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Abstract: We report a novel design of an electro-optic beam deflector using two total-internal- 
reflection interfaces creating a three-part switch. 
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Electro-optic devices have seen considerable interest in recent years, parlicularly for applications in optical 
switching. Materials such as lithium niobate @iNb03) and lithium tantalate (LiTaOJ are IypicaUy used because of 
their relatively high electro-optic coefficient and availability; however,,the index change associated with these 
crystals is still small in bulk devices, even at high voltages. Despite this, total-internal-reflection (TIR) switches are 
attractive because of the simple fabricatioT theoretical polarization independence, and possible short switching 
times [I]. 

We have investigated prism based electro-optic switches [2,3], but the deflection of these switches is quite small, 
around 1.22 degrees. TLR switches offer resolvable spots with large angular deflection, roughly 4 degrees, reducing 
some difficulties in building a packaged switch. We have designed and fabricated a novel design for a three-port 
switch, using multiple TIR interfaces to provide deflection for each state. Figure 1 shows the basic concept behind 
the extended TIR design as a 1x3 switch. 
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Fig. 1. Switch concept 

We have fabricated these devices by I~thographicaUy defining electrodes on a 500 pm, z-cut LiTaOA wafer. Using an 
external elettric'field, the polarizatiofl of the domains is reversed, and an electrode is deposited over the entire 
region. Under an electric field, the unpoled and poled domains will experienk an index change, but opposite in sign, 
giving us twice the index change at the interface of the unpoled and poled domains. The device was then diced and 
polished io an optical grade by Nova Phase, Inc and then annealed for an hour at 150 "C. 

We tested the devices by connecting a linearly-polarized 13 I O  nm laser source to polarization controllers, to a long- 
working distance fiber collimator, which Was then aligned to the first electro-optic interface. A copper probe was 
placed in contact with the device electrode and 1050 V was applied. At the output, we used a linear InGaAs camera 
to gauge alignment and to pro\ride scans of the beam shape and quality at each of the three output ports. 



Fig. 3. Camera scans of three output ports from TIR switcli (S-polarization) 

Figure 3 show the three switch states as seen through the camera at an output plane located 15 cm from the end 
facet of the device. Table 1 gives results indicating the angular deflection of the beam, and the insertion loss 
captured through a 1.3 mm aperture at each port. 

With this design, our concept of using TIR interfaces for a three-port switch is achieved; the higher than predicted 
crosstalk is attributed to the electrode length being too small to fully reflect the collimated beam, causing leakage 
through the interfaces. 

Table 1. Switch Deflection and Power measurements (S-polarization) 

Deflection Crosstalk in port - 
A 0.09 Insertion Loss worst case 

2 3.9s 4.8 -16.9 
3 4.82 , .  5.3 -22.2 
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