wo 2011/008478 A2 I 10K 00 OO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

. TN
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN0 AN A 00 OO OO OO RO 1
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
20 January 2011 (20.01.2011) PCT WO 2011/008478 A2
(51) International Patent Classification: (74) Agent: MCANDREWS, Kevin; KLA-Tencor Corp, Le-
GOIN 25/72 (2006.01) HOIL 21/66 (2006.01) gal Department, One Technology Drive, Milpitas, Califor-
GOIN 21/63 (2006.01) nia 95035 (US).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/US2010/040063 kind of national protection available). AE, AG, AL, AM,
. - AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA., CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
25 June 2010 (25.06.2010) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
(30) Priority Data: NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
12/494,734 30 June 2009 (30.06.2009) US SE, G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant (for all designated States except US): KLA- . .
TENCOR CORPORATION [US/US], KLA-Tencor (84) D.e51gnated. States (unle.‘ss othemzse indicated, fO}" every
Corporation, Legal Department, One Technology Drive, kind of regional protection available): ARIPO (BW, GH,
Milpitas, California 95035 (US). GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(72) Inventors; and TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(75) Inventors/Applicants (for US ornly): ROTTER, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Lawrence D. [US/US]; 1828 Rheem Ct., Pleasanton, Cal- LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
ifornia 94588 (US). WANG, David Y. [US/US]; 1212 SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
Alice Dr., Santa Clara, California 95050 (US). GW, ML, MR, NE, SN, TD, TG).
SHAUGHNESSY, Derrick [CA/US]; 3561 Gavota Ave., Published
ubli :

San Jose, California 95124 (US). SENKO, Mark
[US/US]; 315 Braemoor Dr., Santa Cruz, California
95060 (US).

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SYSTEM AND METHOD FOR PERFORMING PHOTOTHERMAL MEASUREMENTS AND RELAXATION
COMPENSATION

104~ PUMP.BEAM _
SOURCE MODULATOR |~ 122
130 PROCESSOR |-~ 124
4110
;\1 126
PROBE BEAM 1
SOURCE . P \ w o
’ 1(06 - \ LENS
102 114 / . ' ( DTFEF?;\QR |~ 128
]
7 L
FILTER fe 120
100 —7 134
FiG. 1

108

(57) Abstract: A device and methods for performing a photothermal measurement and relaxation compensation of a sample are
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SYSTEM AND METHOD FOR PERFORMING PHOTOTHERMAL MEASUREMENTS
AND RELAXATION COMPENSATION

TECHNICAL FIELD

[0001] The present invention generally relates to a device and methods for
inspecting a sample, and more particularly to a device and methods for
performing a photothermal measurement utilizing a Modulated Optical

Reflectance-type system.

BACKGROUND

[0002] As geometries continue to shrink, manufacturers may turn to optical
techniques for performing non-destructive inspection and analysis of
semiconductor wafers. Wafer test metrology equipment and techniques may
often be used to verify that the wafer has not been damaged by previous
processing steps. By utilizing optical measurement techniques, a sample may
be examined by analyzing reflected energy resulting when an optical beam is

directed at a sample wafer.

[0003] One technique of optical measurement may include Modulated Optical
Reflectance (MOR). A MOR-type system may be used to inspect and analyze
different sample attributes, such as material composition and layer thickness.
Additionally, a MOR-type system may be used to measure and analyze a dopant
added to semiconductor wafers before and after activation. A MOR-type
system may often be used to inspect a semiconductor wafer subsequent to an

ion implantation process.
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SUMMARY

[0004] A device and methods for performing a photothermal measurement and
relaxation compensation of a sample are disclosed. The device may include a
probe beam source, a pump beam source, a sample, a third light source,

and/or a detector array.

[0005] A method may include adjusting an intensity modulated pump beam
power, adjusting a probe beam power to increase a response measurement
location temperature and increase a modulated optical reflectance signal,
directing the intensity modulated pump beam and the probe beam along a
measurement path to a response measurement location on a sample for
periodically exciting a region on the sample, detecting a reflected portion of

the probe beam, and calculating an implantation dose.

