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Optical absorption properties of copper during ultrashort pulse laser processing
'EEEEA, AT Of KE' ANl B 28 B/
'KPSI, 2UTokyo °Mizuki Tani', Kenichi L. Ishikawa?, Tomohito Otobe'

E-mail: tani.mizuki@gqst.go.jp

AR, 7 = A MY L — I IR & BN TR & fifs T 57T v b7 4 —
L& TWD, INEHICHRET D L5 77 X~ OF)H 72 ME X Warm Dense Matter #)14: D SCk
THHEBEZED TEY[1]. EEREBICH LM TIE, 7oA I mIFE CdEBEFICHKTH R
MOHEADY sp BUBEIZITEAVAT 721 T2 <, d AN FOWRS L EFREICRKREIKGFT D2 LN
LbNTNDH2], 7=L MPL—F—INLTH L—HF— VL 2RI Z D L D ICHMTRVWETF
JIHEE D3 U TR RRONMINAR I L W o e EE S RELS BT H LEZX I, ZREH LN
T5HZETHOT = 5 MM LOYMLERE « L— —/3F A — ZRIFHE[3] 2 Bfig 2 D&
EMIFF SN D, 2 CAMETIRE —JFEEH I X o TRBIIRRIZ B 2 8 0 YR IR 2
D2l LT, BICEHE LIZSAO RS A7 M OBTIRERFE & FIRO RIS %2R~
WA RN —2eV LL KT 5 KRBT REIC S TRESEMT D2 EBbr 5,

Electron temperature (Te) dependence of Cu reflectivity
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[1] R. Shikne, H. Yoneda and S. Chaurasia, Phys. Scr. 98, 045813 (2023)
[2] N. Jourdain, et al., Phys. Rev. B 101, 125127 (2020).
[3] T. Endo, S. Tani, H. Sakurai, and Y. Kobayashi, Opt. Express 31, 36027 (2023)
[4] H.-]. Hagemann, W. Gudat, and C. Kunz, JOSA 65, 742 (1975)
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Effect of defects states in laser excitation of silicon
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KPSI QST Tomohito Otobe
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I E— Th D, L L— Y — 3R E O\ K

1073+ 50,2 S0, .
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Intensity (W/cm?) X, fEdh Si EOERNRRL 2B L
R 1 BFERESH IOV ) ar o ERLT0D M) 20Xy v 7L
—EENGEE I U5 Keldysh
parameter[2] 73 1 & 72 A 58EEIX 7 X 10MW/ cm® & X O#FH L 0 @ E CThH D720, b RV & »
IRV RFE Y v THER DL N FIEEN GBI AT LOREITEGFATE 2 2 L0005,
P TIET Y 3 U RERORER K ORIV R TOMEIFIRIO HE e &2 L. KRB & D
JibEERh =R b & 2 DRFUZ SOV THE T D,
AWFFERRIE, BULZEI BT D A —"—a v a—2 [EE] ZFH L TELRE DT,
[1] M. Noda, et al., Comp. Phys. Comm., 235, 356-365, (2019)
[2] L. V. Keldysh, Sov. Phys. JETP 20, 1307 (1965)
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Time-Resolved Complex Optical Field Imaging of
Deep-UV Nanosecond Pulsed Laser Processing of Dielectrics
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Graduate School of Science, The Univ. of Tokyo
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AR T, HBNBREOSVWEINDIE—HFRINICL ZMITZEIRTE 2FEAHME L
MI/NILZAKDEAELEEERL, R 7 70— RICEDCREEORT Y 2L KROT7 5 7 4
(Time-Resolved Digital Holography, TRDH)% FB Wz DMRIERIRIBA X —2 v 7% T 72, BE
300 nm AT ICRINEGZFFD BK7 # 7 AEREFEIC, LD BEREAXRL —HF—DroHAINDEE
266 nm, /X)L AME 6.5 ns DFENF / RV T/ IV R % BFE 20 um DEIKICEFT 5 Z & TH
T451T->7=0 7B—7/5LRY CGEE532nm. /SILAME 1ns) &, BEICRES L7-F/ BERS
#2 TRDH BRI 2 7 L[5 EBBEDOFETHEY 77OV ZARICESHICFR L, BREEEHRERIC L
VAEOHEAZA IV ALz, COYRTLERWT, 7/ Bhrov 7 I #HoFEaEE
TOEFREILEICE T 3 IRBEGRBR & (HEENBEER(Optical-Phase-Delay, OPD)% 1 ns D FFfH
DERETEDRI L. MITICHE S A BIE CREFBRE 28R T 5 Z L ICHII L 7=,

