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AUTOMATIC DESKEW USING DESIGN FILES OR INSPECTION IMAGES 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] 	This application claims priority to Indian Application No. 201641004030 filed 

February 4, 2016 and U.S. Application No. 62/309,623 filed March 17, 2016, the disclosures of 

which are hereby incorporated by reference. 

FIELD OF THE DISCLOSURE 

[0002] 	This disclosure relates to semiconductor wafer review and analysis. 

BACKGROUND OF THE DISCLOSURE 

[0003] 	Wafer inspection systems help a semiconductor manufacturer increase and maintain 

integrated circuit (IC) chip yields by detecting defects that occur during the manufacturing process. 

One purpose of inspection systems is to monitor whether a manufacturing process meets 

specifications. The inspection system indicates the problem and/or the source of the problem if the 

manufacturing process is outside the scope of established norms, which the semiconductor 

manufacturer can then address. 

[0004] 	Evolution of the semiconductor manufacturing industry is placing ever greater 

demands on yield management and, in particular, on metrology and inspection systems. Critical 

dimensions are shrinking while wafer size is increasing. Economics is driving the industry to 

decrease the time for achieving high-yield, high-value production. Thus, minimizing the total time 

from detecting a yield problem to fixing it determines the return-on-investment for the 

semiconductor manufacturer. 

[0005] 	Semiconductor manufacturers needs to review images or results from an area of a 

wafer or semiconductor device, such as areas flagged during inspection. This is challenging because 

the images or results may not easily align to an inspection image or to a design file. This also is 
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challenging because the various images, results, or design files may use different coordinate 

systems. For example, a user of a scanning electron microscope (SEM) review tool may need to 

align an image from the SEM with an inspection image. This can be accomplished through manual 

deskew, offset correction, or automatic deskew, but these techniques each have drawbacks. 

[0006] 	For manual deskew, the locations given by the inspection tool are viewed on a review 

tool, such as an SEM, and an actual location of defects is marked. Only real defects can be used for 

this technique. Manual deskew will not work in a semiconductor manufacturing setting with defect-

free devices or defect-free parts of a wafer. The offsets between the command location and actual 

defect location are calculated. The calculated offsets are translational, rotational, scaling, and non-

orthogonality between the review and inspection coordinate systems. A deskew transform is 

generated, which is then applied to all defect locations of given defect coordinates of a particular 

scan. The generated deskew transform can be stored in a cache which can be used for further recipe 

job runs. 

[0007] 	Manual deskew has multiple drawbacks. Manual deskew is a tedious and time-

consuming technique because a user needs to search for real defects across the entire wafer. These 

defects may need to be greater than a particular size threshold to be viewable. Performing the 

deskew pass and the time taken for deskew depends on a user's knowledge and experience. Manual 

deskew requires presence of real defects with a particular size all across the wafer. If the defects are 

too small, it is difficult to find in the higher field of view (FOV), which may be required for 

accommodating the deskew errors. Very large defects cannot be used because a user does not know 

which part of the large defect is flagged by the inspection system. Furthermore, on high SEM non-

visible (SNV) rate inspections, real defects are very difficult to find and manual deskew is 

impractical. 

[0008] 	For offset correction, a number of real defects are manually marked and translational 

offset between the command location and actual defect location is calculated by the software. 

Offset correction will not work in a semiconductor manufacturing setting with defect-free devices or 

defect-free parts of a wafer. The calculated translational offsets are used to calculate the mean 
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translational offset between the review and inspection coordinate systems. Offset correction can 

only correct for translational offsets between the two coordinate systems. Offset correction suffers 

from all the other disadvantages of manual deskew. Furthermore, offset correction only corrects for 

translational offset. Other errors between the review and inspection coordinate systems are ignored. 

[0009] 	Automatic deskew does not manually mark the defects. Instead, the defect locations 

are automatically detected using a defect detection algorithm. Similar to manual deskew, 

translational, rotational, scaling, and non-orthogonality offsets are calculated. However, this deskew 

solution is not robust and frequently fails. For example, automatic deskew can fail if a capture rate 

on the layer is insufficient. In another example, one or more reference images are needed with the 

defect site image, which increases complexity and can increase failure rates. Automatic deskew has 

seen limited commercial use due to reliability issues. Like manual deskew, automatic deskew 

requires presence of defects of a particular size across the wafer. Automatic deskew will not work 

in a semiconductor manufacturing setting with defect-free devices or defect-free parts of a wafer. 

