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Free Electron Laser Induced Forward Transfer Method of Biomaterial for Marking

Kaoru Suzuki* (Nihon University)

Biomaterial, such as chitosan, poly lactic acid, etc., containing fluorescence agent deposited onto biology hard tissue, such as

teeth or fingernail of dog or cal, or sapphire substrate by free electron laser induced forward transfer method for direct write

marking.  Spin courted biomaterial with fluorescence agent of rhodamin-6G or zinc phthalochyamine target on sapphire plate was

ablated by free electron laser (resonance absorption wave length of biomaterial : 3380 nm).

namac temperaure on hardness and adhesion strength of biomaterial is particularly studied.

The influence of the spin corting
Eflect of resonance excitation of

biomaterial target by turning free electron laser was discussed to damage of biomaterial, rhodamin-6Gor zine phtarochyamine for

direct write marking
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Fig. 1 Schematic diagram of free electron laser induced
forward transfer (FELIFT) method.
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Fig.2 Namac temperature dependence of dynamic hardness

of biomaterials.
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Fig.3 Sample data of adhesion strength by measuring

micro scratch tester.
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Fig.4 Namac temperature dependence of adhesion strength

of biomaterial.
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Fig. 6 Photoluminescence property of biomaterial

and biology hard tissue.

B 6 AL ya— b Uiz¥ bbb ) Sl R U4 (R
Ml T do D R2M - E OO PL ERITo R Th
Do AV L o— LSS 2R Y FLEE 0 PL 3614 390
nm PITIZ B — 27 #F4 5 7 o — R PL I3SERRO 6z,
A 90°CITIEA S bR ) FLER A S AR A AL R A
B LiSd bR A7, Y n— N PLRBREDY— 2
FE 430 nm fHE~& 7 B LTS, F M uohEERIZER
T 430 nm BB SIS -2 1 20000 THRIEKIZ L - T
500 nm ~% 7 P LT B, F£7o, ROJNEEEUH L
DX 465~470 nm FHEIZ, #OTUL 435 nn 7 T —
FigAEE o —r2F LT W5, fE-T, 350~600 nm
(T OEFENRRET BEEEZRT D LI L-> T, #HBML
Bifle~—% 0 VHEH B RETE 5,

(3-3) BREFL—YEBIZLDR)ABOT—F7T
BHETLV—FEBEECLY X bR o~ —%
v RToERO—MEFHE T IRY, BRETL—FD
TR 1 2~17 o] OFEFE L. Ky hoREEE 200
am, 3X3mm OEFET, 3I~THFHIZ Ry b=—F% 7%
T2, W70 & (b)iEF M OBEERIZEH 5EiR
Mo 8 % & 64 fFOIEKER T, (o) & (d) AV LEEoRS
Bz BT HLEMOILKER R 5, BRI R — 2
LT B EBUEREL fpo TWH Z EDydd, FHMZH
VHERIAECEESL, FOEREH0un THo 1,

34

Photo luminescence [a.u.]

(a) Total view of FELIFT at

substrate side of chitosan at

(b) Microscope view of FELIFT
substrate side of

{d) Microscope view of FELIFT

(¢) Total view of FELIFT at
substrate side of PLA

at substrate side of PLA

HiETr—WREC LA A =T U 7

v —% 2 S OWEMEEEE

Fi.7 Microscope view of marking pattern of biomaterial
by FELIFT.

[ 7

ZhicH LT, & oK RETIRE SN,
HELWum ERE{ LTINS,

(3-4) HAEMBEBEFMLI=AF=<F IO PLIEFH
RS O L — B AT H D Rh6G A & b
RV HEBCTEM L L o PLRSEM 2 8 o,

20000711

i b M Chitosan+Rh6G |
‘ ,' X \, : Spin coat
=0\ P
g o B — t \\ T O
! “o Chitosan+Rh6G
_____ A *~:7.0mJ
10000F~=~ ~—ee e

Chitesan+Rho6G
:1.6 mJ

_.._--/'f“ ."‘"-0—-_-.
’f “..\ PLA+RIh6G : 16.8 mJ
PLA+RI6G : 2.4 mJ
0 400 560 600 700 800

Wave length [nm]
B4 8 Rh6G &L= 3A A~ F U 700 PL F5E
Fig. 8 Photoluminescence property of biomaterial

containing Rh6G



Photo luminescence [a.u.]

TR 18 EERESET -

[ - 2T AERFIRE

20000

™,
Do,
[~
: i,
/ —y, Chitosan+Zn-PC -
I p '\\ :Spin coat
f’ ) *ﬁ_
o L i by 1 CD S b g v
J ™., Chitosan+
j \‘\. In-PC:8.6mJ
10000~ s

Chitosan+
In-PC:5.3mJ

a
"

-~ .""--.-LJ

PLA+Zn-PC
:Spin coat

o ——
. ' \ PLA+Zn-P(]
/ Seol) NNi8.0md

4 s -
PLA+Zn- PC
:3.6mJ

700 800
Wave length [nm]

B9 ZnPCH#IFML f=s3A =7 Y7 PL Ktk
Fig. 8 Photoluminescence property of biomaterial

containing Zn—PC
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Energy spectrum and power of nano second pulse X-ray source
Akira Mori, Member,(Nihon University) Masayuki Katakura*, non membe(Nikon),

Yoshinori Yoshida*, non member(HITACHI), Yasuyuki Ohtake*, non membe(Nikon),
Shinsuke Tanaka*, non member(Fujitsu-Hitachi plasma display),Kouji Tada*,non membe(NTT software),
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Masanori Satoh, non member (Komazawa University)

Abstract: X ray is widely used in the photograph for the non-destruction inspection and a crystal analyzer. In recent years, it is expected
to apply to an X ray microscope whose X ray source must be point source and short pulse width. We used the flash X ray source which is
generated at the impulse of high voltage discharge. This method obtained point source and expected short width pulse. It is treated in narrow

room because the equipment is compact and simple.

