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DECLARATION AND ASSIGNMENT

Title of nvention:
SIMULTANEQUS MULTI~BANDWIDTH OPTICAL INSPECTION OF SEMICOMDUCTOR DEVICES

As a below named inventor, or one of the below named joint inventors, | hereby declare that:

This declaration and assighment is directed to the application attached hereto. If the application is not attached
hereto, the application is as identified by the attorney docket number as set forth above andfor the following:

United States Application No. or PCT International Application No.: , fifed on

The above-identified application was made or authorized to be made by me.

{ halisve that | am the original inventor or an original joint inventor of a claimed invention in the application.
t have reviewed and understand the contents of the above-identified application, including the claims.

{ arm aware of the duty fo disclose to the U.8. Patent and Trademark Office all information known fo me o be
material to patentability as defined in 37 C.F.R. §1.56.

All statements made of my own knowledge are true and all statements made on information and belief are believed
io be true.

i hereby acknowledge that any williul false statement made in this declaration may jeopardize the validily of the
application or any patent issuing thereon and is punishable under 18 U.S.C. §1001 by fine or imprisonment of not
more than five {5) years, or both.

The above-identified invention shall henceforth be referred to herein as the "INVENTION" and the above-identified
application shall henceforth be referred fo herein as the "APPLICATION.”

Taiwan Semiconductor Manufacturing Company, Lid., a corporation organized and existing under the laws of
Taiwan, with its principal office at 8, Li-Hsin Rd. 6, Hsinchu Science Park, Msinchu, 300-78, Talwan and its heirs,
successors, legal representatives and assigns shall henceforth be referred o collectively herein as ASSIGNEE.

For good and valuable consideration, the receipt and sufficiency of which are hereby acknowledged, | have
assigned and do hereby assign to ASSIGNEE, iis successors and assigns, my entive right, title and interest in
and 1o said INVENTION and in and to said APPLICATION and all patents which may be granted therefor, and all
future non-provisional applications including, but not limited to, divisions, reissues, substilutions, continuations,
and extensions thereof; and | hereby authorize and request the Commissioner for Patents io issue all patents for
said INVENTION, or patents resulling therefrom, insofar as my interest is concerned, to ASSIGNEE, as assignes
of my entire right, title and interest. | declare that | have not executed and will not execute any agreement in
conflict herewith.

Additionally, for good and valuable consideration, the receipt and sufficiency of which are hereby acknowledged,
} have also assigned and hereby assign to ASSIGNEE, ils successors and assigns, all of my righis to the
INVENTION disclosed in said APPLICATION, in alt couniries of the world, including, but not limited to, the right
to file applications and oblain patents under the terms of the International Convention for the Prolection of
Industrial Property, and of the European Patent Convention, and | further agree to execute any and all patent
applications, assignments, affidavits, and any other papers in connection therewith necessary to perfect such
rights.
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{ hereby further agree that | will communicate o ASSIGNEE, or  its successors, assigns, and legal
representatives, any facts known to me respecting said INVENTION or the fite history thereof, and al the expense
of ASSIGNEE, its legal representatives, successors, or assigns, will estify in any legal proceedings, sign all lawful
papers, execute ali divisional, conlinuation, reissue and substifute applications, make all lawful caths, and
generally do everything possible to aid ASSIGNEE, its legal representatives, successors, and assigns, to obtain
and enforce proper patent protection for said invention in all countries.

! hereby grant the attorney of record the power o insert on this document any further identification that may be
necessary or desirable in order to comply with the niles of the United States Patent and Trademark Office or other
authority for recordation of this document.

N WITNESS WHEREOF, | hereunto set my hand and seal this day and year.

i

NAME OF INVENTOR (Fall Legal Name): o1 1~ <hang wang

/Sl Bang ; bate. 372372022

Signature:
2.
NAME OF INVENTOR (Full Legal Name)

Hsiu~-Hutl Huang

; c;’“{\‘fﬁ«y*"’"mg *ﬁ*f‘w‘ﬁ Ty Date: 5/23/2022

Signature: /

I}
o s

NAME OF INVENTOR (Full Legal Name) : Hung-Yi Chung

Signature: / q}ﬁw’tﬁ”%” Clway / Date: 5/23/2022
4.

NAME OF INVENTOR (Full Legal Name) :

Chien-Huei Chen

/ Casedhons Cinent, / Date: 5/24/2022

Signature:

5,

NAME OF INVENTOR (Full Legal Name) : ' 20Meng chen

5/27/2022

Signature: [ Xaputing (b / Date:
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SIMULTANEOUS MULTI-BANDWIDTH OPTICAL INSPECTION OF
SEMICONDUCTOR DEVICES

BACKGROUND
j0001] The following relates to the semiconductor arts, and in particular, to a method
and apparatus for the optical inspection of semiconductor devices, for example, during

the manufacturing process.

BRIEF DESCRIPTION OF THE DRAWINGS

{0802}  Aspects of the present disclosure are best understood from the following
detailed description when read with the accompanying figures. It is noted that, in
accordance with the standard practice in the industry, various features are not drawn to
scale. In fact, the dimensions of the varions features as shown in the accompany figures

may be arbitrarily increased or reduced for clarity of discussion.

{0003} FIGURE | diagrammatically tlustrates an optical inspection system and/or
apparatus for inspecting semiconduetor wafers for defects in accordance with some

embodiments disclosed heren.

j0004] FIGURE 2 diagrammatically illustrates an optical nspection system and/or
apparatus for inspecting semiconductor wafers for defects m accordance with still some

further embodiments disclosed herein.

{0005}  FIGURE 3 diagrammatically illustrates an illumination unit or module of an
optical inspection system and/or apparatus for inspecting semiconductor wafers for

defects in accordance with some embodiments disclosed herein

j0806] FIGURE 4 diagrammatically illustrates examples of various combinations of
optical characteristics and/or traits which may be produced independently in each of
various different wavebands of source Hight used to illuminate a semiconductor wafer in

accordance with some embodiments disclosed herein.

j0807] FIGURE 5 diagrammatically iliustrates imaging processing perform by an

image processor in aecordance with some embodimentis disclosed herein,
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DETAILED DESCRIPTION

[0008]  The following disclosure provides many different embodiments, or examplies,
for implementing different features of the provided subject matier. Specific examples
of components and arrangements are described below to simaplify the present disclosure.
These are, of course, merely examples and are not intended to be limting. For
cxample, the formation of a first feature over or on a second feature in the description
that follows may include embodiments in which the first and second features are formed
in direct contact, and may also include embodiments in which additional features may
be formed between the first and second features, such that the first and second features
may not be in direct contact, In addition, the present disclosure may repeat reference
numerals and/or letters in the vartous examples. This repetition is for the purpose of
simplicity and clarity and does not in itself dictate a relationship between the various

embodiments and/or configurations discussed.

a

(00091  Farther, spatially relative terms, such as “left,” “right,” “side,” “back,
“rear,” “behind,” “front,” “beneath,” “below,” “lower,” “above,” “upper” and the like,
may be wsed herein for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated in the figures. The
spatially relative terms are intended to encompass different orientations of the device in
ase or operation in addition to the orientation depicted in the figures. The apparatus
may be otherwise oriented (rotated 90 degrees or at other orientations) and the spatially

refative descriptors used herein may hikewise be interpreted accordmgly.

