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(54) Title: ELLIPSOMETER USING HALF MIRROR

[Fig. 2]

(57) Abstract: The present invention relates to an el-
lipsometer using a halt-mirror, and more particularly,
to an ellipsometer using a half-mirror, in which, instead
of using rectangular prism type or glass plate type
beam splitter that transmits some of the light and re-
flects the rest of the light as in a conventional vertical
incident type focused-beam ellipsometer, the light is re-
flected to half of the object lens by a half-mirror and
the light reflected from the half of the focus of the ob-
ject lens is not transmitted through the beam splitter
but is detected directly by a photodetector, and thus
light interference due to the beam splitter is prevented
and the light intensity is increased to maximally four
times to thereby allow more accurate and precise mea-
surement and analysis of physical properties for a sam-
ple of nanotilm or nano-pattern.
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[DESCRIPTION]

[Invention Title]

ELLIPSOMETER USING HALF MIRROR

[Technical Field]

The present invention relates to an ellipsometer using a
half-mirror, and more particularly, to an ellipsometer using a
half-mirror, in which, instead of using rectangular prism type
or glass plate type beam splitter that transmits some of the
light and reflects the rest of the light as in a conventional
normal incident type focused-beam ellipsometer, the light is
reflected to half of the object lens by a high reflective
half-mirror and the light reflected from the half of the focus
of the object 1lens 1is not transmitted through the beam
splitter but is detected directly by a photodetector, and thus
light interference due to the beam splitter is prevented and
the light intensity is increased to maximally four times to
thereby allow more accurate and precise measurement and
analysis of physical properties for a sample of nanofilm or

nanc-pattern.

[Background Art]

The present invention relates to an ellipsometer, which
is a measuring technology for finding out physical properties

of a sample by measuring changes 1in polarization state of a
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light after the light incident on a surface of the sample with
a specific polarization state 1is reflected from the sample
surface, and analyzing the measured value. Particularly, in
semiconductor industries, a variety of nanofilm fabrication
processes 1is wused and an ellipsometer, which 1s a non-
destructive and contactless real-time measurement equipment,
is used as a process measurement device to evaluate physical
properties of fabricated nanofilms.

[4] Various kinds of the ellipsometer are used not only in
the semiconductor industries but also in various laboratories
including university labs, and they can be divided into a type
in which a parallel light is incident on a sample obliquely
(U.S. Pat. No. 3,985,447), a type in which an oblique incident
light is focused on a sample by an optics (U.S. Pat. Nos.
5,166,752 & 5,608,526) and a type in which an normal incident
light is focused on a sample by an optics(U.S. Pat. Nos.
5,042,951 & 6,898,537) according to how the light used as a
probe is incident on a sample |

[5] In the type in which the parallel light is directed at a
oblique angle of incidence to the sample surface, measuring
accuracy 1s excellent since it 1is possible to accurately
control an angle of incidence as all beams are irradiated to
the sample at the same angle of incidence, whereas it 1is
difficult to reduce a size of the beam irradiated on the

sample to an order of mm or less since the effect of
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diffraction becomes greater when the size of the incident beam
is reduced by an iris.

[6] In semiconductor device fabrication industries, a
measurement region with a limited area of tens pm x tens um
particularly provided on a wafer 1is wused to measure and
evaluate various film fabrication processes using the
ellipsometer. In order to measure the thickness of the thin
film wusing the ellipsometer within the measurement region
limited to the order ofA micrometers, there 1s used a
technology of focusing a parallel light incident in a tilted
direction on a surface of a sample using an optics consisting
of a lens (U.S. Pat. No. 3,985,447) or a reflective mirror
(U.S. Pat. No. 5,608,526). However, in this case, since beams
having a plurality of angles of incidence are incident
simultaneously on the sample, it 1s difficult to ensure and
maintain measurement accuracy as compared to the type in which
the oblique parallel light is used

(7] As a critical dimension patterned on a‘wafer is expected
to be continuously reduced in the future semiconductor device
fabrication process with continuous improvement of the
semiconductor device fabrication technology, the area of the
aforementioned limited measurement region should be
correspondingly reduced. However, in the case of the
aforementioned oblique focused-beam ellipsometer, it is

actually difficult to reduce the size of the light beam any
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more due to barrier such as aberration and structural
limitation of the beam focusing optics despite many studies
and efforts for minimizing the area of the 1light beam
irradiated on the sample.

