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TITLE: EXTENDED DEFECT SIZING RANGE FOR WAFER INSPECTION

BACKGROUND OF THE INVESTION

i, Field of the Invention

The present invention generally relates to extended defect siving range for

wafer inspection,

2. Desceription of the Related At

The fellowing deseription and examples are not admitted to be prior art

by virtue of their inclusion in this section.

Inspection of walers and other substrates generally nvolves detecting
defecis and determining the sive of the defects. Some Inspection systems are
configured to detect defects by detecting the lght seattered from wafer defects,
In general, defect size can be determined {rom the guantily of the lght seatterved
from a wafer defect. For example, light scattering is typieally proportional te
the sixth power of the defect size. Therefore, the Hght scattering changes
dramativally with defect size. As 2 resalt, # s difficulf to acenrately defermine
defect sizes across 3 substaptially large measurement range with any one
nspection system. However, determinimg defect sizes acvoss g substantially large

b

measursmient range would be advantagsons for a numuber of obvious reasens,
Acesrdingly, it woulll be advantagesus to develep methods and systems
for defect size determination that do not have sne or more of the disadvantages

deseribed shove,

SUMMARY OF THE INVENTION

The following deseription of varions embodiments ¥s ool o be constraed

in any way as Hmiting the subject matter of the appended claims.
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An embodiment relates to a system configured {o inspect a substrate, The
system includes an Hlumination subsystem configured o divect light to the wafer.
The system also includes ap image sensor configured (o detect hight scaltered
from waler defecty and o generate oulpud vesponsive to the scattered lght, The
image sensor is configured to not have an anti-blooming feature such that when a
pixel in the tmoge sensor reaches foll well capacity, excess charge Hows from the
pixel to one or more seighboring pixels in the image sensor. {n addition, the
system includes a computer subsystem configured to detect the defects on the
water nsing the sutpwt and to determine a size of the defocts on the wafer using
the output generated by a pixel and any neighboring pivels of the pixel to which
the excess charge of the pixel flows. The system may be further configured

according to any embodiment{s} described herein,

Another embodiment relates to 3 method for inspecting x waler, The
method includes divecting Hght o the wafer. The method also tncludes detecting
Heht scatfered from waler defects and generating osulput responsive to the
seatiered Hght using an tmage seasor. The hnage seasor does not have sn anbi-
blosming feature such that when a pixel in the image seaser reaches full well
capacity, excess charge Hows from the pixel to one or more neighboring pivels in
the image sepsor. In adidition, the mothed includes detfecting the defects on the
wafer using the output. The method further includes defermining a size of the
defects on the wafer wsing the output generated by a pixvel and any neighboring

pixels of the pixel to which the exvess charge of the pixel flows,

An additional embodiment relates {9 g computer-implemented method
for determiniug a size of defects on a waler, The method fuchudes acguiriag
output of an bmage sensor included i an luspection system. The output is
genergiod by divecting light to the wafer and detecting Hght scattered from waler
defects. The image sensor is configured to nof have an anti-blooming feature
such that when a pixel in the image sensor reaches full well capacity, excess
charge Hows from the pixel 1o e or move peighboring pisels i the nage
sepsor, Fhe method alss includes using a computer system to detect the defocts

on the waler using the osutput and to determine a size of the defocts on the waler

o]
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nsing the output generated by g pixel and any neighboring pixels of the pixel to

which the excess charge flows,

Each of the steps of each of the embodiments of the methods deseribed
above may be further performed as described herein. In addition, each of the
embodiments of the methods deseribed above may nclude any otber step(s) of
auny other method{s) deseribed herein, Furthermore, each of the embodiments of
the methads desoribed shove may be performed by any of the systems described

herein,

SRIEF DESCRIPTION OF THE DRAWINGS

Further advantages of the prosent invention will become apparent to
those skilled in the avt with the benefit of the following detatled deseription of the
preferred embadiments and upon reference to the gocompanying drawings in

which:

Fig. 1 is a schematic diagram lustrating s side view of one embodiment

of a system configured {o inspect & walen;