{0010}  In gencral, there is disclosed herein a system, tool, apparatus and/or method
for performing optical inspection of semiconductor wafers, for example, to detect
defects therein, such as where the semiconductor wafer under test suffictently deviates
from an intended design or the like at a given location being inspected, for example, at
a given die or ccll formed or defined on the semiconductor wafer. In some suitable
embodiments, the optical inspection as disclosed herein simultaneounsly ithuminates the
semiconductor wafer with light having wavelengths in multiple wavebands. In some

suitable embodiments, the light in cach waveband can be independently conditioned, for

2
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example, so that a wide variety of combinations of illumination characteristics andfor

traifs can be produced.

j0011}  Advantageously, optical inspection in accordance with the approach
described herein can increase throughput in the semiconductor manufacturing process
by illuminating the wafer simultaneously with light in multiple wavebands, there
obviating a need to perform multiple mspections, while retaining the benefit of
inspecting the wafer with light m multiple wavebands. In some embodiments,
simupitancons tllumination in multiple wavebands can limit mis-alignments and/or the
consequences thereof that could otherwise arise when doing multiple distinct
inspections, Advantageously, inspecting the wafer with multiple wavebands aids in
detecting a variety of different defect type which may have varying sensitivity to
different optical inspection modes and/or wavebands. For example, different wavebands
nmay be relatively better or worse for detecting various different defect types,
accordingly overall defect detection and/or classification can be advantageously
improved using lumination having waveleagths tn multiple differeat wavebands.
Disclosed embodiments also enable independently conditioning the light of each
waveband, e.g. with respect to intensity, polarization, and/or beam spot, which can also
enable more effective defect detection and/or classification, for example by enabling
targeted detection of defects that are expected to preferentially interact with light of a
particular polarization, and/or by enabling use of a beam spot size and/or shape
matching an expected size and/or shape of defects of a certain class. Moreover, as
different wavebands of light may cffectively penetrate the semiconductor wafer to a
greater or lesser extent, simuliancously using multiple wavebands can help enhance
defect detection in lower layers. For example, a defect buried under the surface of the
wafer being wmspected may be mainly detected by the long waveband, but a strong
surface scattering light might negatively impact the purity of the long waveband signal.
In that case, the short waveband image could be used as the reference (for example, a
weight factor might be a negative number) to reduce the surface background noise.
Therefore, the defect signal ebtained from a diffing image could be stronger than that

obtained from the original image.

L
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{0012}  Generally, in the optical inspection of semiconductor wafers, one waveband
{for example, a relatively longer waveband) may be betier suited to achieving a good
quality test-to-design alignment, while having a relatively lower sensitivity to defects;
and conversely, a dilferent waveband (for example, a relatively shorter waveband) may
be better suited and/or more sensitive to defects, while betng relatively less well snited
to achieving a good quality test-to-design aligament. Accordingly, one advantage of
using multiple waveband light for optical inspection of semiconductor wafers as
disclosed herein is the ability to benefit from the relative strengths of cach waveband in

a single inspection.

[0013] In some suitable embodiments, the collected light reflected from the
semiconductor wafer may be sensed and resulting images processed indepemdently
according to waveband. Emiploying separate tmage sensors for different wavebands can
advantageously help guard against oversaturation of a given sensor and processing
multiple different waveband images and/or a suitably weighted combined resulting

image can help improve defect detection.

{0014} FIG. 1 shows an optical inspection system and/or apparatus 1000 for
inspecting a semiconductor wafer W for defects in accordance with some embodiments
disclosed herein. In particular, as shown in FIG. I, the optical inspection system and/or
apparatus 1000 includes: an illumination unit or module 100 that provides source light
which is projected to illuminate the semiconductor wafer W a focasing unit or module
200 that direcis and/or focuses source light from the illumination unit or module 100
onto a particular focation of the semiconductor wafer W being inspected; a collection
unit or module 300 that collects and/or otherwise receives light reflected from the
semiconductor wafer W as a result of its iHlumination with source light from the
ilumination anit or modale 100; and an image processor 400 that processes one or more
images generated and/or formed in accordance with the reflected light collected and/or
received by the collection unit or module 300,

j0015] In some suitable embodiments, for example, as shown in FIG. 1, the

illamination unit or module 100 includes a common light source 110 that generates

and/or emits a beam of light {also referred to berein generally as source light) having
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wavelengths in a plurality of wavebands, for example, including a first short
wavelength waveband, a second medium wavelength waveband and a third long

oug

wavelength waveband. As used berein in this context the terms “short,” “medium”™ and
“long” refer to the relative length of wavelengths encompassed by and/or included in
each waveband as compared to one another. That is to say, wavelengths in the short
wavelength waveband are generally shorter than wavelengths in the medium wavelength
waveband and wavelengths in the medium wavelength waveband are generally shorter
than wavelengths in the long wavelength waveband, For example, the short wavelength
waveband {also simply referred to herein as the short waveband) may encompass
wavelengths in a range of about 150 nanometers (nm} to about 200 nm, the medium
wavelength waveband (also simply referred to herein as the medium waveband) may
encompass wavelengths in a range of about 190 nm to about 220 nm, and the leng
wavelength waveband (also simply referred to herein as the long waveband) may
encompass wavelengths in a range of about 220 nm to about 260 nm. In another
example, the short waveband may encompass wavelengths in a range of about 190 nm
to about 260 am, the medium waveband may encompass wavelengths in a range of
about 200 nm to about 300 nm, and the long waveband may encompass wavelengths n
a range of abouat 260 nm to about 320 nm. In stilf another example, the short waveband
may encompass wavelengths in a range of about 300 nm to about 360 nm, the medium
waveband may encompass wavelengths in a range of about 320 nm to about 380 nm,
and the long waveband may encompass wavelengths in a range of about 360 am fo
about 420 nm. In yvet another example, the short waveband may encompass wavelengths
in a range of about 300 nm to about 400 nm, the medium waveband may encompass
wavelengths in a range of about 400 nm to about 460 nm, and the long waveband may
encompass wavelengths in a range of about 400 nm to sbout 650 nm. In another
example, the short waveband may encompass wavelengths in a range of about 650 nm
to about 1000 nm, the medium waveband may encompass wavelengths in a range of
about 1000 nin to about 1300 nin, and the long waveband may encompass wavelength in
a range of about 1300 nm to about 1600 nm. In some embodiments, various
combinations of the foregoing example ranges may be employed. It is to be appreciated

that these are merely nonlimiting illustrative examples, and that more gencrally the
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plurality of wavebands can nclude two, three, four, or more different wavebands each
chosen for its effectiveness for a certain lype or class of defect detection. In
embodiments employing only two wavebands, they may for example be conveniently

labeled as the short waveband and the long waveband.

{00161  As shown in FIG. 1, the light source 110 may include a light generating
and/or emitting device 112, for example, such as g suitable laser or light emitting diode
{LED} or other hike light generating/emitiing device, along with suitable beam steering
and/or shaping optics, for example, such as the illustrated mirror 114 and lens 116, In
some suitable embodiments, an optional optical amplifier or the like may further be
included with the light source 110 to amplify and/or increase an intensity of the light
produced by the light source 110 and/or device 112, for example, to twice or four tumes
or more of its original intensity. A suitable optical amplifier may include, but is not
limited to, a solid-state amplifier, a doped fiber amplifier, a semiconductor optical
amplifier or a laser amplifier, such as a radio-frequency (RF) pumped, a fast axial flow

or a carbon diexide {CO7) laser amplifier.