T7L—=yarBERED 7L XTI LESEOKESE OPD BIRE NEBXRERE
Fig.1 IZ7"9, OPD EIRICIE, ML/ LA KBHEPICERT 2MEEFICLDEDESCRIKRT
BOEBICLI2FTEEN. ZOROMLEBELZRBLZZMAROND, F-EBRERICIE
B NNZ—OREAEARoNTEY, NIEI7 7 v VERBREERBLEZLOTHD EERX
bid, ARRERDOFERIZ, 7/ /LR L —H—ITh0# - BEZOXAF I 7 XOEBPIC

BT 20 TH D,
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Fig. 1 Time-resolved OPD and amplitude transmittance (T) images of a crack structure in a BK7 glass substrate
processed with 24-J/cm?, 6.5-ns single deep-UV pulses. The right most panels show images of the internal
crack after the processing.

[1] R. Viskup, High Energy and Short Pulse Lasers (2016). [4]J. Meng et al., J. Opt. Soc. Am. B 38, 3622 (2021).
[2] R. N. Raman et al., Opt. Eng. 50, 013602 (2011). [5] NEPFAREMM, 2 84 BICAYIEFRSNEFMHEER
[3] S. G. Demos et al., Laser Photon. Rev. 7, 444 (2013). =, 20p-B205-1. 2023 £ 97.
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Observation of influences of plasma shielding for laser drilling using nanosecond pulses
and long pulses of a Nd:YAG laser
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FELr—F—IMLIZENT, MLOTRALF—=REm LT 52 LRREEREHO—STH D,
DI OBIZE CHx 1L, LHZe N&YAG L—HF—or 7 V22 Hnd e, 7780280
HET KA —CTEWEHE CTEEBEORBEIT M TINARETH D 2 /RH LA, 72, 20X
IIRENFADER E LT, m U TSV ATIET S SV AR T T T A~ ORAERN DL,
7T A WD ENNESNT L, BHEE L, AL, 20X 9 RT T X~k oI & R 2
TR REWET D,

(RERD XY BEIAT — ¥ RICHEZ NI (EE 1 mm) (&6 LT, NEQYAG L—¥— (&K
1064nm, FREE 5~10 m)) ZHOEL TS L7z, 77 XA~k o8t ¥4 4 —FLr—H%—
(B K 1064 nm, B — A 1 mm, J8E 5~10mW) 27 n—7 %L LT 7 L—v g VAR
v b EE &K 0.5 mm OFSFIZREG M0 Hifil S, B RE A 7 4+ N A A — RB LU
v A a—7 (#1300 MHz) CE=4#— L 41> 7,

HER LB X 1T 10 mI/pulse DT/ T/ A5 e
JVANE 8 ns, EEH & v VLA (FEY) % Ni ARICHRE L

BRI S e 7 e — TR ORI ZE b 2", B
HER OB S REEDHIRN TIXH 5728, /Bl
HR>TT e —=THDOT 4 v TPRBEINLTWD, 7L
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0nsZE—27 & LT, K160ns DHFMEFOLDTH ong pulse|
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[1] T. Tsuji, S. Yamamoto, S. Ikemoto, H. Hara, M. Ohta, D. — I RMEDEEEIL & E__U,_
Nakamura, Int. J. Adv. Manuf. Technol., 120 (2022) 4139. KXOBERMITRTI7AIL
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Uniform LIPSS formation with two-color double pulse laser irradiation
O, BHEM? RECE?2S, SHFBr2 (G BEXHEHR!
JWRI, Osaka Univ?, Research Institute of Science and Technology, Tokai Univ.2, NIFS®
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1. 1ZC®IC
T —va Y BET N AHED T = A NP L — L R B B R NS SV A RS
L&, AmIEHMIHRAFE LIZ R LT O 2479 % 7/ J8 HI4#% 1% (Laser-induced periodic surface
structures, LIPSS)NMER S D Z EAEI LTV 5. LIPSS i CldAMEATEDm 1, EEEMKE, St
FHIREIENARETHH Z ENMbNTEY, ZNOEHEZIR IS HBE I L OICITENR Y —
ThHHIENEETHD. L—VF—OMRKEML LIPSS OEH - R OBERIZOWTORIEIEIT I
TELN, HEOY—IMRICET 2T D20, & 2 THRAIIBITIIZEIC B O CEEAR &8 &
%n’ﬁif"bﬁt:&ﬁ&“fﬂ//f/vx BE%M:?? DA E AT D LIPSS NERTE 52 L 25
ZL7. 72 LIPSS KT D=0t & VAN EE CTH D Z L BNbhro T2, ¥)—
ﬂ:@fﬁ ALIZDONTIE D22 TWZRV. £ 2 TAMETIX 3 IRoThi Ffi#tT = — RN (FISCOF3) % M
Wy alb—ya v ERWEITEIT) 28 T ALDOA D =X LB AT H 2B ET 5.

