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Fig. 1 (a) Transition of ablation distribution per 8 laser irradiations of aluminum. (b) Fluence distribution
calculated from nonlinear propagation simulation. (c) The magnitude of phase shift per unit propagation
length for linear and nonlinear optical phenomena.

[1]1A. A. lonin, et al., JETP Letter 94, 1 (2011). [2] T. Sano, et al., J. Laser Appl. 29, 012005 (2017).

[3] R. Yamada, et al., Opt. Express 31, 5 (2023). [4] I. Nishibata, et al., Appl. Phys. Express. 16, 102002 (2023).
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[1] Procedia CIRP 74 (2018) 446-449
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Fig.2 Average flow speed with
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2) C.-H. Ho et al., Chem. Mater., 23, 1753-1760 (2011). dots obtained at 600 mJ/cm? for 30
3) G. W. Yang, Prog. Mater. Sci., 52, 648-698 (2007). min (Excitation wavelength 360 nm).
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Fig.1 (a)Optical set up for ice crystallization. (b) The behavior of cavitation bubble induced by single laser
pulse(E = 60 pJ/Pulse). (c)lce crystallization triggered by single laser pulse(E = 300 pJ/Pulse).

BE IR

[1] Yoshikawa et al., Chem. Soc. Rev. 2014, 43, 2147. [2] Takahashi, et al., J. Phys. Chem. Lett. 2023, 14, 4394.
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RSB D B EERI A7 MUIZEL L T, BIEE T, Zh b Z2H—mICHET
E 5T IVITHE S TVRY, ARBFFETiX Fraunhofer B A7 kvt B E KRR AT D
W AR TXAMHNELES I 2 — g VETFT AR L, EB L OB {To 72,

[ERBLIOY I 2L —ray] ERTIIKTOAlIZZ—47 v &L, 7YV A1E 200ns, 7L A

TR —14m], FEFE 1064nm O Nd:YAG L—V—%HEH L, 77 XA~vEERIET, 77X~
DI L—— R D & OBRIERFE] Z & ITRERMEHIE L, ALJRF#R 308.2/309.3 nm D A~
MZRIELZ, ¥ alb—a T, —RuOHBHEER (dx, ={x, v)—&(x, VI(x, V)}dx.
I: AR, o FBOUMRER. «: WOAREL x : RGO, v: BREED) 12X, EBRAT b
NDT 4T 4 T hfTolze 2OV I al—3 3Tk, Al JRFRROINE - o721 T4,
T AP TR DA ERICEDREA A ORI EOHBEEZEE L, 2L NERE
DFN » W E R T EE LT, HEaEFHE THW e, diZNENEH LTV DR TERD
En Ka. B Oes. gD THB E LTz, aa. xaDFHEICHER SR A2 ny. Stark JA03
N2 EBT DO DEFFEE ne, BLOIRE TIZZZMANIC Gauss 541 L TWD ERE LTz, £72,
ke b ZEMIAINC Gauss 04 L CWD EIE LTz, 26 DBEOZNZEIUT DWW ToHAfi D TOMHE &
IAAMEIINT A =2 THD, ZITiE., &8, ne DTMABNELWEIREL., £, m OOfEE
[ E L7z,

[ & 2 52] EBRCITELERR 350 ns 205
650 ns C Fraunhofer B! 2A~7 K LM X 21, 3000
700 ns > 900 ns TH CXHE AT RL 2500 —
B ST, EEIERER 600 ns. 900 ns D FEER 2

Ry NNV ET 4T 4 v TEER A Fig. 1 OR 2000
T ARWFFE TITRIROIRE & FU7 ik O 1R B 1500

Intensity / a.u.

PELWVWERELTVDIZb DL 1000 -] 900 ns
Fraunhofer B! 2~ L)L b B ORI A~
FMLE—=DODETLVTHET LI LN TE 500 fit 900 ns

F. 202 LI, RFEERAR D S5 TN T o
%%abfwéﬁf%gﬁﬁmiofmw@ '3$o' m% '3$ﬂ'
AT FISHFEHANT BT HEL S Wavelsngth j am

I EBRLTN D, BB, T4 ¥ T 4 71 Fig. 1 Best-fits to the spectra at 600 ns and
FV{FHNT/ T A—Z DOFEMIC OV T 90% ns delay from the puﬁl)se.