Furthermore, this deskew technique is impractical on high SNV rate inspections. 

[0010] 	Therefore, improved deskew techniques are needed. 

BRIEF SUMMARY OF THE DISCLOSURE 

[0011] 	In a first embodiment, a system is provided. A system comprises a review tool; an 

electronic data storage unit in which one or more reference files are stored; and a controller in 

electronic communication with the review tool. The review tool includes a stage configured to hold 

a wafer and an image generation system configured to generate an image of the wafer. The 

controller is configured to receive the image of the wafer from the review tool; identify one or more 

alignment sites in the image of the wafer; receive a reference file corresponding to the image of the 

wafer from the review tool from the electronic data storage unit; mark at least one die corner on the 

wafer; compare one or more alignment sites in the reference file to one or more alignment sites in 

the image from the review tool; and generate a deskew transform corresponding to the image of the 

wafer based on the one or more alignment sites. Each reference file has one or more alignment 

sites. The controller can include a processor and a communication port in electronic communication 
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with the processor and the electronic data storage unit. The review tool can be a scanning electron 

microscope. The reference file can be, for example, a design file or an inspection image of the 

wafer. The image of the wafer may not contain a defect having a size from 3 gm to 50 pm. 

[001 	The image generation system can be configured to use at least one of an electron 

beam, a broad band plasma, or a laser to generate the image of the wafer. 

[0013] 	The controller can further be configured to apply the deskew transform to the image 

of the wafer. The controller also can further be configured to validate that the image of the wafer 

from the review tool and the design file remain aligned after the deskew transform is applied. 

[0014] 	In a second embodiment, a method is provided. The method comprises loading a 

wafer on a stage of a review tool; receiving, from the review tool, an image of the wafer having one 

or more alignment sites; receiving, at a controller, a design file corresponding to the wafer; marking 

at least one die corner on the wafer; comparing, using the controller, the one or more alignment sites 

of the design file to the one or more alignment sites of the image from the review tool; and 

generating, using the controller, a deskew transform corresponding to the image of the wafer based 

on the one or more alignment sites. The design file has one or more alignment sites. The image of 

the wafer from the review tool can be a scanning electron microscope image. The image of the 

wafer may not contain a defect having a size from 3 gm to 50 pm. 

[0015] 	The method can further comprise applying the deskew transform to the image using 

the controller. The method can further comprise validating, using the controller, that the image of 

the wafer from the review tool and the design file remain aligned after applying the deskew 

transform. 

[0016] 	In a third embodiment, a method is provided. The method comprises loading a wafer 

on a stage of a review tool; receiving, from the review tool, an image of the wafer; receiving, at a 

controller, an inspection image corresponding to the wafer; marking at least one die corner on the 

wafer; comparing, using the controller, alignment sites of the inspection image to alignment sites of 

the image from the review tool; and generating, using the controller, a deskew transform 
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corresponding to the image of the wafer based on the one or more alignment sites. The image of the 

wafer from the review tool can be a scanning electron microscope image. The image of the wafer 

may not contain a defect having a size from 3µm to 50 gm. 

[00171 	The method can further comprise applying the deskew transform to the image of the 

wafer using the controller. The method also can further comprise validating, using the controller, 

that the image of the wafer from the review tool and the inspection image remain aligned after 

applying the deskew transform. The method also can further comprise manually marking at least 

one deskew site on the image of the wafer from the review tool and calculating an offset between 

the inspection image and the image from the review tool based on the marked deskew site. 

DESCRIPTION OF THE DRAWINGS 

[00181 	For a fuller understanding of the nature and objects of the disclosure, reference 

should be made to the following detailed description taken in conjunction with the accompanying 

drawings, in which: 

FIG. 1 is a block diagram of a defect review tool in accordance with the present disclosure; 

FIG. 2 is an example without deskew showing an offset; 

FIG. 3 is the example of FIG. 2 with manual deskew at defect locations; 

FIG. 4 is the example of FIG. 2 with automatic deskew at alignment sites using an embodiment in 

accordance with the present disclosure; 

FIG. 5 shows exemplary results using a first alignment site; 

FIG. 6 shows exemplary results using a second alignment site; 

FIG. 7 shows exemplary results using the first and second alignment sites of FIGs. 5 and 6; 