2. YIal—v3g Uk
Viab—va VEANE Figo LIZRd. =5y M LTKRS I AvEEE, TORICT 7L
= a VT ITRARER LI T T A~ BN, W7 T A BEIIKE ST A~% 10Ner, 77 L—
varF IR EM LT T XA<% 01Ncr & L7z, Ner i(3EEAIE(B00 nm) L —F—DEREBEETHB.
VDT 5 X~ DEFIREIT 1 keV, /l’ﬂ“/{mf“iOlkeV@Maxwell Boltzmann 734f & L7-. JEAM
EETERBIIEE A BRI, TNENO L—F —BEE T35 156 X 10 Wiem? & L, FRIERER
1Z0ps & LCRFICAL L7,

3. HER

Fig. 2 IZ W EX TNV ABHIZ L > TR E 72 t=500fs TOBEBFEEDORY =a— L1
2 TR RT . RANIRE S M ERT. EFBRESANEINC > TERY, EBRFSR L
RIERICEEARPE ORI K L CHREREFHEMEL RS> TNWDL I ENbnd. B—bDA =X
LIZBAT DS R OB I Tk~ 5.

400 nm
<
800 nm i
z 3
y 8
) 0.1 N, g
MM preformed plasma x
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10 N,
2 ym
Target plasma /
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Fig. 1 Schematic diagram of 3D Particle-In-Cell ~ Fig. 2 Volume-rendered images of the electron density
simulation. at t= 500 fs for two-color double-pulse irradiation.
HIEE

AWFFED—ER1E, H30-R FESCEEI2E Y - B R 7 v /v v 77 n /7 A (Q-LEAP) Jk
PERARAZE (el B — A2 X D0 S I BGR RR AR D 7= O DO A= Z > REHII JPMXS0118070187
OFEEZ T Athbihs-.
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Femtosecond laser-induced periodic surface structures on copper single crystals
deformed in tension
REXEIL CORH ZFth, M2)EH RF, #KX €2, EH =5
Tokushima Univ., °Tatsuya Okada, Takahide Kishida, Tomoyuki Ueki, Takuro Tomita
E-mail: tatsuya-okada@tokushima-u.ac.jp

BAEEIC 7 2 b FOL—FEZRNTL 2 L1080 L—FRE L EVEEZ Lo L —HF
EE IR S (LIPSS) BT 2BIGIE, FERLeR, £ T I v 7 A7 Ekkx e EHT O
THESIN TV, SEMEIOSEA, WHEERIZL Y N O EEZBNSE5 2 ENTED
DT, PEESCET I v 7 AL, IAEE SRR OBRE SR T A ENEL THD, K
PRI BV TIEBIIRETZAC L 0 I LE L S E 7o Mg A B A Icd LT = A M L—Y % 5
A VRH LTe, P T 1 ik o TR L 72 LIPSS ORI DWW THE T 5,

3FH O WS ARER R 2 Y Lo, BB R II{110yE Ch 5, BT LIREERR T,
B 2 BE O3 IR T HANA<U0>FHAB LU HHTH Y, TN 34%3 L O 21%D 5| 3E
OFhzr G272, 7 x5 ML —P3E 800nm, /L AliE 130fs, #: 0 ik L& % 1kHz TH 5,
BT — D &l 50um/s TREISE5 2 LIk F4 VB EITo72, BT A > D IT4e
TORBFC<LUO>FHIANIH— LTz, L—FOEGHITIRN T A SZ®\mE S LT,