{0017} For simplicity and/or clarity, only a single device 112 is shown in FIG. 1 in
connection with the common light source 110. However, in practice, it is to be
appreciated that the common light source 110 may include a plurality of such light
generating/emitting devices. For example, the commuon light source 110 may include an
array of lasers, each generating and/or emitting light at some particolar or single
wavelength between, ftor example, about 150 nm to about 500 nm. For example, the
array may include one or more lasers or LEDs or other like light generating/emitting
devices, cach generating and/or emitting light with a wavelength of about, for example,
157 nm, 193 nm, 213 am, 222 om, 224 nm, 248 pm, 2066 nm, 308 am, 325 nm, 332 nm,
347 om, 351 nm, 335 nm, 441 nm, 488 am, cte., such that the output light beam or
source light from the light source 110 collectively includes wavelengths in a plurality of
the aforementioned wavebands, for example, the short, medium and long wavebands.

j0018]  As shown in FIG. 1, the illumination unit or module 100 may also include a
neutral-density (ND} filter 120, a polarizer 130 and/or an aperture plate 140 arranged

along the optical path of the light from the light source 110, for example, such that the
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source light pass through each one m succession. In some embodiments, each and/or
any one or more of the ND filter 120, the polarizer 130 and/or the aperture plate 140
may be selectively adjustable to regulate an optical parameter of the source light
produced. For example, the ND Llter 120 may be selectively adjustable to conirol
and/or regulate an intensity of the source light, the polarizer 130 may be selectively
adjostable to control and/or regulate a polarization of the source light, andfor the
aperture plate 140 may be selectively adjustable to control and/or regulate a size and/or
shape of an aperture provided for the source light. Accordingly, the source light
produced by the illumination unit or module 100 may be selectively conditioned,

manipulated and/or modified accordingly.

j0819]  In some embodiments, as shown in FIG. 1, the focusing unit or module 200
directs and/or focuses source light from the illumination unit or module 100 onto a
particular location of the semiconductor water W being inspected, and may also collect
light reflected from the semiconductor W (for example, as a result of its iHlumination by
the source light) and/or direct the reflected light to the collection unit or module 300, In
practice, the focusing unit or module 200 may include suitable opties for beam steering,
focusing, shaping and/or light colicction, such as the selective beam steering element

210 and lens 220 lustrated by way of example in FIG. |

j0020] In some suitable embodiments, the semiconductor wafer W may be held by
and/or secured to a suitable chack, for example, a vacuum or electrostatic chuck,
incloded with a mount that selectively postitons the semiconducter water W relative to
the focusing unit or module 200, In some suitable embodiments, the mount andfor
focusing unit or module 200 may be selectively translatable or otherwise movable with
respect to one another. Accordingly, various locations on the semiconducter wafer W
may be successively aligned, for example, with an optical axis of the focusing unit or
module 200, such that the various locations may in turn be illuminated by source light
from the tllumination unit or module 100 and inspected for defects accordingly.

{00211  In some embodiments, as shown in FIG. [, the collection unit or module 300
receives light reflected from the semiconductor wafer W as a result of the

semiconductor wafer W being illuminated by source light from the iHumination unit or
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module 100, Sutfably, the light reflected from the semiconductor wafer W and received
by the collection unit or module 300 is separated and/or divided by the collection unit
or module 300 according to waveband. For example, as shown in FIG. 1, a first dichroic
filter 302 or other like wavelength responsive optieal sphlitter diverts received light
within the first short waveband along an optical path toward a first inaging sensor unit
or module 310, while passing received light within the sccond medium waveband and
the third long waveband therethrough along an optical path toward a second dichroie
filter 304 or other like wavelength responsive optical splitter. As further shown in FIG.
i, the second dichroic filter 302 or other like wavelength responsive optical splitter
diverts received light within the second medium waveband along an optical path toward
a second imaging sensor unit or module 320, while passing recetved light within the
third long waveband therethrough along an optical path toward a third imaging sensor
unit or module 330. 1t is noted that in FIG. 1 and in some other drawings, filters such as
the dichroic filters 302 and 304 may be illustrated as filter wheels. This 15 a convenient
arrangement that cnables the system to be quickly reconfigured to use different
wavebands by rotating the filter wheel to place the desired filter into the beam path.
However, more generally the first dichroic filter 302 could be a single filter, and

likewise the second dichroic filter 304 could be a single filter.

{0022}  In some switable embodiments, each imaging sensor unit or module 310, 320
and 330 includes an image sensor 312, 322 and 332. For example, each image sensor
312, 322 and 332 may comprise a charge coupled device (CCD} image seasor, a time
delay integration (TD1) (CCD) mmage sensor, a photomultiplier tube (PMT) image
sensor, avalanche photodiode {APD) image sensor or the hike, and may be individoally
selected and/or tuned to andfor for the particular waveband of the reflected light
received thereby, respectively. In some embodiments, as shown 1o FIG. 1, each imagiag
sensor unit or module 310, 320 and 330 may include suitable optics {for example, such
as lenses 314 and 316, lenses 324 and 326 and lenses 334 and 336, respectively) for
forming or projecting on its associated image sensor 312, 322 and 332 a latent or other
like image of the semiconductor wafer W at the illuminated location of the
semiconductor wafer W in accordance with the reflected light in the corresponding

waveband received by the respective tmaging sensor unit or moduale 310, 320 and 330,
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As with the image sensors 312, 322 and 332, the optics {for example, lenses 314 and
316, lenses 324 and 326 and lenses 334 and 336) of each imaging sensor unit or module
310, 320 and 330 may be individually selected and/or tuned to and/or for the waveband
of reflected light being received by the respective imaging sensor unit or module 314,

320 and 330.

{00823}  In practice, cach image sensor 312, 322 and 332 generaies a corresponding
signal and/or image data in accordance with the latent or other image formed thereon
and/or detected thereby as a result of receiving the particalar waveband of reflected
light directed thereto by the collection anit or module 300. In some suitable
embodiments, the signals and/or image data from each image sensor 312, 322 and 33

are transmitted or otherwise provided to the Image processor 400, which generates a
first short waveband image from the signal and/or image data supplied by the short
waveband unage sensor 312, a second medium waveband nnage from the signal and/or
image data supplied by the medium waveband image sensor 322 and a third long
waveband image from the signal and/or image data supplied by the long waveband
image sensor 334, Although not illustrated, it will be appreciated that the system is
configured to effectuate rastering or step-and-image-and-repeat of the light beam across
the surface of the wafer to acquire an image of the entire wafer W or of a portion of
interest thereof {(e.g.. the portion containing integrated circuit dies). For example, this
can be achieved by using an X-Y translation stage (not shown) holding the wafer W,
Advantageously, because the three images generated by the three respective image
sensors 312, 322 and 332 are produced simultaneously using the same illuminated spot
on the wafer W, the resulting wafler images are asutomatically spatially registered to one
another, thus eliminating spatial misregistration that might result if the images were

acquired separately, and/or eliminating an image spatial registration processing step.

