
H7■ A PLANAR ELECTRO-OPTIC BEAM SPLITTER WITH A SAWTOOTH ELECTRODE

CHUNG LEN LEE, JING SHYANG HORNG

and

CHENG-HAO HUANG

Institute of Electro-Optical Engineering

National Chiao Tung University
CHINA

Hsin Chu, 9?aka+r . ..G.f5.

E!4?EsY
A planar electro-optic beam splitter with

a sawtooth electrode is presented. The
realized device on LiNb03 showed that this
device had a deflection power two times higher
than the beam splitter with conventional prism
electrodes. It is easier to be fabricated and
gives a higher operating speed.

Planar electro-optic devices based on
electrodes of simulated prism structure to be
a beam deflecor or a beam splitter had been
studied extensively.1-6 In this paper, a new
type of electrode which acts as a beam split-
ter, while at the same time, gives better per-
formance than existing devices, is presented.
The device was also demonstrated on a LiNb03
Ti in-diffused planar wavequide at 63288.

The electrode pattern is shown in Fig.la.
With the voltage V applied on electrodes as
shown, the device can be, in effect, consi-
dered to be an array with conventional prism
electrodes, while for which, two voltages, V
and v/2, are applied alternatingly on each
seperated electrode as shown in Fig.lb. When
an optical beam propagates through the device,
each individual simulated prism region of the
device will give an alternating linear phase
shift to the wavefront of the optical beam.
The device acts effectively as two sets of
triangular phase grating arranged alternating-
ly . Hence it is a beam splitter.

For a single simulated prism electrode,
it can be derived that the deflection angle,
e, is5

~ne-t33vB
e=

II A2
(1)

where ne and Y33 are the extraordinary refrac-
tive index and the appropriate electro-optic
coefficient of LiNb03, respectively, and A and
B are the aperture and length of the electrode
respectively. For the sawtooth electrode, for
each ‘virtualN single prism electrode, V
becomes V/2 and A becomes A/2 in equation (l).
The overall deflection angle is doubled. That
is: the sawtooth electrode has a deflection

power two times larger than the beam splitter
constructed with the conventional prism elec-
trodes.

Another advantage with the sawtooth elec-
trode is the following: When prism electrode
are arranged in an array structure to be a
deflector or beam splitter, because of the
finite width of electrodes and the required
spacing between electrodes (these are due to
the intrinsic photo-lithography limitation),
the performance of the device can not approach
those as predicted by the theory which assumes
zero width and spacings. Sidelobes are
usually seen on the deflected or splitted
beams. For the sawtooth electrode, horizontal
electrodes are eliminated. For one pair of
tilt electrodes, this saves one unit of the

electrodes. This makes the deflected or
splitted beam be better quality.

Finally, due to less number of electrodes
used, this device is easier to be fabricated
and is expected to be able to operate at a
higher speed.

An experimental device was fabricated and
tested. The device was realized on a Ti un-
diffused Y-cut X-propagation LiNbO wavequide.

8The aperture A was chosen to be 11 pm, and
the length B was chosen to be 3300pm. The
width of the electrode and the spacings
betw en electrodes were chosen to be 10pm. A

E6328 He-Ne laser optical beam was coupled
into the device. Fig.2 shows the output spots
of the device with the applied voltage to be
15, 30, 45 and 60v respectively. With an
applied voltage of 15v, two splitted beams

appeared while with the central beam still
observable. With the applied voltage in-
creased to 30V, the beam splitted to six spots
and the central beam disappeared. With the
applied voltage increased further, the inten-
sities of beams near the central region de-
creased while those for beams near outside
region increased. The measured deflected
angles, when compared with those of a similar
device which was fabricated with conventional
prism electrodes with comparable dimensions
as the sawtooth electrode, they were two times
larger.

It can then be concluded that when elec-
trodes are arranged in a sawtooth fashion, a
beam splitter is obtained. This beam splitter
has a deflection power two times higher than
the beam splitter formed with conventional
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prism electrodes. It will give better quality 3.
for the deflected beam. It is easier to be
fabricated and it should give a higher oper-
ating speed.
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Fig.1 The sawtooth electrode and the corres-
ponding ‘virtual” prism electrode
array. The phase ?ront shift on the
passing optical beam is also shown.

Fig. 2 Pictures of the output beam spots of
the experimental device for the applied
voltage of O, 15, 30, 45 and 60v,
respectively.
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