
2 8 FEB 2006 A WO 03/023718 PCT/US02/28302 iwnwet~d~ *166166* 1 SYSTEM AND
METHOD FOR  REGISTERING IMAGES TECHNICAL FIELD The following invention
relates in general to the  field of imaging and inspection systems and more
particularly to an image registration system and method. 5 BACKGROUND
Imaging systems are increasingly used in a number of applications. These
include remote sensing, medicine and  manufacturing, including
semiconductor fabrication, yield  10 management and process diagnostics.
One manner in which imaging systems are used is in comparing corresponding
images. For example, a semiconductor wafer may include a  number of
substantially identical dies. An imaging  system may capture corresponding
images of two or more 15 dies and compare the images to identify defects,
differences, or irregularities. Imaging systems  typically capture two
dimensional attributes of selected  attributes of three dimensional
objects. In order to compare the spatial location of objects  20
represented in images, an imaging system first registers  or correlates the
corresponding images. This  registration process may be described as an
identification and alignment of a first image and a  second, corresponding
image, to account for any shift 



25 between the respective images. The registration step is  important for
making a meaningful comparison of the  corresponding images. If the
corresponding images are  misaligned, the comparison of the images will be
effected  negatively. One method for performing this alignment is *cd10002*
2 8 F E B 2006 WO 03/023718 PCT/US02/28302 2 known as feature-based
registration. As its name  suggests, feature-based registration includes
identifying  geometric features on each image, establishing
correspondence, and using the coordinates of these 5 features to identify
corresponding points on a  corresponding image. However, feature-based
registration has significant  disadvantages. Primarily, feature-based
registration  techniques are time consuming and require significant 10
computational resources. In application, common features  may become
difficult to extract in the presence of noise,  often leading to
reliability issues. Further, in some  applications it is desirable to
rapidly register a  plurality of corresponding pairs of complex images. 15
Accordingly, a lengthy registration process, such as that  associated with
feature-based registration, limits the  overall operational speed and
throughput of the imaging  system. Additionally, as the size of devices
formed on  semiconductor dies decreases, imaging system will be 20 required
to inspect increasingly small structures. As  such, errors made in the
registration of corresponding  images will be amplified. SUMMARY  



25 Therefore, a need has arisen for an image registration system and method
that is computationally  efficient. A further need has arisen for an image
registration  system and method that efficiently processes complex 30 image
data. I 2 8 FEB 2006 3 A still further need has arisen for an image
registration method and system that facilitates increased  system
throughput. A further need has arisen for an image registration  system
that is both accurate and robust. In accordance with teachings of the
present  disclosure, a system and method are described for an  image
registration system and method that reduces  disadvantages associated with
previously used. image  registration systems. The image registration system
of  the present invention includes a registration engine that  receives
complex image data, such as frequency domain  data, for corresponding
images. The registration engine  calculates an inverse of the complex
conjugate product of  the fast Fourier transform [FFT] of the complex image
data of the first image and the FFT of the second,  corresponding, image.
In a first aspect of the present invention, there is  provided an imaging
system comprising: a positioning system operable to position a target;  an
optical system disposed proximate the positioning  system and operable to
capture a holographic image of the  target; 



a charged coupled device (CCD) camera operatively  coupled with the optical
system and operable to digitally  record the holographic image data
captured by the optical  system, the holographic image data comprising a
complete  object wave, wherein the complete object wave comprises:  phase
data representing the target height and reflectance  data for points X and
Y on the target; a registration system operatively coupled to the  optical
system and operable to: receive frequency data for a first image and a
second corresponding image, the frequency data  corresponding to the
complete object wave data recorded  by the CCD camera; and 2 8 FEB 2006 4
calculate correlation data for the first image and  the second image, the
correlation data comprising an  inverse transform of a complex conjugate
product of the  frequency data of the first image and the frequency data
of the second image, the correlation data comprising a  correlation
translation between the first image and the  second image. In a second
aspect of the present invention, there  is provided an image registration
system comprising: a registration engine operable to: receive complete
object wave data for corresponding  image pairs, wherein the complete
object wave data  comprises: phase data representing the target height and
reflectance data for points X and Y on a target and; the  image pairs
having a first image and a second  corresponding image; and calculating an
inverse transform of complex  