j0024}  With reference now to FIG. 2, another embodiment of the optical inspection
system and/or apparatus 1000 is shown. To the extend the embodiment shown in FIG. 2
is the same or substantially similar to the embodiment shown o FIG. 1, the same and/or
similar reference characters are reused to indicaie the same or similar clements as

between the embodiments of FIGS. 1 and 2, and further detatled discussion will not be
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repeated here from the sake of simplicity and/or brevity, Notably, the embodiment of
FIG. 2 primarily deviates and/or differs from the embodiment of FIG. 1 with respect to
the iflumination unit or module 100. More specifically, as shown i FIG. 2, in the
tlamination anit or module 100, the source light produced by the iHlumination unit or
module 100 is separated or otherwise divided according to waveband such that each
waveband of source light follows a different optical path within the illuminaiion unit or
nmodule 100, and in turn the different wavebands of source light are recombined to

collectively and/or simultancousty iHuminate the semiconductor wafer W,

{0025}  In some embodiments, as shown i FIG. 2, the common light source 110
again generates and/or emits a beam of light or source light having wavelengths in a
plurality of wavebands, for example, including a first short wavelength waveband, &
second medium wavelength waveband and a third tong wavelength waveband. As shown
in FIG. 2, the beam of light from the light source 110 is initially directed to andfor
impinges on a first dichroic filter 1530 or other like wavelength responsive optical
splitter. The first dichroic filter 150 or other like wavelength responsive optical splitter
diverts received light within the first short waveband along an optical path toward a
first set of optical parameter regulating elements (for example, including any one or
more of an ND filter 120a, a polarizer 130a and/or an aperture plate 140a, as shown i
FIG. 2), while passing received light within the second medium waveband and the third
long waveband therethrough along an optical path foward a second dichroic filier 152 or
other like wavelength responsive optical sphitter. As further shown in FIG. 2, the second
dichroic filter 152 or other like wavelength responsive optical sphitter diverts received
light within the second medium waveband along an optical path toward a second set of
optical parameter regulating ¢lements (for example, including any one or more of an
ND filter 120b, a polarizer 130b and/or an aperture plate 140b, as shown in FIG. 2),
while passing received light within the third long waveband therethrough along an
optical path toward a third sct of optical paramecter regulating elements (for example,
including any one or more an ND filter 120c¢, a polarizer 130¢ and/or an aperture plate
140¢, as shown in FIG, 2), for example, by way of a mirror 160 or other like beam
steering element as shown in FIG. 2. It is noted that in FIG. 2 and in some other

drawings, aperture plates such as the aperture plates 140a, 140b, and I40c are
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tllustraied as aperture wheels having multiple apertures. This is a convenient
arrangement that enables the system to be quickly reconfigured to use different beam
spots by rotating the aperture wheel to place the desired apertore into the beam path.
However, more generally a single aperture for the desired beam spot could be ased in

place of an iHustrated aperture wheel.

{0026}  As shown in FIG. 2, the ND filter 120a, the polarizer 130a and/or the aperture
plate 140a arc arranged along the optical path of the short waveband source light
diverted from the first dichroic filter 150 or other like wavelength responsive optical
splitter, for example, such that the short waveband source light passes through each one
in succession. In some embodiments, cach and/or any one or more of the ND filter 120a,
the pelarizer 130a and/or the aperture plate 1408 may be selectively adjustable to
regulate an optical parameter of and/er for the short waveband source light passing
therethrough. For example, the ND filter 120a may be selectively adjustable to control
and/or regulate an intensity of the short waveband source light, the polarizer 130a may
be selectively adjustable to control and/or regulate & polarization of the short waveband
source light, and/or the aperture plate 140a may be selectively adjustable to control
and/or regulate a size and/or shape of an aperture provided for the short waveband
source hight. Accordingly, independently of the mediom and long waveband source light
produced by the iHumination unit or module 100, the short waveband source light
produced by the illumination unit or module 100 may be selectively conditioned,
manipulated and/or modified accordingly. That i1s fo say, advantageously, the optical
parameters of and/or for the short waveband source light may be regulated
independently of any regulation of the optical parameters of and/or for the medium and

long waveband source light.

{00277  As shown in FIG. 2, the ND filter 120b, the polarizer 130b and/or the
aperture plate 140b are arranged along the optical path of the medium waveband source
Hght diverted from the second dichroic filter 1532 or other like wavelength responsive
optical splitter, for example, such that the medium waveband source light passes
through cach one in succession. In some embodiments, cach and/or any one or morg of

the ND filter 120b, the polarizer 130b and/or the aperture plate 140b may be selectively
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adjustable to regulate an optical parameter of and/or for the medium waveband source
light passing therethrough. For example, the ND filter 120b may be selectively
adjustable to control and/or regulate an intensity of the medium waveband source light,
the polarizer 130b may be selectively adjustable to control andfor regulate a
polarization of the medinm waveband source light, and/or the aperture plate 140b may
be selectively adjustable to control and/or regolate a size and/or shape of an aperture
provided for the medium waveband source light. Accordingly, independently of the
short and long waveband source light produced by the illumination unit or module 100,
the medivm waveband source light produced by the illumination unit or module 100
may be selectively conditioned, manipulated and/or modified accordingly. That is to say,
advantageously, the optical parameters of and/or for the medium waveband source Hght
may be regulated independently of any regulation of the optical parameters of and/or

for the short and fong waveband source light.

{0928} As shown in FIG. 2, the ND filter 120c, the polarizer 130c¢ and/or the
aperture plate 140c¢ are arranged along the optical path of the long waveband source
light passed through the second dichroic filter 152 or other fike wavelength respounsive
optical splitter, for example, such that the long wavecband source light passes through
cach one i succession. In some embodiments, each andfor any one or more of the ND
filter 120c¢, the polarizer 130¢ andfor the aperture plate 140c may be selectively
adjustable to regulate an optical parameter of and/or for the long waveband source light
passing therethrough. For example, the ND filter 120¢ may be selectively adjustable to
control and/or regulate an intensity of the long waveband source light, the polarizer
130¢ may be sclectively adjustable to control and/or regulate a polarization of the long
waveband source light, and/or the aperture plate 140c may be selectively adjustable to
contrel and/or regulate a size andfor shape of an aperture provided for the long
waveband source light. Accordingly, independently of the short and medium waveband

source light produced by the illumination unit or module 100, the long waveband source
light produced by the iHlumination unit or module 100 may be selectively conditioned,
manipulated and/or medified accordingly. That is to say, advantageously, the optical

parameters of and/or for the long waveband source Hght may be regulated
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imndependently of any regulation of the optical parameters of and/or for the short and

mediom waveband source light.

j0029}  As shown in FIG. 2, after each of the respective wavebands of source light
has passed through and/or been independently conditioned by iis respective set of
optical parameter regulating elements (i.e., ND filter 120a, polarizer 130a and apertore
plate 140a, and ND filter 120b, polarizer 130b and apertore plate 140b, and ND filter
{20¢, polarizer 130¢, and aperture plate 140¢, respectively), the short, mediom and long
wavebands of source light are recombined by a suitable array of optical elements, for
example, such as the mirror 170 or other like beam steering clement and dichroic filters
180 and 182 or other like optical combiners, such that the recombined source hight
produced by the illumination unit or module 100 (mow again including the short,
medium and long wavebands) is supplied to the focusing unit or module 200 to

illuminate the semiconductor wafer W.