FIG. 8 shows an exemplary alignment site in a design clip; 

FIG. 9 shows an exemplary SEM image of the alignment site of FIG. 8; 

FIG. 10 is a flowchart of a first embodiment in accordance with the present disclosure; 

FIG. 11 is a flowchart of a second embodiment in accordance with the present disclosure; and 

FIG. 12 illustrates an exemplary deskew transform. 
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DETAILED DESCRIPTION OF THE DISCLOSURE 

[0019] 	Although claimed subject matter will be described in terms of certain embodiments, 

other embodiments, including embodiments that do not provide all of the benefits and features set 

forth herein, are also within the scope of this disclosure. Various structural, logical, process step, 

and electronic changes may be made without departing from the scope of the disclosure. 

Accordingly, the scope of the disclosure is defined only by reference to the appended claims. 

[0020] 	Embodiments disclosed herein perform deskew for image review, such as SEM 

review. Deskew aligns inspection and review coordinate systems to reduce the defect location 

accuracy (DLA) seen during review on an SEM tool. Deskew can be automated using reference 

files, such as design files or inspection images. 

[0021] 	Embodiments of the deskew techniques disclosed herein avoid the drawbacks of 

previous techniques. First, offsets can be calculated by aligning an image of a wafer and an 

inspection image or design file. This can reduce use of defect detection algorithms, which have led 

to failure with automatic deskew. Only a single image of a wafer may be needed, which reduces 

complexity and improves reliability. Defects are not required for these techniques to function, 

which increases applicability. Whereas automatic deskew relies on real defects, these techniques 

can use unique sites, which need not always be a defect. Unique sites can be found more readily 

across a wafer. 

[0022] 	FIG. 1 is a block diagram of a defect review tool 100 in accordance with the present 

disclosure. The defect review tool 100 includes a stage 104 configured to hold a wafer 103 or other 

workpieces. The stage 104 may be configured to move or rotate in one, two, or three axes.  

[0023] 	The defect review tool 100 also includes an image generation system 101 configured 

to generate an image of a surface of the wafer 103. The image may be for a particular layer of the 

wafer 103. In this example, the image generation system 101 produces an electron beam 102 to 

generate an image of the wafer 103. Other image generation systems 101 are possible, such as those 

that use broad band plasma or laser scanning. 
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[0024] 	As used herein, the term "wafer" generally refers to substrates formed of a 

semiconductor or non-semiconductor material. Examples of such a semiconductor or non-

semiconductor material include, but are not limited to, monocrystalline silicon, gallium nitride, 

gallium arsenide, indium phosphide, sapphire, and glass. Such substrates may be commonly found 

and/or processed in semiconductor fabrication facilities. 

[0025] 	A wafer may include one or more layers formed upon a substrate. For example, such 

layers may include, but are not limited to, a photoresist, a dielectric material, a conductive material, 

and a semiconductive material. Many different types of such layers are known in the art, and the 

term wafer as used herein is intended to encompass a wafer including all types of such layers. 

[0026] 	One or more layers formed on a wafer may be patterned or unpafterned. For 

example, a wafer may include a plurality of dies, each having repeatable patterned features or 

periodic structures. Formation and processing of such layers of material may ultimately result in 

completed devices. Many different types of devices may be formed on a wafer, and the term wafer 

as used herein is intended to encompass a wafer on which any type of device known in the art is 

being fabricated. 

[0027] 	In a particular example, the defect review tool 100 is part of or is a scanning electron 

microscope (SEM). Images of the wafer 103 are generated by scanning the wafer 103 with a 

focused electron beam 102. The electrons are used to produce signals that contain information 

about the surface topography and composition of the wafer 103. The electron beam 102 can be 

scanned in a raster scan pattern, and the position of the electron beam 102 can be combined with the 

detected signal to produce an image. 

[0028] 	The defect review tool 100 communicates with a controller 105. For example, the 

controller 105 can communicate with the image generation system 101 or other components of the 

defect review tool 100. The controller 105 can include a processor 106, an electronic data storage 

unit 107 in electronic communication with the processor 106, and a communication port 108 in 

electronic communication with the processor 106. It is to be appreciated that the controller 105 may 

be implemented in practice by any combination of hardware, software, and firmware. Also, its 
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functions as described herein may be performed by one unit, or divided up among different 

components, each of which may be implemented in turn by any combination of hardware, software 

and firmware. Program code or instructions for the controller 105 to implement the various methods 

and functions described herein may be stored in controller readable storage media, such as a 

memory in the electronic data storage unit 107, within the controller 105, external to the controller 

105, or combinations thereof. 

