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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



- A SIMPLE TECHNIQUE FOR MAKING MICA RETARDATION PLATES
S. Chu, R. Conti, P. Bucksbaum, ahd E. Commins
Materials and Molecular Research Division,
‘ Departmen:ngf Physics
Lawrence Berkeley Laboratory

University of California
Berkeley, CA 94720

Mica, usually in the form of muscovite, has long been used for
quarter-wave or half-wave plates in the visible and near infrared
wavelengths. Since the fast and slow crystals axes are almost exactly

parallel to the cleavage planes, large aperture retardation plates

‘can be made without resorting to expensive grinding and polishing.

In addition, thin, unsupported sheets give 1it£1e beam deviation or

~ wavefront distortion. However, since the difference. in the fast and

slow indices of refraction for mica varies from sample to sample by

~as much as 20%, an accurate retardation plate cannot be made by measuring

the thickness of the plate, and an optical check has to be made.

We describe an easy method for cleaving and optically measuring the

phase retardation that is especia11y.usefu]’at infrared wavelengths -
of a few microns where commercial suppliers of mica wave p]atés cannot
usué11y-measure the optical retardation directly.

We measure the phase retardat1on of aXx/4 p]ate as shown in Fig. 1.

:The electric field amp11tude at point (a) of F1g 1 can be wr1tten as

-

ﬂ A ;
v§_= Eo(e t e21( /2 +5d)) cosO +ectesind (D)

where.és,véf'are-unit vectors in the direction of the slow, fast axes

respectively, §¢ measures the departure of the retardation*from T/2



and ts, tf are the transmission coefficients for the components of
E along és and Es The difference in transmission due to the difference

in Fresnel reflectivities along the two axes is typically 0.001 or

less per surface. However, the linear dichroism in mica can be large “
in the near infrared, and in our work at 2.18 ym, we measure
. ts - tf.
§8 = ‘f-“i"fg =~ 0.1.
S
A straightforward expansion of equation (1) gives
I N 2., . 2. (1 &8
E" EOtS X [‘COS e(COS 26¢+ 1is1in 26¢+ S1n@<m)]
A . 1—62 J . (2)
+ y | cosO sind 5 cos 28¢ + is1n»26?>]
The measurement requires that we minimize
2, .2 (1-68 2 2
|Ex| = = ($1n S <I~;?;E> - €0s@ cos 26¢)
| (3)
+ (c052®sin 26¢)2,
‘and since 60=m/4 -0 is a small number, it means that we have the
condition
2 (1 -682\_ " . | o
tan O(rm): cos 28%. . .{{

Thus, we can compensate for the linear dichroism 6% with a suitable

choice of 80, in which case only the second term of equation (3) survives.

]2 = (cos?0 sin 25¢)2 > (26¢)2--

lEy

For 82~ 0.1, 80 is approximately 30,



The method used for sp11tt{ng the mica sheets is an improvement over

hit and_miss.cleaving with a razor blade. We found that a piece of
adhesive tape tacked gent]y.near an edge of the micé can 1ift off

a layer of mica 5 um thick or less. Quite often layers that thin

will not tear evenly, and high or 19w spots will form,as shown in

Fig. 2. The tape can then be used to “dréés-up“ the surface since

a tear in central region bf the mica will only remove a local plateau.
Thus, 1ar§e aperture quarter.wave pjates are easily made. By starting
with a s]ith]y thicker piece of mica (at 2.18 uym, a 90° phase retardatfon
corresponds to a mica thickness of roughly 130 um), and pulling off

thin layers, a retardation accuracy of better than 19 can be obtained.

‘Using this technique we could easily get extinction ratios ]EXIZ/IEy|2

of bettek than 1/900. This corresponds to an admixture of "wrong"

~ circular polarization of less than one part in 1800.

We wish to thank John Conway for originally suggesting that we
try to manufacture our own quarter wave plates from mica and Bob
Maier for helpful comments. This work was supported by the U. S.

Department of Energy.
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This report was done with support from the Department of Energy.
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