[0030}  With reference now to FIG. 3, another embodiment of the iHlumination unit or
modute 100 for the optical inspection system and/or apparatus 1600 is shown. To the
extend the embodiment shown in FIG. 3 is the same or substantially similar to the
embodiment shown in FIG. 2, the same and/or similar reference characters are reused to
indicate the same or similar elements as between the embodiments of FIGS, 2 and 3,
and further detailed discussion will not be repeated here from the sake of simplicity
and/or brevity. Notably, the embodiment of FIG. 3 primanily deviates and/or differs
from the embodiment of FIG. 2 in that instead of utilizing a common multi-waveband
light source 110 as shown in FIG. 2, the embodiment of the illumination unit or module
100 as shown in FIG. 3. employs a plurality of light sources 110a and 110b cach
generating  and/or emitting source light at and/or in a different waveband.
Advantageously, in the embediment of FIG, 3, the source light produced by the
illumination wnit or module 100 does not have to be divided into its respective
wavebands prior te independently conditioning and/or regulating the optical parameters
of the respective wavebands of source light. For example, the dichroic filter 150 or
other like wavelength responsive optical splitter employed in the embodiment of FIG. 2

does not have {0 be emploved in the embodiment of FIG. 3.
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{0631}  As shown in FIG. 3, in the illumination unit or module 100, the short
waveband source light generated and/or emitted by the light source 110a and long
waveband source light generated andfor emitted by the light source 110b follow
different optical paths within the illumination wnit or module 100, and in turn the
different wavebands of source light are recombined to collectively andfor

stmultancously ithuminate the semiconductor water W.

[0032]  Like the light source 110 shown in FIG. 2, each light source 110a and 110b as
shown in FIG. 3 may include an associated light generating and/or emitting device 112a
and 112b, for example, such as a suitable laser or light emitting diode (LED) or other
like light generating/emitting device, along with suitable beam stecring and/or shaping
optics, for example, such as the illustrated mirrors 1144 and 114b and lenses 116a and
116b. In some suitable embodiments, an optional optical amplifier or the like may
further be mcluded with each light source 110a and 110b to amplify and/or mcrease an
intensity of the light produced by the light sources 110a and 110b and/or devices 112a
and 112b, for example, to twice or four times or more of s original intensity. For
sumphicity and/or clarity, only a single device 112a and 112b is shown in FIG. 3 in
connection with each light source 110a and 110b. However, in practice, it s to be
appreciated that each hight source 110a and 110b may include a plurality of such light
generating/emitting devices. Suitably, the light source 110a may produce source light in
and/or at a first waveband, for example, the short, medinm or long waveband, while the
light source 110b may produce source in and/or at a second waveband, different from

the first waveband,

{00331 As shown in FIG. 3, an ND filter 1204, polarizer 130d and/or aperture plate
140d are arranged along the optical path of the first waveband source light produced
from the light source 11Qa, for example, such that the first waveband source light
passes through each one in succession. In some embodiments, each and/or any one or
more of the ND filter 1204, the peolarizer 130d and/or the aperture plate 1404 may be
selectively adjustable to regulate an optical parameter of and/or for the first waveband
source light passing therethrough. For example, the ND filter 120d may be selectively

adjusiable to control and/or regulate an intensity of the first waveband source light, the
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polarizer 130d may be selectively adjustable to conirol and/or regulate a polarization of
the first waveband source light, and/or the aperture plate 140d may be selectively
adjustable to control and/or regulate a size and/or shape of an aperture provided for the
first waveband source light. Accordingly, independently of the second waveband source
hight produced by the illamination anit or modale 100, the first waveband source light
produced by the illumination unit or module 100 may be sclectively conditioned,
manipulated and/or modified accordingly. That is to say, advantageously, the optical
parameters of and/or for the first waveband source light may be regulated independently
of any regulation of the optical parameters of and/or for the second waveband source

light,

{0034}  As shown in FIG. 3, an ND filter 120e¢, polarizer 130¢ and/or aperture plate
140e are arranged along the optical path of the second waveband source light produced
from the light source 110b, for example, such that the second waveband source light
passes through each one in succession. In some embodiments, each and/or any one or
maore of the ND filter 120¢, the polarizer 130 and/or the aperture plate 140e may be
selectively adjustable to regulate an optical parameter of and/or for the second
waveband source light passing thercthrough. For example, the ND filter 120¢ may be
selectively adjustable to conirol andior regulate an intensity of the second waveband
source light, the polarizer 130e may be selectively adjustable to control and/or regulate
a polarization of the second waveband source light, and/or the aperture plate 140e may
be selectively adjustable to control and/or regulate a size and/or shape of an apertuare
provided for the second waveband source light. Accordingly, mdependently of the first
waveband source light produced by the illumination unit or module 106, the second
waveband source hight produced by the illumination unit or module 100 may be
selectively condittoned, manipulated and/or meodified accordingly., That is to say,
advantageously, the optical parameters of and/or for the second waveband source light
may be regulated independently of any regulation of the optical parameters of andfor

for the first waveband source light,

(00351  As shown in FHG. 3, after cach of the respective wavebands of source light

has passed through and/or been independently conditioned by its respective set of

———
(¥4
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optical parameter regulating elements (1.e., ND filter 1204, polarizer 130d and aperture
plate 140d, and ND filter 120e, polarizer 130¢ and aperture plate 140e, respectively),
the first and second wavebands of source light are recombined by a suitable array of
optical elements, for example, such as the mirror 170 or other like beam steering
element and dichroic filter 180 or other like optical combiner, such that the recombined
source light produced by the illumination unit or module 100 (now again including the
first and second wavebands) is supplied to the focusing unit or module 200 to illuminate

the semiconductor wafer W.

{00361  In some suilable embodiments, as disclosed herein, multi-waveband source
light collectively andior simuliancously illuminates the semiconductor wafer W.
Nevertheless, in accordance with some embodiments (for example, as shown in FIGS. 2
and 3} each waveband of the source light tHluminating the semiconductor wafer W may
advantageously be independently conditioned, manipulated and/or modified, for
example, to independently control and/or regulate a shape of a spot produced on the
semiconductor wafer by cach waveband of the source light, a size of the spot produced
on the semiconductor wafer by each waveband of the source light, an aperture provided
for each waveband of the source light, a polanzation of cach waveband of the source
light and an intensity of cach waveband of the soarce Hght. FIG. 4 illustrates examples
of various combinations of some of the foregoing which may be produced in each of
three different wavebands, i.e., the short waveband (depicted in the lower row of
examples), the medium waveband (depicted in the middle row of examples) and long
waveband {depicted in the upper row of examples), In FIG. 4, a spot shape and/or size
formed on the semiconductor wafer W by a corresponding waveband of source light is
indicated by the shaded area in each example and a polarization direction of a
corresponding waveband of source light s indicated by the arrows in each example. In
practice, the combined multi-waveband source light illuminating the semiconductor
wafer W may be formed using any combination of the various examples, i.¢., with onc
example being selected from each row. Accordingly, as will be appreciated by those of

ordinary skill in the art, the number of available combinations is vast.
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{0837 FIG. § diagrammatically illustrates an example of image processing
performed, for example, by the image processor 400, in accordance with some
embodiments disclosed herein. As shown in FIG. 5, a first short waveband image 410 i
genersted from the signal and/or image data supplied by the short waveband image
sensor 312, a second medium waveband image 420 is generated from the signal andfor
image data supplied by the medium waveband image sensor 322 and a thied long
waveband image 430 Is generated from the signal and/or image data supplied by the
long waveband image sensor 334, In some embodiments, the images 410, 420 and 430
may be added or otherwise combined to produce a resulting image 440, Suitably, when
adding or combining the images 410, 420 and 430, cach image may be selectively
provided with a different digital gain or weighting or the like to produce the resulting
image 440 as desired, for example, such that the contributien to the resulting image 440
from a given sensed or detected waveband of reflected light is more or less emphasized

accordingly with respect to coniributions from the other sensed or detected wavebands.