[0029] 	The controller 105 may be coupled to the components of the defect review tool 100 

in any suitable manner (e.g., via one or more transmission media, which may include "wired" and/or 

"wireless" transmission media) such that the controller 105 can receive the output generated by the 

defect review tool 100, such as output from the imaging device 101. The controller 105 may be 

configured to perform a number of functions using the output. For instance, the controller 105 may 

be configured to review defects on the wafer 103 using the output. In another example, the 

controller 105 may be configured to send the output to an electronic data storage unit 107 or another 

storage medium without performing defect review on the output. The controller 105 may be further 

configured as described herein. 

[0030] 	The controller 105, other system(s), or other subsystem(s) described herein may take 

various forms, including a personal computer system, image computer, mainframe computer system, 

workstation, network appliance, interne appliance, or other device. In general, the term "controller" 

may be broadly defined to encompass any device having one or more processors that executes 

instructions from a memory medium. The subsystem(s) or system(s) may also include any suitable 

processor known in the art such as a parallel processor. In addition, the subsystem(s) or system(s) 

may include a platform with high speed processing and software, either as a standalone or a 

networked tool. 

[0031] 	If the system includes more than one subsystem, then the different subsystems may 

be coupled to each other such that images, data, information, instructions, etc. can be sent between 

the subsystems. For example, one subsystem may be coupled to additional subsystem(s) by any 

suitable transmission media, which may include any suitable wired and/or wireless transmission 
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media known in the art. Two or more of such subsystems may also be effectively coupled by a 

shared computer-readable storage medium (not shown). 

[0032] 	An additional embodiment relates to a non-transitory computer-readable medium 

storing program instructions executable on a controller for performing a computer-implemented 

method for identifying abnormalities on a wafer or detecting compliance/non-compliance, as 

disclosed herein. In particular, as shown in FIG. 1, electronic data storage unit 107 or other storage 

medium may contain non-transitory computer-readable medium that includes program instructions 

executable on the controller 105. The computer-implemented method may include any step(s) of 

any method(s) described herein. 

(0033] 	Program instructions implementing methods such as those described herein may be 

stored on computer-readable medium, such as in the electronic data storage unit 107 or other storage 

medium. The computer-readable medium may be a storage medium such as a magnetic or optical 

disk, a magnetic tape, or any other suitable non-transitory computer-readable medium known in the 

art. 

[0034] 	The program instructions may be implemented in any of various ways, including 

procedure-based techniques, component-based techniques, and/or object-oriented techniques, among 

others. For example, the program instructions may be implemented using ActiveX controls, C++ 

objects, JavaBeans, Microsoft Foundation Classes ("MFC"), SSE (Streaming SIMD Extension) or 

other technologies or methodologies, as desired. 

[0035] 	Controller 105 may be configured according to any of the embodiments described 

herein. For example, the controller 105 may be programmed to perform some or all of the steps of 

FIG. 10 or FIG. 11. In an instance, the controller is configured to receive an image of the wafer 

from the review tool; identify one or more alignment sites in the image; receive a reference file from 

an electronic data storage unit corresponding to the image of the wafer from the review tool; align 

the reference file of the wafer to the image of the wafer from the review tool (e.g., marking at least 

one die corner on the wafer); compare one or more alignment sites in the reference file to one or 

more alignment sites in the image from the review tool; and generate a deskew transform 
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corresponding to the image of the wafer based on the one or more alignment sites. The electronic 

data storage unit may contain one or more reference files, such as design files or inspection images. 

[0036] 	While disclosed as part of a process control system, the controller 105 described 

herein may be configured for use with inspection systems. In another embodiment, the controller 

105 described herein may be configured for use with a metrology system. Thus, the embodiments 

of as disclosed herein describe some configurations for classification that can be tailored in a 

number of manners for systems having different imaging capabilities that are more or less suitable 

for different applications. 

[0037] 	FIG. 10 is a flowchart of a first embodiment for generating a deskew transform using 

design clips. Design clips are parts of a design file that contains the physical layout of a device. For 

example, see FIGs. 8 and 9 for an exemplary design clip and a corresponding SEM image. 

