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ABSTRACT

IEEEENEEEE

Planar waveguides from a photocross-linkable polymer have been fabricated on glass and
S1Q5°0n"sllicon "'using the spin coating process. The polymer has been cross-linked by
exposure to UV radialion ( A= 254nm). Prism coupling technique has been used to couple a
laser beam into the waveguide structure. The wavequiding parameters such as number of
modaes, loss, thickness, and index of refraction of the polymer have been determined before and
after crosslinking. The refractive index of the polymer hefore crass-linking differs
‘isignificantly from that after cross-linking. No anisotropy has been observed in the refractive
“lindices for the uncross-linked or cross-linked samples. The refraclive index and thickness of
fsthe polymer film before and after cross-linking have also been measured using an
-{ellipsometer and found 1o be in very good agreement with those obtained by the prism
icoupling technique. Dye molecules with large second order hyperpolarizability were ulilized
as guests into the photocross-linkable polymer matrix for second order nonlinear optical
applications. Electro-optic properties of this polymeric system are reported.
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. Organic nonlinear optical (NLO) polymers are potential candicates for second order
nonlinear optical and electro-optic devices [1-2]. These NLO polymers provide a number of
N advantages over inorganic NLO materials including lower dielectric constant and greater
_:processlng flexibility, Extensive studies have been made on two lypes of poled NLO polymers
-Jsuch as guest-host systems and side chain polymers {3-7]. The side chain polymers are
-1significantly more stable than the guest-host systems. but they still suffer from slow
“jrelaxation of nonlinearity over a period of time.
| The stabllity of the poling induced nonlinearity is very critical to device application,
-—Recently, Eich..et.al. [7] have developed a cross-linked epoxy system in which this relaxation
~‘problem has been overcome by thermal cross-linking of NLO polymers in the poled
- }orientatlon. Howaever, in order to achieve an efficient cpoxy sysiem. one needs 1o conirol the
:molecular weight of the epoxy prepolymer. Furithermore, very long curing and poling cycles
(~20 h) at high temperature (~140°C) are necessary. More recently, a different approach
to obtain a stable cross-linked polymer system by photochemical reaction has been reported
jby Mandal et al. [9-10}. In this technigue NLQO molecules and pholosensitive polymer are
..processed In the same way as the guest-host systems and photocross-linking is then
...performed by exposing to UV radiation subsequent 1o poling.
In this paper we have presented waveguiding properties of a photosensitive polymer,
. polyvinyl cinnamate (PVCN) before and after phatocross.-linking.  NLO molecules of a new azo
_:dye 3-cinnamoyloxy-4-(4(N.N-dieIhylamino)-2-cinnamoy!oxy phenyt azo} nitrobenzene
-{CNNB-R) were introduced into the PVCN matrix  Eleclro-oplic coefficients of poled and
- cross-linked PVCN containing CNNB-R have been delormined.
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R -Figurs 1. Structures of new azo dye CNNB-R {guest) and PVCN (host)

— THIN FiLM PREPARATION N

— The structural formulae of PVCN and azo dye CNNB-R are shown in Figure 1. PVCN and

PVCN doped with CNNB-R were dissolved in a mixed solvent of chiorobenzene and toluene in
the ratio of 3:1 (by volume). The solution in bolh cases was filtered using a 0.2 um tefion
filter. Films were prepared by spin-coating the sclution on glass, silicon oxide on silicon and
indium lin oxide (ITO) substrates. The solution wviscosilies and spin speeds were adjusted 10
produce films that are typically 1.0-1.2 um thick. The spin-coated samples were baked for

~ about 12 hours at 50°C under vacuum to remove residual solvent. ‘
-
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- Figure 2. Schematic of waveguiding experiment using a prism coubler
.
j UNEAR OPTICAL PROPERTIES
: Unear optical properties of PVCN were investigated using waveguiding technique. Thin
1film planar waveguides were fabricated on glass and SiO5 on silicon with the polymer as the

i U S T

loulding layer._ A rutile prism was used to couple a ight beam into the waveguide structure.
The schematic of the waveguiding experimen! using a prism coupler is shown in Figure 2. The
reflected Intensity from the prism was monilored as a lunction of the external angle of
incidence. The coupling angles were obtained from the reflected intensity minima for both
transverse electric (TE) and transverse magnetic (TM) polarizations. The dispersion
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~reyuatorof a plandr wavepulde structure for each polarization was solved to determine

“ithickness and refractive index of PVCN film [11]). Two TE or TM Modes were observed for
PVCN film on glass using a 633nm He-Ne source. Figures 3(a) and 3(b) show reflected
lpsﬁg&l%xg&ﬁg&hggternal angle of incidence for TEy and TEy modes. Figures 4(a) and 4(b)
show réflected Intensily versus éxlernal angle of incidence for TMg and TMy modes. The waell
resolved minima demonstrate the excellant optical quality af the film. The refractive index and
thickness of PVCN before photocross-linking were found to be 1.60 and 1.16um respecnvely

using a 633nm He-Ne source.
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~ TThe Tcross-linking of PVCN was performed by irradiating UV light (A = 254nm) wiih an
ntensity of approximately 2mW/cm? on the film surface. Waveguiding technique was used to
etermine refractive indices of PVCN at A ~ 633nm as a function of UV exposure time. The

ey ——— Soa— —— — —

-{PVCN decreases with photocross-linking. The decrease in the index of refraction is due to the
oss of unsaturated double bonds which are converled inlo saturated four membered rings as a

~vesult of intermolecular cross-linking. No anisotropy was observed in PVCN before and after
hotocross-linking. . ' .