[0006] A method may include performing a first modulated optical reflectance
measurement, blocking a short wavelength beam to avoid further modulated
optical reflectance changes unrelated to relaxation, annealing a specimen with
at least one of a probe beam or a third light source, performing a second
modulated optical reflectance measurement, and determining a decay factor
from the first modulated optical reflectance measurement and the second

modulated optical reflectance measurement.

[0007] It is to be understood that both the foregoing general description and
the following detailed description are exemplary and explanatory only and are
not necessarily restrictive of the invention as claimed. The accompanying
drawings, which are incorporated in and constitute a part of the specification,
illustrate embodiments of the invention and together with the general

description, serve to explain the principles of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The numerous advantages of the disclosure may be better understood by

those skilled in the art by reference to the accompanying figures in which:

FIG. 1 illustrates an exemplary device for performing a photothermal
measurement in which one or more technologies may be implemented.

FIG. 2 illustrates an exemplary device for performing a photothermal
measurement in which one or more technologies may be implemented.

FIG. 3 illustrates a flow diagram for a method for performing a photothermal
measurement.

FIG. 4 illustrates a flow diagram for a method for performing a photothermal

measurement.

DETAILED DESCRIPTION OF THE INVENTION

[0009] Reference will now be made in detail to the subject matter disclosed,

which is illustrated in the accompanying drawings.

[0010] Referring generally to FIGS. 1 through 4, a device 100, method 300, and
method 400 for performing a photothermal measurement and relaxation
compensation of a sample is disclosed. The device 100 may include a probe
beam source 102, a pump beam source 104, a sample 108, and a detector array
128. Method 300 may include adjusting an intensity modulated pump beam
power, adjusting a probe beam power to increase a response measurement
location temperature and increase a modulated optical reflectance signal,
directing the intensity modulated pump beam and the probe beam along a
measurement path to a response measurement location on a sample for
periodically exciting a region on the sample, detecting a reflected portion of
the probe beam, and calculating an implantation dose. Method 400 may

include performing a first modulated optical reflectance measurement,
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blocking a short wavelength beam to avoid further modulated optical
reflectance changes unrelated to relaxation, annealing a specimen with at
least one of a probe beam or a third light source, performing a second
modulated optical reflectance measurement, and determining a decay factor
from the first modulated optical reflectance measurement and the second

modulated optical reflectance measurement.

[0011] A Modulated Optical Reflectance (MOR) type system may be used to
measure a range of attributes including material composition and layer
thickness. Additionally, a MOR-type system may be used to inspect wafers at
the completion of an ion implantation process. As disclosed below, a MOR-type
system may perform MOR measurements and relaxing of a sample during during
fabrication and/or use. The ion implantation process may damage a crystal
lattice as incoming ions come to rest. This damage is often proportional to the
concentration and depth of ions within the crystal lattice. A MOR-type system
may make damage measurement an effective surrogate for direct measurement
of dopant concentration and depth. The technology discussed below may
include partial annealing of the sample, which may permit correction of the
measured MOR signal due to relaxation of the sample following an ion

implantation process.

[0012] Dopant activation after an ion implantation step is often performed by
rapidly heating and cooling the sample, also known as annealing. During the
anneal process, dopant ions diffuse away from the surface and form a

concentration profile within the sample.

[0013] FIG. 1 illustrates on embodiment of device 100 including a probe beam
source 102, a pump beam source 104, a sample 108, and a detector array 128.
A pump beam source 104 may include a light source for generating a pump
beam 110 of radiation. Some examples of pump beam source 104 may include
an intensity modulated laser or incoherent light source. A gas, solid state, or

semiconductor laser may be utilized, including a laser system coupled with a
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fiber. A lens 134 may be utilized to focus the pump beam source 104 onto a
sample 108. The sample 108 may include any surface upon which the pump
beam 110 and/or a probe beam 106 is directed, such as a silicon wafer. The
pump beam source 104 may be directed normal to the surface of the sample
108 or at other off-axis angles. The location on the sample that is exposed to a
pump beam 110 and/or pump beam source 104 may be referred to as a pump
beam spot. A pump beam source 104 spot size may be from about 0.5 pm to
about 5 pm. In an embodiment, pump beam source 104 may include a laser
focused through a lens 134 and onto a sample 108 with a 1 pm spot size. A
pump beam source 104 may be switched on and off to create an intensity-
modulated pump beam. When the pump beam source 104 is switched on, the
pump beam may be projected against the surface of a sample causing localized
heating of the sample 108. As the laser pump is modulated, the localized
heating (excitation) and subsequent cooling (relaxation) may create a train of
thermal and plasma waves within the sample 108. The thermal and plasma
waves may reflect and scatter off various features and interact with various
regions within the sample 108 such that the flow of heat and/or plasma from
the pump beam spot may be altered. In some implementations, an entire
wafer may be relaxed in a special chamber and/or in a special environment

utilizing temperature treatment.

