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Optical properties of self-assembled thin-film of poly (p-phenylene
vinylene )s and its application to light-emitting devices
with microring geometry

T. Sonoda, T. Fujisawa, A. Fujii, and K. Yoshino®
Department of Electronic Engineering, Graduate School of Engineering, Osaka University,
2-1 Yamada-oka, Suita, Osaka 565-0871, Japan

(Received 14 February 2000; accepted for publication 6 April 2000

Periodic multilayer structures of polg{phenylene vinylens have been fabricated by a
self-assembly method on flat surfaces and round surfaces of optical fibers. Alternating multilayers
consisting of polyl,4{2-(5-carboxypentyloxy5-methoxyphenylenginyleng (CPMOPPV and
poly(p-phenylene vinylene (PPV) were adsorbed onto the positively charged substrates. The
optical properties of the periodic multilayer structures of CPMOPPV/PPV have been studied.
Periodic multilayers with microring geometry have also been fabricated around the quartz fibers.
Their optical properties have been studied, and yellow electroluminescence from a light-emitting
device with microring geometry has been observed.2@0 American Institute of Physics.
[S0003-695(00)03822-5

Conducting polymers with highly extended conjugatedducting polymer was easily formed around the fiber. Re-
m-electron systems in the main chains have attracted greaently, we have observed the laser emission from the
interest from both fundamental and practical viewpoints, bemicroring structure of pol§2,5-dialkoxyp-phenylene vi-
cause they exhibit various novel properties such asiyleng (ROPPV.* Furthermore, EL devices with micro-
insulator—metal transition upon dopihgelectrolumines- cavity structure have been fabricated utilizing several kinds
cence(EL),?® photovoltaic effect. of conducting polymer$>'* Since the self-assembled multi-

A self-assembly method is one of the important tech-layers can be formed onto substrates with any shapes due to
niques to fabricate ultrathin polymer film or polymer Coulombic force, it should be expected to fabricate self-
multilayer film controlled in molecular levél® In the self- assembled cylindrical multilayers onto round and small-sized

assembly method, charged substrates are repeatedly dippg¢Pstrates such as optical fibers. o
in cation and anion solutions alternately and alternating mul- [N this letter, periodic multilayer structures consisting of
tilayers of the cation and anion are formed by CoulombicPPV and CPMOPPV have been fabricated onto flat sub-

force between cation and anion on the substrates. Utilizingrates and optical fibers by self-assembly method. The opti-

various combination of many kinds of cation and anion ma-cal properties of the periodic multilayer structures of PPVs

terials, various self-assembled multilayers utilizing conduct:2nd light-emitting devicesLED) with the microring geom-
ing polymers could be fabricated and their applications weré&lry around the optical fibers have been studied.
demonstrated. Previously, we found the efficient photoin- The molecular structures of PPV precursor, PPV, and
duced charge separation at interfaces of self-assembled coﬁ—PMOPPV are shown in Fig. 1. Preparation of.and PPV
ducting polymers, and suggested the efficient photocells recursor and CPMOPPV were reported previodsly.

one of the applications® EL device with self-assembled or- PMOPPV is soluble in common organic solvents such as

anic multilayers is also one of the most attractive applicas cetone, ethanol, and tetrahydrofuran. The sodium salt of
9 Y o . ° app CPMOPPV, which is obtained by adding sodium hydroxide,
tions and has a possibility to realize a flat panel display.

: . L is soluble even in water. PPV could be obtained by annealing
Poly(p-phenylene vinylene (PPV) and its derivatives PPV precursor at 200 °C & h in vacuum. CPMOPPV and
are the promising materials, because of their high Iuminesl-DPV precursor were used as a polyanic;n and a polycation
cent quantum efficiency. Recently, we have developed ?espectively '
PPV  derivative, pol{1,4{2-(5-carboxypentyloxy5- '
methoxyphenylenginyleng (CPMOPPYV, for the self- cr OCH;
assembly method, and studied its optical and electrical S*(CHa)s

)
properties® Since this polymer indicates the characteristics C‘H-CH2>—
of a polyanion, self-assembled alternating multilayer struc- x \
X

tures based on PPVs could be formed utilizing PPV precur- PPV-precursor
sor as a polycatiof N O(CHz)sCO0H

On the other hand, polymer lasers with microring struc- l ® CPMOPPV
ture have attracted much attention as a novel type of lasers.
By dipping an optical fiber into a conducting polymer solu- \
tion, a cylindrical microring structure consisting of the con- .

