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METHOD AND APPARATUS FOR DETERMINING CHARACTERISTICS OF
MICROSTRUCTURES UTILIZING MICRO-MODULATION REFLECTANCE
SPECTROMETRY

_OHo0BES 2

FIELD OF THE INVENTION

This invention relates to a method and apparatus for
accurately characterizing the physical parameters of
microscopically small-size semiconductor materials and other

microstructures by using micro-reflectance spectrometry.

BACKGROUND OF THE INVENTION

In the study of bulk semiconductor materials and low-
dimensional semiconductor materials, it is very desirable to be
able to accurately measure physical characteristics such as
energy levels, critical points, electric-field distribution
dopant concentration, etc. These characteristics may be measured
using reflectance spectrometry which is a contactless and
nondestructive measuring system that can operate at room
temperature. The measurement of these characteristics is

important for evaluating the quality and homogeneity “of

semiconductor materials.

The use of modulation reflectance spectrometry as a
measuring system is known and is discussed at length in U.S.
Patents 5,287,169; 5,260,772;. 5,255,071; 5,255,070; and
5,159,410, all to Pollak. The'contents of those patents are
incorporated herein by reference.

Modulation reflectance spectrometry uses a system of

modulation spectroséopy which, instead of directly measuring a
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This invention relates to a nethod and apparatus for accurately

characterizing the physi cal paraneters of mcroscopically small-size
sem conductor naterials and other microstructures by using
m cro-refl ectance spectronetry. BACKGROUND OF THE | NVENTI ON In
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charact gzimphiecs may be neasured using reflectance spectrometry which is a
contactl esS and nondestructive neasuring systemthat can operate at room

For instance, photoreflectance (PR) spectrometry uses a

5 modulated light source. Electroreflectance (ER) spectrometry

uses a modulated electric field. Other modulation methods can

be used such as piezomodulation, thermal modulation, wavelength
médulation, etc.

In the case of PR, a modulated light source and a

10 monochromatic light source are directed at a sample through the
use of lenses or mirrors. The modulated light source affects
various parts of the sample differently depending on. specific
transitions in the sample composition and structure. The
reflectance spectra of the sample is determined by the

15 reflectance of the monochromatic light. The reflected light is
received by a detector such as a photodiode, photoconductor, etc.
The detector produces signals that are used to measure the
desired characteristic and to adjust a variable neutral density
filter. The neutral density filter regulates the intensity‘gf

20 the monochromatic light source for normalization.

In the case of ER, the sample is placed in a condenser-like
system comprised of a pair of electrodes that produce a modulated
electric field in response to an electromodulation source. As
with the above noted PR system, a monochromatic light source is

25 directed at the sample and the reflected light is received by a
detector which produces signals that are used to measure the

desired sample characteristic and to normalize the monochromatic

light source.
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tenperature. The neasurenent of these characteristics is inportant for
evaluating the quality and honpbgeneity of sem conductor materials.
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This was due to a limitation in the prior art reflectance systems
which could not collect the reflected light of a focused optical
spot that was smaller than 1.0 mm?’. This corresponds to an area
which is considerably larger than the discrete segments (e.g.,
gate junctions) that comprise semiconductor devices and prevents
the prior art reflectance systems from being used to characterize
small-size semiconductor devices and microstryctures. This
characterization is very important in the analysis of
semiconductor materials. |

Oftentimes, the purpose of analyzing semiconductor materials
is to ascertain the qualities of the various sample areas. These
qualities are determined by the various conditions under which
a given semiconductor material is grown. Imperfections in the
semiconductor material are indicative of improper growth
conditions (e.g., temperature, vacuum, growth material, etc.)
and to correct these imperfections it is necessary to be able to
isolate specifically what step in the process of fabricat%Qn
caused the imperfections. To do this, one mnust be able to
measure specific microstructures within the semiconductor
material. '

A further problem with the prior art reflectance system is
that it is very difficult to set up the monochromatic light
source and the detector to measure the characteristics of a
specific desired portion of the sample such as a specific gate

junction.
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2 given characteristic, neasures the effect that a periodically nodul at ed
source has on the reflectance spectra of a given sanple. For instance,
phot oref | ectance (PR) spectronetry uses a nodul ated |ight source.

El ectrorefl ectance (ER) spectrometry uses a nodul ated electric field.

Qher modul af e@‘%f&%‘emdftc% b USEFeSUCBratHY SEALRA At 9Bt § BR" T
modul ati on, ‘Wavel engt’'h
upillze a method of micro-reflectance spectrometry that is.
capable of measuring sample sizes and sample areas smaller than
1.0 mm?.

5 Another object of this invention is to provide an improved
apparatus that utilizes micro-reflectance spectrometry to
characterize sample sizes smaller than 1.0 mm?.

A further object of this invention is to provide a method
of directing a probing light spot through the use of a microscope
10 . capable of achieving a spatial resolution of less than 1.0 um

utilizing micro-reflectance spectrometry.

A still further object of this invention is to provide an
improved apparatus that utilizes micro-reflectance spectrometry
and is capable of achieving a spatial resolution of less than 1.0

15 pm.

SUMMARY OF THE INVENTION
These and other objects of the present invention are
achieved by utilizing a lens of an optical microscope to dirggt
20 a monochromatic probe light and to magnify microstructures of a
' sample that are of interest. A modulated source (e.g.,
photomodulated, electromodulated, piezomodulated, thermal
modulated, wavelength modulated, etc.) is also directed at the
sample and the effect of the modulated source on the sample maybe
25 determined by detecting the reflection spectra of the sample.
The reflection spectra of the sample may be analyzed by a
computer to characterize the sample and to normalize the

operating conditions of the system by adjusting the brightness
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nodul ati on, etc. In the case of PR, a nodul ated |ight source and a
nmonochromatic |ight source are directed at a sanple through the use of

| enses or mrrors. The nodul ated |ight source affects various parts of the
sanple differently depending on specific transitions in the sanple

Conposi td O 1N hriddel GdHhromathe rl%fg‘h%%%%gg ﬁpft‘-‘:‘ﬁklr ?‘5’%: oﬁ%eiéefig{a%lies

determ ned by the refl ectance of the~“nonoc tic ected

| ight | siduaneilvedelyity dEieebel Suflle agorpRPet 0diande1 0L PNIUCIRE, et C.
The detector produces signals that are used to neasure the desired

char act endtstriec thad &djadf ushe avartdliealtfth BEULhE| melesshtomdtid arighthangeut r al
density filter regulates the intensity of the nonochromatic |ight source

for nor rdld mexdudation frégueheycaf eclnf moRultbedsanwteeitso Wacad 2en the
condenser-1ike
S conditions for a given measurement.