[8] The normal incident focused-beam ellipsometer allows the
measurement within a fine patterned region having smaller area
since it can make parallel 1light, which is normally incident,
focused on the sample surface into a smaller size than an
order of um by using an objective iens.

[9] Fig. 1 shows a basic structure of the normal-incident
focused-beam ellipsometer (U.S. Pat. No 5,042,951). The
focused-beam ellipsometer is provided with a polarizer 130 for
making a parallel 1light, emitted from a light source apparatus
110, linearly polarized, a beam splitter 140 for splitting
some of the 1light transmitted through the polarizer 130, an
objective lens 150 for refracting and focusing the light split
by the beam splitter 140 on a sample 160, an analyzer 170 for
filtering only the light of the specifically polarized state
from the light transmitted through the objective lens 150 and
the beam splitter 140 after reflected from the sample 160, and
a photodetector 180 having pixels for detecting intensity of
the light transmitted through the analyzer 170 as an electric
signal such as voltage or current.

[10] The focused-beam ellipsometer 1is required to employ a

high-power 1light source since there is great 1loss of 1light
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intensity as only about half of the light incident on the beam
splitter is reflected to be irradiated on the objective lens
and also only about half of the 1light reflected from the
sample, transmitted through the objective 1lens and then
incident again on the beam splitter is transmitted through the
beam splitter to be detected by the photodetector. In'addition,
some undesired beams can be incident on the photodetector due
to multiple reflection in the beam splitter to thereby cause
light interference, and this become the barrier +to the
accurate measurement.
[11]
[Disclosure]

[Technical Problem]

[12] An object of the present invention is to provide an
ellipsometer wusing a half-mirror, in which a 1light is
reflected to the half of an objective lens by the half-mirror
that replaces the beam-splitter of a conventional ellipsometer
and a 1light reflected from an area of a sample surface
corresponding to the half of the focus of the objective lens
is then detected, so that physical properties of the sample
corresponding to the half of the focus of the objective lens
is analyzed: more accurate analysis for the physical
properties is allowed as light interference due to the beam
splitter 1is prevented and a signal/noise ratio in the

measurement 1is increased as light intensity is increased to
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maximally four times.
(13]
[Technical Solution]
[14] To achieve the object of the present invention, the

present invention provides an ellipsometer using a half-mirror,
which includes a light source apparatus 210 for generating and
emitting a parallel light; a polarizer 220 for converting the
parallel 1light emitted from the 1light source apparatus 210
into a 1linear polarization state; a high-reflectance half-
mirror 230 for completely reflecting the 1light transmitted
through the polarizer 220; an object lens 240 for focusing the
light reflected from the half-mirror 230 on a sample 250; an
analyzer 260 for transmitting a light polarized in a specific
direction alone among the 1light transmitted through the
objective lens 240; and a photodetector 270 for detecting
intensity of the light transmitted through the analyzef 260 as
an electric signal, wherein the light transmitted through the
polarizer 220 is reflected to half of the objective lens 240
by the half-mirror 230 and irradiated on the sample 250 with a
size corresponding to half of focus of the objective lens 240
so that the light reflected from the sample 250 is transferred
to the other half of the objective lens 240 and then detected
by the photodetector 270.

[15] In another aspect of the present invention, an

ellipsometer using a half-mirror includes, instead of the
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polarizer 220 and the polarization detector 260, a single
linear polarizer between the half-mirror 230 and the objective
lens 240.

[16] Preferably, the ellipsometer further includes a
processing device 280 for correcting the intensity of the
light detected by the photodetector 270 into a value
corresponding to a pixel of the photodetector 270 along a
multiple incidence plane path of 180° with respect to
respective incidence angles and processing the corrected wvalue.

[17] Preferably, the half-mirror 230 is coated with a thin
film that has a high reflectance in the range of wavelength of
the light beam from the light source.