PPV

¥Electronic mail: yoshino@ele.eng.osaka-u.ac.jp FIG. 1. The molecular structures of PPV-precursor, PPV, and CPMOPPV.
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FIG. 3. PL spectra of the CPMOPPV/PPV multilayer structures. The inset

ws the dependence of the PL intensity at 570 nm on the number of
ilayers in the CPMOPPV/PPV multilayer structures.

FIG. 2. Absorption spectra of the CPMOPPV/PPV multilayer structures.
The inset shows the dependence of the absorbance at 430 nm on the num
of bilayers in the CPMOPPV/PPV multilayer structures.

The fabrication of periodic multilayer structure is de- e conversion from CPMOPPV/PPV-precursor multilayers
scribed as follows: precleaned flat quartz substrates or quartp €PMOPPV/PPV multilayers was successfully performed,
fibers were ultrasonicated in acetone foh and immersed the detailed studies of which were reported elsewhTithe
into a toluene solution of  N2-aminoethyl-3- absorption spectra of CPMOPPV/PPV multilayers were es-

aminopropyltrimethoxy silane(TMS) of 5 vol % for 15 h. sentially superposition of those of CPMOPPV and PPV. The

Then, the substrates or fibers were heated in toluene at 50 ©@Set 0f Fig. 2 shows the absorbance of CPMOPPV/PPV
for 1 h and washed with toluene, a toluene-methanol mixturénultilayers at 430 nm depending on the number of bilayers,
(1:1) and methanol to remove the excess TMS. Besides, th,@nd the absorption of CPMOPPV/PPV multilayers increased

substrates or fibers were ultrasonicated in distilled water foF;] prﬁpcllrtion tofthe nhuLnlber Of, bil?yers, which indicates that
10 min and dried at 55 °C in air for 30 min. The substrates 0|I € E”']C npefs ofeac :cay(/:eprl\l/lsoal\bg\(ﬁ;;%nstar}tjl
fibers were thus coated by TMS monolayer charged posi- € spectra o multilayers are

tively. A methanol solution of CPMOPPYV in concentration shown in Fig. 3, wh_en _the 430 nm blue light ”0”.‘ Xe lamp is
adopted as the excitation source. The PL peak is correspond-

of 0.01 M were filtered through O0.am filter prior to use. to the radiati binati f " i
The substrates or fibers were immersed into a methanol s+r—]g 0 the radiative recombination ot excitons or exciton po-

lution of CPMOPPV for 15 min in order to form the first ‘2onS N the main chains of CPMOPRVand the slight

adsorbed layer of CPMOPPV. Then, the substrates or fibelrsed'Sh'ft of PL peak depending on the number of bilayers

were washed extensively with methanol and distilled watet 25 observed. Such red-shifts of PL peak in sel-assembled

in sequence. A PPV precursor layer was formed by immerst—hln films were previously reporte. The PL intensity of

ing the substrates or fibers into an aqueous solution of PP\CI\PMQPPt?]//PPV ?ultl;at)ylers ma;ke_dly mcreats_edtthfch ”:' ¢
precursor(0.01 M) for 15 min, and then washed with dis- creasing the number Of bilayers. As IS apparent in the Inset o

tiled water and methanol in sequence. By repeating the proI_:|g. 3, the linear relationship was observed between the PL

cesses, the multilayer structures of CPMOPPV/PPV precuf--ntenSity at 570 nm and the number of bilayers. Such results

sor were fabricated on the substrates or fibers. CPMOPP\?/'S% egk;:b|§hthqt constgnt amounts Oftt::et pol;t/?e;)sl_vyetre a.(:-
PPV multilayer structures were obtained by thermalSOTPEC DY Ih€ IMMErsion processes, that 1S, the intensity

conversion of the CPMOPPV/PPV-precursor multilayeras well as the absorbance shows the relative thickness of the
structures. polymers.