H#ET 5,

275 3Lk
[1] B. Thornton, et al., Deep Sea. Res. Part I Oceanogr. Res. Pap., 2015, 95, 20-36.
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PDMS O L—H—ibIc &k 5 EEBHEEE L
J57zBFFy kb (GQDs) ZEBHEED—FEH
One-Step Fabrication of Two-layer Structure Composed of Graphene Quantum Dots

(GQDs) and Conductive Structure by Laser Carbonization of PDMS
BAETL!, BXEI? OCM)EZFEHE BN F kFEL2"
Grad. Sch. Keio Univ. !, Keio Univ. 2, °’Kosuke Tsukada!, Mitsuhiro Terakawa'- 2 *

“E-mail: terakawa@elec.keio.ac.jp

7' 7 =8+ K> (Graphene Quantum Dots, GQDs) 1ZESNVEIRFEDF JKhi+TH Y, IBE
AT Lo BB E A R 2 E D MbN TN D, MAIIINETICARY PAF v X4
(Polydimethylsiloxane, PDMS) A Hili{A & LT, L —WF—RALEATIC L 0 EEMEEEOER (1] 72
5 ONZ GQDs DAL [2] WAHETH D Z L ST Lz, AWFZETIE, EEMEMEE & RS
P> GQDs # —FEER L 72 (Fig. 1(a)). & HIZ, T OEEMAEIE~DOEEHINAE S W& DOIRE
ZARIZ RV . GQDs DHOGIREZ 2L S H 5 Z L Al A T,

PDMS EH~7 = b ML —F— L2 (R 522 nm, 7LV ABE 192 fs, #0 iR UJEKEEL 63
MHz) Z8CII LEET 2 2 & TREAMEZFER Lo, /ERLEEO T OLEITEEMZ R L,
HC BRI & W oIS T I O BLEC K B O NS A R T 2 L AR LT (Fig
1(b). (c))e AMMBEIRZ FI CIRNEE I Z B EL 2 FIN L 7- B s ess B 28 k% Fig. 1(d) 2R,
BIEFIMZ LV #EARENMET T2 2 & 2R L, 5%, BIEREFROGEEY LY 7 ~0lk

MW TE 5,
(@) (b) o (d)
Laser-irradiated Area 3 12 v Yo
Laser pulse m' oltages Application
~ 1 jeme
- \/J\WWW
2
? ©vos ﬁ::
N
5 £ //—P
- g Eos §2
‘ (c) Conductive Structure 5 € —30v
- Z 304 — 25V
0 20V
PDMS GQDs g 02 | 15V
—10V
Conductive Structure 2 . . ‘ —5v
0 10 20 30 40 50 60 70 80 90 100110120130
Fluorescent Structure Time (s)

Fig. 1 (a) Schematic illustration of the fabricated two-layer structure. The bright field (b) and fluorescence
(c) images of the cross-section of the fabricated structure. (d) Normalized fluorescent intensity under different
voltage applications. The orange segment represents the duration which the voltages were applied.

[1]S. Hayashi, et. al., Adv. Eng. Mater. 23, 2100457 (2021). [2] S. Hayashi, et. al., Nano Lett. 22, 775 (2022).
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GHz N—R FE—F 7z L M L—HF—D AT S
T AT M 3% T B A4 A OD B AR 3R T A RE T i
Characterization of novel periodic surface nanostructures

fabricated by GHz burst mode femtosecond laser pulses

Hf REF! HEFEEBIK?2 CETAL-National Institute for Laser,
Plasma and Radiation Physics3, Institute of Biochemistry of the Romanian Academy*