conjugate of the fast Fourier transform of the first  image and the fast
Fourier transform of the second image. In a third aspect of the present
invention, there is  provided a method of registering image data of
correlated  images comprising: receiving complete image data of a first
image  comprising a first complete object wave, wherein the  first complete
object wave comprises: phase data representing a target height and
reflectance data for  points X and Y on the target; receiving complex image
data of a second image, the  second image corresponding to the first image
and  comprising a second complete object wave; calculating the inverse of
the complex conjugate  product of the fast Fourier transform of the first
image  and the fast Fourier transform of the second image; and calculating
a correlation magnitude utilizing the  inverse complex conjugate product.
The present invention provides a number of important  technical advantages.
One technical advantage is . 2 8 F E B 2006 4a incorporating frequency
domain techniques to generate  registration data. The use of frequency
domain data  decreases computation requirements by making correlation 2 8
FEB 2006 WO 03/023718 PCT/1JS02/28302 5 calculations within the frequency
domain, which minimizes  computational costs in searching for a correlation
peak  between the images, in comparison to iterative  techniques. The use
of frequency domain data further 



5 supports the efficient processing of complex image data  and increases
imaging system throughput. Further the use  of complex image data,
including height and reflectance  data for each point, X and Y, on the
target, allows the  system to be particularly accurate. The use of complex
10 image data for registration also allows the system to be  more robust
than other registration systems. BRIEF DESCRIPTION OF THE DRAWINGS A more
complete understanding of the present 15 embodiments and advantages thereof
may be acquired by  referring-to the following description taken in
conjunction with the accompanying drawings, in which like  reference
numbers indicate like features, and wherein: FIGURE 1 depicts an imaging
system according to the 20 present invention; FIGURE 2 is a flow diagram
showing an image  registration method according to the present invention;
FIGURE 3 shows a semiconductor wafer having multiple  dies formed thereon;
and 25 FIGURE 4 depicts two corresponding semiconductor  dies partitioned
into multiple corresponding fields of  view. DETAILED DESCRIPTION 30
Preferred embodiments and their advantages are best  understood by
reference to FIGURES 1 through 4 wherein 2 8 FEB 2006 WO 03/023718
PCTIUS02/28302 6 like numbers are used to indicate like and corresponding
parts. Now referring to FIGURE 1, an imaging system  depicted generally at
10 according to the present  



5 invention is shown. Imaging system 10 includes mechanical system 12
operable to hold and position target  14. Target 14 may include a
semiconductor wafer or  another target suitable for inspection. Mechanical
system 12 is preferably operable to selectively hold 10 target 14 and is
also operable to selectively position or  'step' target 14. in a preferred
embodiment, mechanical  system 12 is operable to selectively step target 14
in  sequential steps sized according to the field view (FOV)  of optical
system 18.. Optical system 18 is positioned 15 proximate mechanical system
12 and target 14 such that  optical system 18 may effectively capture
images of  target 14. Images captured by optical system 18 exit  optical
system 18 as spatial domain data 19. In a  preferred embodiment, the. image
data captured by optical 20 system include a measurement of height (z) and
reflectance (a) for each position (x,y) of target 14.  Accordingly, in this
preferred embodiment, four  dimensional spatial domain data is captured by
optical  system 18. 25 Mechanical system 12 is preferably operated by
control system 14. Control system 14 is also preferably  linked to CCD
Camera 20 and signal processing system 22  and is operable to submit image
location data thereto.  Such image location data may be included with the
30 captured image data to discern which images correlate to  one another. 2
8 FE B 2006 WO 03/023718 PCT/US02/28302 7 In the present embodiment,
charged coupled device  (CCD) camera 20 is further operably connected to
optical  



