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The use of far-infrared eilipsometry in the study of high-temperature
superconductors: possibilities and limitations
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We examine the possibilities of apolying spectroscopic ellipsometry for the determination of the far-infrared
dielectric function of high temperature superconductors. On the example of YBa,Cu3zO7 at 20 K we show that
the potential of the method lies in the accurate determination of €, rather than the details of the onset of ¢,.

Spectroscopic ellipsometry, highly succesful in
determiniug the dielectric function of high teni-
perature superconductors in the visible and ultra-
violet, has been recently extended towards lower
frequencies and proven to give reliable results
on YBa;CuzO7_s [1,2]. In this paper, we want
to take a realistic look at what information the
method can yield regarding the open questions
in the infrared region. YBayCuzOr_s is particu-
larly well suited for this purposc. as its i-plane
dielectric function is well known and verified by
different techniques [1-3] and c-axis data at low
temperature have recently been obtained [4]. We
have used these experimental dielectric functions
as input into the standard expression for a unt-
axial medium [3] to calculate vailous guantities
relevant to an ellipsometry measurement.

Ellipsometry measures the (complex) reflectiv-
ity ravio of s- and p-polarized light incident on
the sample surface at an oblique angle:

p =iy = tan ve ' ()

Two quantities per frequency are obtained.
usually expressed in the form of the eilipsomet-
ric angles voand Ao From thesc, ¢ and ¢, re-
spectively, can be determined through analyti-
cal expressions 1f and only if the isotropic two-
phase model (i.e. assuming the sample being a
semi-infinite, isotropic medium) [3] is adequate.
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In other cases (anisotropic or multilayer samples)
additicaa inf-rnation is required and numerical
y ~thod . are us <} for evaluation. Such additional
inforr:.++"on cau be ubtained in principle by mea-
suring at e tnan one angle of incidence. In
the case ut YBayCusyOr_s this is hardly a possi-
bility, as illustrated in Fig 1, showing the depen-
dence of the ellipsonietric angles at 300 cm™! on
the angle of incidence. For the phase information
to be meaningful. A has to be significantly dif-
ferent from 180°%; this occurs W a very narrow
range above ¢ = N0° where the curve is very
steep. Qur caleulations, i agreamnent with ex-
periment [1,2] show, however, that the dominant
ab-plane response is largely unaffected by the c-
axis structure. ‘This insensitivity on the c-axis is
not necessarily a universal feature of all high T,
superconductors, since in TlaBayCazCuz0;0 the
c-axis phonons have been observed in reflectivity
at 45° [6].

A serious shortcoming of reflectivity measure-
ments has been addressed repeatedly in the past:
the inevitable scaling errors in 1? (due to geomet-
rical himitations when measuring against a refer-
ence) lead to large fluctuations in ¢z (and consc-
guently i the optical conductivity) when /8 ap-
proaches unity. This effect obscures the onsct of
absorption at low frequency. We exvarnined ihe
guestion whether the error can be reduced in el-
Lpsometry and show our results in Fig. 2. The
solid lines are caleulated from the ab-plane re-
flectivity of Ref. [3]. assuimed to be 1 helow 130
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Figure 1. Ellipsometric angles for YBasCuzOr_s
at 300 cm~! vs. angle of incidence.

cm™!; the dashed lines were obtained after scal-
ing this curve by 0.99. On both sets of reflectivity
data, we performed a standard Kramers-Kronig
analysis to obtain ¢; and ¢q, respectively; then we
proceeded with the calculation for an anisotropic
medium as mentioned above, without a<djusting
the c-axis input, in order to get v and A. This
way we obtain the variations in the ellipsomet-
ric angles causing the same error in the dielectric
function as 1 percent in reflectivity: 0.4° in A and
1.6° in ¥ in the region below 400 crm™?!, where a
gap feature would be expected. These values are
within or only slightly above the error bars cor-
responding to 1 degree variation in the angle of
incidence, the lower limit of our convergence an-
gle {0.7° for ¥ and 7° for A, from the curves of
Fig. 1). Thus the same pioblems are encountered
in ellipsomnetry as in normal-incidence reflectivity
when trying to define the fine details of ¢ going
to zero. -
The effecis of error propagation are far less den-
matic on ¢;, whose fow-frequency behaviour can
be used for determining the penetration depth
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Figure 2. ”"Ideal” and "scaled” R, ¢, A and ¢
curves (see text).

through the oscillator strength of the superfluid
condensate [3]. Ellipsometry can give essential
contributions in determining this quantity with-
out the distorting effects of low-frequency extrap-
olations on Kramers-Kronig analysis.
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