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METHODS FOR INSPECTION SAMPLING FIG . 9 illustrates column - variable imaging 900 in accor 
ON FULL PATTERNED WAFER USING dance with one embodiment . 

MULTIPLE SCANNING ELECTRON BEAM FIG . 10 illustrates an electron beam column 1000 with no 
COLUMN ARRAY pre - sample beam cross over to reduce electron - electron 

5 column interaction in accordance with one embodiment . 
CROSS REFERENCE TO RELATED FIG . 11 illustrates an electron beam column 1100 includ 

APPLICATIONS ing the double Wein filter monochromator ( double Wein 
filter 1110 , dispersion corrector 1108 ) and a dispersion error 

This application claims the benefit of U . S . provisional corrector using two 2D electrostatic deflectors 1202 and one 
patent application Ser . No . 62 / 481 , 045 , filed on Apr . 3 , 2017 , 2 2017 10 2D magnetic deflector 1206 . 
the contents of which are incorporated by reference herein in FIG . 12 illustrates a double Wein filter 1110 combination 

will correct the primary electron energy related focused their entirety . position shifts of the first Wien filter on the focusing plane . 

BACKGROUND FIG . 13 illustrates a dispersion corrector 1108 of two 2D 
15 electrostatic deflectors and one 2D magnetic deflector to 

correct electron beam dispersion on the sample plane , which Scanning electron microscopes ( SEMs ) are often used in may be caused by Wien Filters or an objective lens field in semiconductor fabrication plants to scan patterned wafers to large field of view scanning mode . The electron beam is obtain images from selected subregions that provide infor finally deflected back to the original direction and position 
mation on process quality . SEMS provide much better reso - 20 of primary electron optical axis . 
lution than optical microscopes , because electrons have FIG . 14 illustrates an example of chip embedded security 
much smaller wavelength compared to optical light . How system . 
ever , SEMs are comparatively slow at imaging due to their FIG . 15 illustrates inspecting one test feature within a 
sequential scanning nature . Multi - column arrays with par - finite area in vicinity . 
allel imaging capabilities improve the imaging speed of the 25 FIG . 16 illustrates 2 - dimensional integration of test 
SEMs , but even an array of 100 columns can only scan up results of a number of finite areas . 
to 1 % of wafer area per hour , which is much less than what FIG . 17 illustrates an example of 9 critical patterns in one 
is needed by the industry . This means that sampling only finite area . 
selected subregions of the wafer , instead of performing a full 
wafer scan , becomes the practical solution . In this case the 30 DETAILED DESCRIPTION 
full wafer must be completely covered by the field of view 
of the column array so that selected areas for scanning are A method is herein disclosed to enable a multi - column 
exposed to the electron beams . Some critical features on the array to cover the whole wafer area collectively in equally 
wafer will not be covered if the full wafer cannot be covered divided areas allocated to each column . Each of these areas 
by the field of view of all columns in a given time , say one 35 is defined as a column working space . Each column working 
hour . Therefore , an innovative method for a multi - column space has the same dimensions and orientations . The array 
array is required in order to be able to reach all critical of column working spaces is aligned to the array of column 
points . Because an electron beam inspection system is optical axes . FIG . 1 illustrates different critical sites in 
usually integrated with a waveform generator , it can also do multi - column fields of view 100 ( e . g . , first column field of 
pattern lithography on wafers , with proper software control . 40 view 102 and second column field of view 104 ) in accor 

dance with one embodiment . 
BRIEF DESCRIPTION OF THE SEVERAL The field of view of each column is defined as a covered 

VIEWS OF THE DRAWINGS region . A covered region is one in which critical wafer 
patterns can be scanned by one or more columns to take an 

To easily identify the discussion of any particular element 45 image . By moving the stage supporting the wafer , each 
or act , the most significant digit or digits in a reference column working space can be fully covered by the field of 
number refer to the figure number in which that element is view of each column completely . All critical sites inside the 
first introduced . working space can be scanned and imaged while non critical 