In operation, micro-reflectance spectrometry as practiced
according to the present invention, can achieve spatial
resolutions of less than 1.0 pm. This is preferably accomplished
by adjusting the magnification of the micro§cope to direct the

10 monochromatic light and produce a probing light spot on an area
of interest. An illuminating lens of the microscope is used to
direct the probing light spot while a viewing lens of the
microscope is used to locate the area of interest. Once the
probing light spot is correctly directed, a detector is placed

15 before the viewing lens to measure the reflectance spectra of the
sample.

As a result, the prior art limitation on a minimum sample
gize of 1.0 mm® can be reduced to areas smaller than 1.0 um?® by

the present invention, therein enabling convenient measurement
-~

20 of microstructures that are of interest. .

BRIEF DESCRIPTION OF THE DRAWINGS

Following is a description of an embodiment, which when

taken in connection with the following drawings, will illustrate

25 the above noted features and advantages as well as further ones.

It should be expressly understood that the drawings are included

for illustrative purposes and do not represent the metes and
bounds of the invention. e T
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system conprised of a pair of electrodes that produce a nodul ated el ectric
field in response to an el ectronodul ati on sour ce.
PR system a nonochromatic light source is directed at the sanple and the
is received by a detector which produces signals that are

P8 Lhesgos L RalRLonthak 61 Shkah! Se 0 L8 ARLORL 28t

nonochr onat i

reflected |ight
used to neas

10

15

20

25

sSour CE€.
photo-reflectance system in accordance with a preferred

embodiment of the present invention,

FIG. 2 is a schematic block diagram of an apparatus for an
electroreflectance system in accordance with a preferred
embodiment of the present invention.

FIG. 3 is a schematic block diagram of an apparatus for an
electrotransmittance system in accordance with a preferred

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the drawings, 1like references numerals are used to
designate like parts. In terms of the present invention, a
modulated source can be photomodulated, electromodulated,
piezomodulated, thermal modulated,'wavelength modulated, etc.
The invention is descfibed with reference to a preferred
embodiment using a photomodulated source and an electromodulated
source but many other modulated sources such as piezomodulated,
thermal wmodulated, wavelength modulated, etc., can be uggd

without departing from the spirit and scope .of the subject

invention.

Micro-Photoreflectance Spectrometer

As seen in Fig. 1, a micro-reflectance device according to
a preferred embodiment of the present invention is provided by
a novel combination of a photoreflectance device and an optical
microscope. As a result of this combination, the spatial
resolution of the PR device is drastically improved by a factor

of 100,000 per cent or more.
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3 The problemin the past has been that these systens could only
operate on sanple sizes wwth an area of nore than 1.0 nmjerr]. This was due
toalimtation in the prior art reflectance systens which could not
collect the reflected Ilight of a focused optical spot that was smaller than

1.0 mﬂerr]-ngaafiegi%g,sQ Thd 28 PEE2 MLCDsdike FRBIALTBOpYoqaEdsT than

the discrete Segnments , gate junc I 'ong) "t conprise sem conduct or
devi ces 1888t P Sphdfed’ tBkolbh eTRLMANGENSYRESRRSF O upgd Lo

characterize small-size sem condlctor ‘devices and m crostructures. Thi s
char act @rlizahl Gy i$ ¥EEY-hOBOF t 2Nt tbh gritRiuRaly/ Shénd®thromatic probing
light source of a given waQelength. A variable neutral density
5 filter 116 controls the intensity of the monochromatic probing
light which is then focused by a lens 17 through an illuminating
lens of an optical microscope 19. The microscope 19 directs a
probing light spot onto a sample (not shown) that is held by a
sample holder 117. ‘

10 The microscope 19 is used to precisely direct the probing
light source onto the sample and to direct the reflectance signal
from the sample to a detector. The magnification of the
microscope can be adjusted precisely to focus the probing light
spot onto a desired microstructure and through the use of

15 different levels of magnification, the focus spot can be greatly
reduced from the prior art reflectance spectrometers enabling
characterization of microstructures that prior spectrometers
could not characterize.

In operation, the probing light spot can be precise./ly

20 directed to the sample to achieve a spatial resolution of less
than 1.0pm by adjusting the magnification of the microscope 19
such that the desired area of the sample is visible and
illuminated by the probing light spot. Positioning of the sample
within the optical field is accomplished by viewing the sample

25 through a viewing lens of the microscope 19. The positioning can
be further facilitated by use of a microscope that has a cross
line or other focal point indicating apparatus viewable within

the focusing field.
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sem conductor materials. O tentines, the purpose of anal yzing

sem conductor materials is to ascertain the qualities of the various

ar eas.

These qualities are determ ned by the various conditions under

a given sem conductor material is grown. Inperfections in the sem con
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probing light spot, a detector 110 is placed before the viewing
lens of the microscope.

Photoexcitation of the sample is maintained by a laser 14
which produces a beam that is modulated by a chopper 13 and then
directed to the sample through the illuminating lens of the
microscope 19 by a mirror 12 and a small mirror 18.

The probing light spot produces a reflectance spectra of the
sample which .contains both an a.c. and a d.c. component and is
received by the detector 110. A filter 111 is positioned between
the detector 110 and the viewing lens of the microscope 19 to
filter out light that is reflected from the modulated light
gource. The detector 110 produces both an a.c. signal and a d.c.
signal in response to receipt of the reflectance spectra of the
sample. The a.c. signal from the detector 110 is supplied to
a lock-in amplifier 114 which also receives a signal from ;Be
chopper 13 that is related to the modulation f£requency of the
laser 14. The lock-in amplifier 114 produces an output signal
related to the modulation freqﬁency and the photoreflectance
gignal and provides that output signal to a computer 115. The
computer 115 also receives the d.c. signal from the detector 110
through an A/D converter 113 which converts the d.c. signal into
a digital representative thereof.

The computer 115 produces a signal that represents the

measured characteristic. The signal from the output of the
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source and the detector to neasure the characteristics of a specific
desired portion of the sanple such as a specific gate junction.
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Therefore, it is an object of the present invention to

computer 115 is provided to an output device 119. As used
h?rein, the term output device is intended to encompass any
device such as a display monitor, printer, plotter, digital
recorder, etc. that reproduces, displays, records, or otherwise
creates a representation of the measured characteristic for easy
reference.