[0038] 	For inspection scans on advanced inspection tools, a design file or physical layout 

file is closely aligned with the wafer using specially identified alignment targets or reference 

structures across the pattern. These alignment sites or reference structures may be either manually 

marked or automatically identified. There may be one or more alignment sites or reference 

structures per wafer or per die. For such inspections the wafer and design are closely aligned with 

each other. Therefore, design clips for locations in an inspection coordinate system can be extracted 

with high accuracy. 

[0039] 	In the method 200, a wafer is loaded 201 on a stage of a review tool. The review tool 

may be, for example, the defect review tool 100. In an instance, the review tool may be an SEM. 

An image from the review tool of the wafer having one or more alignment sites can be received. 

The controller can receive a design file corresponding to the wafer having one or more alignment 

sites. 

[0040] 	A design file is aligned 202 to an image from the review tool by marking a die 

corner. For example, an inspection tool can align the design file with an inspection coordinate 

system. Marking at least one die corner can provide coarse initial alignment between the image and 

10 



WO 2017/136359 	 PCT/US2017/015880 

the design file. Design clips at an inspection coordinate location of a unique site can be captured 

using this technique. The die corner can be marked either manually by a user or automatically using 

the die corner images or any other unique site images from the inspection tool as a reference. 

[0041] 	An additional coarse alignment step also may be performed after the die corners are 

marked. For example, the design file and the image may be aligned using an image alignment 

algorithm or manually by a user. 

[0042] 	Alignment sites of the design file are compared 203 to alignment sites of the image. 

The design file and the image may use the same coordinate system. The alignment sites in the 

design file can be correlated with the image of alignment site either automatically (e.g., using an 

image alignment algorithm or another technique) or manually where a user marks the common point 

between the design file and the image. 

[0043] 	A deskew transform of coordinates of the alignment sites of the design file and 

coordinates of alignment sites of the image from the review tool is generated 204. Deskew offsets 

can be calculated by correlating design clips with unique alignment sites or other reference 

structures across the wafer with an image grabbed in the review tool at inspection coordinates for 

those unique sites. The deskew transform can be generated without relying upon real defects. Thus, 

defect-free devices or features can be used for deskew. In an example, the image of the wafer may 

not contain any defects having a size from 3 gm to 50 gm. These defects may be visible defects or 

other defects capable of being found using, for example, a defect review tool such as an SEM. 

[0044] 	The deskew transform may be the wafer-level conversion transform between the 

review and inspection coordinate systems, which incorporates correction for translational, rotational, 

scaling, and/or non-orthogonality offsets between the review and inspection coordinate systems. 

FIG. 12 illustrates an exemplary deskew transform. The me  and my  address scaling, functions of 0 

address rotation, functions of w address non-orthogonality, and xt  and yt  address translation. 

[0045] 	The unique sites can be manually selected, can be chosen based on which areas were 

inspected, and/or can be selected using an algorithm. Unique sites can be a device component. In 
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an example, the unique sites can be a scribe line or streets crossing between dies and reticles. In 

another example, the unique sites can be a static random-access memory (SRAM) cell corner. The 

unique sites can have sizes from 3 gm to 50 gm, including all values and ranges to the 1µm 

therebetween, though other sizes or dimensions are possible. 

[0046] 	For calculation of deskew offsets, one or more unique alignment sites or reference 

structures may be used. These alignment sites or reference structures may be same or different than 

those used for alignment between a wafer and a design on an inspection tool. 

[0047] 	Deskew offset calculation can be performed using automatic or manual correlation of 

design clips and review images. 

[0048] 	The deskew transform can be applied to the image, such as using a controller. The 

controller can then validate that the image of the wafer from the review tool and the design file are 

or remain aligned. 

[0049] 	The deskew transform of FIG. 10 can be performed automatically. 

[0050] 	A proof of concept experiment was done by calculating deskew offsets using single 

and multiple alignment sites used on an inspection tool for wafer-to-design alignment. These 

alignment sites were automatically identified by algorithms on the inspection tool as unique sites to 

be used for alignment. An inspection recipe was set up on the inspection tool and a scan was taken. 