FIG . 1 illustrates different critical sites in multi - column patterns are ignored . 
fields of view 100 ( e . g . , first column field of view 102 and 50 The working space of each column may be divided into 
second column field of view 104 ) in accordance with one multiple line sections . The stage is moved in a continuous 
embodiment . motion to scan a line section of the working space . Critical 

FIG . 2 illustrates a wafer inspection process 200 in sites are scanned and imaged once they move inside the 
accordance with one embodiment . covered region of the column array . As the stage moves 

FIG . 3 illustrates an array - line - scan 300 in accordance 55 across all the line sections of the working space , the whole 
with one embodiment . wafer is covered by the field of view of the column array , 

FIG . 4 illustrates critical sites 400 for beam column and all critical sites may be selectively scanned . Because all 
inspection in accordance with one embodiment . working spaces are equally spaced with same dimensions 

FIG . 5 illustrates a wafer inspection process 500 in and orientations , when one working space is fully scanned , 
accordance with one embodiment . 60 all others are also fully scanned . The position and dimension 

FIG . 6 illustrates an array - leap - scan 600 in accordance of critical sites in different working spaces can be indepen 
with one embodiment . dently decided by an algorithm that accounts for lithography 

FIG . 7 illustrates the use of autofocus between stage conditions and critical features in the patterning database . 
moves to compensate for stage position errors , in accordance Referring to the wafer inspection process 200 in FIG . 2 , 
with one embodiment . 65 at block 202 first divide the whole wafer area collectively in 

FIG . 8 illustrates the effects of autofocus on reducing equally divided areas allocated to each column of the array . 
imaging area , in accordance with one embodiment . FIG . 3 illustrates the column paths in an array - line - scan 
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mode . Each column working space is divided into line As the stage is moved repeatedly in a skip movement 602 , 
sections ( e . g . , scan line 304 , scan line 306 ) each having a the first column moves from imaging area 604 to imaging 
width the same as the column field of view 302 and a length area 606 . 
the same as the column pitch . As the stage is moved along Electron beam conditions may be dynamically modified 
the scan line 304 , the scan positions on the wafer are 5 during the dwelling time between stage moves . For example , 
determined by measuring stage coordinates and wafer coor highly repeatable , CDSEM type beams may be used to 
dinates of critical sites . Instead of scanning the whole field measure pattern shifting and pattern shrinking . For another 
of view ( e . g . , field of view 402 for scan line 304 , field of example , high beam current inspection beams can be used to view 404 for scan line 306 ) , small sampling sites are cover a larger area , and high resolution review type beams scanned for imaging purposes . Beam conditions are set 10 may be used to double check the imaged sites , which are independently for different sites and for different columns . suspected for defects . As yet another example , high resolu Scanned imaging sizes are also set independently for dif 
ferent sites and for different columns . Imaging processing tion review type beams may be used to check whether the 
modes may also be different for different imaging sites . In pattern at a small , weak process site is patterned within the 
array - line - scan mode , only critical sites inside the field of 15 process window 
view of each column ( e . g . , critical sites 412 for the column All sites scanned in a covered region may each be 
on scan line 304 and critical sites 408 for the same column independently defined . The size of the image , in terms of 
on scan line 306 , and critical site 410 for both scan lines ) are pixel numbers , can be different for different sites . The pixel 
selected to be scanned . These sites can have different beam size can be different for different sites . The number of frame 
conditions , different image sizes , different shape , and dif - 20 averaging , dot averaging , and line averaging can be inde 
ferent pixel sizes . pendently defined for each site . Different beam conditions 