{22 P20 PR (BYPECNIVE Indices_of PVCN before and after photocross-linking were also measured
t 633 nm-using an ellipsometer and are plotted in Figure 5. The values of refractive indices
ere found to be In very good agreement with those obtained by the waveguiding technique.

Waveguide loss of PVCN was delermined using an experimental setup shown in Figure 6.

fiber bundle was used as a probe to collec! light scattered from the waveguide. The fibar was
eld-at+ight-angle-10-the waveguide and scanned along the length of the bright streak formed by
he guided beam. The distance between the fiber end-face and the waveguide surface was kept
_fonstant during scanning and light passing through the fiber was monitored as a function of
_position. Loss was evaluated assuming [12]

| = 1y exp(-az)

Ll

—where 1 Is the Intensity of scattered light at any point, z along the length of the waveguide, |,

—Vs the Intensity at z = 0, and « Is the attenuation coefficient. A plot of In(l) versus 2z for
PVCN is shown In Figure 7. The waveguide loss for PVCN was found 1o be 3 dB/cm at 633nm
—wavelength. This loss is mostly due 1o scallering because the absorption loss for this polymer
at 633nm wavelength Is negligible.
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— Figure 6. Schematic of waveguiding loss measurement system
- ELECTRO-OPTIC MEASUREMENTS

-
'1 The electro-optic coefficients of PVCH doped with 10%

CNNB-R were measured using
Schematic of experimental setup for this method
of PVCN doped with CNNB-R was spun onto ITO
d using both the corona poling and parallel electrode

_Ihe reflection method of Teng and Man [V 5.
—Is shown In Figure 8. A thin film (1pm)

coated glass. The polymer films were pole
jollng techniques.

[J XYZ TRANSLATOR -

=t

]
[ DETECTOR -

Tl

NYIYHEY Y




- looo__, - LINL FOR [3Ut: | ' 200!

B S ALY

L et e gt

13(2!92““ Title hi_ro e

—_— - rg
[ ]
istpage suartAuthorshere 31 s
3
© [
e .
& 24
18t page begin Absiract here .
1 v v v -
0 1 2 3 4

Z (cm)
Figure 7. Plotof In(t) vs z for PVCN

it b

. DETECTOR
5 LASER
] ZER ANALYZER
. POLAR COMPENSATOR
- GLASS
[colv) AMPLIFIER

Figure 8. Experimental arrangements 1o measure electro-optic coefficients

In the corona poling technique, the wire-to-plane electrode configuration was used.
The poling temperature was 70°C which is less than the glass transition temperature Tg (Tg

= 809 C). The polymer was poled for about 4 minutes and subsequently cross-linked for 10
minutes by UV Irradiation without changing the poling field. The sample was then cooled down

e lrer

pu S = —— — — — f— oty me— —— —

to room temperature under the poling field and with the UV lamp on. A thin layer (60nm) of
polyvinyi alcoho! (PVA) was deposited on top of the sample by spin coating PVA solution in
water to fill the pinholes generated during corona poling. Gold film of 40 nm thickness was
evaporated on top of the PVA layer. Gold and ITO served as top and bottom electrodes for
modulating field for electro-optic measurements.

In the parallel electrode poling technique, gold electrode was first evaporated on top of

the polymer layer. The sample was healed to 70°C and a voltage was applied between gold and

ITO electrodes. The poling and cross-linking were then performed using the procedure
described earlier.

The electro-optic coefficient is given [13] by

) n
rag= [3A1y, (n2-sin%)" ] / [ anv. 1.(n? - 2 sin20 )n2 sinp |
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- | A8 NI ih§ Wavelangth lh:vaqum. n Is the refraclive index of the polYmer hlm lmlsthe
—amplitude of modulated intensity, | is the hall maximum intensity, v, is the amplitude of

:modulatlng voltage applied, and 0 is the angle of incidence with respect to the normal to the

plane of the sample. In the present calculations, n, = ny = n has been assumed. The r34
m start Authors hare
a‘l‘ﬁalem'foﬁhe"cvrdrra poted-sample (10%. CNNB-R) was found to be 4.5pm/V at 633nm

wavelength. The ry4 coefficients for paralie! elecirode poled film at 633 nm wavelength were
2.0pm/V and 0.9pmv/V for poling fields of 50V/um and 45V/um respectively.
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CONCLUSION

IllllJJJll

:lndex decreases upon photocross-linking by as much as 0.02. PVCN offers significant
ladvantages In. precessing_and. photolithographic patterning steps that are necessary. for
fabricating devices. The poled and cross-linked PVCN polymer containing CNNB-R shows
stable nonlinearity. Although, the electro-optic coefficients for this system for low
concentration of dye are not large, they can be increased significantly by increasing the

L

11

The photoreactive polymer, PVCN forms a good optical quality fiim. Its refractive

qconcentration of CNNB-R in PVCN or using allernate NLO molecular subunits.
—{Acknowledgement: Funding for this research from ONR and a grani from the department of Air
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