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[57] ABSTRACT

A method for determining a value of absolute reflec-
tance of a material at [a predetermined] anpy wave-
length, in the ultraviolet range from its measured reflec-
tance which includes system losses contributed by op-
tics, illumination sources, detectors, etc. The method
involves the measurement of reflectance from a known
material such as single crystal silicon whose absolute
reflectance is well known, dividing the measured value
by the absolute value to obtain a system efficiency coef-
ficient at the known wavelength and then, without
changing the illumination or optics, measuring the re-
flectance of the unknown material and applying this
coefficient to this measured value to obtain its absolute
value.

5 Claims, 1 Drawing Sheet
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—, Figure 2

AT WAVELENGTH A, MEASURE REFLECTANCE, mR,
OF SAMPLE WITH KNOWN ABSOLUTE RELECTANCE, aR.

STORE VALUES OF A, mR AND aR

DIVIDE mR BY aR TO OBTAIN SYSTEM EFFICIENCY
COEFFICIENT, Z\, AT WAVELENGTH A

STORE Z). IN MEMORY
WITH SAME OPTICAL SYSTEM AND SAME WAVELENGTH
MEASURE REFLECTANCE, mRx, OF SAMPLE, x
DIVIDE mRx BY Z)\. TO OBTAIN ABSOLUTE
REFLECTANCE, aRx, OF SAMPLE x
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METHOD FOR DETERMINING ABSOLUTE
REFLECTANCE OF A MATERIAL IN THE
ULTRAVIOLET RANGE

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BRIEF SUMMARY OF THE INVENTION

This invention relates to the determination of reflec-
tance from a material and particularly to the determina-
tion of absolute reflectance independent of losses in an
associated optical system.

Some materials are transparent with very little inci-
dent energy being reflected from the surface and some
materials are opaque and absorb nearly all incident
energy and reflect very little. In many materials the
[ ratio of incident energy to reflected energy, or} re-
flectance[,] varies according to the wavelength of the
incident radiation. For example, silicon as used in elec-
tronic microcircuits is transparent to infrared wave-
lengths, translucent between about one micron and
infrared, and opaque to ultraviolet radiation.

It is often necessary to determine the energy absorp-
tion of some material with unknown chemical contents.
An accurate value for absorption can easily be com-
puted from a knowledge of the absolute reflectance
from the unknown material since the incident energy
can only be divided into absorption and reflectance. But
a value for absolute reflectance is not readily obtainable
since any measured value of reflectance at some prede-
termined wavelength is contaminated by losses contrib-
uted by the system optics, such as absorption of lenses,
illumination sources, beamsplitters, gratings, detectors,
etc., all of which also vary with wavelengths.

The object of this invention is to determine the abso-
Jute reflectance value of a test material at a desired
wavelength, from a measured value of reflectance.

Briefly described, the method involves the steps of
measuring the reflectance of a known matenal, such as
single crystal silicon or aluminum specimen, at the de-
sired wavelength, computing the value of absolute re-
flectance from the index of refraction and absorption
data available in [myriads of ] handbooks, and then
dividing the absolute value [by] info the measured
value to derive a [ product of all optical system coeffici-
ents system efficiency coefficient. This value of the [co-
efficients] coefficient is stored. An unknown material is
then tested with the same unchanged optical system and
the same wavelength to obtain a measured reflectance
value which, when [multiplied] divided by the stored
coefficient, yields the absolute reflectance value of the

unknown material.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings which illustrate the preferred em-
bodiment of the invention:

FIG. 1is a schematic drawing illustrating a reflective
microscope and detector processing apparatus for ultra-
violet examinations; and

FIG. 2 illustrate the steps for determining absolute
reflectance of an unknown material.

DETAILED DESCRIPTION

FIG. 1 illustrates a typical microscope for measuring
reflectance in the ultraviolet range. Since the matenal
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used in the construction of typical refractive lenses
[ chromatic or] is opaque to UV radiation, [only]}
reflective optical devices [may] should be used.
Hence, a UV source 10 with known output energy, such
as a deuterium discharge tube, with output beam con-
densed by a small iris 12 is reflected from a planar
quartz beam splitter 14 into a reflective objective lens 16
which focuses the UV beam onto a specimen 18. The
image from the specimen 18 is magnified by the reflec-
tive objective and, after passing through the planar
quartz beam splitter 14, is focused into a monochroma-
tor 20 where the image beam 1s passed through a nar-
row slit to isolate a narrow band of wavelengths before
detection.

