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Optical Constants of Non-Transparent
Chrome Layers for Wavelengths of 0.22—25[xm

The reflection factor of opaque chrome layers has been measured for wavelengths of 0.22-25 (cm. The integral <k (> determi-
ning the contribution of measurable frequencies (0.22-25 (Jm) to the phase of the reflected wave has been calculated from the
Kronig-Kramers dispersion formulae. The remaining phase components A(p(a>), which determine the contribution from unmea-
surable frequencies, have been calculated from known optical constants of the layers in the narrow frequency range 0.4-2.2 (cm.
Optical constants for opaque chrome layers in the wavelength region 0.22-25 umn have been calculated on the basis of the mea-

sured reflection factor R and calculated phase y(<o) = (k+ A(p.

1. Calculation of the phase shift at reflection

The method of finding the optical constans of
metals based on the measurement of retlection fac-
tor R for normal incidence has been widely use re-
cently. The method makes use of the Kronig-Kramers
dispersion formulae and requires the measurement
of the reflection factor of the studied metal within
a wide range of wavelengths. Details of the method
can be found in the monograph by Stern [1] and
several other authors, including [2-4].

The amplitude reflection factor r for normal inci-
dence upon the studied metal may be written as:

nik—l
n ok 1 (9

where:

R = |r|2— the energy reflection factor, and @ —
phase change at reflection, // and k —the optical
constants of metal.

The complex function /- may be written as:

Inr = In|r| <P 2

For the Inr function we obtain the Kronig-Kra-
mers dispersion formulae which relates the real and
imaginary parts of the Inr function

o= - r: JIr InR(x)dx o)

Formula (3) allows to calculate the phase change
at reflection when the energy reflection factor R(0
has been measured in the 0 — oo frequency range.
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Since the measurements of R(@>) are always perfor-
med within the limited frequency range col  o>< W9,
the phase of the reflected wave (3) may be written
as a sum of two components

P = ()

The first of the two expressions

(>)m 4)

&
<iio) = o r InR(x)dx ®)

can be calculated by the numerical integration method
[5] using a computer. The expression ok(«) deter-

Fig. 1. Spectral dependence of the reflection factor R for non-
transparent chrome layers

25



Fig. 2. Spectral dependence of optical constants of chrome layers determined by the polarization method

mines the phase of the reflected wave which results
from the limited range of the R(m) measurement.
The remaining phase terms may be written

CX )i IPGWY @ 1 InR(X)dX
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When the measurements of R(co) are performed
within the range 0.05-5 eV, then the expression

ill,
w r InR(x)dx

I Xi— (i

will be very small and

the integration range o< ool very small) for the
visible and infra-red range [6] and may be omitted
during the calculation of Acp(ca).
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Thus:

o) — InR(x)dx ©)

The principle difficulty arises w(ien it is necessary
to calculate Acp(co), because the function R(co) is
not known in the unstudied frequency range. Some
investigators calculate Acp{co) on the basis of a pre-
sumable character of function R(w), although this
is unjustified and may lead to serious errors in the
calculation of phase o{co) [7]. Others propose to
choose an appropriate integration range. This is,
however, possible only when narrow reflection bands
occur in the spectrum. In paper [6] the expression
Acp(w) is calculated as Acp(co) = <P—qk, where
<A — phase of the reflected wave calculated from
well known optical constants for two wavelengths.

A detailed analysis of the expression Acp(@>) is
carried out in paper [5]. It asserts that the contri-
bution to the phase of the reflected wave given by
A<p(co) depends on the character of function R(co)
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Fig. 3. Frequency dependence of the coefficient B for chrome
layers. The solid line corresponds to the mean value of B = 131
10 16s used for calculation of the reflected wave phase

in a very narrow frequency range @ > o). For
metals, in which no rapid changes in R (oj) are obser-
ved in the region of aon &b, the expression may be
calculated from the formula:

A<p(co) = fiwjj +i - | j. @

The coefficient B in (7) is determined as a mean
value of the quantity B being averaged over the spec-
tral range of waves
— 9Ekxp ~ <Fk

for which the phase of the reflected waves is known
exactly. Phase <& may be calculated from known
optical constants n, k measured in that region by the
polarization method. Thus the phase shift at a refle-
ction from the studied metal can be determined
according to the formula:

9 = «()\B> ©)

Rearranging expression (1) we obtain the following
formulae for the optical constants of metals:

2\ R sin9
= T-— (10)
1—2VR cos<p+R
1-R
(1)

1—21/1? coscp+R

By using the measured reflection factor R(w) of the
studied metal and the calculated phase shift <p(g) at
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reflection (9) for that spectral region one may calcu-
late the optical constants of metals from formulae (10)
and (12).