Additionally, the computer 115 acts as a controller that
controls a step motor 11, a step motor 112 and the chopper 13
through the use of three separateﬁ control signals 1in the
conventional manner. The computer 115 {acting as controller, as
further discussed below) produces a signal which is received by
the step motor 11 and controls the wavelength of the probing
light source from the probe monochromator 16 for a given
measurement. The computer 115 also produces a signal that is
received by the step motor 112 which controls a variable neutral
density filter 116 to maintain the d.c. component of the
reflectance spectra received by the detector 110 constant for
normalization. Lastly, the computer 115 controls the modulation

frequency of the chopper 13.

Micro-Electroreflectance Spectrometer

The micro-electroreflectance spectrometer shown in FIG. 2
operates similar to the micro-photoreflectance spectrometer shown
in FIG. 1 and like parts have the same function as described
above. The distinction is that in micro-electroreflectance
spectroscopy, the sample of interest is excited through the use
of an electromodulation source 118 which 1is connected to

conductive plates (not shown) placed on either side of the
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utilize a nmethod of mcro-reflectance spectronetry that is capable of

nmeasur i

Anot her object of this invention is to provide an inproved apparatus that

ng sanple sizes and sanple areas smaller than 1 . 0O mjerr].

utilizes mcro-reflectance spectronetry to characterize sanpl e sizes
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UtTlizing mcro-reft|ectance spec art her
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ef ectance spectronetry and is capa of achieving a Spati al
meduebthieas bBantBeO laser 14 is controlled in the micro-

photoreflectance spectrometer described above.

As with micro-photoreflectance, a probé monochromator 16 is
directed by a lens 17 through an illuminating lens of a
microscope 19 to produce a probing light spot on a sample (not
shown) that is held by a saﬁple holder 117. The reflectance
spectra which contains both an a.c. and a d.c. component is
detected by a detector 110 after proper positioning of the
probing light spot. In response to the reflectance spectra, the
detector 110 produces both an a.c. signal that is received by a
lock-in amplifier 114 and a d.c. signal that is converted to a
digital equivalent by an A/D converter 113 and is thereafter
received by the computer 115.

The electromodulation source 118 produces a signal that is
related to its modulation frequency which is received by the
lock-in amplifier 114. 1In response to the received signal f{gm
the electromodulation source 118 and the a.c. .signal from the
detector 110, the lock-in amplifier 114 transmits a signal to the
computer 115 which in response thereto, produces a signal that
represents the measured characteristic. The signal from the
output of the computer 115 isg provided to an output device 119.

The computer 115 also acts as a controller that controls the
wavelength and the intensity of the monochromatic probing light

source through the use of step motors 11 and 112, as described

above.
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SUMVARY OF THE | NVENTI ON These and ot her objects of the present
I nvention are achieved by utilizing a lens of an optical mcroscope to
di rect a nmonochromatic probe light and to magnify mcrostructures of a

sanpl e that rranfcr@f-elldhebetlrlectafcPALALE o SESed (o a
phot onodul ated,. el ectronodul ated, piezonodul at ed, t her mal

filter
nodul at ed,

vavel engid bedgllbkaeddoetiéen titfe @etectbieti @hrd theevawRhg Béwls ¥ talef ect
of the nodul ated source on the sanpl e naybe determ ned by detecting the

refl ectimicrpempen of simcsamtexe The red | ecifilertapeet r aanbetihebpamplee may
be anal yzed by a conputer to characterize the sanple and to nornalize the

oper at i relesininadisatelr Homreesia®.by adj usting the bright ness.

5 While the preferred embodiments have been described with

reference to reflectance spectrometry, a simple modification can

be made for micro-transmittance spectrometry.

Micro-Electrotransmittance Spectrometer

10 In Fig. 3 is shown ‘an example of a

micro-

electrotransmittance spectrometer in accordance with the present

invention. The micro-electrotransmittance spectrometer operates

similar to the micro-electroreflectance spectrometer described

above with the exception that a second optical microscope 20 is

15 placed behind a sample that is being measured. The sample holder

117 must be constructed of a transparent material that does not

block the transmittance spectra of the sample. The optical

microscope 20 is focused on the microstructure of interest and

a detector 120 is then placed behind a viewing lens of the

20 optical microscope 20. The detector 120 detects the

transmittance spectra through the microscope 20 and transmits a

signal to the rest of the micro-transmittance system.

This

transmittance signal operates similar to the reflectance signals

described above for micro-photoreflectance and

micro-

25 electroreflectance spectrometry. Therefore, the use herein of

the term reflectance is intended to be broadly interpreted to

encompass both reflectance and transmittance and the term

reflectance spectrometry is intended to also encompass

transmittance spectrometry.

This Sheet Has Been Replaced

o I

i

|

I

|

THIS SHEET HAS BEEN
REPLACED




of the probe nonochromatic |ight through the use of a variable neutral
density filter. The conputer can also utilize step notors that adjust the
wavel engt h of the nonochromatic Iight and

i0

Conclugion

By using the methods and apparatus of the presently
disclosed invention, the characteristics of samplé gizes smaller
than 1.0 pm® can be analyzed and a spatial resolution of less
than 1.0 um can be achieved. This represents 100,000 per cent
improvement over the prior art reflectance spectrometry systems.

While the invention has been described with reference to the
preferred embodiments, it will be apparent to those skilled in
the art that numerous variations can be made without departing
from the spirit or scope of the invention which is defined by the
appended claims. The preferred embodiments were described above
solely for illustrative purposes and were not intended to limit

the metes and bounds of the appended claims.
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t he nodul ation frequency of the nodul ated source to optimze the conditions
for a given neasurenent. In operation, mcro-refl a¥s try
as practiced according to the present invention, can aimﬂmm mm ﬂ!ﬁ
resolutions of less than 1.0 [err]m This is preferably*acconp 1S

adj ustig, g Lpe; Hagnlflcatlon of the mcroscope to direct the nDnochronatlc

| i ght an pro uce a probing light spot on an area of interest. An

i ITum nati ngal gAEHEE Bbemghﬁﬁ9§ﬁ8p@héﬁaéééﬁlééhé%rS@tmiéﬁbé%fﬁbiﬁkééght
spot whide a viewng lens of the "mcroscope Is used to | ocate the area of

i Nt er esthe mghﬁedtb@mﬁfggaﬂ@ thaitesgtofis correctly directed, a detector
Is placed before the viewing lens to neasure the refl ectance spectra of the

sanpl e. aAs adiesctingtdanqridodhroaiadt id Mighti ebupteathroughna Shemd e
5 of a microscope onto a desired microstructure of a
sample;
b. exciting the sample by a modulated source;
c. detecting the reflectance of the monochromatic light
source. ‘
10

2. The method of Claim 1, wherein the step of exciting the
sample further comprises using a photomodulation source to excite

the sample.