system 18. In an alternative embodiment, any suitable  device may be
utilized to receive and store spatial 5 domain data 19 from optical system
18. Optical system 18  and CCD camera 20 may preferably utilize direct to
digital holography (DDH) techniques as shown in U.S.  Patent No. 6,078,392
issued to Clarence E. Thomas, et al. and incorporated herein by reference.
Alternatively, 10 optical system 18 and camera 20 may utilize any suitable
technique to capture height (Z) and reflectance (A) data  for points X,Y on
target 14. In the present. disclosure,  reference to complex image data
preferably includes image  data that is derived from X,Y,Z and A obtained
for 15 portions of a given target. Complex data may preferably  include
X,Y,Z and A image data that has been transformed  from the spatial domain
into the frequency domain. in  one particular embodiment, this transform
may be  accomplished using Fast Fourier Transform (FFT) 20 techniques.
X,Y,Z and A image data that has been  transformed into frequency domain
data, is referred to  herein as frequency data or complex frequency data.
Light from optical system 18 may preferably be  directed to CCD camera 20.
CCD camera is operable to  25 record holographic image data without the use
of a photographic plates or film. Further, CCD camera 20 is  preferably
operable to digitally record the holographic  image data captured by
imaging system 10. Signal processing system 22 is operably coupled to  30
CCD camera 20. Signal processing system 22 is further  operable to receive
and process digital images from CCD  camera 20. Processing by signal
processing system 22 2 8 FEB,2006 WO 03/023718 PCT/US02/28302 



8 preferably includes transforming data recorded by camera  20 into
frequency domain data. Preferably, this  processing includes a Fourier
transform of holographic  data, locating the signal carrier frequency of
the 5 holographic data, and extracting the frequency of the  complex object
wave of the holographic data. The  information extracted by signal
processing system 22 may  be generally referred to as frequency data and
may  include any frequency data obtained by transforming the 10 spatial
domain data received, into frequency domain data.  in a particular
embodiment, signal processing system 22  is operable to output Fast Fourier
Transform (FFT) data  in a streaming fashion with every-instance
representing  the FFT of one field of view. Data processed by the 15 signal
processing system 22 may be sent to short term  memory 24 and later sent to
registration engine 26 when  its corresponding field of view becomes
available. Short  term memory 24 may include any short term memory suitable
for storing complex frequency data received from signal 20 processing
system 22. Short term memory 24 is further  operatively connected to
registration engine 26. When a  new FOV comes out of signal processing 22,
short term  memory 24 is searched to find the frequency image of its
corresponding FOV, previously captured. The frequency 25 data of the image
pair is then sent to registration  engine 26. The new FOV data is then
stored in short term  memory 24 to wait for its corresponding FOV from the
next  die or corresponding target portion. The 'old' FOV data  is removed
from short term memory 24. 30 Registration engine 26 is operatively
connected to  signal processing system 22 as well as short term memory  



24. Registration engine 26 is preferably operable to 28 FEB2006 WO
03/023718 PCT/US02/28302 9 receive complex image data from signal
processing system  22 and its corresponding complex image data from short
term memory 24. Control system 16 is coupled to  mechanical system 12 and
is operable to control 5 mechanical system 12. Control system 16 is further
operable to control CCD camera 20 and signal processing  system 22.
Registration engine 26 is operable to identify  the translation or 'shift'
between the corresponding  images. Translation identified by registration
engine 26 10 may be shifts required in both the X and Y directions for  one
image to align with its corresponding image.  Interpolation engine 27 is
operatively connected to ...registration engine 26 and short term memory 24
via an  :inverse transform. Interpolation engine 27 is further  15 operable
to resample the complex image received from .short term memory 24 via an
inverse transform such as an  ..inverse Fast Fourier Transform (IFFT). This
transform  preferably transforms the data from the frequency domain  to the
spatial domain. 20 Interpolation engine 27 is preferably coupled to
comparison engine 28. Comparison engine 28 is operable  to receive
corresponding images, one from signal processing system 22 via an inverse
FFT and another from  interpolation engine 27. Comparison engine 28 is
further  25 operable to compare corresponding images. The comparison  made
by comparison engine 28 includes complex image normalization, change vector
computation, and  thresholding. 