In this paper, the X ray output with the electrical discharge circuit of this X ray source was examined. Moreover, the change in the
energy distribution of the output X rays was examined. The result of X ray pulse width and energy spectrum is affected by capacitance,
inductance and discharge length. The pulse width is obtained to be 20 nano second. Energy spectrum is measured from 40keV to 50keV.
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Fig.11 Example of X-ray imaging
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Table 1. Characterization of copolymer

In copolymer DR1A

Yield

In feed DRIA ) "

Sanple (mol%) (mol %) %) Mt Wy M/ M
DRIA/BMA 17.0 18.0 74 1.14 x 10¢ 1.87 x 10* 1.64
DRIA/MMA 17.0 15.0 56 7.3 %107 1.31x 101 1.79

a Determined by 'H NMR. ) Determined by GPC.
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Figure 3. 'H NMR spectrum of DR1A/BMA copolymer in
CDCl,.
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Figure 4. UV-Visible absorption spectra of copolymers.
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Figure 5. Typical writing curves for copolymers. A = linearly
polarized laser (writing beam) is turned on; B=writing beam
is turned off (A1 =514 nm).
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Figure 6. The writing data and the fitting curve by Eg. (1)
for two copolymers.
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Figure 7. Decay data after the writing beam was turned off

and the fitting curve by £g. (2) for two copolymers.

Table 2. Rate constants and normalized constants at A=3514
nm.
DRI1A/BMA DRIA/MMA
(514 nm) (514 nm)
AL 0.23 1.00
kp(S71) 0.23 0.16
A 0.5 0.28
B 0.5 0.72
k.(S7Y) 0.17 0.30
ka(S7H 0.09 0.08
G 0.09 0.49
DA 0.82 0.41
B2 0.09 0.10
Y A=A/ (A+8B); B,=B/(4+B); C,;=C/{C+D+E); D,=

Df(C+D+E); E,=E/(C+D+E)
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Table 3. Rate constants and normalized constants at A =488
nm.
DRIA/BMA DRIA/MMA
(488 nm) (488 nm)
k(871 0.28 1.42
kp(S™1) 0.28 0.15
A 0.5 0.30
B 0.5 0.70
k(871 0.38 1.28
ks(S7h) 0.03 0.17
(i 0.48 0.20
D 0.48 0.72
PR 0.04 0.08
D A,=A/(A+B); B,=B[(A+B); C,=C{(C+D+E); Dy=

D/ (C+D+E); E,=E/(C+D+E)
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Figure 8. Absorption spectra of copolymers.
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Synthesis and Physical Properties of Poly (Disperse Red 1 acrylate-co-butyl methacrylate)

Mariko Suipaike™!, Junko Yokovama™!, Hiroki Ikake®', Shigeru Stinizu™!, Kimio Kurira*!, Yohei Summizo*?, and Kaoru Suzuki™?

* Department of Materials and Applied Chemistry, College of Science and Technology, Nihon University (Kanda-Surugadai, Chivoda-ku,
Tokyo 101-8308, Japan)

*Department of Electrical Engineering, College of Science and Technology, Nihon University (Kanda-Surugadai, Chiyoda-ku, Tokyo
101-8308, Japan)

The synthesis and characterization of random copolymers of Disperse Red 1 acrylate (DR1A, 2-ethyl-4,4"-nitrophenyl azophenyl ester)
and butyl methacrylate (BMA) or methyl methacrylate (MMA) have been carried out. The copolymers exhibit the orientation of azoben-
zene groups through photochemical frans-cis isomerization in tetrahydrofuran solution with linearly polarized argon ion laser. The response
rate was estimated by using a biexponential equation. The response rate of the DRIA/BMA copolymer was found to be slower than that of
DR1A/MMA copolvmer.

KEY WORDS DRI1A/BMA Copolymer / DRIA/MMA Copolymer / Response Rate / Trans-cis [somerization /
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The Detection of Metal Fatigue by Laser-Induced Thermal Vibration

Akira MORI, Shinichi IWASA, Shigeto KITAMURA, and Kaoru SUZUKI
Nihon University, 8-14, Kanda-Surugadai {-chome, Chivoda-ku, Tokyo 101-8308

(Received June 4, 2004)

A fundamental study of a nondestructive detection method for metal fatigue in sheet materials with simple
equipments was performed by using laser-induced thermal vibration. In the experiments, changes in ampli-
tude of laser induced thermal vibration were found around the target portion. This position corresponded to
the site where analysis indicated that the stress concentrated. Precise measurements of the vibrations can be
applied to analyze two-dimensional stress distributions. In this paper, we measure the amplitude of vibration
on a metal sample by the laser-induced thermal vibration and analyze the stress distribution by finite element
method when stress was added to the load. We examine the relation between the site of large amplitude place

and concentration of stress.

Key Words: Laser-induced thermal vibration, Amplitude of vibration, Metal fatigue, Finite element method,

Stress distribution
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Fig. | Schematic diagram of experimental apparatus.
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Fig. 6 The deformation of the sample,
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Fig. 10 The detected voltage change vs. the repeated times
of load (The load: 1.0 kN).
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