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Fluorescent photopolymer film was prepared with composition containing acrylate monomer, binder, a visible light sensitive
photo initiator, and fluorescent anthracene polymer. A fluorescent grating pattern was inscribed on the photopolymer film using
a 2-beam coupling method. A 514 nm laser was coupled to generate a beam-interference pattern. A highly fluorescent diffractive
line pattern was formed on the fluorescent photopolymer within 30 sec. of exposure. The fluorescence intensity was highly
enhanced in the patterned area, possibly due to the change in the environment of the fluorescent polymers by the
photo-polymerization of monomers. Under a photo-mask, a gap electrode pattern was formed of fluorescent gratings with a
sub-micron scale, which was matched well to the calculated value (2.5 /m and 0.6 /m) based on the refractive index of the
photopolymer and beam incident angle (3.4°, 15°) to the photopolymer surface.
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Color versions of one or more of the figures in this paper are available online.
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FIG. 1. Chemical structure of the photopolymer composition.
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FIG. 2. Schematic of the beam coupling technique for patterning.
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FIG. 3. 2-Beam interference profiles on the photopolymer and
monomer and fluorophore diffusion within the photopolymer.
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FIG. 4. Microscope image of the 2-beam coupling patterned area by

(a) optical microscopy and (b) Fluorescence microscopy.(incident
angle= 3.4°).
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FIG. 5. Fluorescence intensity of the unpatterned (black) and
patterned (blue) area. Excited at 415 nm (1000x).
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FIG. 6. Optical microscope images of gap-electrode patterned
fluorescent photopolymer film. (a) 100x (b) 400x. (indicentangle = 15°)
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FIG. 7. Surface profile on the gap-electrode pattern



10 F=aetsl ] A2 A1E, 20109 29

2-beam A3 A] AgE beam?| intensity= 4 mwo|™, 30
Z7F exposure AlFith

ol 49] gap S S5 o shefeln 19l 3] sfEia
ALK grating & ¥ & 4= QURITE (717 S (b)) beam intensity
profile o] B7HE Aol HEO R §JPHAE0]
o NAZAE ol AL T & on, YAH 547
Z}9] interlayer distance+= 514 nm laserS ©|-&3lo] AR}
(@) 3.60° A A9}, JAFHw) 15° A A] ZF2F ~2.5 um,
0.6 m = PoiATh. o= Bragg’s law (4] )] o3 Ak
A o291 g 2.5 m, 0.6 )3 A9 AHFL Bl 5
5k

°o]Es

A= 2ngd sin @)

A laser 9] 3, n = photopolymer medium®| =4&
(2F 1.62)"Y, 0= beamo] YA}E= Wof 2225} W9} o
F= ZH0=2a), d £ interlayer distance ©|t}. wtA, FA
H grating7he] 7+A-& beam-couplingA] ZE&} QARA 7=
beam®] w7tof| OJsfjA] S WO B =, o]F pattern F/Jo]

SHT 4 9SS BB FI AT 5 Agich

2beam 741 S Fol, AEe el 28 & 9
sloml, e B4 Fol B A
4 lelek olele W% F7he 5
7} monomerS E}ﬂ- diffusion 91:: =
Tfoke ol A%
grating= EE]-E} micro-separation-<
9] quenching &31}7} &o]E7] w&Ee
o wheA] o] WHe wEA) vkl §
o 3L, B WY imagingS B A SHA A 5
QA Bk AR A beam] WSto] whel, grating©] 7t
Zo| 2489 4= 3lon, 7]Fo] o]Fofxl R} o] Fofx]X|
WS T2 Arolo] FFHIE(R) 2 "JEEW polymer & 37}

y N
N
)
olN
N
N
ol
e}
FIF
pa
o
e
wk
st

, beam coupling®] 2|3
o

e
o Q@d
olN
N
rE
lo
u
N
©

%

d

She W) 7 oloR FA ekt T 4 gddck o
ehd bl Wel SEAOR e, 7154 T 9
A Aol B At $88 S USe AT 4 ek

7I-A|. |
o] =Eo wgIsly|aRe] Yo A Ate]

W WY AY SEEN 2AMEY AL o} o]5o]
H45Yth(NO. R11-2007-050-00000-0).

References

1. P. Tehrani, L. O. Hennerdal, A. L. Dyer, J. R. Reynolds,
and M. Berggren, “Improving the contrast of all-printed

10.

11.

12.

13.

14.

15.

16.

17.

18.

. S. Kirchmeyer and K. Reuter,

electrochromic polymer on paper displays,” J. Mater. Chem.
19, 1799-1802 (2009).

. S. Holdcroft, “Patterning m-conjugated polymers,” Adv.

Mater. 13, 1753-1765 (2001).