Comparison engine 28 is operatively coupled to  30 defect mapping engine
30. Defect mapping engine 30  preferably identifies defects, differences,
or irregularities between the first image and the second 2 8 FEB 2006 WO
03/023718 PCT/US02/28302 10 corresponding image based upon the comparison
results  received from comparison engine 28 and registration  engine 26.
Now referring to FIGURE 2,a flow diagram of an  5 image registration
system, according to the present  invention is. shown. The image
registration provides a  frequency domain based correlator for the
correlation of  two complex signals in the spatial domain to be
implemented in the frequency domain using the inverse 10 Fourier transform
of the product of their Fourier  transforms, or a similar transform
technique. The image  registration system can be implemented using FFTs
instead  of a defined correlation measure in the spatial domain.  The
information contained in the frequency domain 15 representation of the
complete object wave includes phase  data representing target height
information that is not  present in traditional frequency domain
representations  of magnitude reflectance images. Searching for the
correlation peak can then be performed in the resultant  20 correlation
map.. The method begins with identifying two corresponding  image data, 200
and 202 from a first image and a second,  corresponding, image. In the
present embodiment, image  data 200 and 202 may include frequency data of
die 25 portions Al and Bl (as shown in FIGURE 4). In a  



preferred embodiment, image data 200 and 202 are FFTs of  the image data.
The registration includes an initially  filtering the FFT of the first data
204 and filtering the  FFT of the second image data 206. In a preferred 30
embodiment these filtering steps 204 and 206 utilize a  bandpass filter,
although any suitable filter for  eliminating low frequency and high
frequency noise may be 2 8 F E B 2006 WO 03/023718 PCTIUS02/28302 11
employed. In a particular embodiment, filtering steps  204 and 206
preferably filter portions of the frequency  that are below approximately
fifteen (15) to twenty (20)  percent of nyquist and above approximately
sixty (60) 5 percent of nyquist. Next, the complex conjugate product of FFT
Al and  FFT B1 is determined 208. The inverse FFT of the complex  conjugate
product is then calculated 210. Following this  step, the magnitude of
correlation is determined by 10 calculating the magnitude of the inverse
FFT 216.  Finally, one peak is identified within the correlation  magnitude
data 212. The peak finding may preferably  include parabolic interpolation
techniques to identify  peaks with sub-pixel accuracy. For example, for a
3x3  15 'block of cross correlation results around the discrete --peak
values, this may include fitting those results with  ...a three dimensional
surface such as a parabola. The peak  of the fitted surface is defined as
the peak of  correlation. 20 The identified peak is used to calculate the
translation between the corresponding image pair 214.  The translation is
defined as the distance between the  



peak and the image center. The registration process  above may preferably
be repeated for a plurality of 25 corresponding images. After registration,
a misregistration analysis and  quality assurance check may be performed to
determine  whether an accurate registration has taken place and  whether
additional processing is needed to assure a 30 desired registration
accuracy. In one embodiment this  process may include identifying the peak
pattern of the  correlation map and using the drop off between the first 2
8 F E B 2006 WO 03/023718 PCT/US02/28302 12 peak and the second peak to
measure gauge the quality of  the translation. Additionally, image
resampling and interpolation may  be performed after the translation is
determined. The 5 translation defines a new grid for the target image.
Resampling may then performed on the complex target image  using an
interpolator such as Bilinear or Sinc  interpolation. 'After the target
image has been resampled  by interpolation engine 27, image comparison
engine 28 10 may compare the complex image pair and identify  differences
between the first image and the second image. Now referring to FIGURE 3 is
a demonstrative  representation of a semiconductor wafer, indicated 15
generally at 100, provided to describe the operation of  the image
registration system of the present invention.  Wafer 100 includes a
plurality of substantially identical  dies 110 formed thereon. For
descriptive purposes, dies  110 have been further labeled as 110A, 110B,
110C, etc.. 20 It should be understood that the present invention  