Thus the wafer inspection process 200 assigns each of the can be used on different sites . 
areas as a column working space having the same dimen The disclosed scanning system has numerous advantages 
sions and orientations ( block 204 ) and aligns the array of over conventional wafer scanners . The full wafer area is 
column working spaces to an array of column optical axes 25 covered by the combined field of view of all columns during 
( block 206 ) . The working space of each column is divided stage movement . This allows any site on the wafer to be 
into multiple line sections ( block 208 ) and the stage is selected for sampling purposes . A multicolumn array of , for 
moved in a continuous motion to scan a line section of the example , 100 columns has potentially 100 times higher 
working space ( block 210 ) . Critical sites are scanned and throughput than a single column system . The larger field of 
imaged once they move inside the covered region of the 30 view of each column reduces the number of stage moves 
column array ( block 212 ) . needed to cover the whole wafer area . Columns are each all The working space may be divided into squares . Each independently configurable for imaging beam conditions , square may approximate the size of the field of view of the electrostatic deflection of scanning area within the field of column or covered region . The stage is skipped from one 
covered region to another covered region , until all covered 35 ve 36 view , and imaging process . Each column has an independent 
regions of a working space are visited . After each stage and synchronized set of waveform scan generators , beam 
move , there may be an auto focusing calibration to optimize position deflection signal generators , detectors , amplifiers , 
the imaging beam conditions and to correct image position and detector signal digitizers , to create synchronized scan 
errors arising from stage motion errors . This makes it ning signals for imaging processing purposes . This allows 
possible to utilize smaller image and less time to scan the 40 fully independent scanning , position switching , and imaging 
critical sites . Between each stage move , all critical sites in control of each column . Waveforms of the scanning signal 
the covered region of all columns are scanned to form may be segmented for each small imaging site , and the 
images . The dwelling time for imaging between each stage waveforms streamed in a first - in - first - out ( FIFO ) manner to 
move from a covered region to another may vary depending the arbitrary waveform generators ( AWGs ) . This enables the 
on application demands . If there are more than average 45 collection of scanning waveform data , which can exceed the 
critical sites inside one particular covered region , the stage AWG on - board memory , to be processed in a sequential 
is held in position while images are taken for longer before manner . 
the next move . On the other hand , if there are fewer than Detector signal digitizers may work in stream mode to 
average critical sites inside one particular covered region , computers for imaging processes in a first - in - first - out man 
the stage may be held for less time before the next move . 50 ner . This enables imaging data , which typically exceeds the 

Referring to the wafer inspection process 500 in FIG . 5 , capacity of digitizer on - board memory , to be processed in a 
at block 502 , first divide the whole wafer area collectively sequential FIFO . This also enables detector signal collec 
in equally divided areas allocated to each column of the tion , data transfer , and image processing to be carried out in 
array . At block 504 , assign each of the areas as a column parallel to improve overall system performance . Digitizers 
working space having the same dimensions and orientations . 55 may be implemented using FPGAs or other programmable 
At block 506 , align the array of column working spaces to devices , including on - board image processing ( for example , 
an array of column optical axes . At block 508 , divide the dot average , line average , frame average of imaging data ) to 
working space into squares , each square approximating a reduce the required data rate for streaming . 
size of the field of view of the column or covered region . At In array line - scan mode , the stage is moved continuously 
block 510 , skip the stage from one covered region to another 60 while the covered regions of the columns array scan through 
covered region , until all covered regions of a working space the whole wafer and selectively take images inside the 
are visited . At block 512 , perform an auto focusing calibra - covered regions . In an array line - scan action , each column 
tion after each skip of the stage to optimize imaging beam covers an area having the width of the column field of view 
conditions and to correct image position errors arising from and length of the column array pitch . Multiple lines - scan 
stage motion errors . At block 514 , critical sites are scanned 65 actions cover the full column working space and the full 
and imaged once they move inside the covered region of the wafer is covered by the field of view of the multi - column 
column array . array . Only critical sites are selected to scan for imaging 
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purposes , in a sampling mode , to ensure the critical sites are parallel , and non - imaging time is reduced . Alternatively , the 
imaged during the limited wafer process qualification time stage may be moved in array - leap - scan mode , so that 
window . auto - focusing may be carried out after each stage movement 