OJilt #£A 12 Sima Felix!?, Sima Livia4, Orobeti Stefana34, /N ZAER:
$BRE” B BLEBE —ml B EK2 BE =X
RIKEN Center for Advanced Photonics !, Tokyo University of Agriculture and Technology?,
CETAL-National Institute for Laser, Plasma and Radiation Physics 2,
Institute of Biochemistry of the Romanian Academy*
°Shota Kawabatal?, Felix Sima'?, Livia Sima*, Stefana Orobeti®#, Kotaro Obata,
Mirai Hanzawal?, Shi Bai!, Kazunari Ozasa!, Godai Miyaji?, Koji Sugioka!
E-mail: ksugioka@riken.jp
W, VAR AEEE 2 (ps) BEOBEMEV KL 7= A M (fs) L—W— LR (£ FT/ULR)
BT &AL D GHz /N— A hE— R fs L—F— L WERD fs L —HF — L 2D FH A (0 7 ZE— R)
L LT BRER D R (ENE - ESR mERT L= a VNI ARETH D Z L AHIE STV B[,
Fex it BEERFEEOA Y T UL AINERD GHZ N—R FE—F% Si R Ti Ol —F —Fi#m/EmEs
(Laser-Induced Periodic Surface Structure: LIPSS) OFZRRIZIGH L7cfER, v v 7 UL A — R TR I DR
FIANZTEE 72 LIPSS (2%, WYCH AN AT 2 kot (2D) LIPSS MBS N5 Z & 29I TR LZ[2,3], &
5IT, MFYE GHz N—Z FE— N fs =% —TiE, ALY 7 ANV ZE— RTRMRSND By MRIEE & 13
e Frar/e MR EAIREESER SN ZE O MNC LM, Ti I3AERBRMS OB TRk b IR
A7 70 b LTRLERAENTEY , KEBROHFIZLY 4 77 v b ofgrettm EXAHIfREE LTV 5,
AHFFETiL, LIPSS A Ak Lz Ti R SHIaE#ds JOMIIas 5 1 CfBb b ¥ vy Bawtita Lo v M
FERANE (human bone marrow mesenchymal stem cells: hMSCs) % 558 L, JEREEIELE L O I IC DV COfEE!
IR 21T 5 Z L12 RV, GHz /S— & FE— RIC X DAL S N 2 PSS fifiaic 5 2 2 82 Mt L,
T A 0.81)em? OEMBFIED fs L—H— (FuligE: 1030 nm, » L A1E: 220 fs, # 0 i& LEHE$L: 10 kHz)
Z.7mmls DEFETAT—VEER LOOBE Lz, Fig. 1(@QB LML, TREN Ti FEREmICY v 7 00
AE— R, BELOWGHz X—A ME—Rfs L—H#— (£ F T 0250 7, HlE: 205 ps (4.88 GHz)) (2 XV JEAK
L 7= LIPSS O ERRIE T BEMEE (SEM) B TH 5, Fig.1(c). (d)B L)L, ZNENRIMT Ti. (3). (b)ITT
T RIANC hMSCs Z#FEFE L, 24 K5 E L 7% O @ ao B Rg 2 7~ 3, FAaMEIE hMSCs D, kit
W77 Fr 7407 A0 b (MIRERK) 2R L TC05, RIMLTi AR TE, 740K 4 THHELTWDZ &R
RS, I AUV AE— KT LT LIPSS ECi, BkEhizF 2 Icih-> T 1 AMIcHEL TRE L
T2, 2D-LIPSS LD hMSC TG IR L TR Y | o Ti il TiL 540720y hMSCs DRI 2 #1105
RBENT, UEOFERD S, 2D-LIPSS 13HE3K D 1D-LIPSS & 13572 2 Ml E 2 RS 5 Z L 2VRE S 5D,

Bare

Figure 1. SEM images of LIPSS on Ti substrates formed with (a) single-pulse mode fs laser pulses and (b) GHz burst
mode fs laser pulses with 7 intra-pulses of 0.81 J/cm? at a scanning speed of 7 mm/s. Immunofluorescence microscopy
images at 24 hours after hMSCs seeding on Ti of (c) bare surface and with (d) 1D-LIPSS and (e) 2D-LIPSS.

[1] K. Sugioka, Int. J. Extreme Manuf., vol. 3, 043001 (2021). [2] S. Kawabata et al., Int. J. Extreme Manuf., vol. 5, 015004 (2023).
[3] S. Kawabata et al., Front. Nanotechnol., vol. 5, 1267284 (2023). [4] S. Kawabata et al.: £ 71 [Bli AL - R A AT aiE 2,
23p-13M-5.
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Tigimh $45C ~DHE/ LR L—H—RBEHIC K S FRERIE
Surface carbonization of S45C in lubricating oil by short-pulse laser irradiation
AHEBIEXRE!, BASH=T vV HIRARED HARARtL 42— EREFHRHA
OM2) fr#t Rk : Wik IEA L HP BE L HH B2 8 BoE L0 kL el &Y
R XL M BE?