Absorption spectra and photoluminescelieg) spectra Pl\il( 32%3'/2?3'0” Iplattern of thﬁ e|gh.t-bl|:lla ye4r 1j||_lrr]n of the |
of the CPMOPPV/PPV multilayer structures were measuretg mult ayer was shown in Fig. 2. the severa
using a Hewlett Packard HP8452A spectrophotometer and road peaks were observed in the figure. Such peaks were
Hitachi F-4500 fluorescence spectrophotometer, respec-
tively. X-ray diffraction (Cuka line) measurement was
done by a Rigaku RINT 1100 diffractometer. CPMOPPV/
PPV multilayers were also fabricated around }2% diam-
eter of indium—tin—oxid€ITO) coated glass fibers to make
LEDs with microring geometry. After the fabrication of
CPMOPPV/PPV multilayers, aluminurfAl) were evapo-
rated onto half of the fibers to form semicylindrical elec-
trodes by vacuum deposition under the vacuum of about
10 ®Torr. EL spectra were measured using conventional
methods and all of the EL measurements were carried out in L 4 |
vacuum at room temperature. 08 10 12 14 16 18 20

Figure 2 shows the optical absorption spectra of Diffraction Angle 26 (deg.)

CPMOPPV/PPV mU|tI|ayerS dependlng on the number of bI-FIG. 4. X-ray diffraction pattern of an eight-bilayer film of CPMOPPV/PPV

layers. The absorp_ti_on peak around 430 nm is correspondingyrilayer structure. The inset shows the dependence of the film thickness
to the w—=* transition of CPMOPPV and PPV, therefore on the number of bilayers.
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FIG. 5. PL spectra of the CPMOPPV/PPV multilayer structures with mi-

croring geometry. The inset shows the dependence of the PL intensity at 580IG. 6. EL spectrum of the microring LED with six bilayers of the
nm on the number of bilayers in the CPMOPPV/PPV multilayer structuresCPMOPPV/PPV multilayer at room temperature in vacuum. The inset
with microring geometry. shows the device structure of LED.

also observed in CPMOPPV/PPV multilayers with different  In summary, the periodic multilayer structures based on
number of bilayers. The peaks must be attributed to the tota?oly(p-phenylene vinylens were fabricated successfully by
thickness of the thin films, which might imply that the film the self-assembly method. The alternating multilayers of
surface is quite smooth. The film thickness could be evaluCPMOPPV/PPV were formed onto the positively charged
ated from the differential between the peaks and increasegubstrates, and the adsorbed multilayers were confirmed by
linearly depending on the number of bilayers, as shown irthe absorption and PL measurements. Periodic multilayers of
the inset of Fig. 4. Therefore, the thickness of each bilayer i€PMOPPV/PPV were also fabricated successfully around
roughly estimated to be 7 nm. the quartz fibers and PL depending on the number of bilayers
Ultrathin and smooth films can be fabricated on the subwas observed as well as the flat thin films on the quartz
strates with any shapes by utilizing the self-assemblysubstrates. The LEDs with the microring geometry were fab-
method, so we tried to fabricate CPMOPPV/PPV multilayersicated around fibers and yellow electroluminescence was
around 125«m-diam quartz fibers. Figure 5 shows the PL observed.
spectra of CPMOPPV/PPV multilayers around the quartz fi- .
bers, when the wavelength of the excitation light was 430Fut This work was partly supported by the Research for the

. ure Program of the Japan Society for the Promotion of
nm. The spectra of CPMOPPV/PPV multilayers around theScience(Project No. JSPS-RFTF96P002GEd by a Grant-

quartz fibers were similar to those of the flat thin film on the:” " ", S .
guartz substrate as shown in Fig. 3. The inset of Fig. 5 show/ -Ald f_or SC'G”F'“C Research from Japan Society for the
romotion of Science.
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