[18] Preferably, the ellipsometer further includes a half-
mirror transportation device for transporting the half-mirror
230 so that the half-mirror 230 reflects the light to the half
or the other half of the objective lens 240

[19] Preferably, the photodetector 27170 employs a two-
dimensional imaging device including a plurality of pixels.

[20] Preferably, the 1light source apparatus 210 employs a
white light source selected from a tungsten-halogen lamp and a
xenon discharge lamp or a monochromatic laser light source,
and the 1light source apparatus 210 1s, to make a parallel
light, provided with an optics having any one selected from
the group consisting of a lens, a mirror and a combination of

the lens and the mirror.
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[21] Preferably, the polarizer 220 and the analyzer 260 employ
any one selected from the group consisting of a prism type
linear polarizer and a plate type polarizer, respectively.

[22] Preferably, the objective 1lens 240 employs an optics
having any one selected from the group consisting of a lens, a
mirror and a combination of the lens and the mirror, so that
the parallel light is focused on the sample 250.

[23]

[Advantageous Effects]

[24] As described above, the ellipsometer using a half-mirror
in accordance with the present invention, as compared with a
conventional focused-beam ellipsometer, allows more accurate
measurement for the physical properties as interference by a
beam splitter 1is prevented and allows enhanced measurement
accuracy or use of a light source with less power as reduction
in 1light intensity is minimized to maximally a quarter and
thus a signal/noise ratio is increased.

[25] Also, the ellipsometer using a half-mirror in accordance
with the present invention, as compared with the conventional
focused-beam ellipsometer, has a simple structure as it
employs a half-mirror, and is expected to have enhanced
measurement accuracy as a measurement for a single incidence
plane is expanded to measurement for multiple incidence plane
and multiple angles of incidence. Therefore, use of the

measurement device in accordance with the present invention
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allows more accurate and precise measurement for information
on physical properties of a sample, e.g. for a nanofilm,
thickness, refractive index and so on of a thin film.

[26] In addition, the ellipsometer wusing a half-mirror in
accordance with the present invention allows more accurate
measurement for the optical properties of the sample by taking
polarization components for the multiple planes of incidence
of 180° with respect to multiple angles of incidence from O
degree to the maximum angle of incidence in a static state in
which there is no motor driving for the optical components,
compared with conventional focused-beam ellipsometer which
takes the polarization properties on a single plane of
incidence.

[27]

[Description of Drawings]

[28] The above and other objects, features and advantages of
the present invention will become apparent from the following
description of preferred embodiments given in conjunction with
the accompanying drawings, in which:

[29] Fig. 1 shows a representative structure of a
conventional focused-beam ellipsometer.

[30] Figs. 2 and 3 show an ellipsometer using a horizontal
incident type half-mirror in accordance with an embodiment of
the present invention, respectively.

[31] Fig. 4 shows a filter wheel.
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[32] Figs. 5 and 6 show an ellipsometer using a vertical
incident type half-mirror in accordance with an embodiment of
the present invention, respectively.

[33] Figs. 7 and 8 show an ellipsometer using a horizontal
incident type half-mirror in accordance with another
embodiment of the present invention, respectively.

[34] Fig. 9 shows a two-dimensional image illustrating

distribution of the 1light intensity signal measured by the

photodetector.
[35]
[36] [Detailed Description of Main Elements]
[37] 210: light source apparatus 220: polarizer
[38] 230: half-mirror 240: objective lens
[39] 250: sample 260: analyzer
[40] 270: photodetector 280: processing device
[(41] 290: linear polarizer

[Best Model

[43] Hereinafter, the embodiments of the present invention
will be described in detail with reference to accompanying
drawings.

[44] Figs. 2, 3, 5 and 6 show the structure of an ellipsometer
using a half-mirror in according to the present invention.