The detected image beam, after being converted by
an analog-to-digital converter 22, 1s applied to a com-
puter 24 having a memory 26 and an input-output de-
vice 28, such as a keyboard terminal.

When the microscope system of FIG. 1 is used for
measuring reflectances, all optical elements such as the
beam splitter 14, the several reflective surfaces of the
objective lens 16 and the internal optical elements in the
monochromator 20, absorb energy from the incident
radiating beam of the source 10. Further, the absorbed
energy varies with variations in the incident wave-
length.

A value of reflectance can easily be measured with
the microscope system, but that 1s a measured reflec-
tance, mR, which has little value since it includes the
unknown system losses resulting from the energy ab-
sorption of the optical elements. The type of reflectance
of value is the absolute reflectance, aR. the ratio of
reflected energy to incident energy, independent of
system losses.

Absolute reflectance of an unknown material can be
determined if one knows the values of both absolute and
measured reflectance of a known material at the desired
wavelength. With this data, the system losses, or system
efficiency coefficient, ZA, at wavelength A, 1s computed
by merely divaiding the measured value by the absolute
value of reflectance. Many reference books list tables of
refractive index and absorption of various materials at
various [frequencies] wavelengths and many also list
the values of absolute reflectance at various wave-
lengths. Thus, absolute reflectance values, aR, are avail-
able or calculable for several pure materials, such as
single crystal silicon.

With knowledge of an absolute reflectance value, aR,
of a particular pure matenal at some known wavelength
A, the system efficiency coefficient, ZA at that wave-

length, is determined by measuring the measured reflec-
tance, mR, and [divide] dividing by aR:

ZA=mR/aR (1)

To determine the absolute reflectance, aRx, of a ma-
terial, x, measure the [ measured] reflectance, mRx, of
that unknown material, x, at the same wavelength, A,
and with the same optical system, and [muitiply] di-
vide the results by the system efficiency coefficient, ZA.

[aRx=mRx(ZA)] aRx=mRx/Z\ (2)

The determination of absolute reflectance can readily
be performed by the computer system illustrated in
FIG. 1. The value aR of the known matenal at the
predetermined wavelength is entered through the key-
board 28 into the computer 24 which 1s programmed to
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perform the simple division [and multiplication]
shown in Equations (1) and (2) above. The value, aR is
stored in the memory 26. The reflectance, mR is then
measured of the known material 18 on the microscopy
stage and the detected value is stored into the memory
26. The computer 24 then performs Equation (1) and
stores the efficiency coefficient, ZA in memory. With-
out making any changes in the energy source or the
optical system, the known material 18 is replaced with
the unknown material, x, and the reflectivity 1s mea-
sured to obtain the value, mRx, which is applied to the
computer 24 along with the efficiency coefficient ZA, 1In
memory. The computer performs the [multiplication ]
division of Equation (2) to obtain the absolute reflec-
tance, aRx of the unknown material, x.
I claim:
1. A method for determining an absolute reflectance
of material from a microscopic measurement of its mea-
sured reflectance in the ultraviolet radiation range, said
method comprising the steps of:
determining a value of absolute reflectance of a
known material at a predetermined wavelength;

measuring the reflectance of said known materal to
obtain a value of measured reflectance with a mi-
croscope illuminated with radiation at said prede-
termined wavelength;

with said values of absolute reflectance and measured

reflectance, calculating an efficiency coefficient
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representing all absorption and losses caused by the
microscope optical system, its reflectance detectors
and its 1llumination system at said predetermined
wavelength;

measuring the reflectance of an unknown material to

obtain a second value of measured reflectance with
sald microscope illuminated with said radiation at
said predetermined wavelength;

applying said efficiency coefficient to said second

value of measured reflectance to obtain a value of
absolute reflectance of said unknown material.

2. The method claimed in claim 1 wherein said step of
applying includes the step of [multiplying] dividing
said second value by said efficiency coefficient.

3. The method claimed in claim 2 wherein said micro-
scope 1s a reflecting microscope.

4. The method claimed in claim 3 wherein said prede-
termined wavelength is in the ultraviolet radiation
range.

5. The method claimed in claim 2 wherein the deter-
mined values of absolute reflectance of said known
material, said value of measured reflectance of said
known material and said value of measured reflectance
of said unknown material are stored in a memory of a
computer that performs the step of calculating said
efficiency coefficient and said value of absolute reflec-

tance of saild unknown maternal.
x W ] - ¥
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violet range from its measured reflectance which includes
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reflectance from a known material such as single crystal
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the measured value by the absolute value to obtain a system
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