%%*%5%@%?/§4}X/\@mﬁﬁ

LED #5315 Clx, KOH ok A B 5T



v F
L7z
L7z

5.

(e
L.

3

(%
L.

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

V7 EFA LML R AT, R, LA LD . STOREREO R R A iR
FFEHR 75m HED LIPSS ok L. S BICKOH = v F > 712 L 0 # OF 134 18nm [ZHI#1L
o FEMIZR YRR & S O B bIT S B ORETH D,

e K dm L

aeam L) (GE3 1)

Reina Miyagawa and Osamu Eryu, “Formation of femtosecond laser—induced periodic

nanostructures on GaN” . Japanese Journal of Applied Physics. Vol. 58, 2019, SCCBO1.

e

DOI:10. 7567/1347-4065/ab06ac

Reina Miyagawa. Yutaka Ohno. Momoko Deura. Ichiro Yonenaga and Osamu Eryu.
“Characterization of femtosecond—laser—induced periodic structures on SiC

substrates” . Japanese Journal of Applied Physics. Vol.57. 2018, 025602, A

DOTI:10. 7567/JJAP. 57. 025602

Reina Mivagawa, Kenzo Goto and Osamu Eryu, “Femtosecond-laser irradiation onto

sapphire substrates in N2 ambient atmosphere” . Phys. Status Solidi (C). Vol. 14,

2017, 1700224, #Fi

DOI: 10. 1002/pssc. 201700224

2FEFR] (23 1)
Reina Miyagawa i, Dependence of pulse-width and pulse—number on LIPSS formation
by ultra-short pulse laser irradiation . The 7th Laser Ignition and
Giant—microphotonics Conference 2019 (LIC2019). 2019
I ERAAE i, EE VA L—F— BT K D LIPSS FERRD /L AR AFE, 5 66 [H]
I B SRR 2 . 2019
B BHAKZE . GaAs FEMRICTERLT 2 LIPSS JHHID L — W — 2 % x s R T, 5 66
[ES AP B SRR AITR IS, 2019
) gk . EREMEREIC X5V T 7 A T IO LIPSS E#IHIE. 5 66 [HG B
DR, 2019

(FBfriE) =) AR fll, 7 = & MY L — W — 5k J8 HIRGE T 5 OV O fE S PERE
fili, %5 90 [B] L — W T 2as i ey, 2018
ISR fth, 7 7 A T ~OEBEEEIC K D LIPSS OJEMHIE, 5 1 Blifksh LY &
ISYSE & RIbFZEZ. 2018
I SRR fth, GaN (TR L7z b —H —3FE A E O RHIE, 2 1 BliisS LY &
ISYSE & RIbFZEZ. 2018
B ERARAE . BV R L — W —IREHC X DT ARG O SV AR, L [E]
il T2 & ISYSE & RIFFZES . 2018
Reina Miyagawa i, Formation of femtosecond laser induced periodic nanostructures
on GaN, International Workshop on Nitride semiconductors (IWN) 2018. 2018
Reina Miyagawa {fi, Formation and narrowing of femtosecond-laser—induced periodic
structures, 37th Elec. Mater. Symp.. 2018
) A M, U A R¥x o TEEEM B ~O L — W —3FiE T FEIEEOFK, &
110 [FIfFgE4s - FRRIAB S VAR DU A (ARFNRLES UA F¥y o 78K - BT
NA A F 162 FEER) ., 2018
B SIS h, GaN FEARICTERR L7 7 = & MR L — — 35 B WIS o ft S ST, 55
79 [ES B SRR AR 2. 2018
Reina Miyagawa i, Stress evaluation of femtosecond-laser—irradiated GaN, European
Conference on SiC and related materials (ECSCRM) 2018, 2018
) BRI Ml GaN ~D 7 = A N L —F —FF kL JE W& O R & AR, 28 10 [F]
F R T XUy L ERES. 2018
) B M, T 7 A T HERA~DT = & ML — W —FE IS O & SR
fili, 25 10 [B]F / #E3 « =& K v L E#ES, 2018
) BRI Ml GaN ~D 7 = A M L —HF =G I1T DL ORI, &5 65 [
PRI, 2018
Reina Miyagawa ft . Characterization of femtosecond-laser—induced periodic
structures on SiC substrates, 36th Elec. Mater. Symp.. 2018
Reina Miyagawa i, Fine periodic structures formed by femtosecond-laser irradiation
onto sapphire substrate, 36th Elec. Mater. Symp.. 2017
B g fh, T A MNP L=V 2 XDV T 7 A TR~ OEE R, et T —
PRSI 4 BEER S, 2017
Reina Miyagawa ft, . TEM observation of femtosecond-laser—induced periodic
structures on SiC substrates, 2017 International Conference on Silicon Carbide and




Related Materials (ICSCRM)., 2017

21. Reina Miyagawa ffi, Femtosecond-laser irradiation onto sapphire substrates in N2
ambient, The 12th International Conference on Nitride Semiconductors, 2017

22, ®W)I gk fth, BBFFALIPTOV 77 AT ~DT7 = 5 MOL—V—ME, 5§ 2 BIHf
BRI 7 v o7 4 TGRS AR Y T L 2017

23. B ARZE M, 7= A ML —Y—FEEIEEOESIERME, 5 9 B i - =
B X v VR R EEE S, 2017
(£ Dfth)

R—2IL~X— : http://researcher. nitech. ac. jp/html/100000244_ja. html
6. WFFEHAK
(D) WHgEsr

Q) Bt 113
e hERL T8 &
o —<FK4 : (ERYU, Osamu)

M E R4 K 9
o —<K4 ;0 (OHNO, Yutaka)

MW IERSL - =F HA
o—< K4 . (MIVAKE, Hideto)

W DE KA - T
o —<FK4 . (TAIRA, Takunori)

Wt & K4 : Peter Wellmann
o—<FK4 : (WELLMANN, Peter)