Fig. 2 1s a schematic diagram illustrating & plan view of one example of
charges detected by pixels of an image sensor, which has an anti-blooming

featnre, durtog detection of a defect on g waler;

Fig. 3 is 8 schematic disgram fHlustrating & plan view of one example of
charges detected by pixels of an image sensor that does net have an anti-

blooming feature during detection of a defect on 8 walery

Fig. 4 ix a plot showing charge detected by diffevent pixels of an tmage
sepsor and a combination of the different pivels as a Tunction of scatiered Hght
cotlecied by g center pixel of the tmage sensor during detection of a defect on a

wafer: and
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Fig, 3 is a schematic disgram Hustrating s plan view of one example of
charges detecied by pixels of an image sensor that does not have an anti-

blooming feature during detection of » defect on a waler,

While the mvention s susceptible to various madifications and alternative
forms, spectlic embodiments theveof are shown by way of example in the
drawings and are herein described in detail, The drawings may not be to seale,
it should be understond, however, that the drawings and detailed deseription
thereio are not intended to Hmit the fnvention to the particulsr form disclosed,
but on the contrary, the intention i to cover ol modifications, sguivalents and
alternatives falling within the spirit and scope of the present invention as defined

by the appended claims,

DETAILED DESCRIPTION OF THE PREFERRED EMBODHMENTS

Turning sow to the drawings, i s noted that the figores are not drawn to
seale, In particular, the seale of some of the clements of the figures s greatly
exaggerated to emphasize characteristics of the elements. It is also noted that the
figures ave not drawn to the same seale. Elements shown in more than one
figure that may be similarly configured have been indicated waing the same

reference numerals,

in general, the srubodiments deseribed herein relate 1o methods gad
systems for extending the defect sizing range of inspection systems using an
iage sensor (2.8, a charge coupled deviee (COD) or UMOS sensor) blooming
ealibration, In this manuer, the embodiments described hereln may be used to
increane the sizing raoge of defect inspection that wses tmage sensors, One
embodiment relates to g systom configured to nspect a wafer. As such, the
system may also be referved to ag an inspection system or g defect inspection
system. Although one configuration of a system 18 deseribed and shown further
herein, the system may nclude any commercially available nspection system oy
inspection system in developnient that is modified to include one oy more image

sepsors that are configured as described hereln. Examples of such inspection
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systems include next generation Surfscan tools that are conmmercially available
from KLA-Tencer, Milpias, Calil. Alhough embodiments arve described herein
with respect to defects on walers, the embodiments can be used to exiend the
stzing range of any systew that fncludes ane or move image sensors sach as those
described herein and is configured o determine the size of any feature formed

on any substrate.

The systens inchudes an Hlumination subsystem configured to divect light
to the wafer, The lumination subsystem may inchade » light souree such ay
HBoht source 18 shown in Fig. {. The Hght sourcs may inclnde apny suifabde light
somree such as a laser. In ihis manaer, one methed to inspect defects may
mclnde rradiating a Iaser beam on an ehject under inspection. As shown in Fig,
§, the light seurce may be configured to divect lght to wafer 12, However, the
Humination subsysiom may alse Include one or more optical clements {(not
shown) such as mirvors, polarizers, beam splitters, leases, and the like that are
configored {o divect Hght from Heht source 18 to wafer 12, Asshown ia Fig. 1,
the Hlnmination sabsysiom may be configured to divect the light to the waler at
an obligue angle of Incidence. However, the thunination subaystem may be

configured to divect the light to the waler at any suitable angle(s) of incidence,

The system also tncludes an hnage sensor confignred to detect light
scatiered from waler defects and to generate ontput responsive o the scattered
fight, in this manaer, the inspection system may use an imgge seasoer to defest
the lght that g defect scatters, For example, as shown In Fig. ¥, Heht scatterad
from waler defects may be collected by lens 14 and directed by the lens to image
sensor 16, The leas may nclude any suitable refractive optics! element,
However, the lens may also include one or move vefractive optical elements
and/or eue or more reflective optical elements, The system wmay alse include any
other suitable optical elements (not shown} sach as filters, polarizing clements,
and the like positioned in the path of the light scattered from the waler defects.
The leas and/or the system may be counfigured o collect the Hght seattered from
the wafer defects af any suitable angles {polar and azinmthal). The cutput

generated by the image sensor may inclade any saitable output such as image

Ly
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signals or data. In one smbodiment, the image seasor s 3 COD or CMOS

BREIROY.

