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The Performance of an Amp|ituc|e Fourier Spectrometer for

Far-Infrared Solid-State Spectroscopy

J. GAST, L. GENZEL, anp U. ZWICK

Abstract—A far-infrared Fourier interferometer for amplitude-
phase reflection spectroscopy on solids is described. It can be used
with small samples at low temperatures and with fairly high resolu-
tion (<0.1 cm™1). The spectral range presently is 10~1000 cm™1.

I. INTRODUCTION

ONVENTIONAL Fourier spectroscopy yields the
power spectrum of either reflectance or transmittance
because the sample is placed outside the interferometer.
However, by putting the sample in one arm of a Michelson
interferometer, one has the unique possibility of ampli-
tude-phase Fourier spectroscopy. The asymmetric sample
interferogram can be transformed into the spectral func-
tions of phase and amplitude of reflectance or transmit-
tance. From this, the complex refractive index (n,k) or
the dielectric function (¢/,¢’) are computed by standard
expressions. Several papers during the last years [1]-[3]
have reported on the theory and applications of this type
of spectroscopy for the infrared. ‘

Since this technique appears to be especially advantage-
ous for solid-state reflection spectroscopy, an interferom-
eter has been developed which allows small samples to be
measured in the middle and far infrared, at low tem-
peratures and with high resolution. A preliminary descrip-
tion of this instrument has been published recently [4].

II. THE INTERFEROMETER

The optical layout of the Michelson-type interferometer
is shown in Fig. 1. The novel feature is that the sample
and reference mirror are located inside the interferometer
at focal points which are independent of the path dif-
ference between the two arms of the interferometer. The
interferograms are produced by moving one of the cube-
corner mirrors which are placed in parallel beams.

In the sample chamber, which is a cryostat for low-
temperature measurements, Fig. 2, the radiation is re-
flected upwards onto the horizontally placed sample and
reference mirror lying on a highly plane-parallel fused
silica, plate which has three holes for the passage of the
radiation. One hole is for the sample, two holes for two
reference mirrors. By rotating the fused silica plate in its
plane, one can achieve three combinations for the ends
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Fig. 1. Optical plan of the asymmetric vacuum Michelson inter-
ferometer; S1-83: spherical mirrors; P1-P4: plane mirrors;
OP1,0P2: off-axis paraboloids; C1,C2: cube-corner mirrors; BS:
beamsplitter; E: off-axis ellipsoid; S: source; CH: chopper; GD:
Golay detector; SC: sample chamber; CR: cryostat; B: beam
reflected upwards; VC1-VC3: vacuum chambers.
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Fig. 2. Cryostat for the amplitude-phase Fourier spectrometer; T:
cover of the vacuum tank; BP: optical base plate; SMH: sample-
mirror holder.
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of the two interferometer arms, namely, sample—mirror,
mirror-mirror, and mirror-sample. In this way, one can
take sample and background interferograms without
removing the sample or thie mirrors from their base plate.

Vacuum ‘chambers for the whole instrument provide
pressure down to 10~® torr. This allows the use of a He
cryostat with only ohe window for the exchange gas
sample chamber. The window is inclined to the vertical
by a small angle to avoid deranging reflections. It has to
be plane parallel and optically homogeneous.

With a Golay detector and a Moirée-controlled drive
of the cube-corner mirror, the spectral range of the in-
strument is from 10 to 1000 em~!. A laser-controlled
drive and low temperature detectors extend this range
on both ends. A maximum path difference of 430 cm
determines the highest resolution. Samples as small as
4 X 4 mm? can be measured. It is important to minimize
the unevenness of the reflection surface of the sample to
prevent pseudocoherence effects [2]. Backside reflection
from the sample must be avoided by using wedge-shaped
crystals.

III. MEASUREMENTS

As a performance test and as a demonstration of the
range of applicability, a series of reflection measurements
were made for several crystals whose infrared spectra
are fairly well known. The spectra of InSb and InAs have
been shown already in the earlier paper [4]. We present
here a measurement on a single crystal of SrTiOs.

The sample had a highly polished area (unevenness <
0.5 um) of about 0.5 em? and a spherelike back face. Fig. 3
shows the results for the power reflectance 7 and the
phase ¢ in the spectral range from 20 to 700 ecm. These
quantities are defined by the complex amplitude reflect-
ance r = 7 exp (i¢,) of the sample and reference-mirror
reflectance 7, = exp (¢r) so that the phase of Fig. 3 is
given by ¢ = ¢, — .

The determination of the dielectric function e = ¢ -+ ¢’
from r and ¢, is done with the help of standard expressions.
In the range from 300 to 700 cm™! our results of ¢ and ¢”
confirm those obtained by several authors [5], [6] who
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Fig. 3. Power reflectivity r2 and phase angle ¢ of SrTiO; at room
temperature.

measured the power reflectance and used the Kramers—
Krénig analysis to obtain the dielectric functions.

The measurements in the low-frequency region, how-
ever, show that the evaluation of the dielectric function
is very sensitive to the accuracy at which the phase ¢
can be measured. The necessary signal-to-noise ratio is
difficult to achieve in the far infrared, and also phase
errors from sampling the interferogram are very eritical.
This example demonstrates that amplitude-phase Fourier
spectroscopy is only superior to conventional methods in
cases of strongly structural spectra for which the amplitude
and phase change rapidly, and also in cases for which in-
formation has to be gained from regions of low reflectance.
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