{0838} In some suitable emibodiments, cach image 410, 420, 430 and 440 may have
selected image processing applied thereto, represented in FIG. 5 by image processing
protocols or routines 412, 422, 432 and 442, Suiiably, each image processing protocol
or routine 412, 422, 432, and 442 may be independently established and/or tuned to the
particular image 410, 420, 430 and 440 and/or waveband for which it is ntended. In
some suitable embodiments, a given image processing protocol and/or routine may
include producing a difference image. suitable image filtering, etc. In practice, the
difference 1mage may be produced by calculating or other determining the difference
between the test image (1.e., image 410, 420, 430 and 440) and a corresponding
reference image {for example, which represents a non-defective imnage or intended
design of the semiconductor wafer W at the location being inspected). In some suitable
enmibodiments, the reference umage may be particular or specific fo the asseciaied
waveband of the fest and reference images being differentiated and/or compared to one
another. According to the Image processing protecol and/or routine applied, various
attributes (for example, diagrammatically indicated in FIG. 5 as attributes 414, 424, 434
and 444) may be determined for each waveband and/or the resulting image. In some

suitable embodiments, these attributes may represent useful guantities calculated from
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respective images for further inspection analysis, for example, for distinguishing real
defects or defect signals from optical noise or the like. For example, in some
embodiments, the attributes may represent the grey scale intensity levels or the like of
test, reference andfor difference images. In some embodiments, image processor 400
may use @ convolution neural network (CNN), such as region based CNN {(R-CNN) to

stmultancously detect and classify defects.

[0039]  For illustrative purposes, various embodiments are shown and/or described
herein with explicit reference to short, medium and long wavebands or with exphicit
reference te multiple different wavebands, along with associated elements andfor
components, associated generated images, associated image processing and/or other
method steps, etc. However, it is to be appreciated that in practice some suitagble
emabodiments may cmploy more or less than the explicitly referenced number and/or
categories of wavebands and the vartous embodiments shown and/or described herein

may be modified accordingly to support the same.

[0048] In some suitable embodiments, a system controller (not shown) may be
provided to automatically, or otherwise as programmed or directed by a user, adjust
and/or operate various system elements and/or components, for example, such as the
disclosed ND filters. polarizers, aperture plates. light sources, mount for the
semiconductor wafer, ete. to conduct a desired or established inspection routine.
Suitably, the system controller may be programmed, provisioned and/or otherwise
provided with one or more inspection routines that a user may manually or otherwise

sefect for the system and/or apparatus 1000 to execute.

[0041}  In some embodiments, various elements and/or components described herein
{for example, such as the image processor 400 or a system coniroller) may be
implemenied via hardware, software, firmyware or a combination thereof. In particular,
one or more controllers or processors be embodied by electrical circuits, computers
and/or other electronic data processing devices that are configured andior otherwise
provisioned to perform one or more of the tasks, steps, processes, methods and/or
functions described herein. For example, a processor, computer, server or other

electronic data processing device embodying a controller may be provided, supplied
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and/or programmed with a suitable listing of code {(e.g., such as sowurce code,
interpretive code, object code, directly executable code, and so forth) or other like
instructions or sofiware or firmware, suach that when run and/or executed by the
computer or other electronic data processing device one or more of the tasks, steps,
processes, methods and/or functions described hersin are completed or otherwise
performed. Suitably, the listing of code or other like isstructions or software or
firmware is tmplemented as and/or recorded, stored, contained or included In and/or on
a non~transitory computer and/or machine readable storage medium or media so as to be
providable to and/or executable by the computer or other electronic data processing
device, For example, suitable storage mediums and/or media can include but are not
lmited to: floppy disks, flexible disks, hard disks, magnetic tape, or any other magnetic
storage medium or media, CD-ROM, DVD, optical disks, or any other optical medium
or media, a RAM, a ROM, a PROM, an EPROM, a FLASH-EPROM, or other memory
or chip or cartridge, or any other tangible medium or media from which a computer or
machine or ¢lectronic data processing device can read and use, In essence, as used
herein, non-transitory computer-readable and/or machine-readable mediums and/or
nedia comprise all computer-readable and/or machine-readable mediums and/or media

except for a transitory, propagating signal.

j0042}]  In general, any one or more of the particular tasks, steps, processes, methods,
functions, elements and/or components described herein may be tmplemented on and/or
embodiment w1 one or more general purpose computers, special purpose computer(s), a
programmed microprocessor or microcontreller and peripheral integrated circuit
clements, an ASIC or other integrated circuit, a digital signal processor, a hardwired
electronic or logic circuit such as a discrete element circuit, a programmable logic
device such as a PLD, PLA, FPGA, Graphical card CPU (GPU), or PAL, or the like, In
general, any device, capable of implementing a finite state machine that is in turn
capable of implementing the respective tasks, steps, processes, methods andfor

functions described herein can be used.

{0043}  In the following, some further illustrative embodiments are described.

19
PATENT
REEL: 060203 FRAME: 0417



DoouSign Envelopes 1D: E2338382.4C00-48F3-8573-68DE 10323308

Attorsey Docket No. 2021-3162 US00 7/ TSMC 200079U801

{0044} In some embodiments, a method of gualifving semiconductor wafer
processing includes: illominating a semiconductor wafer simultaneously with source
light having wavelengths in a plurality of wavebands, including at least a first
waveband and a second waveband, the second waveband being different from the first
waveband: separating hight reflected from the semiconductor wafer as a result of said
illuminating, the separating dividing the reflected light according to waveband;
generating a first image of the semiconductor wafer based on reflected light separated
into the first waveband; generating a second image of the semiconductor wafer base on
reflected light separated into the second waveband; and analyzing the first and second
tmages to gqualify the semiconductor wafer based on a predetermined value of a defect
count.

j0645]  In some further embodiments, the generating of the first and second tmages
includes: directing reflocted light separated into the first waveband along a first optical
path to a first Image sensor from which the first image is generated; and directing
reflected light separated inte the second waveband along a sccond optical path to a
second image sensor from which the second image is generated, the second image

sensor betng different than the first image sensor.

j0046]  In still additional emboediments, iftuminating includes: regulating an optical
parameter of the source light having wavelengths in the first waveband; and regulating
the optical parameter of the source light having wavelengths 1n the second waveband;
wherein regulating the optical parameter of the source light having wavelengths 1n the
second waveband is done independently of regulating the optical parameter of the

source light having wavelengths in the first waveband.

{0047} In some embodiments, the optical parameter includes at least one of a shape
of a spot produced on the semiconductor wafer by the source light, a size of the spot
produced on the semiconductor wafer by the source light, an aperture provided for the

source light, a polanization of the source hight and an intensity of the source light.

j0848]  In yet further embodiments, the illuminating comprises: generating source
light having wavelengths w the fivst waveband from a first light source; generating

source light having wavelengths in the second waveband from a second light source, the
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second light source being different than the first light source; independently
conditioning at feast one of intensity, polarization, and/or beam spot of the source light
having wavelengths in the first waveband and source light having wavelengths in the
second waveband; and combining the independently conditioned source light from the
first fight source and the independently conditioned source light from the second light

source such that they itHuminate the semiconductor device together.

(0049}  In some further embodiments, said tlhuminating comprises: generating the
source light having wavelengths 1 the first waveband and the sccond waveband from a
commaon light source; using at least one dichroic filter, separating the source light
generated by the common light source according to waveband, such that the source light
having wavelengths in the first waveband folows a first optical path while the source
light having wavelengths in the second waveband follows a second optical path, the
second optical path diverging from the first optical path; and recombining the source
light having wavelengths in the first waveband with the source light having
wavelengths in the second waveband such that the recombined source light iHuminates

the semiconductor wafer.

