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HﬂfIt 1s 1nterest1ng to see hat t e;time-honored 1mmer81o”-methodﬁ

7¥ffor the determlnatlon of refractlve indices has found a. newﬂappllcatlon

gfor transparent SOlld fllms.q One of the llmltatlons'of;the method

fdescrlbed 1s due to the necess1ty of a well-observable light 1nterference?%

dsuch as. saturated 1nterference colors 1n the fllm before 1mmers1on.; Thl

lrequlres, as stated by the author, A. E. Lew1s, equal reflecthltles of 5

'tne a1r-ox1de and ox1de-metal 1nterfaces'atfnormal in01dence., An extensmon
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of the present technique, usingvparticular angles of incidencel'and
polarized lighf should alleviate thié situation.

As reported earlier,2 "optimum" angles of incidence ¢|I and éi ' .
exist for light polarized pérallel and normal to tﬁe plane of ihcidenge,
. fespectively, under which the amplitudés of thé'reflegtions ffom the
air-film and film-metal intgrfaceé ére equal; This results in easily 
obserVable iﬁterference phenomena, even.uﬁder conditions where the -
difference in reflectivity precludes any observation at normal“incidencef.
, Tyﬁical values of these optimum angles of incidénce_have béén computed
for silicon covered by transparent dielecfric films of the repbrtedv
~refractive index of the oxide and'adjaceﬁt_values. The results are -
_ givén in Table I‘together with those for two other base-metalég‘ Thev
»nﬁmerical values used for the cdmplex_refréctiﬁe index of the metals J'
n2(l-i&é) are also listed in Table I. |

In the modification of the immersion technigue, suggeéted here, the
feflection coefficientLL of the film-liquid interface is a much_steeper
"function of the refréctive index difference between the two Phases thgp
under normai incidence (Fig. 1). Thus, thé sensitivity of thévmethod

'is improved in addition to making observation'of the film interference

‘Defined as'the'angle'between‘incident bea@.ﬁndfnormal-td the surface.
2 R. H Muller, J. Opt. Soc. Amer-. é_g,'hig-zo _('196'h)' - o -
R. ﬁ. Mﬁllér, LawrencevRadiation Eabo¥ét§fy'Report,UCRL-lO963.:
Defined és thé flane containing incidéﬁt'and refleétedﬂﬁeams. o ¢
L : : : : ,

Defined as the ratio of the incident and reflected amplitudes. A‘ : J
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casier. The use of polarization normal to the plané of incidence will’
in general bé preferable to that parallel to the plane of incidence
because the observations are possible at a lower angle of incidencé
which is often more convenient. As shown in Fig. 1, for an angle of
incidence of 75°, which represents an average of the desirable valueé
listed iﬁ Tabie I, ﬁhe.polarizétion normal to the pléne of incidence also
is ;;sociated with a somewhat better sensitivity.

| It must be borne in.mind that the immersion method pfesupébses a
sharp boundary bétﬁéen homogéneous dielectrics. It‘is therefore strictly
valid énly for non-ébsorbing films. Computations'fdr the feflection on'

5

absorbing media carried out according to Koenig” indicate that even

 for very slightly absorbing films (absorption index.ﬂ% < 0.05),lthe
minimum in reflectance at the liquid-film interface, which occurs instead
of the zero reflectance for a dielectric, givesconly an approximate

value ‘of the real part of the complex film refractive index (Fig. 2).

‘ > W Koenig, Elektromagnetische Lichttheorie, in Handbuch der-Physik
edited by H. Geiger and K. Scheel (Springer, Berlin, 1928) Vol. 20,
‘page 2h2. V v ’

R. H. Muller, Lawrence Radiation Laboratory Report UCRL 11813.
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Figure 1.

Figure 2.
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Figure Captions

Reflection coefficients R for a dielectric medium (nl ; 1.45)
in contact with another dielectrig of variable refractive .
index Ny Angles of incidenqe 75° and 0°, polarization
parallel (||) and normal (]) to the plane of incidence.
Reflection coefficients of a slightly absorbing medium

(nl = l.h5,,xi = 0.01) in contact with a dielectric of variable

0]

parallel and normal to the plane of incidence.

refractive index n.. Angle of incidence 75° and 0°, polarization
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the

Commission" includes any employee or contractor of the Com-
y y

mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access

to,

any information pursuant to his employment or contract

with the Commission, or his employment with such contractor.
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