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Polarization-Controller (FPC-1, FPC-2, and FPC-3)

Introduction:

FiberControl polarization controller’s unique user-friendly design utilizes stress-
induced birefringence to alter and control the state-of-polarization (SOP) of light in
single-mode fibers.! With each of the three paddles acting as a fractional waveplate,
complete coverage of the Poincaré sphere and control of the SOP are achieved by
adjusting the angles of the paddles. Originally patented at Stanford University by Herve
C. LeFevre,” this product is now fully licensed for sale within the United States and
throughout the world.

Polarization control is an important consideration for those working within the
fiber-optic industry since virtually all-optical components have some degree of
polarization sensitivity. Whether your system incorporates acousto-optic modulators,
electro-optic modulators, gratings, filters, fused-fiber couplers, angle-polished fibers,
etc., each device has its own preferred SOP. Depending on the device, this sensitivity to
SOP may be less than a tenth of a dB — for others, can easily exceed a dB. For an
ensemble of components, the difference in system performance between a randomly
chosen SOP and one that’s carefully controlled can be very significant.

To optimize system performance, the SOP must be individually adjusted at the
input of each of these polarization sensitive devices.

Applications:

Figure 1 shows an example of a simple experimental setup requiring control of the
polarization. The laser’s output is highly polarized. The SOP at the input of the
polarization splitter must be properly aligned. The PC is adjusted to allow the TE-mode
to pass on to the detector. In this example, if the SOP were not properly aligned, a
significant loss would occur. This is also true when other devices such as an electro-optic

"H. C. LeFevre, “Single-mode Fiber Fractional Wave Devices and Polarization Controllers,” Electronics
Letters, vol. 16, no. 20, 1980, pp. 778-780.
2H. C. LeFevre, “Fiber Optic Polarization Controller,” United States Patent, no. 4,389,090, June 21, 1983.
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modulator, acousto-optic modulator, semiconductor optical amplifier, fiber gratings, etc.
replace the polarization splitter.
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Figure 1: A simple use of a polarization controller is shown establishing the SOP at the input of the
polarization splitter.

While the devices listed in the above example show an obvious need for the control
of the SOP, other applications also require its use where the polarization dependent
changes are subtler. These include devices such as couplers — used as taps or for WDM.

Even monitoring the output of a simple beveled connector may require the control
of the SOP to obtain desired measurement accuracy. This, of course, results from the
difference in the two Fresnel reflection terms (parallel and perpendicular to the plane of
incidence) at the bevel’s glass-air interface.” While the optical power emitted from a 6°
beveled fiber varies by only 52 mdB with polarization, the power from an 8° bevel
changes by over 0.1 dB — approaching the level of a splice loss.*

In all these examples, it’s assumed that all fibers are secured that the source is stable, and
that the detector has no polarization sensitivity.

Diameter and number of Fiber Turns:

Having been modeled after in-house versions used within a world-renowned
research laboratory for more than a decade, the coil diameters were chosen to maximize
end-user flexibility over a variety of wavelengths and applications.

* M. Born and E. Wolf, “Principles of Optics,” 6" ed. (New York: Pergamon Press, 1980), pp. 36-47.
* Ibid., assuming n;=1.5 and ny=1.
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The figures in the appendix show the number of fiber turns in each paddle, as a
function of wavelength, for both diameters which give true A/4-wave and A/2-wave
operation. Many researchers working at 1.55 um typically place two turns in the outer
diameter (26.5 mm) of each paddle to provide complete coverage of the Poincaré sphere
with low insertion-loss. As can be seen in the second graph, true A/4-wave:\/2-wave:\/4-
wave operation can be obtained using the inner diameter (17.5 mm) resulting in a slightly
higher insertion-loss.

Additional Information:

Principles of Optics - Electromagnetic Theory of Propagation Interference and
Diffraction of Light by Max Born and Emil Wolf.
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Appendix:
Fiber Type: Lucent SMF (5D),
125 um, 26.5 mm dia. loop
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Fiber Type: Lucent SMF (5D),
125 um, 17.5 mm dia. loop
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