B 2128V, Fig. 1 (@) R T L9218, BRI XYL Sz, 2k LT
B 3 O Fig. 1 (b) (28T X S iIc2mn k30 Ny CcEbhiz,

R ERmE A b OB 1, BARLHREBRE TR 2 5X03 onTFhicknTy, B
7 A NCEELL, L— RO 60%I2HH2 3 5 E ] 480nm @ LIPSS ANEEIICTER L7, 3R
R 21IZBW TR L LIPSS @ SEM BB % Fig. 2 (12”7, 7SV AT R X 2L I CTHE LT
FE9, LIPSS JEREOBME 7 /L= A% 0.41~0.49)/cm2 DRI H D Z & N5y h-T=, —J7, LIPSS
DR (LIPSS OIRES /M7 A4 L R) 133 BIC LI 8220, BT O SN RKE W,
T D HERNE EE DS B OE ET AR IT AWM 2R LTz,

Sranabeaiiiiing
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1 L e e e at L LA Ll LR a A e d et ot bk aid
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VS ERTA Y I YT Y SR ey v 3
v\-hn:.)ueu.;.‘_“ 1AiE238%
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<10> 200 pm

+“—> — — —
Fig. 1 (a) SEM image of slip lines on Sample 2 Fig. 2 SEM image of LIPSS formed
(deformed along <110> direction by 34 %). P1 and P2 along laser-irradiated lines (red
indicate the traces of activated slip planes. (b) Optical arrows in the figure) on Sample 2.

image of slip pattern on Sample 3 (deformed along
<111> direction by 21 %).
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Preparation of Eu doped Strontium Aluminate Phosphor Microparticles by Laser Ablation in Liquid

EBABREL, CM) &R &3, i R

Hosei Univ., °Yuto Takashima, Toshihiro Nakamura

E-mail: nakamura@hosei.ac.jp
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BRI X 2 RNT A4 ZA~DTFE B EH S
TWwd, AFFETiE, BN RSB S
NCs o B BRIz fH T2 < &
THIRINA D SRR D B 5 80 % (R
T2l nTEBZY, EulliER o v F LT
3k — M EOC RO TR 2 RETS 5. K
i<, BuliliGEEIC X327 7L — a VEIR~D
WERRRL T ERHNE L, ARSI HE
ORI D Rtk T % 17 - 72
2. FHRER

T7VL—vavi—ry b ThHb BEurA bR
v F U LESEARM BT, SrCO5. Al,03. Eu,05&
VSR T H 2 HaBOs MR 2 IR A L. 3 REfE K KSR
PHAT CEMLE 21T W FR L 72, Bu BUSIRE %
1~25%DHiPH TEL 7=, B EZHTELLIC
FHLIzzx ) — A CEBITRIEDL
YAG:Nd »¥ v A L — 4 — (PR 355 nm, AL 15
Hz, »¥)VAlE Snm, WES7 —40mW) % £ filiE
BE12em DLY X TEHRLZL—F =K% 3 K
MRS U L BORL 72300 B L 7 38 i % [R1IY LR
BE L7,

3. EEBRERLER

Fig. 1 (30K T4 BRI SR % RS L 7286 1
R, KXY x—7y MG L 72 BuilfEo
B WIREFEADH L Ko T B T &8
bh 5, Fig 2 AN ORI A= v %
N9 B D 4f EAFDNBOESHICHE S v v — 7

BREMPHER SN, 2 =7y B L Rk
AR PR TH 2 Z L DIERTEZZ & h
LERE =i 2 —7 v b EE CHR R
O ECHHIER P e v F U LTI — PHE
KTHB b5, Fig.2 13 EuiBEicxiL
TR —VEEEZ TRy PLZDDTH S,

W D702 =7y MMElov—78ED &b
7wy b L7z, BXY WK OFRNRED
BmElx, x—7 vy PMELCHERTREwC L
DERTE B, 2D ki EuliEEE = VR
BHg &7 0 A BINE A E W L 2R L T
Wb,

1% Eu concerftration offfarggts 525%
|
‘ |

Fig. 1: Picture of the microparticle samples
dispersed in ethanol under UV illumination.
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Fig. 1: Photoluminescence (PL) peak intensity of
microparticles and target phosphors as a function of
doped Eu concentrations. Inset shows the
corresponding PL spectra.