Nagoya Inst. of Tech. !, NIDEK CO., LTD. Basic Technology Institute, R&D Center, R&D Div.2

°Yuya Nakamura!, Masato Yamanaka?, Yoshiki Tanaka?, Naoki Yoshida?, Xiaoxu Liu?,

Kazuo Higuchi !, Satoru Maegawa?, Fumihiro Itoigawa?!, Shingo Ono*

E-mail: y.nakamura.495@stn.nitech.ac.jp

1. IU®Iic

PREAB BH IS TP v 7 b Vo Tk &
PRBENER LIV BTN D KR AL D F i &
FEIE 7= O IR O EAEER TV D,
BUE, BPEFOEIME 2 4705 L 72 R Co R mifE L
Dl-ORERFZEOHME HAY & LR RN
1T TN D, AAFGE Tl RAL KR A A
WP CEE—7 R —D5 LA L ——
422 LicX v, S45C F i D MRENLE D I
% T 2 miEIRRBIC 95 [1, 2], Z oIk
RETOLUNT & - TR R IE % 1ER U, M EEFENE
BN RO EITo 12,
2. EBRFE

AR TIE~A 7 aF v L—F—%HWN
THWEHE LTHOLLNATWS PAO4 H Tk
R B C & 5 S45C ATk LT L—H— R4t &
1To 7 BREEHf O 7= 912 2 filh 2 T — &
THAER L 10mm A OFFHIC R 21T - 70, A
HEICL D 1S OFRS UL 2N % 24
~78.5 |[ZHilfH L7z,
3. ERERRUEBE

Fig.l IR —/LF v 7 L — MMETOIEIEEE
REROFE R AR T, HEHIC PAO4 & VT
SUJ2 ERZ BN B S HRBR 21T - 72, X &
D ARG OFUEHIIEE B 15 [BIF2 EE CREE AR
BOEMIPHEFRTE D, I 217 o 723 BT
WL B AEE E % 30 [BILL E T OIREEELR
MR ESNni-, £7-, N19.6 I\ TIREESER
DEFMEVPHEGRE TE 5, 2L — —M
(2 & DM BN L 72 2 STz, L
LEEREFIRNEEL-EE2HND, KIS
N78.5 (23T L —H — BRI 1% OF e %
e L8 % Fig.2 |29, AREHREANICE S
% 200nm FREE D E fE DR D HERE S ALz,

WEB A TIXT7E/NT 7 AD FesCa, FesC I23%
WF DA — B S T, L——
FHZ X » TREFE RO Fe 5+ & PAO4 1D C
RN RALSEZ R LT, L ——D R InEL
N, W TIEREH L0 S ELERE A E
7D, TENLT 7 RRRBLIRSTEEZZ BILD,
TENT 7 AR EEEICENL TS T
D, BEGBR ORI KM I N LB HD,

0.40 T

—=— Unirradiated
—o—N2.4

o
w
5

’; N4.9
P r‘?a«ﬂ N1o
s F) & ol N2
5 .
4 ~ = N78.5

o
w
S

o
N
3
-‘_'5
(3

Coefficient of friction
o
o S

S o 9o

o
T3

o B Pk
a

0 10 20 30 40 50 60 70 80 90 100
Sliding cycles

Fig.1 Friction coefficient of surface as a friction of
number of sliding cycles

Fig.2 TEM image of an irradiated S45C plate and
electron diffraction image

4. BERR

[1] X. Liu, et al., J. Adv. Mech. Des. Syst. Manuf.,

17,1, JAMDS0014 (2023)

[2] Y. Tanaka, et al., ACS Omega, 8, 8, 7932-7939

(2023)
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BREBI LMD L—F—NIIZ&Z 8 VT RT U ORMHEER R
Tungsten Microstructureing by Femtosecond Optical Vortex Laser Processing in Liquid
HREAH L, BBK2 AKX EEH AEF? CN0O BE2 RR T2 B EX?
B #RE S, M £RXR4 KB #A 2 LR B2
NIFS 1, SOKENDAI? Nagoya Institute of Technology?®, RIKEN RAP*, °Haruki Kawaguchi?,
Ryo Yasuhara'!?, Haotian Yang?, Reina Miyagawa?, Koji Sugioka*, Masato Ota*?,
and Hiyori Ueharal?

