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The most common waveplate retardance values are (1/2)
and (m). The quarter waveplate as previously explained will
change linear polarization to circular and visa-versa. It can
be shown that propagation through a half waveplates will
keep linear polarization linear, however it will be rotated
through an angle of 20; where 0 is the angle between the
incident polarization direction and the crystal’s fast axis.
For this reason half waveplates are often referred to as
polarization rotators.

Multiple Order Waveplates

using the previous equation, and given a required retar-
dance value, the necessary thickness of the waveplate can
be calculated. For standard waveplate materials, such as
quartz and magnesium fluoride, the calculated thickness
for a retardation value of a fraction of a wave would be
on the order of 0.1 mm and too thin to manufacture. For
this reason a higher multiple of the required retardation
is use to place the thickness of the waveplate in a physi-
cally manufacturable range. These waveplates are called
multiple-order waveplates and typically have values in the
neighborhood of 10 to 12 whole waves plus the fractional
retardation required.

Temperature, Wavelength and Angle of

Incidence Dependence

An important consideration in using multiple order wave-
plate is the dependence of the retardation value on tem-
perature, wavelength and angle of incidence. The thicker
the waveplate, the higher the retardation value, and the
more the retardation value will change with temperature,
wavelength and angle of incidence. The change in retar-
dation due to temperature is expressed by the following
equation:

AN, (waves) = -0.1014N x 10 2 / °C

where N is the retardation value in waves.
For wavelength dependence:

AN (A>A)) = N An'A - N
AnA/

where An is the birefringence (n_-n ).

Finally, the dependence on angle of incidence is:
AN, (waves) = N¢? (radians) / (2n_n )
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Obviously, from the preceding equations, the smaller the value
of N the less effect the temperature, wavelength, and the angle
of incidence will have on the retardation value. This is key dis-
advantage of a multiple order

waveplate.

Zero Order Waveplates

Based on the above equations it would be highly advantageous to
construct a waveplate of zero order i.e. M=0 and N equals exact-
ly one quarter or one half wave thickness. This can be achieved
if the plate is constructed of two plate halves which have their
fast axes crossed. The thicknesses are chosen so that the differ-
ence in retardation between the two plates is equivalent to the
desired retardance. Any variation in temperature, wavelength,
or angle of incidence dependence is greatly reduced. This type
of waveplate is called a zero-order waveplate. Plate halves can
be cemented, optically contacted or air-spaced.

Achromatic Waveplates

The wavelength dependence of the birefringence dictates that
the spectral range for the standard waveplate is approximately
10 nm. To accommodate tunable sources or sources with larger
spectral widths, a waveplate that is relatively independent of
wavelength is required This is accomplished with achromatic
waveplates.

An achromatic waveplate is a zero-order waveplate utilizing two
different birefringent materials. As a result of the dissimilar
wavelength dependence value shifts in one plate due to the
wavelength change will be compensated by the other plate. It
can be shown that an achromatic waveplate can be constructed
by using the following equations:

d,=N®,An, -2 An, ) d, =NR*,An -AAn,)

AnlaAzb'AnmAnza AniaAzb'AnibAnza

where d_and d are the material thicknesses, N is the desired
retardation value, A, and A, are the wavelength extremes and
An, are the birefringence values at the different wavelengths.
The resulting retardance can be fairly constant over a range of
several hundred nanometers. The most common achromatic
waveplates material combination is quartz and magnesium
fluoride.
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