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Organic materials have attracted remarkable in-
terest recently as promising candidates for elec-
tro-optic (EO) devices because of their substan-
tially low dispersion of EO coefficients compared
to conventional inorganic EO materials such as
LiNbO;."? Organic materials with EO coeffi-
cients hi§her than ry; of LINbO; have been re-
ported.>* Recently a method of fabricating self-
assemble superlattice (SAS) layers of polymer
materials has been discussed.” The SAS layers
were intrinsically accentric, and second harmonic
generation (SHG) and EO effects have been
demonstrated without external electric field pol-
ing process.6‘7

A prototype symmetric waveguide EO modu-
lator was proposed. Fig. 1 shows the cross section
of the waveguide structure of the EO modulator
based on GaAs substrate. A 0.5 pm gold layer (the
lower electrode) was deposited on the GaAs sub-
strate. Then a SiO, layer was fabricated by
PECVD method. The EO SAS layers were grown
on a BCB (Cyclotene 3022-35) layer, and then
were covered by another BCB layer. The two BCB
layers functioned as two guiding layers and made
the waveguide symmetric. While the thickness of
the EO active SAS layer was less than 1.496 um at
a wavelength of 1.064 um, this symmetric wave-
guide remains a single mode waveguide.®

A 2.5 um Cytop (a fluorinated polyether) layer
was spin-coated on the upper BCB layer to reduce
the contact loss of the wave energy. Finally, an-
other gold layer (the upper electrode) was de-
posited on the Cytop layer.

The RF bandwidth is related to the velocity
mismatch between optical and RF waves and the
RF electrode loss. For low loss materials, parame-
ters fl,g. o and nyg care needed for the evaluation
of the RF bandwidth. Index n,g,,, Was estimated
using a multi-layer waveguide configuration.
Index ng, was given by
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CTuK5 Fig. 1.

The cross section of the waveguide EO modulator. (a) The geometry of the EO mod-

ulator, and (b) the node divisions for finite element analysis.
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where C was the capacitance with materials pre-
sented and C, was that without materials (re-
placed by air) for a unit long segment of the wave-
guide. The capacitance calculation was made
using finite element analysis methods. The char-
acteristic impedance Z linked with the capaci-
tances by

_ 1

/e,

where ¢ is the speed of light in vacuum.

The effective optic refractive index n,g,,, is
1.556 at a wavelength of 1.064 pm. The capaci-
tance of the sample C is 106 pF. While the materi-
als are replaced by air, the capacitance C, of the
virtual sample is 37.8 pF. The effective RF refrac-
tive index 7,4, is 1.675. The characteristic im-
pedance Z is 52.7 Q, which is quite close to the 50
Q ideal value. The difference between the 1,4,
and n,g . is about 0.119, and this makes sure that
one can achieve a bandwidth of 40 GHz for an EO
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CTuK5 Fig. 2. (a) The refractive index pro-
file, and (b) the electric field distribution (near
the central part of the waveguide) along the verti-
cal direction.

CTuK5 Fig.3. The external electric field and
potential distributions of the EO modulator.



modulator up to 3 cm long. While the applied
voltage between the two electrodes is 100 V, the
voltage difference between the upper and lower
surfaces of the EO active SAS layer (0.5 pm thick)
is about 4.15 V. For a 1 cm long EO modulator
with 5 V driving voltage, the equivalent driving
voltage for a longitudinal EO modulation config-
uration is about 4.2 kV.
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Periodic optical elements such as photonic
bandgap structures' have been widely explored.
While these structures perform effectively in
some applications, the limited degrees of freedom
can dictate their size. We adopt the concept of ir-
regular structures,” which have been shown to
provide better performance and functionality
than periodic structures, with significantly re-
duced size. We demonstrate both optical mode
converter and mode-selective optical cavity
structures that can be fabricated using standard
semiconductor processing techniques.  Fre-
quency-dependent mode conversion illustrates
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CTuK6 Fig. 1. Schematic diagram of a wave-
guide with an irregular scattering surface.
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the prospect for wavelength division multiplex-
ing elements and laser cavity mode control. The
mode converter function can lead to optimal
power splitters.

The general concept of our irregular wave-
guide structure is depicted in Figure 1, where the
variable width sections provide for field transfor-
mation. We treated the discrete waveguide widths
as optimization variables in a cost function in-
volving the input field and the desired output
field. A multi-resolution strategy was used to ar-
rive at particular designs, where solutions with
coarse steps in waveguide width with a small
number of sections were refined to smaller steps
in width and a larger number of sections during
the iterative process. The forward solution, for a
particular geometry, was represented by a gener-
alized scattering matrix,’ where the fields in each
uniform section of waveguide were expanded
using propagating modes and an adequate num-
ber of evanescent modes for convergence. We
found that more than one solution can exist, i.c.,
that there may not be a unique solution.

A TE,/TE;, mode converter example operat-
ing at 1.55 pm is shown in Figure 2. Figure 2(a)
shows the conducting waveguide sidewall geom-
etry, and Figure 2(b) the frequency response for
each propagating mode. Complete field transfor-
mation is achieved in a length of less than 6.5
wavelengths, with no reflection. This mode con-
verter is a one-to-three power splitter, with an ap-
propriately arranged output waveguide configu-
ration. As a second example, consider the mode
selective structure of Figure 3. The reflectivity for
the TE,, mode at 1.55 um is 99.8%, while the
TE,, mode has very low reflectivity (0.01%).
Therefore, such a structure could act as a cavity
mirror to select one mode for lasing at 1.55 pm,
in this case.

We have demonstrated the functionality
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CTuK6 Fig. 2. (a) 1.55 um TE,(/TEs mode
converter, and (b) frequency response of the
propagating mode. Solid: transmitted TE;q;
dashed: transmitted TE,; dotted: reflected TE,.
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CTuK6 Fig.3. (a) 1.55 pm TE,(/TEy mode-
selective structure, and (b) frequency response of
the propagating mode. Solid: reflected TE,g
dashed: transmitted TE,y; dotted: transmitted
TE,; and dot-dashed: reflected TE,q.

achievable with optimized, irregular optical field
transformation components. The compact de-
sign geometries we have obtained are within the
resolution limits of electron beam lithography,
and could be fabricated on a semiconductor
wafer with current technology.
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Spectral-spatial holographic (SSH) materials are
ideal for performing a variety of high bandwidth
analog correlations because of potential band-
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