15 3. The method of Claim 1, wherein the step of exciting the
sample further comprises using an electromodulation source ‘to

excite the sample.

4. The method of Claim 1, wherein the step of exciting Epe
20 sample further comprises using a piezomodulation.source to excite

the sample.

5. The method of Claim 1, wherein the step of exciting the

sample further comprises using a thermal modulation source to

25 excite the sample.
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1.0 m®2 can be reduced to areas snaller than 1. Qul@f k the
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7. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,

producing a stable measuring system.

8. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a signal representative thereof and providing the

representative signal to an output device.

9. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a signal representative thereof and providing the
repreéentative signal to a controller device for controlling said
measuring method.

10. The method of Claim 1, wherein the step.of directing a
monochromatic light source through the lens of the microscope
further comprises directing the monochromatic light source using

a focal point indicator.
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6 FIG 1 is a schematic block diagram of an apparat uﬂ)ﬂmmm"

phot o-refl ectance systemin accordance wwth a preferred e l"""”H",
present invention. FIG 2 is a schematic block diagram'of ¢ an apparfat us
for an el ectroreflectance systemin accordance with a preferred

11, An apparatus

for measuring the characteristics of

microstructures comprising:

a. a source of monochromatic light;
b. a microscope configured to direct the monochromatic
5 light onto a sample and to transmit a reflectance

signal therefrom;

C. a modulator to excite the sample; and

d. a detector for detecting the reflectance signal and

producing a sign‘al representative thereof.

10
12. The apparatus
photomodulator.
13. The apparatus
15 electromodulator.

14, The apparatus

piezomodulator.

20 15. The apparatus

thermal modulator.

16. The apparatus

of Claim 11,

of Claim 11,

of Claim 11,

of Claim 11,

of Claim 11,

wavelength modulator.

25

17. The apparatus of Claim 11,

wherein the modulator is a

wherein the modulator is an

wherein the modulator is a

-

wherein the.modulator is a

wherein the modulator is a

further comprising an output

device which receives said signal from said detector.

15
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enbodi ment of the present invention. FIG 3 is a sche
di agram of an apparatus for an electrotransmttance system nj H 1 “H|“I"
with a preferred enbodi ment of the present invention.

DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS In the dramnngs ||ke

referenceg nu%ﬁaasﬁpé{:st‘ggeggt@ﬁ%'ﬂn%ﬂ%ﬁ% g@gnghgupgn teLAE-giaLbe

present invention sourcé can
el ect r ompgitai-&ée i vé & 200 Bhg}@ﬂ' £ la HBE'H&@&?dEo gtﬂngogéﬂié‘t ed,
etc. The 1nvention is described wt erence to a pre erre odi ne

using a pppkegedsl.ated source and an electronDduIated source but many ot her
nodul at ed sources such as pi ezonodul at ed,

5 19. The apparatus of Claim 11, wherein the microscope further

comprises a focal point indicating apparatus.
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t hermal nodul at ed, wavel ength nodul ated, etc., can be used wthout ————————

departing fromthe spirit and scope of the subject inventi Ol?'hisSheetHasBe Replaced
€n Replace

M cr o- Phot or ef | ect ance Spectroneter As seen in Fig. 1,

m cro-refl ectance device according to a preferred enbodi nent lﬂﬂﬂmmwmﬁm
i nvention is provided by a novel Cﬁgl nation of a photorefle [
and an optical m croscope. As a this conbination, the spatial

resolution of the PR device is drastically inproved by a factor of 100, 000
per cent or nore.

A method and apparatus for measuring the characteristics of
microstructures by modulating a sample using a modulated source

5 and utilizing a microscope to magnify a desired sample area and
direct a monochromatic ‘ probe light source onto the desired
microstructure of the sample. The probe light is reflect;,ed by

the sample and the refljectance spectra is directed by the
microscope and thereagter, is detected and transmitted to a

10 computer to record or display the measured characteristic.
Further, the computer is also used to control the brightness of

the monochromatic probe light and to control the modulation
frequency of the modulated source. The wavelength of the
monochromatic probe light can also be varied by the computer.

15 The magnification of the microscope can be varied so that the
desired microstructure is visible and the probing light spot is
precisely placed on it. The desired sample microstructufe can

be precisely located within the viewing field of the microscope
through the use of an indicator like a cross line indicator.

-
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7 Specifically, as shown in FIG 1, a light source 15 produces |ight
whi ch passes through a probe nonochromator 16 that is driven by a
step-notor 11 to produce a nonochromatic probing |ight source of a given
wavel ength. A variable neutral density filter 116 cont ro'ﬁiéﬁ?atﬁa@txgeeg}ﬁ{ thceé’f

the nonochronmatic probing ”",I,"l" ”I'GPII

h

Y

Saple holder|
117
19

N\,

Fig. 1 Micro-Photoreflectance
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| i ght which is then focused by a lens 17 through an illum nating | ens of an
optical mcroscope 19. The m croscope 19 directs a problng | 1 ght spot onto
a sanple (not shown) that is held by a sanple hol der 117

m croscope 19 is used to precisely direct the probing IiQ lmdthB“mR£IMﬂ%he
sanpl e and to direct the reflectance signal fromthe sanp ﬂ“ﬂﬂ: E' W
The magni fication of the m croscope can be adjusted preci the
probing light spot onto a desired mcrostruct.ure and through the use of
different, | evel s of magnification, the focus spot can be greatly reduced
fromthe prior art reflectance spectroneters enabling characterization of

m crostructures that prior spectroneters could not characteri ze. I n
operation, the probing |light spot can be precisely
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Fig. 2 Micro-Eleciroreflectance
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directed to the sanple to achieve a spatial resolution of |ess than
.dJerr]mby adjusting the nagnification of the m croscope 19 such-that—the

de5|red area of the sanple is visible and ill um nated by the problng | i ght
spot. Positioning of the sanple within the optical fieldlk bnRe dby
viewi ng the sanple through a viewing |lens of the n1crosco

positioning can be further facilitated by use of a n1cros

cross line or d@per focal point indicating apparatus V|emable W

focusi ng i el d.
—
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Fig. 3 Micro-Elecirotransmittance
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8 ’ The magnification of the mcroscope 19 can be adjusted to direct
the probing light spot at a specific mcrostructure (e.gf, gﬁp ,yypczlgn)]
of interest. Once the sanple is properly positioned and | ' h“"n
is properly set to direct the probing light spot, a detect r 110 |s Iaoe$
I
‘P

before the viewi ng | ens of the mnicroscope. Phot oexcj t jat ildh JJoN '@ﬁk
sanple is nmaintained by a | aser 14 which produces a beamthat is nndulage
by a chopper 13 and then

METHOD AND APPARATUS FOR DETERMINING CHARACTERISTICS OF
MICROSTRUCTURES UTILIZING MICRO-MODULATION REFLECTANCE
SPECTROMETRY

FIELD OF THE INVENTION

This invention relates to a method and apparatus for

accurately characterizing the physical parameters of
microscopically small-size semiconductor materials and other

microstructures by using micro-reflectance spectrometry.

