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1 2 and 1 4 Electrooptic Switches
Y. Zuo, B. Bahamin, E. J. Tremblay, C. Pulikkaseril, E. Shoukry, M. Mony, P. Langlois, V. Aimez, and

D. V. Plant, Senior Member, IEEE

Abstract—We describe the design, fabrication, and testing of two
packaged electrooptic switches built from poled LiTaO3 crystals.
The 1 2 switch requires a driving voltage of 1200 V and exhibits
insertion loss of 2.4 dB and crosstalk of 39.2 dB; the 1 4 switch
exhibits insertion loss and crosstalk of 2.8 dB and 40.6 dB, re-
spectively, and operates using a 1100-V voltage source. The max-
imum deflection time between the channels is 86 ns.

Index Terms—Electrooptic (EO) deflectors, electrooptic (EO)
effects, optical fiber devices, optical switches, packaging.

I. INTRODUCTION

E LECTROOPTIC (EO) beam deflectors are currently
seeing considerable interest and are widely used for var-

ious applications [1]. For example, high-speed low-loss optical
switches aimed at future agile all-photonic networks can be
built using EO deflectors [2]–[4]. To date, the emphasis of
existing publications has been on scanning applications which
do not require fiber-to-fiber packaging [5], [6]. In this letter, we
report two packaged optical switches that use EO deflectors.
The switches are built from LiTaO crystals that are poled to
obtain domain inversions [7]. By applying an electrical field
across the crystal the trajectory of the beam is diverted as it
travels through the poled wafer. The electric field induces an
index change of opposite sign in the adjacent domain regions in
the EO device, causing the optical beam to refract at the inter-
faces. By combining these EO deflectors with fiber collimators
and high voltage packaging, we have built and characterized
high-speed optical switches.
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Fig. 1. Rectangular prism-shaped domain inversion.

Fig. 2. Schematic of the two active regions and the four outputs of the 1� 4
EO deflector.

The remainder of the letter is organized as follows. In Sec-
tion II, we briefly describe the design and test of the EO ele-
ments. Section III provides details regarding the packaging and
optical and high-speed testing of the 1 2 and 1 4 switches.
Finally, the conclusion is given in Section IV.

II. DESIGN AND TESTING OF EO ELEMENT

The EO elements are fabricated using 500- m-thick z-cut
LiTaO crystals that are poled to invert domains. The poled re-
gions are prism shaped as shown in Fig. 1.

The index change as a function of applied voltage, device
thickness, and index is given by

(1)

Here, is the index of refraction , the EO co-
efficient of the substrate along the axis pm/V ; is
the external voltage, and the thickness of the substrate. Ac-
cording to the simplified model [5], the deflection angle inside
the substrate is related to the electric field by

with

(2)

where is the device length and the device width. We see
that by choosing appropriate and , optical switching can
be obtained. Here, the dimensions of individual prisms and the
number of prisms do not affect the deflection performance since
only the overall dimensions of the deflector are relevant, as per
[5].

Using these concepts, we designed a 1 2 optical switch
[8]. The deflector hence conceived had an effective length of
18.5 mm and a width of 0.57 mm. Subsequently, a 1 4 optical
switch was created using a cascade of two 1 2 switches [9],
as shown in Fig. 2. The dimensions of the two active regions
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Fig. 3. Four captured output spots of the 1� 4 deflector.

Fig. 4. Measured and theoretical deflection angles of the 1� 4 deflector for
different driving voltages.

of the 1 4 switch are 21.9 0.6 mm and 15.5 0.8 mm,
respectively, and were fabricated on a contiguous substrate.
The first stage operates in a manner similar to that of the
1 2 switch, whereas, the second stage is designed to be wide
enough to deflect both the original and deflected beams fed by
the first stage. Using this approach, four states can be obtained
depending on the configuration of the electric field applied to
the EO device. Fig. 3 shows the four output spots obtained from
the deflector and Fig. 4 plots the deflection angle versus applied
voltage (measured in free space), together with theoretical
curves. Here, we label the four output spots as follows: 00, 01,
10, and 11. Using this notation, 00 indicates that no voltage
is applied to either stage, 01 indicates a voltage applied only
to the second stage, 10 indicates a voltage applied only to the
first stage, and 11 indicates a voltage applied to both stages
simultaneously.