[0014] The presence of the thermal and plasma waves may have a direct effect
on the surface reflectivity of the sample. Features and regions below the
sample surface that alter the passage of the thermal and plasma waves will
therefore alter the optical reflective patterns at the sample surface. By
monitoring the changes in reflectivity of the sample at the surface, information

about characteristics below the surface may be investigated.

[0015] A probe beam source 102 may include a light source used to generate a
probe beam 106 of radiation. The probe beam source 102 may include, for
example, a laser or a broadband or white light source. A probe beam 106 may

be directed at a portion of the sample illuminated by the pump beam source
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104 for monitoring a surface change. In one embodiment, the pump beam
source 104 may be directed toward a portion of a sample through lens 134 by a
beam splitter/combiner 112. The probe beam source 102 may be directed
normal to the surface of the sample 108 and/or at other angles off-axis. In
another embodiment, the probe beam source 102 may be adjusted to a high

power for flash annealing a sample.

[0016] The probe beam 106 may be reflected from and/or by sample 108 and
deflected by a beam splitter/combiner 114 to a detector array 128. A color
filter 116 may be provided for blocking pump beam light from reaching the
detector array 128 and may be located between sample 108, beam
splitter/combiner 104, and/or detector array 128. Additionally, lens 118 may
be provided and may magnify and/or relay the reflected image of the sample
to detector array 128. Optionally, a spatial filter 120 may include an aperture
for controlling the size of the area of the measured sample 108 relayed to
detector array 128. An additional element may be included in device 100 as
element 130 and/or element 132. Some examples of additional elements may

include a polarizer and/or a compensator.

[0017] A detector array 128 may record the intensity of the reflected probe
beam. One example of a detector array 128 may include a photodetector. An
array of photodetector elements may be used to measure the rays within the
reflected and diffracted probe beam. As rays from the probe beam are
measured, detector array 128 may generate an output signal. The output
signal from the photodetector may be filtered by filter 126 to isolate changes
that are synchronous with the pump beam modulation. In some embodiments,
filtering may include a hetero-dyne and/or lock-in detector. Filtered signals
from filter 126 and/or detector array 128 may be sent to processor 124 for
analysis. The processor 124 may include a central processing unit and may
further include a network processor and/or a digital processor. Further,

processor 124 may communicate with a user interface or another computing
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system to output results and/or other signals to a user and/or computer

peripheral.

[0018] Processor 124 may operably communicate with modulator 122.
Modulator 122 may modulate a laser and/or pump beam source 104 by using a
drive signal. A modulation frequency may vary from a few hertz to tens of

megahertz. In one example, the modulation frequency may be one megahertz.

[0019] Method 300 may include operation 310, operation 320, operation 330,
operation 340, and operation 350. Operation 310 may include adjusting an
intensity modulated pump beam power. Adjusting an intensity modulated
pump beam power may include reducing the pump power to a level such that
MOR changes due to annealing may be sufficiently distinct from MOR changes
due to exposure to short wavelength radiation, which may permit
determination of the correct dopant dose. In one embodiment, a user, a signal
from a computer processor, and/or modulator 122 may reduce an intensity

modulated pump beam power to less than or equal to about 10 mW.

[0020] Operation 320 may include adjusting a probe beam power to increase a
response measurement location temperature and increase a modulated optical
reflectance signal. Adjusting a probe beam power may include increasing the
probe power in order to increase the temperature at the measurement site on
the sample 108 for annealing the specimen and/or increasing the MOR signal to
maintain a sufficient signal to noise ratio to ensure a sufficiently repeatable
dopant dose measurement. In one embodiment, a user, a signal from a
computer processor, and/or modulator 122 may adjust a probe beam power

greater than or equal to about 15 mW.