The image seusor is configured o not have an anti-blooming feature such
that when a pixel in the image seasor reaches foll well capacity, excess charge
flows from the pivel to one or more neighboring pixels i the bmage sensor, In
this manger, the embodiments described herein ave dilferent than other methads
for defect inspection which use anti-blooming image sensors. Fig. 2 shows pixels
of an anti-blooming image sensor with the center pixel detecting a defect, The
pumbers shown in g, 2 are the counts detected by each of the pixels. Fig, 2
shows that the conter pixel of the image sensor defects a defect while the ether

pixels only receive nnise Hght.

For a 12 bit tmage seaser, for esample, a pivel can detect light with the
range of § to about 4098 counts, This corresponds o a substantially Baited
defect size range since the guantity of scattering light &5 proportional to the sixth
power of the defect sire. For defects biggey than the maximom range, the exeess
charge beyond the full well capacity is drained out by the anti-bleoming feature.
Faor an image sensor without an anti-blooming feature, when the chargein g

pixel exceeds the full well capacity, the charge starts to il adjacent pixels,

in one embodimendt, the one or more neighboring pixels include only
pizels in one dimension acrass the lmage seusor, For exgmple, bmage sensors can
be designed to allow sasy vertical shifting of the charge, but potential barriers
ean be created to reduce How into horizontal pixels, Hence, the excess charge
will prefercutially 8ow into the nearest vertical neighbors, 1u one such example,
Fig. 3 shows that, when the center pisel U detects g defect, the scattering lght
charges that pixel uatil its full well capacity of 4098 ADU counts and then the
excess charge staris to flow from pixel € to il the vertically adjacent pixels B
and B, When picels B and I aleo veach the Tull well capacity, the excess charge
starts to How from pixel € to pivels A and K (through pixels Band B,
respectively). Therefore, Fig. 3 shows vertical blooming when only the center

pixel receives excess exposure.
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I this manner, as shown in Fig, 4, the scattering Hght collected by the
center pixel C shown in Fig, 3 will incvease up (o arbitrary anit 1 and then level
aff becanse the pixel becomes saturated. At that point, the scatteving gl
collected by pixels B and I3 shown tn Fig. 3 will as shown in Hig. 4 increase up to
arbitrary unit 3 and then lovel off because the piveds have becone saturated. At
that point, the seattering hght collected by pixels A and E shown in Fig. 3 will as
shown in Fig, 4 increase and will eventually level off if those pixels beeome
saturated. In addition, as shown in Fig, 4, the total charge on the combination of
alf the pixels {4 + B + €+ D + E) from which and to which excess charge Bows

will fncvease as the charge flows between the pixels,

i an sdditions! embediment, the ene or more neighboring pixels include
pixels in two dimensions acvess the image seusor. For example, a custorn image
sensor can be desigued to have approximately the same potential barrier in both
horizontal and vertival divections, so that the blooming chavge can flow inte both
horizontal and vertical neighbors, as shown in Fig. 5. In some ewbodiments, the
image sensor is configured to have sabstantially equal blooming in ftwe
dimensions. For example, the image sensor shown in Fig, 8 §s one example of a
custon image sensor designed to have substantially cqual blooming in buth

directions.

in another embudiment, the image sensor is configured {0 not have the
anti-Hooming feature across enly 8 portion of the totsl pixels of the fmags sensor
such that the excess charge of the pixel can only flow to the one or more
netghboring pixels within the portion of the total pinels and cannot flow to the
one or wove neighboring pixels outside of the portion of the total pixels. For
example, the image sensor could have anti-blooming only along borders of
sguare or rectanguiar blocks of pixels {compared with regular anti-blooming
mage sensors, in which cach pivel is anti-blooming). In this way, the blooming
will be Bwited within the blocks {to the extent of the anti-Blooming capability),
amd the size of the blacks in number of pixels can be selected as a trade-off

between extended dynamic range and the capability of defecting more defects
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other than the one that otherwise could cause blooming out of the block within
the same frame. For example, a 2,000 x 1,680 pixel image sensor could be
divided into 50 blocks with each block having 200 x 200 pivels. Only the pisels
slong the border of the 208 x 208 pixel Blocks are designed to have the anti-
Mooming feature while the other pivels do not. In this example, the blooming
caltbration will extend the dynamic range by about 288 x 208 times while the
Mooming will be limited to each block by anti-blooming along each of the block’™s

horders.