[45] As shown, an ellipsometer wusing a half-mirror for

measurement of physical properties of a sample such as a
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thickness and refractive index of a thin film in accordance
with an embodiment of the present invention includes a light
source apparatus 210 for emitting a parallel 1light; a
polarizer 220 for converting the parallel light emitted from
the 1light source apparatus 210 into a linear polarization
state; a high reflective half-mirror 230 for completely
reflecting the light transmitted through the polarizer 220; an
object lens 240 for focusedly irradiating the light reflected
from the half-mirror 230 on a sample 250; a analyzer 260 for
transmitting a light polarized in a specific direction alone
among the light transmitted through the objective lens 240;
and a photodetector 270 for detecting intensity of the light
transmitted through fhe analyzer 260 as an electric signal.

[46] The light source apparatus 210 may employ a white light
source selected from a tungsten-halogen lamp and a xenon
discharge lamp or may employ the a monochromatic light source
of a laser, and is provided with an optics having any one
selected from the group consisting of a lens, a mirror and a
combination of the lens and the mirror which converts the
light into a parallel light.

[47] When the 1light source is a white 1light source, the
ellipsometer preferably further includes a band-pass filter
(see Fig. 4) for transmitting light with a specific range of
wavelength in back of the 1light source apparatus 210 or in

front of the photodetector 270. As shown in Fig. 4, the band-
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pass filter 211 is radially arranged and a rotatable filter
wheel 212 1is preferably provided so that the 1light <can
selectively passes through the band-pass filter 211. The
filter wheel 212 is rotated by a motor 213. The motor 213 is
preferably a stepping motor.

[48] The polarizer 220 employs a linear polarizer and converts
the parallel light emitted from the light source apparatus 210
into a linear polarization state.

[49] The linearly polarized 1light transmitted through the
polarizer 220 1is transferred to the high reflective half-
mirror 230.

[50] The half-mirror 230 completely reflects the light
transmitted through the polarizer 220. The light transferred
to the half-mirror 230 is reflected to the objective lens 240
placed below the half-mirror 230 and having a large numerical
aperture.

[51] At this time, the light reflected by the half-mirror 230
is transferred to half of the objective lens 240 and the light
transferred to half of the objective lens 240 is vertically
irradiated on the surface of the sample 250 with a half size
of the focus of the objective lens 240.

[52] The half-mirror 230 1is preferably a thin film-coated
mirror so as to show a high reflectivity in the wave 1length
range of the used light source.

[53] Preferably, the ellipsometer further includes a half-
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mirror transportation device (not shown) for transporting the
half-mirror 230 so that the half-mirror 230 reflects the light
to the half or the other half of the objective lens 240. With
this half-mirror transportation device, it is possible to
measure physical properties of the sample corresponding to the
entire focus of the objective lens 240 by reflecting the light
to half of the objective 1lens 240 by the half-mirror to
measure the physical properties of the sample corresponding to
the half of the focus of the objective lens 240, and then
reflecting the light to the other half of the objective lens
240 by the half-mirror 230, after transportation of the half-
mirror 230 by the half-mirror transportation device, to
measure the physical properties of the sample corresponding to
the other half of the focus of the objective lens 240.

[54] The objective lens 240 functions to vertically focus the
light reflected from the half-mirror 230 on the surface of the
sample 250. Further, the objective lens 240 employs an optics
having any one selected from the group consisting of a lens, a
mirror and a combination of the lens and the mirror.

[55] A sample support (not shown) is provided below the sample
250, and the sample support is preferably transported by a
transportation device (not shown) rotatable and movable in
forward and rearward direction and left and right direction.

[56] After the half-mirror is transported by the half-mirror

transportation device and optical physical properties of the
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sample corresponding to entire focus of the objective lens 240
is measured, the sample can be transported by the sample
transportation device for transporting the sample support to
move the focus of the objective 1lens 240, so that 1t 1is
possible to measure the measure .the physical properties of
entire sample.

[57] The analyzer 260 transmits the 1light of a linear
polarization state in a specific direction alone among the
light transmitted through the objective lens 240 so that the
light is incident on the photodetector 270. Here, the
photodetector 270 has a plurality of pixels, and an example of
the photodetector 270 is a charge-coupled device (CCD) that is
able to measure two-dimensional distribution of 1light
intensity.

[58] Information obtained from the respective pixels of the
photodetector 270 is transmitted to the processing device 280
and stored as a digital signal.