BACKGROUND OF THE INVENTION

In the study of bulk semiconductor materials and low-
dimensional semiconductor materials, it is very desirable to be
able to accurately measure physical characteristics such as
energy levels, critical points, electric-field distribution

- dopant concentration, etc. These characteristics may be measured
using reflectance spectrometry which is a contactless and
nondestructive measuring system that can operate at room
temperature. The measurement of these characteristics is
important for evaluating the quality and homogeneity of
semiconductor materials.

The use of modulation reflectance spectrometry as a
measuring system is known and is discussed at length in U.S.
Patents ;5,287,169; 5,260,772; 5,255,071; 5,255,070;
and 5,159,410, all to Pollak. The contents of those patents are
incorporated herein by reference.

Modulation reflectance spectrometry uses a system of
modulation spectroscopy which, instead of directly measuring a



directed to the sanpl e through the illum nating I ens of thep Bperty:
by a mrror 12 and a small mrror 18. The probing |i ght—spot~—produces
a reflectance spectra of the sanple which contains both a %
conmponent and is received by the detector 110. A filter 1131
bet ween the detector 110 and the viewing lens of the m crasd_ape__lg—t-e-——-—'-

filter

detector 110 produces both an a.c. signal and a d.c. sign
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fromthe chopper 13 that is related to the nﬁ%%%atlon.freq ency of
the | asePr®™®*®Tfhe | ock-in anplifier 114 produces an output signal related
to the nodul aFoan inepency phetéher PhiLief | ephANGRectrometry uses a

modulated light source. Electroreflectance (ER) spectrometry
uses a modulated electric field. Other modulation methods can
be used such as piezomodulation, thermal modulation, wavelength
modulation, etc.

In the case of PR, a modulated light source and a
monochromatic light source are directed at a sample through the
use of lenses or mirrors. The modulated light source affects
various parts of the sample differently depending on specific
transitions in the sample composition and structure. The
reflectance spectra of the sample is determined by the
reflectance of the monochromatic light. The reflected light is
received by a detector such as a photodiode, photoconductor, etc.
The detector produces signals that are used to measure the
desired characteristic and to adjust a variable neutral density
filter. The neutral density filter regulates the intensity of
the monochromatic light source for normalization.

In the case of ER, the sample is placed in a condenser-like
system comprised of a pair of electrodes that produce a modulated
electric field in response to an electromodulation source. As
with the above noted PR system, a monochromatic light source is
directeq at the sample and the reflected light is received by a
detector which produces signals that are used to measure the
desired sample characteristic and to normalize the monochromatic
light source.



signal and provides that output signal to a conputer 115, TQEH‘;%
also receives the d.c. signal fromthe detector 110 throughf an A/D
converter 113 which converts the d.c. signal into a digitpl! réd@esenpeti\
t her eof . The conputer 115 produces a signal that repre;‘sents t he
measured characteristic. The signal fro;nthe out put of the

H
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The problem in the past has been that these systems could
only operate on sample sizes with an area of more than 1.0 mm?.
This was due to a limitation in the prior art reflectance systems
which could not collect the reflected light of a focused optical
spot that was smaller than 1.0 mm?. This corresponds to an area
which is considerably larger than the discrete segments (e.g.,
gate junctions) that comprise semiconductor devices and prevents
the prior art reflectance systems from being used to characterize
small-size semiconductor devices and microstructures. This
characterization 1is very important in the analysis of
semiconductor materials.

Oftentimes, the purpose of analyzing semiconductor materials
is to ascertain the qualities of the various sample areas. These
qualities are determined by the various conditions under which
a given semiconductor material is grown. Imperfections in the
semiconductor material are indicative of improper growth
conditions (e.g., temperature, vacuum, growth material, etc.)
and to correct these imperfections it is necessary to be able to
isolate specifically what step in the process of fabrication
caused the imperfections. To do this, one must be able to
measure specific microstructures within the semiconductor
material.

A further problem with the prior art reflectance system is
that it is very difficult to set up the monochromatic 1light
source and ?he detector to measure the characteristics of a
specific desired portion of the sample such as a specific gate

junction.



9 conputer 115 is provided to an output device 119. As use REPGICAMENNESHEET
termoutput device is intended to enconpass any device such as padrsptay

nmonitor, printer, plotter, digital recorder, etc. that reproduges, 1097
di spl ays, records, or otherw se creates a representation of the rrbgs‘m%dP
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characteristic for easy reference. Additionally, the conputer 115 acts
as a controller that controls a step nogor 11, a step motor 112 and theé
chopper 13 through the use of three separate control signals+nthe

conventional e LOTRe é’érrﬁﬁt &N 198 €@kt PAg te cerrsent einvestiont frer
di scussedutbEl 0¥ R Of®ERSA A GH ORALr¥h-E &St 4Ll LBdck¥ometry that is

capable of measuring sample sizes and sample areas smaller than
1.0 mm?.

Another object of this invention is to provide an improved
apparatus that utilizes micro-reflectance spectrometry to
characterize sample sizes smaller than 1.0 mm3.

A further object of this invention is to provide a method
of directing a probing light spot through the use of a microscope
capable of achieving a spatial resolution of less than 1.0 um
utilizing micro-reflectance spectrometry.

A still further object of this invention is to provide an
improved apparatus that utilizes micro-reflectance spectrometry
and is capable of achieving a spatial resolution of less than 1.0

pm.

SUMMARY OF THE INVENTION

These and other objects of the present invention are
achieved by utilizing a lens of an optical microscope to direct
a monochromatic probe light and to magnify microstructures of a
sample that are of interest. A modulated source (e.g.,
photomodulated,. electromodulated, piezomodulated, thermal
modulated, wavelength modulated, etc.) is also directed at the
sample and the effect of the modulated source on the sample maybe
determlned by detecting the reflection spectra of the sample.
The- reflectlon spectra of the sample may be analyzed by a
computer to characterize the sample and to normalize the
operating conditions of the system by adjusting the brightness



the step nmotor 11 and controls the wavel ength of the probing | iRem ASEMENTeSHEET
fromthe probe nonochromator 16 for a given neasurenent. The|cpmputer—1i5—
al so produces a signal that is received by the step notor 112 Whi%hﬁz_mpng7
controls a variable neutral density filter 116 to maintain th v B
conponent of the refl ectance spectra received by the detector; 110 _constant
for normalization. Lastly, the conputer5115 controls the nodulation
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frequency of the chopper 13. . Mcro-Electrorefl ectance Spect+ofetet
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have the sane function, as described _ '
motors that adjust the wavelength of the monochromatic light and
the modulation frequency of the modulated source to optimize the
conditions for a given measurement.