in one embuodiment, the sysiom i configured to calibrate the image sensoy
for variations in the fow of the excess charge from the pixed to the one or move
neighbering pixels. For example, becanse the blooming would not be perfect and
seme charges could get lust, 58 well as the charge conversion {fo voltage) would
ugt be perfectly Hineay ap to the fell well depth of a pixed, in reality the {otal
charge detecied divectly fu ADC counts would not be perfectly Ruear gs shown in
Fig. 4. Therefore, the nondinearity can be calibrated out {o know more
accwrately the totel charge based oo the ADC connts. The calibration of all the
blosming pixel charge extends the messurement range of the defeet size, by the
times of the number of the blooming pixels, which iy up to the image sensor pixel
number. The computer subsystem described further heretn may be used by the

system to perform the calibration described above,

The systemt further includes a computer subsystem configured to detegt
the deficts on the waler using the ouiput and fo deterndne g size of the defects on
the waler using the cutput generated by a pixel and any neighboring pixeds of the
pixel to which the excess charge of the pixel 8ows. For example, as shown in Fig,
1, the system may mchade computer subsystem 18 configured to detect defects on
the wafer using output of mage sensor 16, The cormputer subsvstem may fake
varipus forms, incloding a personal computer system, image compuder,
mainiranme computer system, workstation, network appliance, Internet
appliance, or other device, In general, the tevm “computer sabsystem™ may be
broadly defined fo encompass any device haviag ong or mare processars, which

executes mstructions from a memory medium,. The computer subsystem may

s
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alse inchude any suitable processer known in the art such as s parallel processor, In
addition, the computer sabsysiem may nclude a computer platform with high

speed processing and software, gither as a standalone or a networked tool

The compuier subsystem may be configured to detect the defects on the
waler nsing the output and any suitable defoct detection wmethod andlor
slgorithm. The defect size may be measured based on the amount of light that it
seatters. The computer subsystem described herein would determine defect size
differently than the computer subsystems of other inspection systems, For
examprie, the computer subsystem would determineg the defect size based on the
total charge of the whele Bleoming ares of the image sensor, For example, in one
embadiment, the computer subsystem is confignred to determine the size of the
defects by adding the charges of the pixel and any neighboring pixels to which
the excess charge of the pixel flows to determine a total charge and detevmining
the size from the total charvge. In the example shown in Fig. 3 described above,
although pixel O saturates 8t 4683 ADC counts, which corvesponds 1o a porfion
of the total scattering Hght of the defect, the total charvge of pixels AVB, O D, and
E, which s 14,355, measures the total scattering Hght. Therefore, unlike other
compuier subsystems, which would determine the defect size based just on the
4893 ABC counts defected by pixel { the computer subsystem described herein
would determine the defect size based on the total charge of pixels A, B, (. B,
and ¥, which s 14,355, The computer subsystem desceribed herein may also be
differsnt than the computer subsysiems of other nspection systemy in that the
compuisr subsystem may be configured to calibrate the blooming as described

above,

In one embodiment, the systerm has a defect size range that is greater than
if the computer subsystem used output generated by an fmage sensor that does
have the anti-blooming feature {o deferming the size of the defects. For example,
as deseribed hevein, the embodiments may use & blooming calibration {o extend
the sixing vange of defect taspection. In addition, a castom tmage seusor with
substantially egual blooming in both herizontal and vertical divections can be

used to extend the sizing range move significantly, for example, by 10,008 times

Q
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with a circle blooming of 113 pixel diameter. Furthermore, the embodiments
desceribed herein can also be used for other applications that detect any feature
instead of just a defect where the measurement range of total ight is more

important than the pivel to pixel spatial resolution.