In line - scan mode , each column may scan independently settles , and beam condition can be optimized and position 
at its own configured coordinates of sites . Images from 5 errors can be corrected to allow small image sizes that focus 
critical sites may be generated for each column with distinct in on critical points on the wafer . Smaller image sizes 
settings for coordinates , number of imaging pixels , pixel require less time to obtain the image and thus more images 
size , image shape , number of frame signal averaging , num of critical points may be scanned between stage moves . 
ber of dot signal averaging , and number of line signal Independent beam condition control enables the configu 
averaging 10 ration of different scan properties per column , and optimized 

The stage can also skip from one covered region to information collection in different imaging modes . For 
another covered region in leap - scan mode . Each covered example , FIG . 9 illustrates example work load allocation of 
region may perform auto focusing to correct focusing and a column inside one covered region with 25 % work load 
positioning errors . Autofocus can be used to compensate for allocated for dense CDSEM measurement , 25 % work load 
a stage position error 710 that causes a pattern position 704 15 allocated for review SEM mode weak point control , and 
in the actual image 702 to misalign from a database pattern 50 % work load allocated for large area inspection and 
position 706 in the database image 708 . Imaging time review purposes . CDSEM measurement is used for example 
between each stage leap may be distinctly controlled to to inspect line spacing , distance between line ends , or other 
optimize imaging time and for autofocus . Without autofocus measurement applications . 
between stage moves , a large scan area is needed to include 20 CDSEM inspection 922 may be performed on dense 
the pattern of interest inside the field of view with unknown CDSEM measurement sites 902 ( e . g . , site 904 ) to yield 
and uncorrected stage position errors . Small scan area is measurement results 906 . A weak point inspection 920 may 
possible to include only the pattern of interest inside the field be performed on sampling sites 910 in the same covered 
of view with corrected stage position errors . Thus for region , yielding image review results 908 . A large area 
example a pattern 802 can experience a large offset in a scan 25 inspection 918 may also be performed on a potential defect 
region without autofocus 806 due to a stage position error 914 in the inspection region 916 , yielding yet more inspec 
808 , but a scan region with autofocus 804 can be drawn tion results 912 . 
much tighter around the pattern 802 . The imaging beam conditions may be dynamically 

In line - scan mode , each column may scan independently switched rapidly using electrostatic column controls . During 
at its own configured coordinates of sites . Images from 30 each stage leap , during the dwelling time for imaging , the 
critical sites may be generated from each column with work load in different imaging mode can be determined by 
distinct settings for coordinates , number of imaging pixels , either lithography process parameters or patterning infor 
pixel size , image shape , number of frame signal averaging , mation . Imaging time may be allocated among CDSEM 
number of dot signal averaging , and number of line signal mode , review SEM mode , and inspection SEM mode . 
averaging on a per - column basis . 35 FIG . 10 illustrates an electron beam column 1000 with no 

The stage can skip from one covered region to another pre - sample electron beam 1026 cross over to reduce elec 
covered region in leap - scan mode . Each covered region may tron - electron column interaction in accordance with one 
perform auto focusing to correct focusing and positioning embodiment . The electron beam column 1000 comprises an 
errors . Imaging time between each stage leap may be electron source 1002 , a beam defining aperture 1004 , a gun 
distinctly controlled to optimize imaging time . Auto focus - 40 lens 1006 , a beam blanker 1008 , an electron beam 1010 , a 
ing may be carried out after a move to each covered region , beam current limiting aperture 1012 , an upper scanning 
in order to optimize beam conditions and to correct imaging deflector 1014 , an electron detector 1016 , a coil driven 
position errors . The dwelling time between stage - leaps can adjustment lens 1020 , a lower scanning deflector 1018 , a 
be independently set based on the amount of imaging permanent magnet driven objective lens 1024 and a wafer 
workload configured in that particular covered region . Each 45 1022 . 
column is given same period of time for imaging after each The operation of the electron beam column 1000 will be 
stage move . Each column may independently decide how to readily apparent to those of ordinary skill the art . 
use this imaging time to scan the most critical imaging sites FIG . 11 illustrates an electron beam column 1100 includ 
inside their current covered region . Each column may inde ing the double Wein filter monochromator ( double Wein 
pendently use different beam conditions for imaging at 50 filter 1110 , dispersion corrector 1108 ) and a dispersion error 
different sites . If some columns detect suspected failure or corrector using two 2D electrostatic deflectors and one 2D 
defects in low or regular resolution mode , the column may magnetic deflector . 
switch to high resolution imaging , for defect verification . Referring to FIG . 12 , in a double Wein filter 1110 com 