[59] Also, an optics (not shown) having a relay lens 1is
preferably further provided so as to enhance the measurement
performance»of the photodetector 270.

[60] Preferably, the ellipsometer further includes a
processing device 280 for correcting the intensity of the
light detected by the photodetector 270. The processing device
280 corrects an electric signal for the intensity of the light

detected by the photodetector 270 into a value corresponding
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to a pixel of the photodetector 270 along a multiple incidence
plane path of 180° with respect to respective incidence angles
and processes the corrected value. -

[61] By analyzing a waveform from the electric signal such as
voltage or current detected by the phtodetector 270 through
the processing device 280 or a computer, the physical
properties of the sample or, when the sample is a thin film,
thickness and optical constant of the thin film.

[62] Figs. 2 and 3 show an ellipsometer using a horizontal
incident type half-mirror, where Fig. 2 shows the case of
measuring physical properties for the portion of the sample
250 corresponding to half (right half) of the focus of the
objective lens 240 and Fig. 3 shows the case of measuring
physical properties for the portion of the sample 250
corresponding to half (left half) of the focus of the
objective lens 240. For the special case of thin film sample
with uniform thickness, the two measurements give the same
result.

[63] Figs. 5 and 6 show an ellipsometer using a vertical
incident type half-mirror, where Fig. 5 shows the case of
measuring physical properties for the portion of the sample
250 corresponding to half (right half) of the focus of the
objective lens 240 and Fig. 6 shows the case of measuring
physical properties for the portion of the sample 250

corresponding to half (left half) of the focus of the
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objective lens 240.

[64] Figs. 7 and 8 show an ellipsometer using a half-mirror in
accordance with another embodiment of the present invention,
which includes, instead of the polarizer 220 and the analyzer
260, a single linear polarizer 290 between the half-mirror 230
and the objective lens 240.

[65] A compensator may be provided between the linear
polarizer 290 and the objective lens 240. The compensator is
for compensating the polarization in front of the objective
lens 240 and arbitrarily controls the polarization state of
the light incident on the sample 250.

[606] The compensator has a characteristic that when the
linearly polarized light is vertically incident on the surface
of the compensator, the polarization direction has the value
of phase difference between the 1light transmitted when the
polarization direction 1is parallel to the light axis of the
compensator and the 1light transmitted when the polarization
direction is vertical to the light axis of the compensator.

[67] Instead of the compensator, an electrical polarization
modulator capable of controlling phase difference of the
polarized light with electricity may be provided in front of
the objective lens 240.

[68] The ellipsometer using a half-mirror in accordance with
the present invention having the above described structure

measures the optical physical properties of the sample such as
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thickness and refractive index of the thin film by the
following manner.

[69] The parallel 1light emitted from the 1light source
apparatus 210 is converted into a liner polarized light by the
polarizer 220, and the polarized 1light 1s transferred to and
reflected by the half-mirror 230. The polarized beam reflected
by the half-mirror 230 is transferred to the objective lens
240 placed below the half-mirror 230. At this time, the
polarized beam reflected by the half-mirror 230 is transferred
to half of the objective lens 240 and the polarized beam
transferred to half of the objective lens 240 1is vertically
irradiated on the surface of the sample 250 with a half size
of the focus of the objective lens 240. The light vertically
incident on the surface of the sample 250 with a half size of
the focus of the objective lens 240 is reflected to the other
half of the objective 1lens 240. The transferred 1light is
transmitted through the other half of the objective lens 240
and the light of the linear polarization state in a specific
direction alone 1is filtered by the analyzer 260, so that an
electric signal for the light intensity 1s detected by the
pixels of the photodetector 270. The electric signal detected
by the photodetector 270 is corrected into a value
corresponding to the pixel of the photodetector 270 along a
multiple incidence plane path of 180° with respect to

respective incidence angles and processing on the corrected
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value is performed.