[0021] Operation 330 may include directing the intensity modulated pump beam
and the probe beam along a measurement path to a response measurement
location on a sample for periodically exciting a region on the sample. The
intensity modulated pump beam, which may be synonymous with pump beam

source 104, and probe beam 106 may be directed to a spot on the sample 108.
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The intensity modulated pump beam and the probe beam 106 may be directed
and focused collinearly or may be directed along different measurement paths
onto the sample 108 with lens 134. In one embodiment, probe beam source
102 and pump beam source 104 may direct a probe beam and an intensity
modulated pump beam toward sample 108 through a microscope objective
lens. In another embodiment, the pump beam wavelength may be shorter than
the probe beam wavelength. In another embodiment, the temperature of the
sample at the response measurement location may be increased from exposure
to the pump beam for annealing the sample. In yet another embodiment, the
intensity modulated pump beam may be directed toward sample 108 along a

separate path from a probe beam 106.

[0022] In one embodiment, a third light source 136 may be utilized for
annealing the sample 108. In this embodiment, the wavelength of the third
light source 136 may be sufficiently long to avoid inducing MOR changes
unrelated to relaxation. In this same embodiment, the exposure of the
specimen may be limited to exclude and/or limit short wavelength radiation by
reducing the intensity of the short wavelength beam and annealing with the
third light source 136 simultaneously with the measurement of the decay factor
or reducing the exposure time of the specimen to the short wavelength beam
and annealing with the third light source 136 non-simultaneously with the
measurement of the decay factor. Some examples of a third light source may
include a laser and/or a broadband or white light source. Additionally, the
third light source 136 may be directed along a separate measurement path as
the pump beam 110 and/or probe beam 110 or directed along the same
measurement path as the pump beam 110 and/or probe beam 110. In an
embodiment, a third laser may be utilized for annealing a sample where the
wavelength is about 780 nm and is directed along a measurement path separate
from the pump beam path and the probe beam path, where the third laser is

configured to be turned on to relax the sample before a MOR measurement. An
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advantage of utilizing a third light source 136 is that it does not introduce

photo chemical induced transients.

[0023] Operation 340 may include detecting a reflected portion of the probe
beam. In one embodiment, detector array 128 may detect a reflected portion
of probe beam 106. The detector array 128 may be utilized to measure rays
within a reflected and/or diffracted probe beam 106. In this embodiment, the
detector array 128 may send output signals to a filter and a processor in

response to the detected probe beam to a processor 124.

[0024] Operation 350 may include calculating an implantation dose. In one
embodiment, processor 124 may calculate an implantation dose from output
signals received from detector array 128. In one embodiment, processor 124
may calculate a decay factor by measuring a thermal wave signal over a
specific time period and plotting a normalized thermal wave signal. A
resultant curve may be fit to an exponential decay, and the decay factor may
be calculated. A decay factor may characterize the degree of damage
relaxation of the sample and/or the anneal completeness and may be used to

compensate for damage relaxation and/or anneal completeness.

[0025] Method 400 may include operation 410, operation 420, operation 430,
operation 440, and operation 450. Operation 410 may include performing a
first modulated optical reflectance measurement. In one embodiment, device
100 may perform a short MOR measurement. The time of the MOR
measurement may be a balance between a longer exposure time to increase
signal to noise ratio and a shorter exposure time to decrease short wavelength
induced MOR changes. In one embodiment, a MOR measurement time may be
on the order of one second. Operation 420 may include blocking a short
wavelength beam to avoid further modulated optical reflectance changes
unrelated to relaxation. Operation 430 may include annealing a specimen with
at least one of a probe beam or a third light source. In an embodiment, a third

light source may anneal a sample for about ten seconds. Operation 440 may

10
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include performing a second modulated optical reflectance measurement.
Operation 450 may include determining a decay factor from the first modulated
optical reflectance measurement and the second modulated optical reflectance

measurement.