The described method may also be used to calcu-
late the optical constants of non-transparent metal
layers. The optical constants of non-transparent
chrome layers within the wavelength region 0.22-
-25 jxm have been calculated in accordance with this
method.

2. Technology of obtained layers and the
method of measurement

The studied chrome layers were formed in Edward’s
apparatus at the mean speed of 1 nm/s and
a pressure lower than 10 4 mm Hg from a wolfram
heater. The layers were evaporated onto rectangular
glass plates made of BK-7. The plates were placed
at a distance of 26 cm and rotated during the evapora-
tion [9].

The reflection factor thus obtained for non-tran-
sparent chrome layers was measured at the air-facing
surface in the wavelength region 0.22-25 [xm [10].
The measurements were performed at normal inci-
dence using the all-purpose VSU 1 Zeiss spectrome-
ter with a reflective attachment in the wavelength
range 0.22-25 jxm and the UR-20 spectrometer for

h*

Fig. 4. Spectral dependence of the reflected weve phase 9
for chrome layers
<k — phase calculated from the Kronig-Kramer formula
in the limited range of R measurement;
< — phase calculated with allowance for the remaining
phase component



the region 2-25 jxm The thickness of the studied
layers was of the order of 1500 A, determined by
the interferometric method.

3. Results of the measurements

The mean values of the measured reflection factor
R for non-transparent chrome layer in the wavelength
region 0.22-25 jxm have been presented in fig. 1
On the basis of the measurements of R(@>) the integral
K@) determining the contribution into the phase of
the reflected wave due to the measured frequencies
(0.22-25 fxm) have been calculated in the respective
range, using an electronic computer. In order to
compute the remaining phase components A<p@), it
is necessary to know the optical constants of the
studied layers. The optical constants n, and k in the
region 0.4-2.2 [xm, of the chrome layers have been
determined for this purpose by the Beattie’s polari-
zation method [11] (fig. 2). Control measurements
of optical constants of the layers carried out by the
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Shklyarevsky-Miloslavsky polarization method [12] in
the wavelength range 0.45-0.65 fxm gave consistent
results (fig. 2). The optical constants of chrome
layers in the wavelength range 0.4-2.2 jxm were
measured in the Physical Optics Department at
Charkov University USSR.

The coefficient B (fig. 3) has been calculated by
utilizing the experimentally determined optical cons-
tants of chrome layers for wavelengths of 0.4-2.2 jxm
Having obtained B, the remaining components of the
reflected phase could be found using formula (7),
and then the phase of the reflected wave s (m) (fig. 4).

The optical constants n and k of non-transparent
chrome layers have been calculated for the broad
frequency range (0.22-25 jxm) from the formulae (10)
and (11) on the base of the measurements of the
reflection coefficient R(@>) and the previously estima-
ted phase difference.
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OnTrYeCKMe MOCTOSIHHbIE HENPO3PaYHbIX MIEHOK XpoMa
B AvanasoHe BOMH 0,22—25 MKM

M3mepeH 6bin  KOIPPULMEHT OTPaXKeHUS Henpo3padHbIX
MIEHOK Xpoma B guanasoHe BosH 0,22—25 MkM. M3 aucnep-
CMOHHbIX COOTHOLUEHUA KpoHura-Kpamepca pacuvTtaH 6bin
NHTerpan <mp(oj), ONpPeAenstowWmnii BHECEHHYI 4acTb B asy
OTPaXXEHHOW BOMHbI M3MepsieMbIx 4acToT (0,22—25 MKM).
OcTanbHoW uneH chasbl A<p(co), ONpeaenstolniAi BHECEHHYHO
YacTb Heu3MepsieMbIX 4acToT, pacumTaH Obll U3 W3BECTHLIX
OMTUYECKNX MOCTOAHHBLIX 3TUX e MMIEHOK B Y3KOM [umanasoHe
yactoT 0,4—2,2 MKM. Ha OCHOBe M3MepeHHOro KoaduumeHTa
oTpaxeHnss R 1 pacumTaHHol tasbl <p() = <pk(bl) 4- J1ip BbicuUn-
TaHbl OblIIM ONTUYECKME MOCTOSIHHbIE HENPO3payHbIX C/I0éB
Xpoma B fAnanasoHe BOsH 0,22—25 MKM.
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