SE TR
[1] D. Zhang et al.: Chem. Rev, 2017, 117, 3990, [2] H. Wang et al.: Appl.

Phys. Express 2015, 8, 115001, [3]J. Xuand S. Tanabe: J. Lumin. 2019, 205,

581, [4] D. Dutczak et al.: Phys. Chem. Chem. Phys, 2015, 17, 15236
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Si BRIRF K F (FE—EELICI O TRIRMETEIR TR DE, TOBFMIR(CI O TEILITZLNFIBN
TW3, F 4 (E. SESH A TO PLA(Pulsed Laser ablation) E(ICHWT/\A TEHZADRNZF B
INE BIR T /R FEHRRS B EN TER L ZIREL TS, AAFT(E. CDFET Si OERIR
FINF 2R, AFIEMIEOIEREHMR T —BELZBRUI, FRENER OY F IanER 5
D—1I% Fig.1 (L7RT . Fig.1 (CIE— DR F 2 EB BB FIRMER(FE-SEM)Z FHVTERRUILAIER
BECIRL T, S—BYELIEERICENIEHIAR 120, 150, 210nm T(EELELE —2(359 480. 500. 700nm
THdo CDEICERENIBFZ-EEIEROMRIRIFIEELC—ERUTUVD, 255nm DRIR(ICEIL
TEEROBELE —V%3F DA, HEICIRSRVLBDEE X SN B, Fig.l TIIRFRMKFIEZANSA.
FEDHAREVGHRZEA TREU, ECTRIEDMNNSKBIEMATL - -ND -2 2
HTHEREL ., BRELICL 2R EBEERUIERE Fig.2. 3 (RY, L—Y—/{D—30mW TEEEIRIED
180nm TH. Fig.2 DRRICHRER IMBEEFTREBICE DIV, Fel—H—/{D—20mW TEFEIRIE
A 100nm THH. Fig.3 DERICHREICEIV, Z—BELIEHR C(E44R 180nm. 100nm TFENEN
BIELE—2(% 700nm. 480nm THD, BIEFEREL LKL TWD, HREHROMHAD 100nm F2EDTE
13T OREITH%Z SEM THRNB(CFELEIDAENMNE THIN, S—BELOAIEZAVNIEIERHE
RAMRZRDDEFHEEBVEDD, —ELEE TOSBLZORBOFIEIHBIEETHD. NS0
TEREZ-BELOERZR(E SEM SDERMECAVERORIREDZ —E(CHRE I 2DCHERTHD
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Fig. 1 Fig. 2 Fig. 3
Dark field image of Dark field image with average  Dark field image with average
optical microscope particle size of about 180nm particle size of about 100nm
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231 5 H b FFOEIREE Tre (2K 2 R BB E(D FEIE)TREE Ip DL In/lve & 10K 12T %
HOE L 7 FESETRIE Tnp \ 2% T D AR R MGFEIE(Y FEI6)IEE Iy DI Iv/Ige 133N L 0 K& < &1k
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Fig. 1 SEM image of the sample. Fig.2 Correlation between luminescence  Fig.3 PL .spect.ra at RT for samples
intensity ratios, Iv/Isg and In/[FE. prepared with different laser fluence.

& k) [1] D. Nakamura et al., Journal of Laser Micro Nanoengineering 8(3), pp. 296-299 (2013)
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KBARBEFONERE2MEIEEHED—DE LTEESF /RFOREXRE S 7 XE
CHBEFRT LI HENEZIOND, INFETH SIEMRIC AuP Ag DEIRS / KFEFM
Lzt L 2B ROERARESINTWAS[L], LALXEROEEORAIISNT LD
BOATIEAEW, AARETCIRFTERSARARATHRILAL =Y =TT L — 3 v E L8 A
Ry Z—FEEFAVWTHEFNEHINZEBIR S/ NFE2EREICHBEIE 2 A R2REL
TW3, I TAHRTIE, ZOAEEAWL Ag BRIk S/ FORNROHEES T X,
BEFRE 77 R EVHEBNAALEROIERICSEZIZEZHAONICT I 2BNET 3,

n & Si(10~20[Q - cm)EMREICTIL I =7 AFTEREFR L. = OEMEEIC Ag BiR
F /R FEHEBEE B2, Ag IR F / KIF L He H# R THRE% 250scem & L. & 355nm
DL —H—3% 22mW TAg Z—47 v MIEBE L. /XA 7%Z8 L CTERICHEB S 7, 3An
DEMEICHHINHEBE L, ABERRART FILZRIE LT,