The entire wafer to be inspected may be collectively bination , electrons emanate from an electron virtual source 
covered by the combined field of views of the multi - column 55 point 1202 , and through an electrostatic deflector 1204 to a 
array , either in array line scan mode or array leap scan mode . final beam - forming aperture 1206 . 
The overall field of view is much larger than a single beam FIG . 12 illustrates a double Wein filter 1110 combination 
system . Imaging throughput is greatly increased because will correct the primary electron energy related focused 
stage movement time , which does not directly contribute to position shifts of the first Wien filter on the focusing plane . 
faster imaging , is reduced . For example , if it takes 1000 60 A double Wein filter 1110 before the final beam - forming 
stage moves to cover the full wafer using a multi - column aperture setup will provide energy filtering while keeping 
array of 100 columns , it will take 100 , 000 stage moves to virtual sources of electrons with different energies at the 
cover the full wafer using a single column system with the same virtual source point . 
same field of view as a single column of the multi - column FIG . 13 illustrates a dispersion corrector 1108 of two 2D 
array . 65 electrostatic deflectors 1302 and one 2D magnetic deflector 

The stage may be moved in array - line - scan mode , so that 1304 to correct electron beam dispersion on the sample 
the stage movement and the imaging process can work in plane , which may be caused by Wien Filters or an objective 
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lens field in large field of view scanning mode . The electron around a quarter ring structure . The right image 1604 shows 
beam is finally deflected back to the original direction and a converted image with all the testing points data displayed 
position of primary electron optical axis . on the 2 - dimensional map . 

A setup with one magnetic deflector 1304 in between two FIG . 17 illustrates an example of 9 critical patterns in the 
electrostatic deflectors 1302 can introduce a dispersion 5 center of a finite area 1510 . Aligning dies to multi electron 
effect , while bring back the electron beam trajectories back beam columns is flexible when each die contains the same to optical axis . This dispersion effect is calculated so that it critical patterns at the same relative location and the column will cancel the dispersion of electron beam scanning for a spacing is the multiples of the finite areas 1510 . For certain field of view . example , when one electron beam column is aligned to a An Internet of Things ( IoT ) device is any nonstandard 10 critical pattern of a finite area in one die , the rest of the computing device that connects wirelessly to a network and electron beam columns of the multi - column system will all has the ability to transmit data . IoT devices include thermo be aligned to the same critical pattern of other finite areas in stats , light bulbs , door locks , fridges and etc . The concept of 
IoTs is all these things working in concert for people in different dies . 
business , in industry , or at home . However , IoT devices are 15 
vulnerable to hacker ' s attack . Hackers may exploit defects to What is claimed is : 
breach software defenses through internet connections . 1 . A method of operating a multi - column electron beam 
Thus , IoT devices is advised to have both hardware and array , the method comprising : 
software security . Software security is enhanced by software dividing a whole wafer area collectively in equally 
updates . Hardware security systems authenticate software 20 divided areas allocated to each column of the array ; 
updates . Chip embedded security is the key of hardware assigning each of the areas as a column working space 
security system . In a chip embedded security system , secu having the same dimensions and orientations ; 
rity keys are written directly at predetermined sites on aligning the array of column working spaces to an array 
wafers . The security keys can be anything from MAC of column optical axes ; 
addresses , chip identification codes to private keys to secure 25 wherein a field of view of each column is defined as a 
software authentication . The security keys are readable , but covered region in which critical wafer patterns can be 
cannot be altered . scanned by one column to take an image ; 