[0026] In one embodiment, device 100, method 300, and method 400 may be
implemented utilizing with a pump beam 110 directed at the specimen
(sample) and adjusted to about 405 nm and about 1.0 mW, and a probe beam
106 directed at the specimen (sample) and adjusted at about 660 nm and about
17 mW. In this embodiment, the decay factor may be determined by obtaining
a ratio of the signal as it would be measured after decaying (Twinf) versus a
measurement before decaying (Twg). Annealing the sample by exposure to the
probe beam 106 and/or the pump beam 110 accelerates and/or closely mimics
the natural decay of the wafer. With both the probe beam 106 and pump beam
110 switched on, a measurement spot may be concentrated on and data
collected as the wafer anneals. A curve from the resulting data may be fitted
to one of several possible functional forms such as, but not limited to, Tw(t) =
A + B*log(t) and/or Tw(t) = A + B*exp(-Ct)erfc(sqrt(Ct)), which describes the
annealing process. If the change in MOR due to exposure to the short
wavelength pump is non-negligible, a term to describe this effect, which may
also be function of t, may be added to the model. Twi,sr may be determined by
evaluating the fitted function at a predetermined time, which may or may not
be a true asymptotic infinity value. Twy may be determined either by
evaluating the fitted function at a predetermined time, which may or may not
be zero, or by performing a separate measurement during which the
measurement spot is moving relative to the wafer, which may minimize the

anneal effect and maximize spatial averaging of the signal.

[0027] One advantage of the device 100, method 300, and method 400 may
include the utilization of a short wavelength pump beam while maintaining the
veracity of the decay factor. A short wavelength pump may be advantageous

because it may increase the signal strength relative to a longer wavelength

11
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pump and increase the sensitivity of a MOR measurement to dopant dose over
broad ranges of dopant dose. The improved sensitivity may include removal of
the transition region from a plasma-dominated MOR signal to a thermal-
dominated MOR signal from the dose range of interest and thus provide a

monotonic signal dependence to dopant dose at low doses.

[0028] One disadvantage of previous methods is that changes may be induced in
the MOR signal unrelated to relaxation, which makes determination of the
decay factor difficult. This may arise when the pump laser beam is of
sufficiently short wavelength, e.g., 405 nm. Exposure of the measurement site
to short wavelength radiation may induce MOR changes that may be
irreproducible and/or difficult to distinguish from MOR changes due to
annealing. A MOR-type system may utilize two laser beams incident on the
specimen - a modulated pump and an un-modulated probe. In previous
methods, MOR techniques have used the relatively high intensity pump beam
and a lower intensity probe beam. The method disclosed herein is counter-
intuitive with respect to previous methods as the pump beam intensity in

previous methods has been higher than the probe beam intensity.

[0029] In the present disclosure, the methods disclosed may be implemented as
sets of instructions or software readable by a device. Further, it is understood
that the specific order or hierarchy of steps in the methods disclosed are
examples of exemplary approaches. Based upon design preferences, it is
understood that the specific order or hierarchy of steps in the method can be
rearranged while remaining within the disclosed subject matter. The
accompanying method claims present elements of the various steps in a sample
order, and are not necessarily meant to be limited to the specific order or

hierarchy presented.

[0030] It is believed that the present disclosure and many of its attendant
advantages will be understood by the foregoing description, and it will be

apparent that various changes may be made in the form, construction and

12
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arrangement of the components without departing from the disclosed subject
matter or without sacrificing all of its material advantages. The form
described is merely explanatory, and it is the intention of the following claims

to encompass and include such changes.

13
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CLAIMS

What is claimed is:

1. A method for evaluating a semiconductor sample during
fabrication, comprising:

adjusting an intensity modulated pump beam power;

adjusting a probe beam power to increase a response measurement
location temperature and increase a modulated optical reflectance signal;

directing the intensity modulated pump beam and the probe beam along
a measurement path to a response measurement location on a sample for
periodically exciting a region on the sample;

detecting a reflected portion of the probe beam; and

calculating an implantation dose by using a detected reflected portion of

the probe beam.

2. The method in claim 1, wherein the adjusting an intensity
modulated pump beam power comprises:

inducing an amorphous phase to crystalline phase change.

3. The method in claim 1, wherein the adjusting an intensity
modulated pump beam power comprises:
adjusting an intensity modulated pump beam power less than

approximately 10 mW.

4, The method in claim 1, wherein the adjusting a probe beam
power to increase a response measurement location temperature and increase
a modulated optical reflectance signal comprises:

adjusting the probe beam greater than approximately 15 mWw.

14
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5. The method in claim 1, wherein the adjusting a probe beam
power to increase a response measurement location temperature and increase
a modulated optical reflectance signal comprises:

increasing modulated optical reflectance signal to maintain a signal to

noise ratio to make a repeatable dose measurement.