in some embodiments, the system includes ap additional detecior
eonfigured to detect other light seattered from the waler defects {eg. from
different angles as the image sensor or the same angles as the image sensor by
asing a beam splitter {not showa) to detect 3 fraction of the seattering light that
the image sensor detects) and (o generate additional ouipat responsive o the
other seattered Hght, The sdditional detector is not an image sensoer that does
not have an anti-blooming feature. The computer subsystem is configured o
detect the defects on the wafer using the additional omtput and o determine
multiple defects correspond 1o the sutput generated by the pixel and any
neighboring pivels of the pixel to which the excess charge of the pixel flows, Feor
example, as shown in Fig, 1, the system may inchade additions! detector 20 that i
configored fo detect other Hght scattered from the waler defects. For example,
additional detector 28 and image sensor 16 are configured to separately detect
fight that is scattered at different angles from the waler defects. Therelore,
image senvor 16 and additional detector 28 do pot detect the same scattered light,
The additienal detector may include any detector that is not an iniage sensoer
that does not have an anti-bloosming feature. For example, the additionat
detecior could be a CCD that does have sn anti-Mooming feature, a multh-anede

photomultiplier tube {(PMT), and the ke,

As also shown fu Fig, 1, the system may include lens 22 configured to
cotlect the other Hght scattered from the waler defects and o divect the other
scattered light to additienal detecior 20, The lens may include any suitable
refvractive optical element,. However, the lons may also include one or mare
refractive optical elements and/or one or more reflective optical elements. The
system may also include any other suitable optival clements (not showa} such as
filters, poelarizing elements, and the like pesitioned in the path of the other light

seattered from the wafler defects. The lens and/or the svsfom may be configured

1
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1o collect the other light scattered from the wafer defects at any suitable angles
{polar and azimuthal)., The output generated by the additional detector may
inclede any sultable outpat such as ymage signals or data, The compuler
subsystem may be configured o detect the defects on the waler using the ontput
generated by the additionsl detector and any suitable defect detection method

andior algorithm,

The additional detector may be used as a chaanel with regular anti-
Mooming to determing the number of defects within the area of the bleoming
pixels of the uage sensor described heretn, For example, based on lnformation
from only oue blooming image sensor, multiple defects may not be
distinguishable from each other within 2 whole single blooming area, However,
that may be acceptable for many applications, The system may, however, have
multiple chaunels {e.g. defined by vnage sensor 16 and additional detector 28},
Therefore, oue of the channels may be used to determine the number of defecis
within & whole single blooming area. The computer subsystem may be

configored o perform sach functions i any saitable manner,

Another embodiment relates to 8 method for inspecting a waler, The
method inclades divecting Heht to the wafer, which may be performed as
deseribedt further hergin, The method also includes detecting light seattered
from waler defects and generating ontput responsive {o the seattered light using
an image sensor, which may be performed as deseribed herein, The image
sensor dogs not have an anti-blaoming feature such that when g pixel in the
image sensor reaches full well capacity, excess charge Hows from the pisel i one
ar move neighboring pixels in the image seasor. The image sensor may be
farther configured as described herein, In addition, the method tnchudes
detecting the defects on the waler using the outpui, which may be performed as
described further herein, The method further includes determining s size of the
defects on the waler vsing the output generated by a pixel and any neighboring
pixel of the pixel fo which the excess charge of the pivel flows, which may be

performed as deseribed further herein.

1
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in one smbodiment, the methad includes calibrating the image seasor for
variations in the flow of the excess charge fram the pixel to the ene or more
neighboring pixels, which may be performed as desertbed further herein, In
another embodiment, the sive of the defects & determined o the method with a
range that is greater than if the method used cudput generated by an image
sepnor that does have the anti-blooming feature to detevmine the size of the
defects. In an additional embadiment, the sne or more neighboring pivels
incinde only pivels in one dimension across the image senser. In a further
embuatdiment, the one or more neighbering pixels include pivels in twe
dimensions arress the huage sensor. In another smbedinient, the image sensor
has subsiantially equal blooming s twe dimensions, Ia some embodiments, the
mnage sensor does not have the anti-ooming feature acvoss only a portion of the
totul pixels of the image sensor such that the excess charge of the pixel can saly
flow to the one or more neighboring pixels within the portion of the total pixels
and cannot Jow to the oue or mare peighboring pixels outside of the portion of
the total pizvels. Such image sensor embodiments may be further configured as