WEYZ ERNEFEME CHEE L -ER% Figl (IRY, #HEL L Ag +/ KFIFERR
TR 100nm BEORBZEEZFO>Z L hh B, Fig2 1T Ag + / KL ¥ % H#RERT & HEREZ O SR
DHEBERARY PILERT , AEIRF / RIFICE > THERMEML TWB Z &b B,
Fig.2 3 RMEMEN SN T WAL Ag + /R FHEBRIONXERARY FILICHT S
Ag 7/ RIFHBEONRLERRARY ML OLLEEERE L Fig3 IIRY, BEXRIIERN
700nm TRAEAR YV 3FE A7z, XE[1]TIE Ag BIRF / fIFDhfE% 108nm & L
7o & FITHWEXRITER 800nm TRALRY . ZOMEIFN 18 EFLREINTWD, XEk[1]
DFREHEIEE A BNIE L TERINZHIDOTH YRR TACBRTHD Z L E2EEICAN
e HULIEREER D, TAMRICEVWTHEA - FEEUE DR TIHIBEERA
WIBER->THBYRBNRICL > TEEREERIIZLTIEDEEIOND, £ 2 THH
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Fig. 1 SEM image of the Fig.2 Photocurrent spectra. Fig.3 Photocurrent enhancement
deposited nano-particles. spectrum.

[1] Howard R. Stuart, Dennis G. Hall, Appl. Phys. Lett. 73, 3815-3817 (1998).
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Photoinjection is a method that utilizes laser irradiation to create pores in cell membranes. This method
introduces external molecules, such as proteins, nanoparticles, or plasmid DNA into cells. Previously, we
successfully demonstrated that plasmid DNA is injected into softened cell wall Tobacco BY-2 cells using a
femtosecond laser. Now we consider some advantages of a pulsed microchip laser, which is compact,
maintenance-free, and low-cost compared with the femtosecond laser. The problem of the microchip laser is
that the picosecond laser pulse requires higher power energy for ablation, which induces bigger scale of
ablation area and larger size of cavitation bubble. Namely, it is difficult to optimize the laser irradiation
condition. As demonstrated by Hausladen et al.!, using animal cells as a sample, molecules can be introduced
into cells by randomly ablating, not targeting each cell individually. Their results suggest that cells in the
laser focus area were destroyed or blasted, but some of the surrounding cells were successfully injected. In
this work, we applied this method to a plant cell, Tobacco BY-2 cells.

A fluorescent molecule, FITC-dextran (2 MDa) was used as the external molecules to check the injection
capability. Initially, the photoinjection was performed in the same way as that by a femtosecond laser?. In
addition, we used poly-D-lysine to fix the cells on a glass substrate to reduce the impact of ablation on cells.
This procedure assists fine observation of the photoinjection for optimizing the laser irradiation condition as
shown in Fig. 1. Unfortunately, we did not find the certain successful cells, although there were many cells
broken by the laser irradiation. The possibility of microchip laser-induced photoinjection for plant cells is

confirmed by conducting this experiment with adjusting the laser irradiation and cell preparation conditions.

Figure 1. Photoinjection of FITC-dextran 2 MDa into Tobacco BY 2 cells using mlcrochlp laser. The dashed blue lines
indicate the laser irradiation point. The FITC-dextran visualizes with green fluorescence. Scale bars are 200 pm.

'F. Hausladen, P. Kruse, F. Hessenberger, T. Stegmayer, Y.-T. Kao, W. Seelert, RF. Preyer, M. Springer, K. Stock, R. Wittig, J. Biophotonics, 2023, 202200327

’T. I. Rukmana, G. Moran, R. M. Renault, M. Ohtani, T. Demura, R. Yasukuni, Y. Hosokawa, Sci. Rep. 9, 17530 (2019).
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