contemplates the registration of corresponding image data  from
corresponding dies, regardless of their arrangement  upon one or more
wafers. Now referring to FIGURE 4, which shows a 25 demonstrative
representation of corresponding dies,  separated into a plurality of
sections. First Die 152,  or Die A includes a plurality of sections labeled
Al, A2,  A3, etc. Second Die 154 similarly includes a plurality  of
corresponding sections labeled Bl, B2, B3 etc.. In 30 the present
embodiment, die section Al corresponds to die  section Bi. Die section A2
corresponds to die section  B2, etc.. The size of each die section is
preferably 2 8 FEB 2006 WO 03/023718 PCTIUS02/28302 13 substantially equal
to the field of view (FOV) of optical  system 18, as shown in FIGURE 1. The
size image of the  die sections, or blocks is determined by FOV of optical
system 18 and the spatial resolution of CCD camera 20, as  5 shown in
FIGURE 1.. In operation, mechanical system 12 preferably  positions target
14 such that a preferred portion of a  target, such as dies section Al, is
positioned in the  field of view of optical system 18. Optical system 18 10
may then obtain image data such as the complete object  wave of holographic
image data. Image data captured by optical system 18 may then  .preferably
be sent to CCD camera 20, as described in  :.:..FIGURE 1. After the image
of die section Al is captured 15 by optical system 18, mechanical system 12
may then move  _...or 'step I the wafer such that a different die. section,
such as die section A2, are positioned in the field of  



view of the optical system 18. Accordingly, each 'step'  of mechanical
system 12 is preferably sized according to 20 the field of view of optical
system 18. In a preferred  embodiment, the movement of mechanical system 12
follows  a preselected pattern to ensure that all areas of  interest on
target 12 are properly imaged. In an  alternative embodiment, a mechanical
system may position 25 an optical system with respect to a fixed target. in
another alternative embodiment, mechanical system 12 may  continuously move
target 14 through the field of view of  optical system 18 and optical
system 12 capture images at  selected time intervals to ensure that the
areas of 30 interest of target 12 are properly imaged. Image data is sent
from optical system 18 to CCD  camera 20 and then to signal processing
system 22. The 28 FEB2006 WO 03/023718 PCT/US02/28302 14 processed image
data sent on to be registered may be in  any suitable format such as: the
raw frequency domain  signal after carrier frequency is extracted, the
complex  spatial domain data, the magnitude image data, and the 5 phase
data. This capability of being able to process  image data in a variety of
formats may alleviate data  processing or pre-processing requirements.
Alternatively, data suitable for registration may be  obtained from any
point along the data stream in which 10 suitable complex image data may be
obtained. The processed image data may then be both held in  short term
memory 24 and sent directly to registration  engine 26. Registration engine
26 identifies which  images are associated with corresponding die portions
by 