. H. Sirringhaus, N. Tessler, and R. H. Friend, “Integrated

opto-electronic devices based on conjugated polymers,”
Science 280, 1741-1744 (1998).

. J. M. You, J. S. Heo, J. Y. Lee, H. S. Kim, H. O. Kim,

and E. Kim, “A fluorescent polymer for patterning of
mesenchymal stem cells,” Macromol. 42, 3326-3332 (2009).

. Y. Kim, C. Yun, P. Jadhav, J. M. You, and E. Kim “Emissive

pattern formation by the photoreaction of poly(p-phenylene
vinylene),” Curr. Appl. Phys. 9, 1088-1092 (2009).

. E. Kim and H. W. Lee, “Photo-induced electrical switching

through a main chain polymer,” J. Mater. Chem. 16, 1384~
1389 (20006).

. Y. Kim and E. Kim, “Conductive polymer patterning on a

photo-switching polymer layer,” Macromol. Res. 14, 584-587
(20006).

“Scientific importance,
properties and growing applications of poly(3, 4-ethylenedi-
oxythiophene),” J. Mater. Chem. 15, 2077-2088 (2005).

. N. K. Guimard, N. Gomez, and C. E. Schmidt, “Conducting

polymers in biomedical engineering,” Prog. Polym. Sci. 32,
876-921 (2007).

Z. Nie and E. Kumacheva, “Patterning surfaces with
functional polymers,” Nat. Mater. 7, 277-290 (2008).

J. H. Kim, Y. Kim, and E. Kim, “Electrochromic pattern
formation by photo cross-linking reaction of PEDOT side
chains,” Macromol. Res. 17, 791-796 (2009)

S. J. Woltman, J. N. Eakin, and G. P. Craword, “Holographic
diffraction gratings using polymer dispersed ferroelectric
liquid crystals,” Opt. Lett. 31, 3273-3275 (1963).

Y. H. Cho, C. W. Shin, N. Kim, B. K. Kim, and Y.
Kawakami, “High-performance transmission holographic
gratings via different polymerization rates of dipentaerythritol
acrylates and siloxane-containing epoxides,” Chem. Mater.
7, 6263-6271 (2005).

N. Suzuki, Y. Tomita, and T. Kojima, “Holographic recording
in TiO2 nanoparticle-dispersed methacrylate photopolymer
films,” Appl. Phys. Lett. 81, 22-25 (2002).

E. Kim, “Polymeric materials for holographic recording,”
J. Korean Society for Imaging Science 11, 65-78 (2005).
A. Pu and D. Psaltis, “High-density recording in photopolymer-
based holographic three-dimensional disks,” Appl. Opt. 35,
2389-2398 (1996).

H. J. Oh, J. H. Kim, K. Rameshbabu, J. K. Do, and E.
Kim “Fluorescent grating patterns of photopolymer film
containing ethylene glycol phenyl ether acrylate,” J. Nanosci.
Nanotechnol. 8, 4616-4620 (2008).

H. J. Lee, B. D. Sarwade, J. Park, and E. Kim, “Synthesis
of new photopolymeric methacrylate thioester with s-triazine
ring for holographic recording,” Opt. Mater. 30, 637-644
(2007).



(A5-=%) 2-beam Coupling WS 0|83 F LEAL

oflt
i
B=)

e 3

ot

8

19. K. Rameshbabu, Y. Kim, T. Kwon, J. Yoo, and E. Kim,
“Facile one-pot synthesis of a photo patternable anthracene
polymer,” Tetrahedron Lett. 48, 4755-4760 (2007).

J. H. Kim, B. Sarwade, K. Rameshbabu, E. Kim, and S.
Lee, “Photopolymers containing epoxy monomers for holographic
recording,” Proc. SPIE, Materials and Applications 6488,
648806/1-648806/8 (2007).

E. Kim, J. Park, C. Shin, and N. Kim, “Effect of organic
side-chains on the diffraction efficiency of an organic-
inorganic hybrid nano-composite film,” Nanotechnol. 17,
2899-2906 (2006).

20.

21.

x

ek

ox
ox

o

9] 11

22. G. G. Guilbault, Practical Fluorescence: Theory, Methods,
and Techniques; M. Dekker (New York, USA, 1973), pp.
1-40.

E. Lo’pez Cabarcos and S. A. Carter, “Effect of the molecular
weight and the ionic strength on the photoluminescence
quenching of water-soluble conjugated polymer sodium
poly[2-(3-thienyl)ethyloxy-4-butylsulfonate],” Macromol. 38,
10537-10541 (2005).

H. J. Oh, J. H. Kim, and E. Kim, “Holographic recording
on photopolymers containing pyrene for enhanced fluorescence
intensity,” Macromol. 41, 7160-7165 (2008).

23.

24.