[0050]  In some embodiments, the first optical path passes through at {east one of a
first neutrai-density filter, a first polarizer and a first aperture plate; and the second
optical path pass through at least one of a second neutral-density filter different than the
first neutral-density filter, a second polarizer different than the first polarizer and a
sccond aperture plate different than the first apertare plate.

j0051]  In vet further embodiments, the analyzing includes: applying a first imaging
processing to the first image to detect a first type of defect in the semiconductor wafer;
and applying a second imaging processing to the second image to detect a second type

of defect in the semiconductor wafer,

[0052]  In some cmbodiments, the method further comprises: combining the first
image with the second umage to produce a resulling image; wherein the analyzing
includes image processing the resulting image to detect at least one defect in the

semiconductor wafer.
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{0053}  In some further embodiments, an optical inspection apparatus for qualifying
semiconductor wafer processing includes: an ilumination module producing source
light iHluminating a semiconductor wafer, the source light having wavelengths in a first
waveband and a second waveband, the llamination module including a first optical
element arranged along a first optical path and a second optical element arranged along
a second optical path, the first optical element regulating an first optical parameter of
the source light in the first waveband and the second optical element regulating an
second optical parameter of the source light in the sccond waveband; a collection
meodule including a first image sensor and a second image sensor, the first image senor
receiving reflected light in the first waveband from the semiconductor wafer as a result
of the semiconductor wafer’s illumination with the source light from the illumination
module and the second image sensor receiving reflected light in the second waveband
from the semiconductor wafer as the result of the semiconductor wafer’s illumination
with source light from the illumination module; and an image processor that, processes
a first image of the semiconductor wafer generated in accordance with data obtained
from the first image sensor and processes a second image of the semiconductor wafer
generated 1 accordance with data obtained from the second image sensor, to qualify the

semiconduactor wafer based on a predetermined value of a defect count.

{00341  In stil]l further embodiments, the first optical element is one of a first neutral
density filter, a first polarizer and a first aperture plate, and the second optical element

is one of a second neutral density filter, a second polarizer and a second aperture plate.

[0055}  In vet additional embodiments, the illumination module further comprises:
combining optics that combine the source light in the first waveband after it passes
through the first optical element with the source light in the second waveband after it

passes through the second optical element.

j0856] In some further embodiments, the ilumination moduale further comprises: a
commeon light source that emits {ight having wavelengths in both the first and second
wavebands; and dividing optics that separates light emitted from the commeon lhight

source according to waveband, such that light emitted from the common light source in

PATENT
REEL: 060203 FRAME: 0420



DoouSign Envelopes 1D: E2338382.4C00-48F3-8573-68DE 10323308

Attorsey Docket No. 2021-3162 US00 7/ TSMC 200079U801

the first waveband 1s directed along the first optical path, while light emitted from the

common light source in the second waveband is directed along the second optical path.

[0057}  In some additional embodiments, the illumination module further comprises:
a first light source that emits light in the first waveband along the first optical path; and
a second light source that emits light in the second waveband along the second optical

path

{0058]  In some embodiments, the image processor combines the first image of the
semiconductor wafer and the sccond image of the semiconductor wafer together to
produce a resulting image and processes the resulting image to detect if there 1s a defect

in the semiconductor wafer.

{0959]  In some embodiments, an inspection method for qualifying semiconductor
wafer processing includes: iluminating a semiconductor wafer with source light having
wavelengths in a plurality of wavebands, incloding at least a first waveband and a
second waveband, the second waveband being different from the first waveband: prior
to the illuminating, conditioning the source light having wavelengths m the frst
waveband; and prior to the dluminating, conditioning the souwrce light having
wavelengths in the second waveband; wherew the conditioning of the source light
having wavelengths in the second waveband is carried out independently of the

conditioning of the source light having wavelengths in the first waveband.

{00608} In some further embodiments, the method also inclades: separating light
reflected from the semiconductor device as a result of the illuminating, the separaling
dividing the reflected light according to waveband such that reflected light in the first
waveband is directed to a first image sensor, while reflected light in the second
waveband 1s divected to a second unage sensor; generating a first image of the
semiconductor wafer in accordance with data produced from the first image sensor; and,
gencrating a8 second image of the semiconductor wafer in accordance with data

produced from the second image sensor.

[0061]  In sull further embodiments, the method also comprises: applying a first

imaging processing to the first image to detect if a first type of defect is present in the
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semiconductor wafer; and applying a second imaging processing to the second image to

detect if a second type of defect is present in the semiconductor wafer,

j0062]  In yet further embodiments, the method further includes: combining the first
image with the second 1mage to produce a resuliing image; and image processing the

resulting image to detect if a defect iy present in the semiconductor wafer.

j0063] In still one more cmbodiment, conditioning the source light baving
wavelengths in the first waveband mcludes regulating one of a shape of a spot produced
on the semiconductor wafer by the source light having wavelengths in the first
waveband, a size of the spot produced on the semiconductor wafer by the source Light
having wavelengths in the first waveband, an aperture provided for the source light
baving wavelengths in the first waveband, a polarization of the source hight having
wavelengths in the fust waveband and an intensity of the source light having
wavelengths in the first waveband: and conditioning the source light having
wavelengths 1 the second waveband includes regulating one of a shape of a spot
produced on the semiconductor wafer by the source light having wavelengths in the
second waveband, a size of the spot produced on the semiconductor wafer by the source
hight having wavelengths in the second waveband, an aperture provided for the source
light having wavelengths in the second waveband, a polarization of the source light
having wavelengths in the second waveband and an intensity of the source light having

wavelengths in the second waveband.

{0064]  The foregoing outlines features of several embodiments so that those skilled
in the art may better understand the aspects of the preseat disclosure. Those skilled in
the art should appreciate that they may readily use the present disclosure as a basis for
designing or modifying other processes and structures for carrying out the same
purposes and/or achicving the same advantages of the embodiments introduced herein.
Those skilled in the art should also realize that such equivalent constructions do not
depart from the spirit and scope of the present disclosure, and that they may make
various changes, substitutions, and alterations herein without departing from the spirit

and scope of the present disclosure.
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WHAT IS CLAIMED IS:

i A method of qualifying semiconductor wafer processing, said method
comprising:

illuminating & semiconductor wafer simultaneously with source light having
wavelengths in a plurality of wavebands, including at least a first waveband and a
sccond waveband, said second waveband being different from the first waveband:

separating light reflected from the semiconductor wafer as a result of said
Huminating, said separating dividing the reflected light according to waveband;

generating a first image of the semiconductor wafer based on reflected light
separated into the first waveband;

generating a second image of the semiconductor wafer base on reflected light
separaied into the second waveband; and,

analyzing the first and second images to qualify the semiconductor wafer based

on a predetermined value of a defect count.

2. The method of claim 1, wherein said generating of the first and second
images includes:

directing reflected light separated into the first waveband along a first optical
path to a first image sensor from which the first image is generated; and

directing reflected light separated into the second waveband along a second
optical path to a second image sensor from which the second image is generated, said
second tmage sensor being different than the first image sensor.