FIG . 14 illustrates an example of chip embedded security moving the stage supporting the wafer such that each 
system using a multi beam writing system to write security column working space is fully covered by the field of 
keys directly on wafers . An electron beam is used to write 30 view of each column completely ; 
customized patterns 1404 at a predetermined site 1408 scanning and imaging all critical sites inside the working 
within a die 1402 on a wafer . For example , embedded code space while ignoring non - critical patterns ; and 
1406 can be written at a predetermined site 1408 to indicate wherein a position and dimension of critical sites in 
a security key 100011 . Different electron columns of a multi different working spaces is independently determined 
beam system can write independently at different predeter - 35 by an algorithm that accounts for lithography condi 
mined sites . Different patterns or security keys can be tions and critical features in the patterning database . 
written at different predetermined sites , on different dies , or 2 . The method of claim 1 , further comprising : 
on different wafers . Additionally , security keys or different dividing the working space of each column into multiple 
patterns can be written at a predetermined site as part of the line sections ; 
integrated circuits . For example , a line can be written at a 40 moving the stage in a continuous motion to scan a line 
predetermined site to form an electric connection between section of the working space ; and 
two electrodes . scanning and imaging critical sites once they move inside 

FIG . 15 illustrates inspecting one test feature within a the covered region of the column array . 
finite area in vicinity . A wafer 1502 is equally divided into 3 . The method of claim 1 , further comprising : 
5x9 dies 1512 . Each die 1512 is equally divided into a 45 dividing the working space into rectangles or squares , 
number of wafer pattern arrays 1508 . Each wafer pattern each rectangle or square approximating a size of the 
array 1508 contains a number of finite areas 1510 . Each field of view of the column or covered region ; 
finite area 1510 contains at least one critical wafer pattern skipping the stage from one covered region to another 
1514 . The sizes of column spacing 1504 and lithography covered region , until all covered regions of a working 
mask 1506 are multiplications of the size of finite areas 50 space are visited ; and 
1510 . As illustrated in FIG . 15 , four identical photo lithog performing an auto focusing calibration after each skip of 
raphy masks 1506 are aligned with dies 1512 . Two equally the stage to optimize imaging beam conditions and to 
spaced electron beam columns 1504 are aligned with the correct image position errors arising from stage posi 
dies 1512 . Generally , all the dies 1512 are designed to have tioning errors . 
the same or similar critical wafer patterns 1514 and spacing . 55 4 . The method of claim 3 , further comprising : 
Aligning one electron beam 1010 of one electron beam scanning all critical sites in the covered region of all 
column 1000 to one critical wafer pattern 1514 in a finite columns to form images before each stage move ; and 
area 1510 automatically aligns the other electron beams of setting a dwelling time for imaging between each stage 
the multi column electron beam array to the same or similar move from a covered region to another to vary depend 
critical wafer patterns 1514 in different finite areas . 60 ing on the particular imaging demands of the current 

FIG . 16 illustrates a 2 - dimensional integration of test covered region . 
results of a number of finite areas . The left image 1602 5 . The method of claim 1 , further comprising : 
shows 2 - dimensional testing point distribution map that dynamically modifying electron beam conditions during 
contains a number of connected dots . Each dot is a testing the dwelling time between stage moves . 
point of a finite area . Some critical locations have more 65 6 . The method of claim 5 , further comprising : 
testing points , while less critical locations have fewer testing independently defining all sites scanned in a covered 
points . Image 1602 shows there are more testing points region , according to one or more of a size of the image , 
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a number of pixels , a pixel size , a number of frames to the wafer moving system capable of moving the stage in 
average , dot averaging , line averaging , and beam con a continuous motion to scan a line section of the 
ditions . working space ; and 