In operation, micro-reflectance spectrometry as practiced
according to the present invention, can achieve spatial
resolutions of less than 1.0 um. This is preferably accomplished
by adjusting the magnification of the microscope to direct the
monochromatic light and produce a probing light spot on an area
of interest. An illuminating lens of the microscope is used to
direct the probing light spot while a viewing lens of the
microscope is used to locate the area of interest. Once the
probing light spot is correctly directed, a detector is placed
before the viewing lens to measure the reflectance spectra of the
sample.

As a result, the prior art limitation on a minimum sample
size of 1.0 mm® can be reduced to areas smaller than 1.0 um? by
the present invention, therein enabling convenient measurement

of microstructures that are of interest.

BRIEF DESCRIPTION OF THE DRAWINGS
Following is a description of an embodiment, which when

taken in connection with the following drawings, will illustrate
the aboxe nerd features and advantages as well as further ones.
It should be expressly understood that the drawings are included
for illustrative purposes and do not represent the metes

and bounds of the invention.
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FIG. 1 is a schematic block diagram of an apparatus for a
photo-reflectance system in accordance with a preferred
embodiment of the present invention.

FIG. 2 is a schematic block diagram of an apparatus for an
electroreflectance system in accordance with a preferred
embodiment of the present invention.

FIG. 3 is a schematic block diagram of an apparatus for an
electrotransmittance system in accordance with a preferred

embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the drawings, like references numerals are used to
designate 1like parts. In terms of the present invention, a
modulated source can be photomodulated, electromodulated,
piezomodulated, thermal modulated, wavelength modulated, etc.
The invention is described with reference to a preferred
embodiment using a photomodulated source and an electromodulated
source but many other modulated sources such as piezomodulated,
thermal modulated, wavelength modulated, etc¢., can be used
without departing from the spirit and scope of the subject

invention.

Micro-Photoreflectance Spectrometer
As seen in Fig. 1, a micro-reflectance device according to

a preferred embodlment of the present invention is provided by
a novel comblnatlon of a photoreflectance device and an optical
microscope. As a result of this combination, the spatial
resolution of the PR device is drastically improved by a factor
of 100,000 per cent or more.



sanpl e. The nodul ation frequency of the el ectronodul ation |sdlEPERCAARITI SHEET
controlled by the output of a conputer 115 (which acts as § pﬁﬁrrarr§r7“51
further discussed below) in the sane way as the nodul ation OL | @asehy 1
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is controlled in the mcro- photoreflectance spectroneter . ove |
As with mcro-photoreflectance, a probe nonochromator 16 ii di-r-ected-by--a
|l ens 17 through an illum nating | ens of7 a m croscope 19 to; produce a

probing light spot on a_sanple (not shown) that_is held by a-sanpte holder—
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light source of a given wavelength. A variable neutral density
filter 116 controls the intensity of the monochromatic probing
light which is then focused by a lens 17 through an illuminating
lens of an optical microscope 19. The microscope 19 directs a
probing light spot onto a sample (not shown) that is held by a
sample holder 117. '

The microscope 19 is used to precisely direct the probing
light source onto the sample and to direct the reflectance signal
from the sample to a detector. The magnification of the
microscope can be adjusted precisely to focus the probing light
spot onto a desired microstructure and through the use of
different levels of magnification, the focus spot can be greatly
reduced from the prior art reflectance spectrometers enabling
characterization of microstructures that prior spectrometers
could not characterize.

In operation, the probing light spot can be precisely
directed to the sample to achieve a spatial resolution of less
than 1.0um by adjusting the magnification of the microscope 19
such that the desired area of the sample is visible and
illuminated by the probing light spot. Positioning of the sample
within the optical field is accomplished by viewing the sample
through a viewing lens of the microscope 19. The positioning can
be furtﬁer f;cilitated by use of a microscope that has a cross
line or other focal point indicating apparatus viewable within

the focusing field.
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probing light spot, a detector 110 is placed before the viewing
lens of the microscope.

Photoexcitation of the sample is maintained by a laser 14
which produces a beam that is modulated by a chopper 13 and then
directed to the sample through the illuminating lens of the
microscope 19 by a mirror 12 and a small mirror 18.

The probing light spot produces a reflectance spectra of the
sample which contains both an a.c¢. and a d.c. component and is
received by the detector 110. A filter 111 is positioned between
the detector 110 and the viewing lens of the microscope 19 to
filter out light that is reflected from the modulated light
source. The detector 110 produces both an a.c. signal and a d.c.
signal in response to receipt of the reflectance spectra of the
sample. The a.c. signal from the detector 110 is supplied to
a lock-in amplifier 114 which also receives a signal from the
chopper 13 that is related to the modulation frequency of the
laser 14. The lock-in amplifier 114 produces an output signal
related to the modulation frequency and the photoreflectance
signal and provides that output signal to a computer 115. The
computer 115 also receives the d.c. signal from the detector 110
through;an A{D converter 113 which converts the d.c. signal into
a digital representative thereof.

The computer 115 produces a signal that represents the
measured characteristic. The signal from the output of the
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filter to be placed between the detector 110 and the view ng|!| EAS of The
m croscope 9 since there is no refl ectance caused by the 10 JUN 997
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computer 115 is provided to an output device 119. As used
herein, the term output device is intended to encompass any
device such as a display wonitor, printer, plotter, digital
recorder, etc. that reproduces, displays, records, or otherwise
creates a representation of the measured characteristic for easy
reference.

Additionally, the computer 115 acts as a controller that
controls a step motor 11, a step motor 112 and the chopper 13
through the use of three 'separate control signals in the
conventional manner. The computer 115 (acting as controller, as
further discussed below) produces a signal which is received by
the step motor 11 and controls the wavelength of the probing
light source from the probe monochromator 16 for a given
measurement. The computer 115 also produces a signal that is
received by the step motor 112 which controls a variable neutral
density filter 116 to maintain the d.c. component of the
reflectance spectra received by the detector 110 constant for
normalization. Lastly, the computer 115 controls the modulation

frequency of the chopper 13.