An algorithm automatically found unique alignment sites and automatically aligned wafer-to-design 

using these alignment sites during the scan. Design clips at the unique alignment sites used during 

inspection were extracted. Unique alignment sites were added as additional defects to the inspection 

result. The inspection result and wafer were loaded into an SEM tool. Reviews were run for three 

different cases, as illustrated in FIGs. 2-4. These cases were no deskew (FIG. 2), manual deskew 

(FIG. 3), and automatic deskew (FIG. 4). No deskew (FIG. 2) shows an offset. The automatic 

deskew used the method illustrated in FIG. 10 to correlate design clips at alignment sites with 

corresponding SEM images. Scatter plots for defects were generated and results were compared. 
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[0051] 	FIG. 2 is scatter plot for job run without any deskew step. Since no deskew 

correction is done here, an offset on defect positions is seen in the scatter plot. FIG. 3 is scatter plot 

for a job run with manual deskew. During manual deskew, the offsets between the inspection and 

review coordinate systems are corrected by a user marking the real defects manually. This is the 

conventional method. FIG. 4 is scatter plot for job run using deskew transform generated by offsets 

calculated automatically by aligning a unique site SEM image and a design file as disclosed in FIG. 

10. This scatter plot is similar to that of manual deskew. Thus, the technique disclosed herein is 

validated as being as effective as manual deskew, but is faster. Unlike manual deskew, the 

technique disclosed herein does not require the presence of defects. 

[0052] 	To check the repeatability, the experiment was repeated for another alignment site 

and using both alignment sites together. The offset with no deskew was removed in all the cases. 

The results are shown FIGs. 5-7. Use of multiple alignment sites may improve results, but a single 

alignment site may be sufficient for a deskew transform. 

[0053] 	FIG. 11 is a flowchart of a second embodiment for generating deskew using review 

image to optical image alignment. Deskew offsets can be calculated by aligning an inspection 

image grabbed on an inspection tool with an image grabbed at the same location across the wafer on 

the review tool. The sites chosen for this methodology can be one or more unique alignment sites or 

reference structure as selected in the embodiment of FIG. 10. 

[0054] 	For the embodiment of FIG. 11, one or more alignment sites, at least one die corner 

location, and at least one optical image for locations chosen for the deskew offset calculation are 

provided. For example, the alignment sites, die corner location, and optical image are generated or 

provided by the inspection tool. 

[0055] 	In the method 300, a wafer is loaded 301 on a stage of a review tool. The review tool 

may be, for example, the defect review tool 100. In an instance, the review tool may be an SEM. 

An image of the wafer from the review tool can be received. A controller can receive an inspection 

image corresponding to the wafer. 
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[0056] 	At least one die corner on the wafer is marked 302. In an example, die corners are 

automatically marked. Marked die corners enable the coordinate systems of the review tool and the 

inspection tool to be aligned. For example, the die corner can be marked on the inspection tool first. 

The same die corner then can be marked on the review tool. The die corner can be manually marked 

or can be automatically marked using die corner images or other unique site images from the 

inspection tool as a reference. 

[0057] 	Initial alignment of an inspection image to a review image may either be done to 

mark at least one die corner initially, such as in step 302, or may be used for calculation of offsets 

between inspection and review images in a deskew transform calculation. For example, inspection 

alignment sites can be used for pattern match. 

[0058] 	As with the embodiment of FIG. 10, additional coarse alignment techniques besides 

marking a die corner can be performed. 

[0059] 	Alignment sites of the inspection image are compared 303 to alignment sites of the 

image from the review tool. The images may use the same coordinate system. The inspection 

image and the review image at the alignment sites can be compared either automatically using a 

pattern match algorithm or manually by a user. The output from this comparison will be the offset 

between the inspection and review images across the wafer, which can be used for a deskew 

transform calculation. 

[0060] 	A deskew transform of coordinates of the alignment sites of the inspection image and 

coordinates of alignment sites of the image from the review tool is generated 304. Deskew offsets 

can be calculated by correlating the inspection image with unique alignment sites or other reference 

structures across the wafer with an image grabbed in the review tool at inspection coordinates for 

those unique sites. For example, see FIG. 12. The deskew transform can be generated without 

relying upon real defects. Thus, defect-free devices or features can be used for deskew. In an 

example, the image of the wafer may not contain a defect having a size from 3 gm to 50 gm. These 

defects may be visible defects or other defects capable of being found using, for example, a defect 

review tool such as an SEM. 
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[0061] 	The deskew transform can be applied to the review image, such as using a controller. 