[70] In accordance with the present invention, with employment
of a high reflective half-mirror, it is possible to easily
detect the light by the photodetector 270 even when the power
of the 1light source 1is reduced to a quarter or less as
compared to that of the conventional one. It is also possible
to accurately and precisely measure the physical properties of
finer nanofilm and nano-patterned sample since the detection
is carried out without the 1light interference due to the
multiple reflection generated by the conventional beam
splitter.

[71] Hereinafter, the principle of the ellipsometer using a
half-mirror in accordance with the present invention will be
described in detail with reference to Fig. 9.

[72] An angle © of incidence of the light incident on the
center 420C of the objective lens 240 is 0, and all the lights
incident on the circumference with the same radius r have the
same angle © of incidence and the plane of incidence is
rotated according to a value of azimuth ¢.

[73] When the parallel light of a specific polarization state
which is reflected by the half-mirror 230, is incident on 420A
of the objective lens 240, the 1light is refracted by the
objective lens 230 to a point 430 on the surface of the sample
250 with the angle © of incidence, then reflected with the

angle © of reflection to be arrived at a position 420B
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symmetrical with respect to the center 420C of the objective
lens 240, and then the intensity of the corresponding light is
detected as an electric signal such as voltage or current by
the pixel of the photodetector 270.

[74] The parallel light incident on the objective lens 240 is
incident on the surface of the sample 250 with being refracted
by the numerical aperture of the objective lens 240, and the
maximum angle Bp.x of incidence of the light incident on the
surface of the sample 250 is determined as follows by the
numerical aperture (NA) of the objective lens 240:

[75] Onax = Sin™'(NA)

[76] An electric signal for the intensity of the 1light
detected by the photodetector 270 is corrected into a value
corresponding to the respective unit cells of the
photodetector 270 [for example, if the photodetector is a CCD,
the unit cell is a pixel] along multiple incidence plane path
of 180° generated on a circumference with fixed radius of r
from the center of the photodetector 270 and then processed to
be shown by a graph. Though simple calculation, the intensity
signal of the 1ight detected by the photodetector 270 is

generally expressed by the following equation:

[77] I(p) = Iy [1 + ozsin(20) + oysin{4e) + Pacos(2¢) +
Bscos (4¢@) ]
[78] where, I, is a mean value of the intensity of the light

detected on the circumference with fixed radius of r, and a,,
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og, B2 and Py are Fourier coefficients.

[79] Therefore, the values of oy, o4, B2 and B; are obtained by
Fourier transformation of data on one semi-circle of the
various concentric semi-circles to the central axis 420C of
the objective lens 2430 in the two-dimensional data measured
for the light intensity. In general, only two of these Fourier
coefficients have non-zero value.

[80] The optical properties of the sample is found out by
obtaining Fourier coefficients determined by the multiple
incidence plane measurement with respect to the respective
angles of incidence from the center axis 420C to the maximum
angle 6pax of incidence of the objective lens 240, i.e. with
respect to multiple angles of incidence and analyzing the
constants. Since the measurement with respect to the multiple
planes of incidence <can ©obtain similar effect to the
conventional rotating analyzer type ellipsometer or the
rotating polarizer type ellipsometer, the multiple incidence
plane measurement with respect to the multiple angles of
incidence 1is expected to raise the measurement accuracy
compared to the conventional focused-beam ellipsometer using a
single plane of incidence.

[81] The present application contains subject matter related
to Korean Patent Application No. 2009-0053593, filed in the
Korean 1Intellectual Property Office on June 16, 2009, the

entire contents of which is incorporated herein by reference.
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[82] - While the present invention has been described with
respect to the specific embodiments, it will be apparent to
those skilled in the art that various changes and
modifications may be made without departing from the spirit

and scope of the invention as defined in the following claims.
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[cLaIMs)

[claim 1]

An ellipsometer using a half-mirror, comprising: a light
source apparatus (210); a polarizer (220) for converting
parallel light emitted from the light source apparatus (210)
into a linear polarization state; a half-mirror (230) for
reflecting the light transmitted through the polarizer (220);
an objective lens (240) for focusing the light reflected from
the half-mirror (230) on a sample (250); an analyzer (260) for
transmitting a light polarized in a specific direction alone
among the light transmitted through the objective lens (240);
and a photodetector (270) having pixels for detecting
intensity distribution of the light transmitted through the

polarization detector (260).