Micro-Electroreflectance Spectrometer
The micro-electroreflectance spectrometer shown in FIG. 2

operates similar to the micro-photoreflectance spectrometer shown
in FIG. 1 and like parts have the same function as described
above. ;The @istinction is that in micro-electroreflectance
spectroscopy, the sample of interest is excited through the use
of an electromodulation source 118 which is connected to

conductive plates (not shown) placed on either side of the




el ectronodul at or source 118. VWil e the preferred enbofi %”?Y@p[f C*een
described with reference to refl ectance spectronetry, a S|mﬁ LAg Wca’ﬂan
can be nmade for micro-transnittance spectronetry.
M cro-El ectrotransm ttance Spectroneter In Fig. 3 is ghowy @ gx'@qpl e
of a mcro- electrotransmttance spectronmeter in accordancge with the
present invention. The micro-electrotramsnittance spectrongter—operates
simlar to the mcro-electroreflectance spectroneter descri bed above with
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a controller, as further discussed below) in the same way as the

modulation of the 1laser 14 is controlled in the micro-
photoreflectance spectrometer described above.

As with micro—photorefléctance, a probe monochromator 16 is
directed by a lens 17 through an illuminating lens of a
microscope 19 to produce a probing light spot on a sample (not
shown) that 1s held by a sahple holder 117. The reflectance
spectra which contains both an a.c. and a d.c. component is
detected by a detector 110 after proper positioning of the
probing light spot. In response to the reflectance spectra, the
detector 110 produces both an a.c. signal that is received by a
lock-in amplifier 114 and a d.c. signal that is converted to a
digital equivalent by an A/D converter 113 and is thereafter
received by the computer 115.

The electromodulation source 118 produces a signal that is
related to its modulation frequency which is received by the
lock-in amplifier 114. 1In response to the received signal from
the electromodulation source 118 and the a.c. signal from the
detector 110, the lock-in amplifier 114 transmits a signal to the
computer 115 which in response thereto, produces a signal that
represents the measured characteristic. The signal from the
output of the computer 115 is provided to an output device 119.

The computer 115 also acts as a controller that controls the
wavelength and the intensity of the monochromatic probing light
source through the use of step motors 11 and 112, as described

above.
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spectrone¢rgctromodulator source 118.

While the preferred embodiments have been described with
reference to reflectance spectrometry, a simple modification can

be made for micro-transmittance spectrometry.

Micro-Electrotransmittapce Spectrometer

In Fig. 3 is shown an example of a micro-
electrotransmittance spectrometer in accordance with the present
invention. The micro-electrotransmittance spectrometer operates
similar to the micro-electroreflectance spectrometer described
above with the exception that a second optical microscope 20 is
placed behind a sample that is being measured. The sample holder
117 must be constructed of a transparent material that does not
block the transmittance spectra of the sample. The optical
microscope 20 is focused on the microstructure of interest and
a detector 120 is then placed behind a viewing lens of the
optical microscope 20. The detector 120 detects the
transmittance spectra through the microscope 20 and transmits a
signal to the rest of the micro-transmittance system. This
transmittance signal operates similar to the reflectance signals
described  above for micro-photoreflectance and micro-
electroreflectance spectrometry. Therefore, the use herein of
the term reflectance is intended to be broadly interpreted to
encompass both reflectance and transmittance and the term
reflectance spectrometry is intended to also encompass

transmittance spectrometry.
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Conclusion

vy

By using the methods and apparatus of the presently
disclosed invention, the characteristics of sample sizes smaller
than 1.0 um? can be analyzed and a spatial resolution of less
than 1.0 um can be achieved. This represents 100,000 per cent
improvement over the prior art reflectance spectrometry systems.

While the invention has been described with reference to the
preferred embodiments, it will be apparent to those skilled in
the art that numerous variations can be made without departing
from the spirit or scope of the invention which is defined by the
appended claims. The preferred embodiments were described above
solely for illustrative purposes and were not intended to limit
the metes and bounds of the appended claims.
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not intended to linit the netes and bounds of the appended c| arns.
We claim:
1. A method of measuring characteristics of microstructures,

the method comprising the steps of:
a. directing a monochromatic light source through a lens
of a microscope onto a desired microstructure of a
sample;
exciting the sample by a modulated source;
c. detecting the reflectance of the monochromatic light

source.

2. The method of Claim 1, wherein the step of exciting the
sample further comprises using a photomodulation source to excite

the sample.

3. The method of Claim 1, wherein the step of -exciting the
sample further comprises using an electromodulation source to

excite the sample.

4. The method of Claim 1, wherein the step of exciting the
sample further comprises using a piezomodulation source to excite
the sample.

5. The method of Claim 1, wherein the step of exciting the

sample further comprises using a thermal modulation source to

excite the sample.
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med

than 0.7 [err]m through a Ien @ M croscope onfoja _
m crostructure of a sarrpl eto ach| eve a spati al re*;ol-—u-t-i—an._o.f,___‘__l [
| ess t han 1.0 [err]m 14 ‘ '
T ]
6. The method of Claim 1, wherein the step of exciting the

sample further comprises using a wavelength modulation source to

excite the sample.

7. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,

producing a stable measuring system.

8. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a signal representative thereof and providing the

representative signal to an output device.

9. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a signal representative thereof and providing the
representative signal to a controller device for controlling said

measuring method.

10. The method of Claim 1, wherein the step of directing a
monochromatic light source through the lens of the microscope
further comprises directing the monochromatic light source using

a focal point indicator.
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b. excrtrng the sanple by a nD source deteéilng “h
refl ectance of the m)nochromatrc” I,ugm source 2.4 [The metlhod of
Claim 1, wherein the step of excl further conprlséi)ubNﬁﬁgb
phot onodul ati on source to excite the sanp e.” 3. The nethod{ of Caima1l,
wherein the step of exciting the sanple further conprises usfjng an _
el ectronodul ati on source to excite the anple. 4. The nethod of O arm.]
wherein the step of exciting the sanple further conprises using a
pi ezonodutat i oAso@PPBrRbusxcifiax measuring the characteristics of
microstructures comprising:
a. a source of monochromatic light;
b. a microscope configured to direct the monochromatic

light onto a sample and to transmit a reflectance

signal therefrom;
c. a modulator to excite the sample; and
d. a detector for detecting the reflectance signal and

producing a signal representative thereof.
12. The apparatus of Claim 11, wherein the modulator

photomodulator.

is a

13. The apparatus of Claim 11, wherein the modulator is an

electromodulator.