E-mail: kawaguchi.haruki@nifs.ac.jp

AR O L —Y = I TR EE O % v © 7 — 2 a U AIRTHRIKIR[2] 5 O Ftik I FH R
F o TRE LIFRE < H72 2 REMBHIREEIZ A FFE CTE 5720, i - FEEMEIZH VR
FERHITHIETEFRIL L TV D, —FH T, FHITLANT G L — Y =&l i 5IE 3| O WFZEI
B TR IRIZFEE S 2 Fr R REB S NE B O IE 2P 35 Z L 26T L,
AL I AR T U—Y — I T A L DR Em T = A ML —H—InT) Z48E L,
JZ K D 2 o 7 AT VN TR &R BRI IE TR R DWW Tl 24T o 7o,

7z ML= = X7 AN:1040 nm, 1:420 fs) & IR E TR AT K0 R L - E 520
nm O R L —F—Z SR & U SEFENAEIRIZ X o TH AR L 72 BEARME G 1 O % st L o A (NA
0.0 K-> TKFDZ L T AT URE~EEL UM T AT T2, KENDH T AT U FKEETD
PREEIZ~5 mm, B — ARITZEK T 6.5 um/ K1 8.4 um Th -7z, FREEHZ 1000 B [EE L.
0 IR LA EL 10~100kHz THU L2 BRIC D o iis &2 X 11279, 1 kHz LR 051213
Laser induced periodic surface structure: LIPSS 232k S v, JE IR I3~260 nm & 2250791 K 0 K9 10%iff
NS, MO USEEES 1 kHz B2 5 LR TRy BT —2 g UARNT L EDOFHIC K
D LIPSS HEIEDVH R Lo, @7 /b v AL A BRERHIRE L2 3O IR CRASI 7 b R~ o &
DAEIERSTER SN D Z L AR A LT, ST RICTRET 5,

Air 1H H,O 10 Hz 1k Hz 100k Hz

T o
: \ )
71, o R

0.06 J/cm?’ ==

1 A4 0 S5 LA E 1 B AP L— S — I TAC &> TR ST 4 v 7 A7 o
W R(F: LIPSS TR SR, Fiv A 7 a s R &)
Zhang, et al., Int. J. Extrem. Manuf. 2, (2020).

1.D.
2. D. Zhang, et al., Opto-Electronic Adv. 5, (2022).
3. R. Wei, et al., APL Photonics 9, (2024).
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BE/SNILAL—Y—I2& B SiC EA—Z v/ BEOESHED
73)L A R IR TR I
Pulse Duration Dependence of Electrical Properties of Ohmic Electrode on SiC by
Ultrashort Pulsed Laser
BEXBERIR |, RXYES 2, BEXETLS
OFm Eth! BEEM' JILEE' B £E25 LB 8K EE B2 BE #0
Kk BEKER', EHF XE' L0 R/ EE Fh, MK FEL BEH 28
Tokushima Univ. !, ISSP Univ of Tokyo. 2, Akita Univ 3.
°Naoya Suto!, Hiroto Seki', Takuya Kawakami', Keisuke Takabayashi??, Eibon Tsuchiya?,
Tsubasa Endo?, Yuusuke Takashima!, Kentaro Nagamatsu!, Yoshiki Naoi!, Makoto Yamaguchi?,

Tatsuya Okada', Yohei Kobayashi?, Takuro Tomita'

E-mail: tomita@tokushima-u.ac.jp

SiC 8K EDA— I v 7 EHERCIE, BHEOT =—LORBEFIEE LT, L—F—ZH»
TEFEPIITE STV D, SIC & BB Z JHFTHIC AL S E 5 Z &N TE DT, EmIERAT
ICERERHIT 29D ENTE, MR E LAV IRARBT 2 2 N TE D, A—2 v ok
A 1FD121X, ERERE & ORISR, SiIC 0D BE LT RFEDEEIZ /> TWND EWnbitTn
DN, ERER AT = A LTA SN > TV, — 5, SICICHBE NSV A L —F—%2 BT 5
& TRRMESPRRLZGENEZ V. TUTHEVEXEHES M BT 5 2 ERHREINTND L
AW TIE, A= v VDA D =X LOMBEO T, Fie 2L 2RERE O L—+—% SiC &
MRS L. 20 1V FRE~D OV 2 R IR R A7 % 04 L7z,