15 identifying the position of an image in a wafer  coordinate system. In a
preferred embodiment this may be  accomplished by identifying the die
number and the frame  coordinates within the die for each image, as
determined  by control system 16, as shown in FIGURE 1. 20 Although the
disclosed embodiments have been  described in detail, it should be
understood that various  changes, substitutions and alterations can be made
to the  embodiments without departing from their spirit and  scope. 2 8 F E
B 2006 WHAT IS CLAIMED IS: 1. An imaging system  a positioning system op an
optical system disp  system and operable to capt  target; a charged coupled
devic  coupled with the optical sys record the holographic image system,
the holographic ima  object wave, wherein the co  phase data representing
the data for points X and Y on t a registration system o optical system and
operable  receive frequency data second corresponding image, corresponding
to the complet by the CCD camera; and  calculate correlation the second
image, the correl  



inverse transform of a compl  frequency data of the first of the second
image, the cor  correlation translation betw second image. 2. The imaging
system  frequency data further compr  object wave data; 3. The imaging
system the first image further portion of a first die; and the second image
furthe  corresponding portion of a s mprising:  able to position a target;
ed proximate the positioning  e a holographic image of the (CCD) camera
operatively m and operable to digitally ata captured by the optical  data
comprising a complete lete object wave comprises: rget height and
reflectance  target; ratively coupled to the a first image and a e
frequency data object wave data recorded for the first image and ion data
comprising an  conjugate product of the age and the frequency data  



lation data comprising a the first image and the 2 8 FEB 2006 115 4. The
imaging system ofiClaim 1 further  comprising the registration eng.ne
operable to:  receive the FFT of the first image; receive the FFT of the
second image; and  determine the conjugate pr~duct of the FFT of the first
image and the FFT of the, econd image. 5. The imaging system ofiClaim 1
further  comprising the registration engine operable to: receive complete
object ware data for a plurality of  corresponding images; and output
correlation data fot the plurality of corresponding images. 6. The imaging
system of Claim 1 further  comprising the comparison engin~ operable to:
compare the first image anj the second image; and  identify phase
differenceslbetween the first image  and the second image. 2 6 F E B 2006
17, 7. An image registration system comprising:  a registration engine
operable to: receive complete object wavfe data for corresponding  image
pairs, wherein the complete object wave data  comprises: phase data
representing the target height and  reflectance data for points X a d Y on
a target and; the  image pairs having a first imag and a second
corresponding image; and 



calculating an inverse transform of complex  conjugate of the fast Fourier
transform of the first  image and the fast Fourier tran form of the second
image. 8. The image registratio system of Claim 7 wherein the object wave
data oflthe first image and the  second image further comprise complete
object wave data  captured by a CCD camera. 9. The image registration
system of Claim 7  further comprising the registration engine operable to
filter the complete object wave data. 10. The image registratiop system of
Claim 7  wherein: the first image further comprises an image of a  portion
of a first die; and the second image further comprising an image of a
corresponding portion of a seccgnd die. 2 8 FEB 2006 11. The image
registration1 system of Claim 7  wherein the registration engine!is further
operable to: receive the FFT of the first image;  receive the FFT of the
second image; determine the conjugate product of the FFT of the first image
and the FFT of the econd image. 12. The image registratioii system of Claim
7  further operable to determine acorrelation map between  the first image
and the second image. 13. The image registration system of Claim 7  further
operable to register a plurality of complex image pairs. 14. A method of
registerirhg image data of  



correlated images comprising: receiving complete image data of a first
image  comprising a first complete object wave, wherein the  first complete
object wave comp*ises: phase data  representing a target height and.
reflectance data for  points X and Y on the target; receiving complex image
data of a second image, the  second image corresponding to t e first image
and  comprising a second complete object wave; calculating the inverse
oflthe complex conjugate  product of the fast Fourier transform of the
first image  and the fast Fourier transform ~f the second image; and
calculating a correlation agnitude utilizing the  inverse complex conjugate
product. 15. The method of Claim 14 further comprising  identifying a
translation of the first image with respect  to the second from the
correlation magnitude map. 2 8 FEB 2006 1  16. The method of Claim 14
further comprising registering image data from a plurality of correlated
images. 17. The method of Claim 14 ~ further comprising:  identifying a
plurality of control points based upon the inverse complex conjugate
product; and performing a misregistration  analysis based upon a  peak
pattern identified on a correlation map. 