The controller can then validate that the image of the wafer from the review tool and the design file 

are or remain aligned. 

[0062] 	If automatic pattern match fails, a user can manually mark deskew site for manual 

calculation of an offset. It can be determined that the deskew transform did not align the inspection 

image to the image from the review tool. At least one deskew site is manually marked. An offset 

between the inspection image to the image from the review tool is then calculated. 

[0063] 	The deskew transform of FIG. 11 can be performed automatically. 

[0064] 	For the embodiments of FIGs. 10 and 11, the deskew transform's success can be 

evaluated. For example, there can be score defined for the deskew transform representing the 

convergence of deskew transform with each alignment site offset used for the deskew calculation. 

[0065] 	In either the embodiment of FIG. 10 or FIG. 11, a wafer may be aligned after it is 

loaded into the review tool. For example, the wafer may be aligned on a stage. 

[0066] 	A review process may occur after the deskew transform of FIG. 10 or FIG. 11 is 

generated. Defects or other sites of interest may be reviewed using the review tool after the deskew 

transform. 

[0067] 	In an instance, the automatic deskew process of FIG. 10 or FIG. 11, which may not 

use defect sites, can be used to calculate a complete affine transform. The affine transform can be a 

deskew transform between the inspection and review coordinate systems. 

[0068] 	Prior to running the embodiments of FIGs. 10 and 11, the review tool may be set up. 

This can involve loading an inspection source and wafer, an alignment setup, die corner marking, 

test parameter setup, and/or saving a recipe. 

[0069 	The embodiments disclosed in FIGs. 10 and 11 can be performed independent of 

defects. Any unique alignment site can be used for deskew. Dependence on defects prevents 
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automation of the deskew process and makes deskew impractical on high SNV rate inspections. 

Furthermore, reliance on defects can lead to failures. Correlation of design clips or inspection 

images and corresponding review images (e.g., SE/VI images) does not suffer from the same 

limitations because the design file contains the patterns which are printed on the wafer. Unique 

alignment sites or reference structures are used for deskew, which enables automatic correlation 

and/or calculation of a deskew transform. The embodiments disclosed in FIGs. 10 and 11 also are 

faster than manual deskew and less prone to human error. 

[0070] 	Scaling may be performed on one or both corresponding images to substantially 

match the resolutions. 

[0071] 	The embodiment described herein can remove any manual deskew or offset 

correction step from setup flow. An automatic deskew step may be executed before the review job 

in run mode. Depending on the availability of design clips at the unique alignment sites or reference 

structures chosen for deskew, the method for deskew can be chosen automatically. Thus, the 

embodiment of FIG. 10 or the embodiment of FIG. 11.can be selected depending on the availability 

of the design clips. 

[0072] 	Each of the steps of the method may be performed as described further herein. The 

methods may also include any other step(s) that can be performed by the image acquisition 

subsystem and/or computer subsystem(s) or system(s) described herein. The steps are performed by 

one or more computer systems, which may be configured according to any of the embodiments 

described herein. In addition, the methods described above may be performed by any of the system 

embodiments described herein. 

[0073] 	The embodiments disclosed herein may be configured for deskew of images from 

other specimens, such as reticles. For example, the embodiments described herein may be 

configured for the purposes of mask inspection, wafer inspection, or wafer metrology. In particular, 

the embodiments described herein may be installed on a computer node or computer cluster that is a 

component of or coupled to an output acquisition subsystem such as a broadband plasma inspection 

tool, an electron beam inspection tool or defect review tool, a mask inspection tool, a virtual 
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inspection tool, etc. In this manner, the embodiments described herein may generate output that can 

be used for a variety of applications that include, but are not limited to, wafer inspection, mask 

inspection, electron beam inspection and review, metrology, etc. The controller can be modified as 

described above based on the specimen for which it will generate actual output. 