6. The method in claim 1, wherein the directing the intensity
modulated pump beam and the probe beam along a measurement path to a
response measurement location on a sample for periodically exciting a region
on the sample comprises:

directing the intensity modulated pump beam where the pump beam

wavelength is shorter than the probe beam wavelength.

7. The method in claim 1, wherein the directing the intensity
modulated pump beam and the probe beam along a measurement path to a
response measurement location on a sample for periodically exciting a region
on the sample comprises:

increasing temperature at the response measurement location for

annealing a specimen.

8. The method in claim 1, wherein the directing the intensity
modulated pump beam and the probe beam along a measurement path to a
response measurement location on a sample for periodically exciting a region
on the sample comprises:

selecting at least one of a pump beam spot size or a probe beam spot

size to be from about 0.5 pm to about 5 pm.

15
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9. The method in claim 1, wherein the directing the intensity
modulated pump beam and the probe beam along a measurement path to a
response measurement location on a sample for periodically exciting a region
on the sample comprises:

directing the intensity modulated pump beam and the probe beam to a

silicon wafer.

10. The method in claim 1, wherein the calculating an implantation
dose comprises:

calculating a decay factor.

11.  The method in claim 1, further comprising:
relaxing an entire semiconductor wafer prior to performing a

measurement.

12. The method in claim 1, further comprising:

utilizing a third light source to anneal the sample.

13. The method in claim 12, wherein the utilizing a third light source
to anneal the sample comprises:

limiting exposure of the sample to short wavelength radiation by
reducing the intensity of a short wavelength beam and annealing with the third

light source simultaneously with measuring a decay factor.

14.  The method in claim 12, wherein the utilizing a third light source
to anneal the sample comprises:

limiting exposure of the sample to short wavelength radiation by
reducing exposure time of the sample to a short wavelength beam and
annealing with the third light source non-simultaneously with the measurement

of the decay factor.

16
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15.  The method in claim 12, wherein the utilizing a third light source
to anneal the sample comprises:
utilizing a third laser at 780 nm that anneals the sample in a separate

path from a pump beam path and a probe beam path.

16. The method in claim 12, wherein the utilizing a third light source
to anneal the sample comprises:
utilizing a third laser configured to be turned on to relax the sample

before a MOR measurement.

17. A method for evaluating a semiconductor sample during
fabrication, comprising:

performing a first modulated optical reflectance measurement;

blocking a short wavelength beam to avoid further modulated optical
reflectance changes unrelated to relaxation;

annealing a specimen with at least one of a probe beam or a third light
source;

performing a second modulated optical reflectance measurement; and

determining a decay factor from the first modulated optical reflectance

measurement and the second modulated optical reflectance measurement.

18.  The method in claim 17, wherein the performing a first modulated
optical reflectance measurement comprises:

exposing the sample for about one second.
19.  The method in claim 17, wherein the annealing a specimen with

at least one of a probe beam or a third light source comprises:

annealing the sample for about ten seconds.

17
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20. A device for evaluating a semiconductor sample, comprising:

means for adjusting an intensity modulated pump beam power;

means for adjusting a probe beam power to increase a response
measurement location temperature and increase a modulated optical
reflectance signal;

means for directing the intensity modulated pump beam and the probe
beam along a measurement path to a response measurement location on a
sample for periodically exciting a region on the sample;

means for detecting a reflected portion of the probe beam; and

means for calculating an implantation dose.

18
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310
adjusting an intensity modulated pump beam power

320

adjusting a probe beam power to increase a response
measurement location temperature and increase a modulated
optical reflectance signal

330

directing the intensity modulated pump beam and the probe
beam along a measurement path to a response measurement
location on a sample for periodically exciting a region on the
sample

|
340
detecting a reflected portion of the probe beam

350
calculating an implantation dose by using a detected reflected
portion of the probe beam

300
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410
performing a first modulated optical reflectance measurement

420
blocking a short wavelength beam to avoid further modulated
optical reflectance changes unrelated to relaxation
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annealing a specimen with at least one of a probe beam or a
third light source

440
performing a second modulated optical reflectance measurement

450

determining a decay factor from the first modulated optical
reflectance measurement and the second modulated optical
reflectance measurement
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