#EtE LT, Rohm £ N # R—7"L7= n

20
4H-SiIC 7 =—ZH LT, %ﬁ*}{%{%?&\ Hotk Fiz e 04]/cm? e 1.0)/cm? ..
- 0.6 J/cm? o 12)/cm? o°® !
100 pm 4 CE X 100 nm O IEHEME LT Ni & T O e osyem? ..0 ...'
[ ] [ ]
WL, T0%, REHCR L CEERE 15
c o0 n.oooooo:n. e0888ccc0c0oons|
mm/s, BRI 20um TL—HF—2 AT £ 00"’ Lelet
3 ®
CTEREHCRIH 24T 572, 7L RIEIE 10ps, 1ps. 27T .o.
300fs DL —HF—% T LT A 04120 em TV b ey
-1.5 -1.0 —-0.5 0.0 0.5 1.0 1.5
Ktk 2T L7, Voltage[V]

B . Fig.1. I-V Characteristics(pulse duration = 10ps)
VAR 10ps DL —H—ZRE L7 DIV

BPEX % Fig.l lOR"d, 7V AR T5I2o0 T, BREARKELS 20, 44— v 7
AW TWD Z EDDnD, 3FEBEO/ VLA (10ps & 1ps & 300fs) DL —H—METIE, 10
ps @ 0.4)/em? 3 e b RAF R BRI Z R LT,

1. Ahn, M. ez al. Low damage electrical modification of 4H-SiC via ultrafast laser irradiation. J. Appl. Phys. 123, 145106 (2018).
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BE/ILR L——RBEHZ & BNi/Cu/SnEREEREDESIL
Alloying of Ni/Cu/Sn metal thin films by ultrashort pulse laser irradiation
BEXRAIR, RAMED, REXEIS
oIl Tht!, B RE. B £ Eik BELLE #14% U0 ® @A EFth
MR FET?, EH £8
Tokushima Univ. !, ISSP Univ. of Tokyo 2, Akita Univ.?

OKoji Nakagawal, Hiroto Seki!, Keisuke Takabayashi?3, Tsubasa Endo?, Eibon Tsuchiya?,

Makoto Yamaguchi® Tatsuya Okada?, Yohei Kobayashi?, Takuro Tomita!
E-mail: tomita@tokushima-u.ac.jp

PV ATRERIE NN Z & CL BREBICE W — 7 BEEZS L Z LN TE HBE VAL
— P x REFRZFF O, Fox OBFEEDOTATIFRICIE W T, BE/ LA L—F—% ]
4D L2k, AuNi OAE b E R LT & W FERERNIN D D, ZHUTBE UL
A L —H =R OGEBMBGIC L > T, SR COREBEREHERCE 5 AuNI &5
IREREE T £ CHREMICHAITE Enb ThoH EExBND, LaL, BE SVAL—H—
ELICRBRBERICIBS L, o &2iToz Ly sy, 22T, Baldr—%—
BAHZ Lo TE R RERERICB N THLASILTE L WREELRH D LB X T,

AWFSETIE GaN HA BIZ Ni, Cu, Sn &% 15 nm 70754 L7cilbh & vz, K51,
L= =T =2 2B sH, GREEICT L TR ZITo72, 0%, SR E 73
BLUTEM) & - T =1 L =380 X #153 H(EDS) 3Bt K Ol R ALEF #E-1-#R =1 4T (SADP)
ERAL, L=V R L2 BEEOEEL ST LT,

L —H—RHTIC BT 5@ RO EDS 14 /% O SADP 4 % Fig.1 IZ~"9, L—HF—D 7
L A130.1]/em? T, 2V AREMIEIXZ A2 40 10 ps, 300 fs T D, EDSBRIFFHILHEE
S ELTEY, AAOFEEIICENBELL TV LEGTH D, EDS BICHEWNT, 2L
ZIRFFEIME 300 fs CUE Sn 23R CTE 9. Niv Cu DR oo 7o, LanL, »b
AR 10 ps TIEA TR DNRIEL L TW D HEN /L 541, SADP 7 6 13#iFE72 Ni, Cu,
Sn LS OBER S o7z, dENSWEEZKET D & Niv Cu, Sn DEEDMBEMIZZEN
D, BEASLVAL =PRI L > TE LRGN ERTE D ARRENRE I,

