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Abstract: We measure the refractive index via a minimum deviation prism technique of various
plastics from 70-290um (1-4THz) using a tunable terahertz gas laser. We find these plastics have
indices varying from 1.43-1.61 over this range.
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1. Introduction and Experimental Method

In the minimum deviation technique, a prism situated on a rotational stage deviates an incoming beam of mono-
chromatic light which is then focused on to a detector. A rotary sample stage varies the incident angle of the source
while the detector, mounted on a rotational arm, locates the final deviated beam. From simple geometry and Snell’s
Law the deviation angle may be shown to be given by [1],
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Where D is the deviation angle, 6§ sample stage angle, 4 apex angle of the prism, and n, the refractive index. At
the minimum, the ray passes symmetrically through the prism such that 8 = (4 + D,,;,,)/ 2 and the second term in
Eq. (1) goes to zero. Consequently,
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The advantage of this method is that we need only locate the minimum of D. Any initial offset in & merely shifts
the plot of @ vs. D along the f-axis, and does not affect the location of D,,;, on the curve. We measure D for many
values of sample stage angle. The resulting fit is more precise than a single measurement. By fitting the data to N
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points to determine the minimum, the uncertainty in D,,;, is reduced by a factor of 1/4/N . We fit D(6) in the
vicinity of the minimum to determine D,,;, and hence n.

1.1 Setup

The terahertz laser consists of a cavity which can be filled with gases such as CH;OH, CD;0H, CH,F,, or CH;Cl
[2]. A CO, pump laser supplies energy to the cavity which is optimized by tuning a piezoelectric-controlled etalon.
In our setup, two orthogonal He-Ne lasers on fine-adjustment mounts are used to position the sample and align the
source, detector, and goniometer stages. The detector is a thermoelectric camera array retrofitted with a
polyethylene window and a short focal length polyethylene lens to focus radiation onto the detector.

1.2 Error Analysis

The error in refractive index, An, is due to several factors: dispersion, spectral width of the source, error in
measurement of apex angle, and least count of the goniometer stage [3].
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dn/dA may be estimated from dispersion data and is nominally 0.005 um™. 4 = 30° for all our prisms. For our
source, 4A =~ 0.5 nm. Therefore, (0n/04 AN) is much smaller than the other terms and can be neglected. Of the
remaining two terms, the On/04 -AA term has the largest effect since A 4 = 2.5 and AD = 0.5 minutes of arc. The
result is that An =+ 0.0015.
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2. Results

Figure 1 compares the spectral dispersion of low density and high density polyethylene [4]. As expected, the two
curves track each other quite well, the only difference being density. In addition, HDPE is known to have a higher
degree of crystalinity than LDPE, which appears less opaque to the naked eye [5]. Our values of n are slightly
higher than ref. [5], but in excellent agreement with refs. [6, 7] with a characteristic absorption peak near 120 pm.
This peak has been observed before by other authors [7, 8] and is identified as the B, lattice mode. These values
will also depend on manufacturer.
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Fig. 1. Spectral dispersion for low and high density polyethylene.
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Fig. 2. Spectral dispersion for PFA, TPX, and teflon.

Figure 2 shows three materials of lower index exhibiting normal dispersion, with TPX [4, 9] showing a
resonance near 120 pum, and resonances for teflon near 100 pm and 160 um. PFA (perfluoroalkoxyethylene) and
teflon are similar in behavior. Figure 3 shows rexolite [10], a high index commercial material used for radar
applications, with a resonance near 120 um. CTFE is relatively flat over the entire spectrum showing normal
dispersion with no significant absorption peaks within the error bars. Polystyrene shows peaks around 120 um and
180 um. All measurements correspond well with results obtained by other authors [11]. For these three materials
resonances tend to occur at shorter wavelengths below 160 um.
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Fig. 3. Spectral dispersion for Rexolite, polystyrene, and CTFE.

LDPE and HDPE, TPX, Teflon, PFA, and polystyrene transmit well over the entire spectrum, whereas CTFE
and rexolite more strongly absorb, making detection of the signal at the detector more difficult. We also observed a
small degree of birefringence for teflon.

3. Conclusion

We have demonstrated a simple technique for this application and found a range of values for » from 1.43 to 1.61
for a variety of materials which will aid the optical designer in designing lenses and other optical elements. Our
measurement show good agreement with previous authors, and have extended the spectrum of data in the literature
with high precision.

References

[1] Eugene Hecht, Optics (Addison Wesley Longman, Inc., 1998), Chap. 5.

[2] Marvin J. Weber, CRC Handbook of Laser Science and Technology: Vol. Il Gas Lasers (CRC Press, Boca Raton, Fla 1995), Sect. 3.

[3] Ben C. Platt, H.W. Icenogle, J.E. Harvey, R. Korniski, and William L. Wolfe, “Technique for measuring the refractive index and its change
with temperature in the infrared,” Journal of the Optical Society of America 65, No. 11, 1264-1266 (1974).

[4] James W. Lamb, “Miscellaneous data on materials for millimetre and submillimetre optics,” International Journal of Infrared and Millimeter
Waves 17, 1997-2034, (1996).

[5] Donald R. Smith, Ernest Loewenstein, “Optical constants of far infrared materials. 3: plastics,” Journal of Applied Optics 14, No. 6, 1335-
1341 (1975).

[6]J. R. Birch, “Far infrared optical constants of polyethylene,” Infrared Physics and Technology 30, No. 2, 195-197 (1990).

[7]1J. R. Birch, Kong Fan Ping, “Temperature dependence of the FIR optical constants of low density polyethylene,” Infrared Physics and
Technology 36, No. 3, 673-677 (1995).

[8] M. N. Afsar, John Chamberlain, George W. Chantry, “High-precision dielectric measurements on liquids and solids at millimeter and
submillimeter wavelengths,” IEEE Transactions on Instrumentation and Measurements IM-25, No. 4, 290-294 (1976).

[9] C. Meny, J. Leotin, J. R. Birch, “Temperature variation of the near millimetre wavelength optical constants of TPX,” Journal of Infrared
Physics 31, No. 2, 211-213 (1991).

[10] James. R. Birch, George J. Simonis, et. al., “An intercomparison of measurement techniques for the determination of the dielectric properties
of solids at near millimetre wavelengths,” IEEE Transactions On Microwave Theory And Techniques 42, No. 6, 956-965 (1994).

[11] Guozhong Zhao, Maarten ter Mors, tom Wenckebach, Paul C. M. Planken, “Terahertz dielectric properties of polystyrene foam,” Journal of
The Optical Society of America 19, No. 6, 1476-1479 (2002).