[0074] 	Although the present disclosure has been described with respect to one or more 

particular embodiments, it will be understood that other embodiments of the present disclosure may 

be made without departing from the scope of the present disclosure. Hence, the present disclosure is 

deemed limited only by the appended claims and the reasonable interpretation thereof. 
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Claims 

1. A system comprising: a review tool, wherein the review tool includes: a stage configured 

to hold a wafer; and an image generation system configured to generate an image of the 

wafer; an electronic data storage unit in which one or more reference files are stored, each 

reference file having one or more alignment sites; and a controller in electronic 

communication with the review tool, wherein the controller is configured to: receive the 

image of the wafer from the review tool; identify one or more alignment sites in the image of 

the wafer; receive a reference file from the electronic data storage unit corresponding to the 

image of the wafer from the review tool; mark at least one die corner on the wafer; compare 

one or more alignment sites in the reference file to one or more alignment sites in the image 

from the review tool; generate a deskew transform corresponding to the image of the wafer 

based on the one or more alignment sites; apply the deskew transform to the image of the 

wafer; and validate that the image of the wafer from the review tool and the reference file 

remain aligned after the deskew transform is applied by evaluating a convergence of the 

deskew transform with an alignment site offset used to calculate the deskew transform.  

 

2. The system of claim 1, wherein the controller includes a processor and a communication 

port in electronic communication with the processor and the electronic data storage unit.  

 

3. The system of claim 1, wherein the review tool is a scanning electron microscope.  

 

4. The system of claim 1, wherein the image generation system is configured to use at least 

one of an electron beam, a broad band plasma, or a laser to generate the image of the wafer.  

 

5. The system of claim 1, wherein the reference file is a design file.  

 

6. The system of claim 1, wherein the reference file is an inspection image of the wafer.  

 

7. The system of claim 1, wherein the image of the wafer does not contain a defect having a 

size from 3 μm to 50 μm.  

 

8. The system of claim 1, wherein the deskew transform addresses scaling, rotation, non-

orthogonality, and translation.  

 

9. The system of claim 1, wherein the deskew transform is only based on devices or features 

with defects having a size less than 3 μm or greater than 50 μm.  

 

10. A method comprising: loading a wafer on a stage of a review tool; receiving, from the 

review tool, an image of the wafer having one or more alignment sites; receiving, at a 

controller, a design file corresponding to the wafer, the design file having one or more 

alignment sites; marking at least one die corner on the wafer; comparing, using the controller, 

the one or more alignment sites of the design file to the one or more alignment sites of the 

image from the review tool; generating, using the controller, a deskew transform 
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corresponding to the image of the wafer based on the one or more alignment sites; applying 

the deskew transform to the image of the wafer using the controller; and validating, using the 

controller, that the image of the wafer from the review tool and the design file remain aligned 

after the deskew transform is applied by evaluating a convergence of the deskew transform 

with an alignment site offset used to calculate the deskew transform.  

 

11. The method of claim 10, wherein the image of the wafer from the review tool is a 

scanning electron microscope image.  

 

12. The method of claim 10, wherein the image of the wafer does not contain a defect having 

a size from 3 μm to 50 μm.  

 

13. The method of claim 10, wherein the deskew transform addresses scaling, rotation, non-

orthogonality, and translation.  

 

14. The method of claim 10, wherein the deskew transform is only based on devices or 

features with defects having a size less than 3 μm or greater than 50 μm.  

 

15. A method comprising: loading a wafer on a stage of a review tool; receiving, from the 

review tool, an image of the wafer; receiving, at a controller, an inspection image 

corresponding to the wafer; marking at least one die corner on the wafer; comparing, using 

the controller, alignment sites of the inspection image to alignment sites of the image from 

the review tool; generating, using the controller, a deskew transform corresponding to the 

image of the wafer based on the one or more alignment sites; applying the deskew transform 

to the image of the wafer using the controller; and validating, using the controller, that the 

image of the wafer from the review tool and the inspection image remain aligned after the 

deskew transform is applied by evaluating a convergence of the deskew transform with an 

alignment site offset used to calculate the deskew transform.  

 

16. The method of claim 15, further comprising: manually marking at least one deskew site 

on the image of the wafer from the review tool; and calculating an offset between the 

inspection image and the image from the review tool based on the marked deskew site.  

 

17. The method of claim 15, wherein the image of the wafer from the review tool is a 

scanning electron microscope image.  

 

18. The method of claim 15, wherein the image of the wafer does not contain a defect having 

a size from 3 μm to 50 μm.  

 

19. The method of claim 15, wherein the deskew transform addresses scaling, rotation, non-

orthogonality, and translation.  

 

20. The method of claim 15, wherein the deskew transform is only based on devices or 

features with defects having a size less than 3 μm or greater than 50 μm. 