“m . 0.1)/em
10ps

1.0pm

Ni = Cy wemm Sn
Fig.1 TEM-EDS and SADP in the laser irradiation area
[1] T.Okada et al : Applied Physics A,690,Vol.125 (2019)
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p BEILH Y v Lk Ni/AU BE~AD
I L—Y—RBHILIBREERE

Electric characteristics modification of Ni/Au electrode on p-type gallium nitride
by subpicosecond laser irradiation
fERRBEAIR .. RXYHER 2 REAXETLS
°f2H WAl Ak Bt B RE )L HIE =gk B2 BN E£H
MR FETE2, LA BRS, kE KRR, BE WM EHF X85! EB 28!
Tokushima Univ. %, ISSP Univ of Tokyo. 2, Akita Univ. 3
°Kaito Fukuda?, Naoya Suto?, Hiroto Seki!, Takuya Kawakami?, Tsubasa Endo?,
Keisuke Takabayashi?3, Yohei Kobayashi?, Makoto Yamaguchi 3, Kentaro Nagamatsu?,
Yuusuke Takashima?, Yoshiki Naoit, Takuro Tomita*
E-mail: tomita@tokushima-u.ac.jp

PRI AT U ¥ A(p-GaN) EICEHEAIKIIO A — I v V@A L —HF —7 =— LI TERT 5 07
HEIIO L O SN TVWBRA, 2 THBE LA L—F —ZFWWFiEiL, BETRLELS o]
RE CZEMIEIRMEICEN I T TE | REMIRTIR L EN T2 ECAHTH LB, Lol @A
PNV A L= — RS 2 W BRI EDFE LUV T A—F (IS TRy, 2T, A
FETIX, 7% L@ BEMICN G L —F =R 21T p-GaN/& B A imHAER 2 Z L
TEXIEZHE L, O 7V AMRIEEZ TR L,

P77 AT EREICZEH X v URE S 872 p-GaN B (~1 pm)?D iz 100 pm2 O EM %A 1>
IVHIERD~ AT RN =2 ZANTC T4 MY VT T 7 4 %2470, &EIE(NiIAu ) 2% E Lz, L
VA NREEAToTS, AL —F—2 Y7 7 4 7 HE» OB EMRR IR Lo, EE
B 1.5 mm/s, /L AT§ (% 0.3 ps T 7 /L % 0.08-0.40 Jem? % 0.04 Jem? 312281k S ¥ 7=,

Fig. 1()IZARPRETEM & 0.08 Jem? d IV R, (b)iZ 0.12-0.40 Jem? D IV iM% 7R3, Fig.1(a)
M REFHHSTIEY 2 v PR —FEE 7oy, L—V—RERITT— I v 7 fE~Zk L, B
WEBEEML T D Z Enbnd, 016 Jem? L EDORRE 7 Lo A CIXEREBMC 7 Lo A
RIFHER R N2 < 720 | BT Tl < IRHFA ORI BN Z o 72 £ B 2 LD,

0.8 4
2 2
(a) (b) —o.400ecm® —o.381cm
0.6 . - 3
=—non-irradiation
2 2
—0.32)/cm~ —0.28)/cm
04 —ao.08)/cm’ 2
2 2
=02 T 1 0.20)/cm 0.16)/cm
E E 2
= 0 — =9 —0.12)/cm
g g
= [~1.0 pm a
=3
o 0.2 é“?fgf Q ~2.1 pm S -1
0.4 ndope-GaN |ayer 330 pm -2
A AN Au SOnm
-0.6 i | sonm 3
Sapphire layef{p001) p-GaN layer
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Fig.1. 1-V Characteristics (a: non-irradiation and 0.08 J/cm?, b: 0.12-0.40 J/cm?)
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Precision femtosecond laser processing by modulating pulse energy
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Tz MNP L—YINTIEA T AR SiC ZOEREMEA B OB T 55 & L CTER ST
DD, NLRFC Y Z v 7 BRAETHT0, BENMLIRN#ETHD. 77 v 7 OERERE LT,
L—BRE OEEMBENER AR T DS T1EN ST S D, ISR AR E D D akBl A3 5 B,
W% 7RO BIIRIS NS B [1]72%, ZOBIRIS A2+ 5 2 L 2 KEE I TEH O
TRUITHDIEEZLND.

