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POF (Plastic Optical Fiber) is suitable for indoor LAN (Local

Area Network), for example, in-home or office networks, because

of its flexibility and its ease of connection due to its relatively

i x i i i i Core: $486 Core: $200 Core: $10
large core diameter, A 1x2 optical switch for indoor LAN using Gore: 35400 b Gore: 3230 bm Gore: 3125”,'4"".

POF and an SMA (Shape Memory Alloy) coil actuator with
magnetic latches was successfully fabricated and tested. In this

paper, the design concept and the characteristics of this switch are

described.

To achieve switching by the movement of a POF, large Fig. 1. Large diameter optical fiber
(POF/PCF) and conventional silica fiber

displacement is necessary because the core diameter is large (e.g.,

0.486 mm). A SMA coil actuator is used for large displacement

and a magnetic latching system is employed for fixing the

" L30mum X W10 mm xHS mm.
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Fig. 2. (a) Structure of optical switch and (b) switching mechanism
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position of the shifted POF. For this design, the insertion loss is 0.40 to 0.50 dB and cross talk is more than —50
dB without index-matching oil. Switching speed is less than 0.5 second at a driving current of 80 mA. A cycling
test was performed 1.4 million times at room temperature. Another optical fiber switch was fabricated and
successfully actuated using PCF (Plastic Clad Fiber). PCF also has a large core diameter (e.g., 0.20 mm) and
optical switches using PCF will be useful for short distance networks between buildings.

The structure of the optical switch is shown in Figure 2(a) and the switching mechanism is shown in Figure
2(b). On the right side is a movable POF attached to the SMA coil and on the left are two fixed POFs. The fiber
end on the left side and those on the right side face each other. The switch is operated by moving the POF. A large
displacement of 0.5 mm is needed because the outer diameter of the POF is 0.5 mm. To achieve such a large
displacement, an SMA coil actuator was used. If switch SW 1 in Figure 2(b) is turned on, an electrical current
flows through the upper half of the SMA coil, which is heated by Joule heat. When the upper half of the SMA is
heated beyond a certain transition temperature, it contracts. A fiber, which is attached to the SMA, moves upward
and light passes into the upper left side fiber (Line 1). If switch SW 2 in Figure 2(b) is turned on, the same change
occurs in the lower half of the SMA coil and the POF is moved to the lower side (Line 2). A magnetic ring is
attached to the movable optical fiber and two permanent magnets are placed at both sides of the fiber. The
permanent magnets attract and fix the location of the magnetic ring when the fiber moves to the upper or lower
side. Because the magnetic latch fixes the position of the shifted POF, a continuous current supply is not
necessary.

The SMA coil was stretched from memorized shape and

shear strain was 4.3%. The acrylic substrate, which is the x=0 8,
N ¥

base for all the parts, was fabricated using a high-speed 620 "\_i
Fixed fiber |

Movable fiber

D Stopper B

milling machine. The fibers on the left side were placed in

the groove of the substrate and properly fixed by pressing
them into a V-shaped extension as shown in the cross

section of Figure 2(a).

In order to consider minimal insertion loss of optical

switch, an appropriate alignment should be necessary. Fpax
should be lower than 250 mN for SMA actuation and

service life considerations as previously mentioned in the
discussion of SMA coil design. For the calculation of L, the

following values were used: a = 4.5 mm and v = 0.5 mm.

For a long lifetime of SMA, Fmax was set at 40 mN. L was

24 mm as shown in Figure 3.

In order to get low insertion loss of fabricated switch, we

2Fmax

have considered many types of fiber processing method. o
X : Lateral misalignment

Mechanical polishing method is the superior than other 6 Angular misalignment

Fig. 3. Optical coupling condition for low loss of switch
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processes. A polishing Jig was fabricated for polishing fiber ends without permanent fixing method. Using these

methods, an excellent fiber surface with stable reproducibility was gained in this study as shown in Figure 4.
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Fig. 4. Fiber end processing methods and results

A high-speed milling machine was used for cutting the acrylic substrate. The fabricated POF switch is
shown in Figure 5. The above-mentioned parts were assembled on the processed acrylic substrate as follows:

1) Cu electrodes for driving of the SMA were attached to the substrate with adhesive.

2) The middle of the SMA coil was fixed to a ring made of magnetic material and connected to the electric
wires.

3) Two permanent magnets were fixed to each predetermined position of the substrate.

3) The movable side of the POF was inserted into the magnetic ring and fixed using adhesive.

4) Two fibers were placed in the grove of the substrate and properly fixed by pressing from upper side
using a V-shaped outward e);tension as shown in Figure 5.

5) The gap between the opposed POF ends was adjusted under a microscope.
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Fig. 5. Fabricated optical switch
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Insertion loss of fabricated optical switch was less than 1 [dB] without using index-matching oil. When
index-matching oil was used, insertion loss was less than 0.15 [dB]. Cross talk was more than ~50 dB without
index-matching oil. A continuous switching test was performed and 1.4 million cycles of switching were realized
at room temperature. Switching speed was less than 500 ms for POF switch, and 260 ms for PCF switch at a
driving current 80 mA. In this study, a highest switching speed was measured. At 180 mA, POF and PCF switches
speeds are 160 and 80 ms, respectively. This value is near of commercial optical switch. It can estimate from this
result that, in future when it will apply to the single mode fiber switch, this value become smaller. This speed is
sufficient for indoor LAN or short distance network applications. As shown in Figure 6 there are some optical

characteristics and a packaged switch.
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Fig. 6. (a) Actuation and latching confirmation test, (b) Insertion loss, (¢) Continuous switching test, (d)
Packaged switch, and (e) Switching speed of PCF switch at 180 mA
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Fig. 7. (a) Application test, and (b) Recovery time at several current of PCF switch

We have discussed about packaging process and problem of fabricated optical switch. An appropriate
adhesive is selected for fixing the main boy and cover of optical switch. A high viscosity adhesive is suitable for
fixing. The packaged size was L30 mm x W15 mm x H5 mm. The outer dimension of our fabricated optical
switches is not larger than commercial optical switches, which were described before. Cover structure for
packaging was simple and it was suitable to fabricate using injection-molding process with mass production.
Packaged fabricated optical switches actuation was confirmed.

In this study, we applied a simple stand-by application test for emergency trouble. At emergency situation
fabricated switch can response with changing its previous position to another position. Switching speed was less
than 350 ms for POF switch, and 260 ms for PCF switch at a driving current 80 mA as shown in Figure 7.
Furthermore, if applied current is less than 70 mA, SMA actuator will be not active. Relation between switching
speed and current were determined.

In future by adding several 1x2 optical switches, it is possible to use at 1x8 optical switch application. As the
insertion loss is very low. To fabricate the substrate at low cost, injection molding can be applied instead of
high-speed milling machining. We got new information by doing this research work that will help to fabricate

polymer optical switch with low insertion loss in future.
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