14. The apparatus of Claim 11, wherein the modulator
piezomodulator.

15. The apparatus of Claim 11, wherein the modulator is a
thermal modulator.

16. The apparatus of Claim 11, wherein the modulator
wavelength modulator.

is a

is a

17. The apparatus of Claim 11, further comprising an output

device which receives said signal from said detector.
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the sanple. 5. The nethod of Claim1, wherein the step of
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sanple further conprises usin
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18. The apparatus of Claim 11, further comprising a controller

that receives said signal from said detector for controlling said

apparatus.

19. The apparatus of Claim 11, wherein the microscope further

comprises a focal point indicating apparatus.
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6. The nethod of aim1, wherein the step of .exciting the s FE%IP her
conpri ses using a wavel ength nodul ati on source to excite the sa g““ -7' ciw
The method of aim1, further conprising after the step of ddtdcting the 7
reflectance of the monochronatic |ight source, producing a stdblfe frrga,ﬂg;x; .
system 8. The nethod of Cdaim1, further conprising after |{the step of‘
detecting the refl ectance of the nDnocHﬁbnatlc | i ght source, produUcTig—a—
signal representative thereof and anggfﬁﬁg% t he

[f

METHOD AND APPARATUS FOR DETERMINING CHARACTERISTICS OF
MICROSTRUCTURES UTILIZING MICRO-MODULATION REFLECTANCE
SPECTROMETRY

A method and apparatus for measuring the characteristics of

microstructures by modulating a sample using a modulated source
and utilizing a microscope to magnify a desired sample area and
direct a monochromatic probe light source onto the desired
microstructure of the sample. The probe light is reflected by
the sample and the reflectance spectra is directed by the
microscope and thereafter, is detected and transmitted to a
computer to record or display the measured characteristic.
Further, the computer is also used to control the brightness of
the monochromatic probe light and to control the modulation
frequency of the modulated source. The wavelength of the
monochromatic probe light can also be varied by the computer.
The magnification of the microscope can be varied so that the
desired microstructure is visible and the probing light spot is
precisely placed on it. The desired sample microstructure can
be precisely located within the viewing field of the microscope
through the use of an indicator like a cross line indicator.
FIG. 1



further conprising after the step of detecting the reflectan ePﬁﬁAfﬁéPﬂ'qﬁﬂf
nonochromatic |ight source, producing a signal representativ fier eof and

provi ding the representative signal to a controller device for CO?QE@‘*f@@
sai d neasuring net hod. 10. The nmethod of Caim1l, wherein ih<

representatlve signal to an output device. 9. The nethod Er C-atf

m f‘l’ f\f‘f\/\v\
J\J\JH

di recting -a nonochromatic |ight sourcelthrough the Iens of t

further conprises directing the nonochiromatic |ight source using a focal

poi nt i ndicator.
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11. An apparatus for measuring the characteristics of
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nicrbstructures conpri si ng: a. a source of nonochromatic

b kB st

non-infrared |ight having a wavel ength | ess than{T:
b. a mcroscope configured to direct the nonochromatic
onto a sanple to achieve a spatial resolution of
[err]m and to transmt a reflectance signal the
a nodul ator to excite the sanple; and-3— d. a detector

reflectance signal and g produci ng a signal represg

aqlht.,t" g

bss than 1.0

rong JUN 199%-
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photonDduIator 13. T ain111 wherein the. mndulator is.an,

el ect ronodul at or. 1411:@";]3@!@' h Caim1l, wherein [t hgsnmuatosHiss a

pi ezonodul ator. 15 Claim 11, wherein th et -at-or-t-8- a %

t hermgl nodul ator. 16. The apparatus of Claim 11, whereinf the %p pla;gé h
P cehpr? n

a wavel ength nodul ator. 17. The apparatus of Caim1l, furthe

an out put device which receives said signpal from said detlector. ? ‘
We claim:
1. A method of measuring characteristics of microstructures,

the method comprising the steps of:

a. directing a monochromatic non-infrared light source,
having a wavelength less than 0.7 um, through a lens
of a microscope onto a desired microstructure qf a
sample to achieve a spatial resolution of less than
1.0 pm;
exciting the sample by a modulated source;

c. detecting the reflectance of the monochromatic light

- source.

2. The method of Claim 1, wherein the step of exciting the

sample further comprises using a photomodulation source to excite
the sample.

3. The method of Claim 1, wherein the step of exciting the

sample further comprises using an electromodulation source to
excite the sample.

4, The method of Claim 1, wherein the step of exciting the

sample further comprises using a piezomodulation source to excite
the sample.

S. The method of Claim 1, wherein the step of exciting the

sample further comprises using a thermal modulation source to
excite the sample.
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16 18. The appar at us of O conprising a ¢optHQl-k@rENT LT
receives said signal fro w\ﬁﬁmg control ling gal d.&ppar—&t VR 1
. The apparatus of d ai n111 e ntcroscope further 4 qyghges foca
poi nt indicating appar at us. I
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6. The method of Claim 1, wherein the step of exciting the
sample further comprises using a wavelength modulation source to

excite the sampl'e .

7. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a stable measuring system.

8. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
producing a signal representative thereof and providing the
representative signal to an output device.

9. The method of Claim 1, further comprising after the step of
detecting the reflectance of the monochromatic light source,
produciﬁg a signal representative thereof and providing the
representative signal to a controller device for controlling said

measuring method.

10. The method of Claim 1, wherein the step of directing a
monochromatic light source through the lens of the microscope
further comprises directing the monochromatic light source using
a focal point indicator.

9.
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11. An apparatus for measuring the characteristics of

microstructures comprising:

a. a source of monochromatic non-infrared light having
a wavelength less than 0.7 um;

b. a microscope configured to direct the monochromatic
light onto a sample to achieve a spatial resolution
of less than 1.0 um, and to transmit a reflectance

signal therefrom;

Q

~a modulator to excite the sample; and
d. a detector for detecting the reflectance signal and

producing a signal representative thereof.

12. The apparatus of Claim 11, wherein the modulator is a
photomodulator.

13. The apparatus of Claim 11, wherein the modulator is an
electromodulator.

14. The apparatus of Claim 11, wherein the modulator is a
piezomodulator.

15. The apparatus of Claim 11, wherein the modulator is a
thermal modulator.

16. The apparatus of Claim 11, wherein the modulator is a
wavelength modulator. '
17. The apparatus of Claim 11, further comprising an output
device which receives said signal from said detector.
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18. The apparatus of Claim 11, further comprising a controller
that receives said signal from said detector for controlling said
apparatus.

19. The apparatus of Claim 11, wherein the microscope further

comprises a focal point indicating apparatus.