Since is only valid along the axis, a polarization angle
misalignment will greatly affect the performance of the switch.
Fig. 5 demonstrates the dependence of the insertion loss and
crosstalk on the polarization angle of the input beam. Aside from
polarization, we note that a translational or pitch misalignment
of the collimators of 50 m and 0.04 , respectively, will result
in an additional loss of approximately 1 dB.

III. PACKAGING AND TESTING

Given the similar structures of the 1 2 and 1 4 deflectors,
we designed a package capable of supporting both deflectors.
The EO crystals were mounted on an acrylic base which is 14 cm
long and 3 cm wide. The base was designed to have a pillar
opening to guide the electrical wires which attach to the high
voltage connectors. A knife-edge right-angle prism was incor-
porated in the 1 2 optical switch package to further separate
the two beams at the output. A schematic of the packaged 1 2
switch is presented in Fig. 6. The EO device provides an initial

Fig. 5. (a) Insertion loss as measured by the four fixed output collimators for
different values of polarization angle misalignment. (b) Crosstalk performance
caused by polarization angle misalignment.

Fig. 6. Schematic of the 1� 2 package with all components.

beam separation of 1.9 mm. The beams are directed toward a
right-angle prism and then deviated toward the collimator glued
on the side of the base.

Similarly, a custom prism is glued at the output end of the
1 4 device to provide greater separation between the four
beams. This custom prism has a “V” shaped groove which
is obtained using two 1.1-mm-wide reflective surfaces tilted
at 45 . The mirrors work in a manner similar to that of the
right-angle prism and deflect the two center light beams by

90 toward the collimators glued to the side of the base.
The edge beams are unaffected by the prism and pass right
through to the edge collimators (Fig. 7). Before the prism, the
distances between each light beam are measured to be 1.0, 0.9,
and 0.9 mm.
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Fig. 7. Top view of the custom prism used in the 1� 4 switch.

TABLE I
INSERTION LOSS, CROSSTALK, AND DEFLECTION ANGLE OF THE

1� 2 PACKAGED SWITCH

TABLE II
INSERTION LOSS, CROSSTALK, AND DEFLECTION ANGLE OF THE

1� 4 PACKAGED SWITCH

At the input and output ends of the device, polarization-
maintaining (PM) fiber collimators with a 100-mm working
distance and 0.4-mm beam waist were precisely aligned and
secured using a custom epoxy. Another acrylic container mea-
suring 18 cm long and 10 cm wide was designed as an outer
package to support the base and other accessories.

To test the switches, a 1310-nm linearly polarized fiber cou-
pled laser source is used and the PM fiber input collimator is
aligned to the axis of the LiTaO crystal. Tables I and II present
the insertion loss, crosstalk performance, and deflection angles
of the 1 2 and 1 4 packaged switches. Since the facets of
the deflector were not antireflection coated, the loss thus caused
was calculated and removed from the results. All measurements
of the packaged switches are obtained using driving voltages of
1200 V for the 1 2 switch and 1100 V for the 1 4 switch.
We note that the 1 2 switch exhibits a best case insertion loss
of 2.4 dB and crosstalk of 39.2 dB. For the 1 4 switch, we
obtain values of 2.8 dB and 40.6 dB, respectively.

Since the measured switching speed of these devices is lim-
ited by electrical capacitive effects of the LiTaO substrate and
by the speed of the voltage supply [10], actual speed perfor-
mance was obtained by measuring the deflection time, which is
defined in this context as the time it takes for 90% of the light
power emerging from one output collimator to be deflected and
subsequently be detected at the 90% level at a second output
collimator. Using this definition, the measured maximum rise
time between any two channels was measured to be 86 ns, which

Fig. 8. Deflection time between Channel 11 and Channel 00; the deflection
time here is the time from 90% of the light power in Channel 11 to 90% of the
light power in Channel 00.

corresponds to a maximum switching frequency of 12 MHz. A
representative measurement of the switching time obtained as
the device is switched between Channels 11 and 00 is shown in
Fig. 8. Further, we note that the deflection time is a little slower
when switched between 11 and 00 because the 11 case has larger
equivalent capacitance and resistance than that of 10 and 01.
Also, the distances between the output collimators will affect
the deflection time.

IV. CONCLUSION

We have successfully built ultrafast 1 2 and 1 4 optical
switches. The switches are 14 cm long and 3 cm wide. The in-
sertion losses are around 3 dB and the crosstalk is approximately

27 dB. The maximum deflection time between the channels is
86 ns.
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