deseribed hergin,

in one embodiment, determining the size of the defects includes adding
the charges of the pivel and any neighboring pixels to whivh the excess charge of
the pixel flows to determine a total charge and determining the size from the
total charge, which may be performed as deseribed horein. {n another
srhodiment, the method includes detecting other lght scattered from the waler
defects and generating additional suiput responsive fo the other seattered Rght
using an additional detector, which may be performed as deseribed herein, The
sdditional detector is not gn image seasor that does not have au anti-bloewming
featare. The additional detector may be farther configared as desoribed hevein,
The method alse tucludes detecting the defects on the waler using the additional
output and determining if smoultiple defects correspond to the sutput generated
by the pivel and any neighboring pixels of the pixel to which the excess chavge of
the pixel Hows, which may be performed as deseribed heretn, In another

embaodiment, the nage sensor is 8 CUD or a CUMOS sensor.
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An additional embodiment relates to a computer-implemented methad
for determining a size of defects on a wafer, The method includes seguiring
autput of an lmage sensor incloded in an inspection system. The output is
genergiod by divecting light to the wafer and detecting Hght scattered from waler
defects, which may be performed as deseribed horein, Acquiring the osulpat may
inclode using an mspection system fo scquive the suiput, for example, by
seanning the waler with Bght and detecting light ceattered {from the wafer
defects. In this manner, acguiring the ouiput may inclade performing an
inspection of the wafer. The inspection system may be configured as deseribed
berein, Alfernatively, acquiring the output may include acauiring the output
from an inspection system used (0 generate the output, For example, the methad
may include acquiring the outpet from o storage medium in which the inspection
svstem stored the putput. The sforage medium may include g storage medium of
the inspection system, a fab database, or any other saiiable storage mediom
known in the art, In this mauner, acipdiring the ouiput way nef fnclude

imapecting the waler,

The tmage sensor i configured to pot have an anti-blooming featere such
that when a pixel in the image sensor reaches full well capacity, excess charge
Hlows from the pixel {o pae or more neighboring pixels in the image seasor. The
migthed alse includes using a computer system to detect the defects on the waler
using the output and to determine a size of the defects on the waler using the
autput gencrated by a pixel and oy neighboring pixels of the pixel to which the
gxeess charge of the pixel flows, which muay be performed as described herein,
The computer system may be further configured as deseribed herein with

respect to a computer subsystem.

in one embodiment, the methad includes using the computer system to
ealibrate the image sensor for vaviations in the flow of the excess charge from the
pixe] to the one or more neighbering pixels, which may be performed as
described hevein, In another embodiment, waing the compuler system o
determine the size of the defects includes adding the charges of the pixel and any

neighboring pixels to which the excess charge of the pixel flows to determine a
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total charge and determining the size from the total charge, which may be
performed as described further hevein, In an additional embodiment, the
methed includes scquiving additional output that is genevated by using an
sdditional detector included in the inspection system to detect other light
seattered from the wafer and fo generate the addifional ontput responsive to the
other scattered Hght, whoch may be performed as deseribed herein, The
additional detector is not an image seaser that does nef have an anti-blooming
feature. The additional detector may be further configured as deseribed herein,
The method also includes using the computer system to detect the defects on the
waler using the sdditional output and to determine if multiple defects
correspond to the sutput generated by the pivel and any neighboring pixvels of
the pixel to which the excess chargs of the pivel flows, which may be performed

as deseribed heredn.

Each of the embodiments of the methods deseribed above may nclude
any other stepds) of any other methoed(s) desoribed hereln, Furthermore, each of
the embodiments of the wetheds described above may be performed by any of

the systems deseribed heredn.