[Claim 2]

An ellipsometer using a half-mirror, comprising: a light
source apparatus (210); a polarizer (220) for converting
parallel light emitted from the light source apparatus (210)
into a linear polarization state; an objective lens (240) for
focusing the light transmitted through the polarizer (220) on
a sample (250); a half-mirror (230) for reflecting the light
reflected from the sample (250) and transmitted through the
objective lens (240); an analyzer (260) for transmitting a
light polarized in a specific direction alone among the light

reflected by the half-mirror (230); and a photodetector (270)
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having pixels for detecting intensity distribution of the
light transmitted through the polarization detector (260).
[Claim 3]

An ellipsometer using a half-mirror, comprising: a light
source apparatus (210); a half-mirror (230) for reflecting the
parallel light emitted from the light source apparatus (210);
a linear polarizer (290) for transmitting a light polarized in
a specific direction alone among the light reflected by the
half-mirror (230); an objective lens (240) for focusing the
light transmitted through the 1linear polarizer (290) on a
sample (250); and a photodetector (270) having pixels for
detecting intensity distribution of the light reflected from
the sample (250) and transmitted through the linear polarizer
(290) .

[Claim 4]

An ellipsometer using a half-mirror, comprising a 1light
source apparatus (210), a linear polarizer (290), an objective
lens (240), a half-mirror (230) and a photodetector (270),
Whrerin the linear polarizer (290) converts parallel light
emitted from the light source apparatus (210) into a linear
polarization state, the objective lens (240) focuses the light
transmitted through the linear polarizer (290) on a sample
(250), the linear polarizer (290) transmits a light polarized
in a specific direction alone among the light reflected from
the sample (250) and transmitted through the objective lens

(240), the half-mirror (230) reflects the 1light transmitted
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through the linear polarizer (290); and a photodetector (270)
having pixels detects intensity distribution of the 1light
reflected by the half-mirror (230).
[claim 5]

The ellipsometer of any one of claims 1 to 4, wherein the
half-mirror (230) reflects the light to half or the other half
of the object 1lens (240) or reflects the light transmitted

through the half or the other half of the object lens (240).

[Claim 6]
The ellipsometer of <claim 5, further comprising: a
processing device (280) for correcting the intensity

distribution of the light detected by the photodetector (270)

into values corresponding to pixels of the photodetector (270)

along a multiple incidence plane path of 180° with respect to
respective incidence angles and processing the corrected value.
[Claim 7]

The ellipsometer of claim 6, further comprising: a half-
mirror transportation device for transporting the half-mirror
(230) so that the half-mirror (230) reflects the light to half
or the other half of the object 1lens (240) or reflects the
light transmitted through the half or the other half of the
object lens (240).

[Claim 8]

The ellipsometer of claim 6, wherein the 1light source

apparatus (210) employs a white light source selected from a

tungsten-halogen lamp and a xenon discharge lamp or a
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monochromatic laser light source.
[Claim 9]

The ellipsometer of claim 6 further comprising: a band-
pass filter for transmitting light with a specific range of
wavelength and placed in back of the light source apparatus
(210) or in front of the photodetector (270) when the 1light
source apparatus (210) employs the white light source.

[claim 10]

The ellipsometer of claim 1 or 2, further comprising: a
compensator placed between the half-mirror (230) and the
objective lens (240) to compensate the polarized beam.

[claim 11]

The ellipsometer of claim 3 or 4, further comprising: a
compensator placed between the linear polarizer (290) and the
objective lens (240) to compensate the polarized beam.

[Claim 12]

The ellipsometer of claim 1 or 2, further comprising: an
electrical polarization modulator placed between the half-
mirror (230) and the objective lens (240) to control phase
difference of the polarized beam with electricity.

[claim 13]

The ellipsometer of claim 3 or 4, further comprising: an
electrical polarization modulator placed between the linear
polarizer (290) and the objective lens (240) to control phase

difference of the polarized beam with electricity.
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[Fig. 2]
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[Fig. 4]
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[Fig. 6]
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