T ZTCARMETIE, WV AT AT EEMEICEILSED Z 2k, Vs8R 2 ik
THZEHMH, YAVT AT vy TIMLIECO N THRET H[2]. 7L AT R/LF% 150, 300, 600
pl &, 3BRMBIC ERSERALMITSZ 8k, AR T ABIOSICIZHL, 7Tv 7
VARKEBMTNERTHZ LA R L. £, MTEOGAEOBEZEL T, ~/VFRAT
o TN LIEICBWTOUSTRBEME T L TWA Z L &2R L. M2 T, TR T 7T
THINXEBAEEDLZ LT, MILRAQMITICRAETLE L A—COKB L TEETH D
ZEHERLT.

[P T AR, v VTF AT v TN L ETo /R % Figl(a) lIZRT. £, A7 -7
0 — TR EE A O TN LR OIS T OB 21T > T2/ R % Fig1(b) 1”7, fER»L~LT
ATy TN TR X R BRI A 7 O JAFGFHIZ ) S 72 8, I TSI mEAEF L. L
T2, ML CHAT DICTTEDOIAENMZ B, 7T v 7 OERIMHI SID Z &N
Dinotz. Fio, 10 BEEO NSV AT X AVXETRCLY, 7T v 712z, BFHZ A= 680
il SNT-FE R % Fig l(WRT. KFEL, BB ~OH - 2SN TiE L 2015 5.

@) (a2) MO (b2)

e
Stress wave
100 pm

[ Fig.1 (a) Microscopic images of holes drilled using the (al) conventional and (a2) proposed methods.
| (b) Pump-probe images of stress wave propagation taken during the (bl) conventional and (b2) proposed
methods.
(¢) Microscopic images of holes drilled using the multi-step drilling of (a) 3 steps and (b) 10 steps.
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[17Y. Ito, et al., Appl. Phys. A 124, 181 (2018).
[2] J. Hattori, et al., CIRP Annals 72(1), 185-188 (2023).
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Precision microprocessing of silica glass using a temporally shaped ultrafast laser
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Owing to the extremely high intensity and the small heat-affected zone, ultrafast lasers have been widely
used for the microprocessing of transparent hard and brittle materials [1]. However, the great pressure
applied on the base materials during the fast expansion of plasma results in severe cracks in the processing
regions [2], which degrades the precision and makes the application limited. In recent years, several methos
have been demonstrated to improve processing precision, including the GHz burst mode [3], transient and
selective laser processing method [4], and liquid-assisted processing [5]. Nevertheless, these methods have
either expensive equipment or complicated setups.

In this work, we achieve crackless precision processing through temporally shaping an ultrafast laser [6].
The experimental setup is shown in Fig.1(a). An ultrafast laser having a pulse duration of 5 ps is split into
two sub pulses (P1 and P2). P1 is directly delivered into the silica glass sample for electron excitation. P2 is
temporally stretched to ~300 ps using a CVBG, and then used to heat the electrons and achieve the material
removal. Many cracks are generated at the inner side walls in the conventional single-pulse processing, as
shown in Fig. 1(b), where the pulse numbers are 3000. By using the proposed method, the cracks are
almost inhibited, as shown in Fig. 1(c). Moreover, the hole depth increases more than 3.3 times, and the
aspect-ratio is improved at least 2.2 times. This method provides a new route for the precise processing.

(a) Ultrafast laser
} 2=1030 nm (b) (c)
PBS CVBG — Laser —— Laser

Spamn| =] o ﬁ 4oum
PBS 40 pm 40 ym
Al;lz _,<—A|;I4 (l% 13.5pd (1) P1=3.5uJ
Delay line : P2=10 wJ
sl (N4 k-
M /Cracks
M AN (i m P1=3.5pJ
M 1 P2 ~300 ps 185 ‘o P2=15 pJ
M -
*A’- 5ps u ( - 235 pJ (lll)_ E;igos TN
— = | 25
M — Cracks H

P PBS  Objective Sample

Fig. 1 (a) Experimental setup. PBS: polarizing beam splitter; CVBG: chirped volume Bragg grating; M: mirror; A/2:
half waveplate; A/4: quarter waveplate. (b) Conventional method. (c) Proposed method.
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Effect of plume on welding in pure copper welding using a 1.5 KW blue diode laser
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Fig.1 Schematic diagram of experimental setup of
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