Al of the methods described herein may include storing rosulis of one or
miore steps of the methed embadiments in 8 storage medium. The results may
include any of the results described herein and may be stored in any manner
kaown {8 the art. The storage medinm may include any suitable computer-
readable storage medinm kuowa in the art, Afler the resulis have been stoved,
the resulis can be sccessed in the storage medivm and used by any of the methad
ar system embeodiments deseribed herein, formatted for display to g user, used
by ansther software modele, method, or system, ¢te. Farthermore, the results
may be stored “permaneatly,” “semipermanently,” temporarily, or for some
period of fime. For example, the storage medinm may be random access
memory (RAM), and the results may not secessarily porsist indefinitely m the

stovage medivm,

i4
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in contrast to the embediments deseribed hersin, the total drained charge
through an anti-Bleoming structare using an anti-blooming bmage sensor may be
measured and wsed {o determine defect sire. However, such a configuration
would require exirg circuiivies pud cannot distinguish mudtiple defects within the

s same image sensor frame.

Further modifications and alfernative embodiments of various aspects of
the invention may be appavent to those skilled in the art In view of this
deseription. For example, various embodiments for extended defect sizing range

it for wafer inspection are provided, Accordingly, this description is te be
construcd as Blustrative only and is for the purpose of teaching those skilled in
the art the general manner of carrying ont the inmvention. 1 is to be understood
that the ferms of the invention shown and described herein are fo be taken as the

presently preferred embodiments, Eloments and material may be substituted

=0

for those Hlustrated and described herein, parts and processes may be reversed,
and cevtain features of the Invention may be utilized wdependently, all s would
be apparent to one skilled in the art after haviag the benedit of this desoription of
the invention. Changes may be made in the eloments deseribed herein without
departing {rom the spirit and scope of the invention as described in the following

36 ghaims.
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WHAT IS CLAIMED 15:

i. A system configared {o inspect & waler, comprising:

an Hlumination subsystem configured fo divect light to the waler;

an mage sensor configured to detect light scatiered from waler defeets
and to generafe suipuf responsive to the scattered lght, wherein
the image sensor is further configured to not have an anti-
blopming feature such that when g pixel in the baage sensor
reaches full well enpacity, excess charge Hows from the pixel {0 one

ar more neighboring pixels in the bnage sensor; and

a computier subsystem contigured to detect the defects on the waler using
the output and o determine a size of the defects on the waler using
the putpuat geserated by o pixel and any neighboring pixels of the

pixel to which the excess charge of the pivel Hows,

2. The system of elaim 1, wherein the system is further configured to
calibrate the image sensor for variations in the flow of the excess charge frem the

pixel to the one or more neighboring pixsgls.

3. The systemt of clate 1, wherein the system has a defect size range that is
greater than if the computer subsystem nsed cutput generated by an unage
sensor that does have the anti-bBlooming feature to determine the size of the

gdefects,

4. The system of clafin 1, wherein the one ov more neighboring pixels

egmmprise only pisels in one dimension across the image semsor,

8, The system of clatm 1, wherein the one ov more neighboring pixels

comprise pixels in two dimensions across the image senseor.,

14
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&, The system of claim 1, wherein the image sensor & further configured to

have substsntially equal Bblooming in bwoe dimensions,

7. The systew of claim 1, wherein the image sensar is further configured to
not have the anti-blooming feature acvoss enly o portion of the tetal pixels of the
fmage sensor such that the excess charge of the pivel can only flow to the onc oy
mare neighboring pixels within the poertion of the total pixels and canoot flow to

the one or more neighboring pixels outside of the portion of the fotal pixels.

& The system of cladnt 1, whereln the computer subsyatem s farther
coufigured o determing the size of the defects by ndding the charges of the pixel
and any neighboring pixels to which the excess charge of the pixel flows to

determine a total charge and determining the size from the total charge,

5. The system of claim § further comprising an additional detector
configored {o detect other lght scattered from the waler defocts and {o generate
additional output responsive to the other scatiered Hght, wherein the additional
defector is not an image sensor that dees not have an anti-blooming feature, and
wherein the computer subsystem is further configured to detect defects on the
wafer using the additiona! ontput and o defermine i multiple defocts
corvespond to the cutput generated by the pixel and any neighboring pixsls of