3. The method of elaim 1, wherein said ifluntinating comprises:

regulating an optical parameter of the source light having wavelengths in the
first waveband; and

regulating the optical parameter of the source light having wavelengths in the

second waveband:

ot
(¥4
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wherein regulating the optical parameter of the source light having wavelengths
in the second waveband is done independently of regulating the optical parameter of the

source light having wavelengths 1o the first waveband.

4, The method of claim 3, wherein the optical parameter includes at least one
of a shape of a spot produced on the semiconductor wafer by the source light, a size of
the spot produced on the semiconductor wafer by the source light, an aperture provided
for the source light, a polarization of the source light and an intensity of the source
light.

3. The method of claim 1, wherein said illuminating comprises:

generating source light having wavelengths in the first waveband from a first
light source;

generating source light having wavelengths in the second waveband from a
second light source, said second light source bemng different than the first light source;

independently conditioning at {cast one of inteasity, polarization, and/or beam
spot of the source light having wavelengths in the first waveband and source light
having wavelengths in the second waveband; and

combining the independently conditioned source light from the first light source
and the independenily conditioned source light from the second light source such that

they illuminate the semiconductor device together.

6. The method of claim 1, wherein said luminating comprises:

generating the source light having wavelengths in the first waveband and the
second waveband from a common light source;

using at least one dichroic filter, separating the source light generated by the
common Hght source according to waveband, such that the source light having
wavelengths 1n the first waveband follows a first optical path while the source light
having wavelengths in the second waveband follows a second optical path, said second

optical path diverging from the first optical path; and
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recombining the source light having wavelengths in the first waveband with the
source light having wavelengths in the second waveband such that the recombined

source light iHuminates the semiconductor wafer.

7. The method of claim 6, wherein:

the first optical path passes through at least one of a first neutral-density filfer, a
first polarizer and a first aperture plate; and

the second optical path pass through at least one of a second neutral-density
filter different than the first neuntral-density filter, a second polarizer different than the

first polarizer and a second aperture plate different than the first aperture plate,

8. The method of claim 1, wherein the analyzing includes:

applying a first imaging processing to the first image to detect a first type of
defect in the semiconductor wafer; and

applying a second imaging processing to the sccond image fo detect a second

type of defect in the semiconductor wafer.

9. The method of claim i, further comprising:

combining the first unage with the second image to produce a resnlting image;
and

wherein the analvzing includes image processing the resulting image to detect at

least one defect in the semiconductor walfer.

10.  An optical inspection apparatus for gqualifying semiconductor wafer
processing, sald apparatus comprising:

an illumination modale producing source light illuminating a semiconductor
wafler, said source light having wavelengths m a first waveband and a second waveband,
said iflumination medule including a first optical clement arranged along a first optical
path and a second optical element arranged along a second optical path, said first

optical clement regulating an first optical parameter of the source light in the fust
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waveband and said second oplical element regulating an sccond optical parameter of the
source light in the second waveband:

a collection module mchuding a first Image sensor and a second fmage sensor,
said first image senor receiving reflected light in the first waveband from the
semiconductor wafer as a result of the semicenductor wafer’s illumination with the
source light from the illumination wodule and sald second image sensor receiving
reflected light in the second waveband from the semiconductor wafer as the result of the
semiconductor water’s ittumination with source light from the iHumination module; and

an image processor that, processes a first image of the semiconductor wafer
generated in accordance with data obtained from the first image sensor and processes a
second image of the semiconductor wafer generated in accordance with data obtained
from the second image scusor, te qualify the semiconductor wafer based on a

predetermined value of a defect count.

1. The optical inspection apparatus of claim 10, wherein the first optical
element includes at teast one of a first neutral density filter, a first polarizer and a first
aperture plate, and the second optical element includes at least one of a second neutral

density filter, a second polarizer and a second aperture plate.

12, The optical inspection apparatus of claim 10, wherein the illumination
module further comprises:

combining optics that combine the source Hght in the f{irst waveband after it
passes through the first optical element with the source light in the second waveband

after it passes through the second optical element.

13. The optical apparatus of claim 12, wherein the illumination module
further comprises:

a common light source that cmits light having wavelengths in both the first and
second wavebands; and

dividing optics that scparates hight emifted from the commeon light source

according to waveband, such that light emitted from the common light source in the
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first waveband 1s directed along the first optical path, while hight emitted from the

common light source in the second waveband is directed along the second optical path.

14, The optical apparatus of claim 12, wherein the illumination module
further comprises:

a first light source that emits light in the first waveband along the first optical
path; and

a second light source that emits fight in the second waveband along the second

optical path.

15.  The optical apparatus of claim 10, wherein the image processor combines
the first image of the semiconductor wafer and the second image of the semiconductor
wafer together to produce a resulting image and processes the resulting image to detect

if there 1s a defect in the semiconductor wafer.

16. An inspection method for qualifying semiconductor water processing, said
nmethod comprising:

illuminating a semiconductor wafer with source light having wavelengths in a
plarality of wavebands, including at least a first waveband and a second waveband, said
second waveband being different from the first waveband;

prior to the illuminating, conditioning the source light having wavelengths in the
first waveband; and

prior to the illaminating, conditioning the source light having wavelengths in the
second waveband;

wherein said conditioning of the source light having wavelengths in the second
waveband is carried out independently of said conditioning of the source light having

wavelengths in the first waveband.

17.  The method of claim 16, further comprising:
separating light reflected from the semiconductor deviee as a result of said

illominating, said separating dividing the reflected light according to waveband such
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that reflecied light in the first waveband is direcied to a first image sensor, while
reflected light in the second waveband is directed to a second image sensor;

gencrating a first mmage of the semiconductor wafer in accordance with data
produced from the first image sensor; and,

generating a second image of the semiconduactor wafer i accordance with data

produced from the second image sensor.

18, The method of claim 17, further comprising:

applying a first imaging processing to the first image to detect if a first type of
defect is present in the semiconductor wafer; and

applying a second imaging processing to the second image to detect if a second

type of defect is present in the semiconductor wafer.

19, The method of claim 17, further comprising:

combining the first image with the second image to produce a resulting image;
and

image processing the resulting image to detect if a defect is present in the

senticonductor wafer.

20. The method of claim 17, wherein:

conditioning the source light having wavelengths in the first waveband includes
regulating one of a shape of a spot produced on the semiconductor water by the source
light having wavelengths in the first waveband, a size of the spot produced on the
semiconductor wafer by the source light having wavelengths in the first waveband, an
aperture provided for the source light having wavelengths in the first waveband, a
polarization of the source light having wavelengths in the first waveband and an
intensity of the source light having wavelengths in the first waveband,; and

conditioning the source light having wavelengths in the sccond waveband
inclodes regulating one of a shape of a spot produced on the semiconductor wafer by
the source light having wavelengths in the second waveband, a size of the spot

produced on the semiconductor wafer by the source light having wavelengths in the

30
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second waveband, an aperture provided for the source light having wavelengths in the
second waveband, a polarization of the source light having wavelengths in the second
waveband and an intensity of the source light having wavelengths in the second

waveband.,
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ABSTRACT

A method of qualifying semuiconductor wafer processing includes: illuminating a
semiconductor wafer stimultaneously with soarce Light baving wavelengths in a plurality
of wavebands, including at least a first waveband and a second waveband, the second
waveband being different from the first waveband; separating light reflected from the
semiconductor wafer as a result of said illuminating, the separating dividing the
reflected light according to waveband; generating a first image of the semiconductor
wafer based on reflected light separated into the first waveband; and, generating a
second image of the semiconductor wafer base en reflected light separated into the

second waveband.
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