7 . The method of claim 1 , further comprising : the wafer scanning system capable of scanning and imag 
writing customized patterns in predetermined sites using 5 ing critical sites once they move inside the covered 

electron beams . region of the column array . 
8 . The method of claim 7 , wherein the customized pat 15 . The scanning device of claim 13 , further comprising : 

terns are different in different predetermined sites . the wafer division system capable of dividing the working 9 . The method of claim 1 , further comprising : space into rectangles or squares , each rectangle or dividing each equally divided area into equally divided 10 square approximating a size of the field of view of the arrays ; column or covered region ; dividing each equally divided array into equally divided 
finite areas wherein each equally divided finite area the wafer moving system capable of skipping the stage 
contains a critical wafer patterns ; and from one covered region to another covered region , 

aligning one critical wafer pattern to one array of column 15 until all covered regions of a working space are visited ; 
and optical axe . 

10 . The method of claim 9 , further comprising : the wafer scanning system capable of performing an auto 
focusing calibration after each skip of the stage to inspecting one critical wafer pattern ; 

determining whether each equally divided finite area can optimize imaging beam conditions and to correct image 
position errors arising from stage motion errors . pass a first criterion based on an inspection result of the 20 

one critical wafer pattern contained within the equally 16 . The scanning device of claim 15 , further comprising : 
divided finite area ; and the wafer scanning system capable of scanning all critical 

determining whether the whole wafer area can pass a sites in the covered region of all columns to form 
second criterion by integrating all the inspection results images before each stage move ; and 
of critical wafer patterns . 25 the wafer moving capable of setting a dwelling time for 

11 . The scanning device of claim 10 , further comprising : imaging between each stage move from a covered 
the wafer scanning system capable of writing customized region to another to vary depending on the particular 

patterns in the predetermined critical sites using elec imaging demands of the current covered region . 
17 . The scanning device of claim 13 , further comprising : tron beams . 

12 . The scanning device of claim 11 , wherein the cus - 30 the wafer scanning system capable of dynamically modi 

tomized patterns are different in different critical sites . fying electron beam conditions during the dwelling 
13 . A scanning device of multi - column electron beam time between stage moves . 

18 . The scanning device of claim 17 , further comprising : arrays , comprising : 
a wafer division system capable of dividing a whole wafer the wafer scanning system capable of independently 

area collectively in equally divided areas allocated to 35 defining all sites scanned in a covered region , accord 
each column of the array ; ing to one or more of a size of the image , a number of 

a wafer mapping system capable of assigning each of the pixels , a pixel size , a number of frames to average , dot 
areas as a column working space having the same averaging , line averaging , and beam conditions . 
dimensions and orientations ; 19 . The scanning device of claim 13 , further comprising : 

a wafer aligning system capable of aligning the array of 40 the wafer division system capable of dividing each 
column working spaces to an array of column optical equally divided area into equally divided arrays ; 

the wafer division system capable of dividing each axes ; 
wherein a field of view of each column is defined as a equally divided array into equally divided finite areas 

covered region in which critical wafer patterns can be wherein the equally divided finite area contains one 
45 scanned by one column to take an image ; critical wafer patterns ; and 

a wafer moving system capable of moving the stage the wafer scanning system capable of aligning one critical 
supporting the wafer such that each column working wafer pattern to one array of column optical axe . 

space is fully covered by the field of view of each 20 . The scanning device of claim 19 , further comprising : 
column completely ; the wafer scanning system capable of inspecting the one 

critical wafer pattern ; a wafer scanning system capable of scanning and imaging 50 
all critical sites inside the working spacing while ignor the wafer scanning system capable of determining 
ing non - critical patterns ; and whether each equally divided finite area can pass a first 

wherein a position and dimension of critical sites in criterion based on an inspection result of the one 
different working spaces is independently determined critical wafer pattern contained within the equally 
by an algorithm that accounts for lithography condi - 55 divided finite area ; and 

the wafer scanning system capable of determining whether tions and critical features in the patterning database . 
14 . The scanning device of claim 13 , further comprising : the whole wafer area can pass a second criterion by inte 
the wafer division system capable of dividing the working grating all the inspection results of critical wafer patterns . 

space of each column into multiple line sections ; * * * * 