the pixel to which the excess charge of the pivel Hows,

14, The system of clabin 1, whereln the tmage sensor is a charge couplad

device or 3 CMOS sensor,

1L, A method for inspecting a wafer, comprising:

directing hight to the waler;

detecting lght scatteved from waler defects and generating vulput

responsive to the scattered Nght using an buage sensor, whergin

the image sensor does not have an anti-blooming feature such that
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when a pixel in the image sensor reaches full well capacity, excess
charge flows from the pixel to one or more neighboring pixels in

the bmage seaser;

detecting defects on the wafer using the outpuf; and

deterniining s size of the defects on the wafer wing the ouipud gencrated
by a pixel and any neighboring pixels of the pixel to which the

excess charge of the pivel flows,

13, The method of claim 11, further comprising calibrating the image seasor
for vaviations in the flow of the excess charge from the pixel to the one or more
neighboring pixels,

13, The method of clatm 11, wherein the size of the defects is determined in
the method with a range that is greater than i the method used oulput generated
by an fmage seasor that doex have the anti-blooming feature to determine the

stze of the defects,

4, The method of claim 11, whersin the one or mwre neighboring pixels

comprise anly pixgls in ong dbmension across the image seasor.,

15, The method of clatm 11, wherein the ons or mors seighboring pixels

comprise pixels in two dimensions acress the image sensor.

i6,  The method of clatm 11, wherein the hmage seasor has substantially equal

blooming i bwo dimensions.

£7. The method of cladm 11, wherein the hmage sensor does nof have the anti-
Mooming feature across only a portion of the totad pixels of the image sensar
such that the excess charge of the pivel can ounly fow to the one or wove
neighbering pixels within the portion of the total pixels and cannot flow teo the

one or more neighboring pixels outside of the portion of the total pixels.

18
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18, The method of claim 11, whercin determining the size of the defects
comprises adding the charges of the pixel and any neighboring pivels {o which
the excess charge of the pixel flows o determiue a total charge and determining

the size from the total charge.

18 The method of cladm 11 farther comprising detecting other Hght
seatiered from the wafer defects and generating additional ontpat responsive (o
the other scatterad light wsing an sdditional detector, wherein the additional
detector is not an huage sasor that doss not have an anti-bloosming featore, sl
further comprising detecting defects on the waler using the additienal ontpt
and determining if multiple defects correspond to the cutput generated by the
pixel and any neighboring pixels of the pixel to which the excess charge sf the

pixed flows,

28, The method of clabm 11, wherein the image sensor is 8 charge coupled

device oy g UMOS seaser,

28 A computer-implemented method for determining a size sf defects on a

wafer, comprising:

acquiring output of an image sensor included in an Inspection system,
whereln the cutpul v genevated by divecting light to the waler and
detecting Heht scattersgd from waler defects, and whersin the
image sensor is configured to not have an anti-bleoming festare
such that when 2 pixel in the image sensor reaches full well
capacity, excess charge fovws from the pisel (o one oy more

neighboring pixels in the fwage sensor; and

using & computer svstem to detect the defects on the waler using the
outpul and o determine a size of the defects on the waler using the
outpat geperated by a pixel and any seighboring pixels of the pixel

to which the cxcess charge of the pixel Hows,

19
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22, The method of claim 21, further comprising using the compuier system fo
caltbrate the image sensor for variations in the How of the excess charge from the

pixel to the one or wove neighbaring pixels,

23, The method of clabm 21, wherein using the computer system to determine
the size of the defects comprises adding the charges of the pixel and any
neighboring pixels to which the excess charge of the pivel flows to defernsine a

total charge and determining the size from the total charge.

24,  The method of cladm X, ferther comprising scguiring additional output
that is generated by using an additional detector included in the Inspection
system o detect other Hght scattered from the waler defects and to generate the
additional eutput responsive to the other scattered Hght, wherein the additional
defector is not an image sensor that does not have an anti-blooming feature, and
further comprising ueing the computer system to detect the defects on the waler
using the additional entpot and {o determine i molliple defects correspond to
the output generated by the pixel and any neighboring pixels of the pixel fo

which the excess charge of the pixvel flows.

20
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