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Abstract

AMEOENE. BEMBNOBEL —YNILABFICK) YA IOX—RNILTEOEERBIE
ZERTHIL—YMIFEMZRETEIETHD, EENICE. (1)BETREERXAERAROM
BAL—YRAITZETEEMMBIHRETS L, 2B /\%Mﬂ@ L—HRIBILDT
A2 H—NA RSIC)ZFEAL EREMBOER., Q)EBAAVDERICLVERLEE&E T /K
FERERETRIZRAEBRNBYROEROMRFTEICRYBL T, HRBMNICET -HN
DRIEZFBOTRRZETD, IFFHENI1FH EXD2020FE . RAERBROMBZECE S
FHEANOL —FBREFICLKIEEEMPEROHABICEFLE, EILAO—AF /T 744 /N— (CNF)
7ALNLABRTRIDXFILOF TG (PDMS)ZRREL., BRS22nmD 7 TLARYL—HN
LNAZRAWTHEZT 21t LY NI ABFAKRICEXRZEEFDICBEHETEDIHR
(T7A—NAAR) ZHAL TBEERET2LECSD, CNF7AIILATR, F7A—HAER
ZRAVRCER<HERULEBEEHBRL THI0EOAV R IR AN BSN, FRBENSH
ShIESXVARTNILAS, L= NILABRHICIERUEF SV ERERENERE NI
ENRENT:, PDMSZRNRELERETR, BARCIR)EVREREEOBET 7 T2 (few-
layered graphene)?b"'iﬁi‘c‘f hdZEZRLE, BRYBRLIZIAMSL—YNILRAEZAWVWEL—
HRETR. BVE—VRBECLDEEOATERICHITRABRICHASRELRCLDRDBE
BEHNARRERY, BEUEFGVERERENERLLEEZSND, LREBRES EICER
EXLZRALEBREEN Y —CATESARRICEF LUE. ALOBRREREFRIE &
CERADLEICS VWVTREKRL I,

The objective of this research is to create a laser processing technology that enables to fabricate
micrometer-sized conductive structures by irradiating organic materials with ultrashort laser pulses.
Specifically, the following research topics have been investigated: (1) modification of materials
derived from sustainable natural resources into conductive materials by laser irradiation, (2)
production of carbon materials via silicon carbide (SiC) by laser pyrolysis of polymers, and (3)
enhancement of spatially selective thermal effects originating from metal nanoparticles generated
by reduction of metal ions. In the first year of the three-year project, research on the formation of
conductive materials by laser irradiation of polymer materials, including materials derived from
natural resources, was conducted. Cellulose nanofiber (CNF) films and polydimethylsiloxane
(PDMS) were modified by using femtosecond laser pulses at a wavelength of 522 nm. CNF film
treated by the defocusing method showed conductance 100 times higher than that of the structure
fabricated without the defocusing method. The Raman spectra obtained from the fabricated
structures show that highly crystalline graphitic carbon was produced by the laser pulse irradiation.
The experiments on PDMS show that highly crystalline few-layered graphene was produced by the
same method. Laser modification using high repetition rate femtosecond laser pulses can produce
highly crystalline graphitic carbon due to the photodegradation of molecular bonds induced by the
high peak intensity, as well as pyrolysis and thermosynthesis induced by the increase in
temperature due to heat accumulation. Based on the above results, an applied study on a high-
sensitivity pressure sensor was started. These results were published as journal paper and
presented at domestic and international conferences.
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1. BIREARREEOBE

AMEDEMIE. AEFHADOBEL—/VIILABHIZEYIAIO0A—MLTEOEEHEEZ R T AL —MIEME8IH T
BIETHD, BEFRMICIE. OBETRELGRAERBRAEDHBAL—FEHTIETEEUMHICHEITHIE. Q) BFHED
L—H RN EIZEDI) AV h—INARSIC)ZRBLEREMBOER. QRBAFVDETICEVER LSBT /HFERAET
BERTERMBGREDEBOMERBEICRYATC LT IEBMICE (T -EMTOMIEFEDIFEREITI. SEHEO 1 £
E17% 2020 EE (X RAEFHEOMBMEELCENFMEADOL—FRBHSIZLZEETHEMBEROHARIZEFL -, LILO—XF
JI7AN—CNR)IAILLBELURYDAF L OFHU(PDMS)EX R EL ., R 522 nm QT LML —F/NILRERAWNTHEET
DIz L= /NNILRABHRBICELRZEZEEARICEHSELIAR (TI+—HRARK) #FAL THEEFEREIT12EZA.CNF I0J)L
LT, TIA—HAARERNSERERELI-EE LR LTH 100 ERaVF 930 A0 G-, FEEENS /LN
DARGELDS, L—H /I RBRICKVEREN TV RINBERFNERSNIZCENTRENTz, PDMS xR ELI-EERTIE. R
FRICKYBLMERED RS 5T (few-layered graphene) NER SN B EERL-. BIEVEL I LML —F/VILRZRALV=
L—H BT, EVE—VBEICLAEE 0T ICMA TAERBICHEIBRELRICKIBNMBERSHAAIRELRY . EEEN
EVWENBEBRENERLIZEEZIONS, LEEREFLEICEREZLEFALEERERE A Y —ICRITRAREIZEFL
o LEDRREFRERLSLIVERNDSEICEWNTRRL -,

2. BIEERREROME GEGR)

The objective of this research is to create a laser processing technology that enables to fabricate micrometer—sized conductive
structures by irradiating organic materials with ultrashort laser pulses. Specifically, the following research topics have been
investigated: (1) modification of materials derived from sustainable natural resources into conductive materials by laser irradiation, (2)
production of carbon materials via silicon carbide (SiC) by laser pyrolysis of polymers, and (3) enhancement of spatially selective
thermal effects originating from metal nanoparticles generated by reduction of metal ions. In the first year of the three—year project,
research on the formation of conductive materials by laser irradiation of polymer materials, including materials derived from natural
resources, was conducted. Cellulose nanofiber (CNF) films and polydimethylsiloxane (PDMS) were modified by using femtosecond
laser pulses at a wavelength of 522 nm. CNF film treated by the defocusing method showed conductance 100 times higher than that
of the structure fabricated without the defocusing method. The Raman spectra obtained from the fabricated structures show that
highly crystalline graphitic carbon was produced by the laser pulse irradiation. The experiments on PDMS show that highly crystalline
few—-layered graphene was produced by the same method. Laser modification using high repetition rate femtosecond laser pulses can
produce highly crystalline graphitic carbon due to the photodegradation of molecular bonds induced by the high peak intensity, as well
as pyrolysis and thermosynthesis induced by the increase in temperature due to heat accumulation. Based on the above results, an
applied study on a high—sensitivity pressure sensor was started. These results were published as journal paper and presented at
domestic and international conferences.
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