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system that integrates wafer flatness measurement capability with wafer sur-
face defect detection capability. The invention may be, but is not necessarily,

embodied in methods and systems for simultaneously applying phase shifting
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reflective Moir wafer analysis to the front and back sides of a silicon wafer
and comparing or combining the front and back side height maps. This allows
wafer surtace height for each side of the wafer, thickness variation map, sur-
face nanotopography, shape, tlatness, and edge map to be determined with a
dual-sided fringe acquisition process. The invention also improves the dy-
namic range of wafer analysis to measure wafers with large bows and extends
the measurement area closer to the wafer edge.
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METHOD AND APPARATUS FOR MEASURING SHAPE AND THICKNESS
VARIATION OF A WAFER

CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application is related {o and claims the benefit of the
earliest available effective filing date(s) from the following listed application(s}
{the “Related Applications”) (e.g., claims earliest available priority dates for
other than provisional patent applications or claims benefits under 35 USC §
119{e} for provisional patent applications, for any and all parent, grandparent,

great-grandparent, etc. applications of the Related Application(s)).

Related Applications:

For purposes of the USPTO extra-statutory requirements, the present
application constitutes a regular (non-provisional} patent application of
United States Provisional Patent Application entitled METHOD AND
APPARATUS FOR MEASURING SHAPE AND THICKNESS VARIATION OF A
WAFER BY PHASE REFLECTIVE MOIRE TECHNOLOGY, naming Shouhong
Tang as an inventor, filed January 19, 2012, Application Serial Number
61/588,561.

TECHNICAL FIELD
{0002] The present invention relates generally 1o silicon chip integrated circutt
manufacture and, more particularly, o & fechnique for creating thickness
varialion maps and deteclting defects in silicon wafers using phase shifting
reflective Moiré wafer analysis applied {o both sides of the wafer.
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BACKGROUND

[0003] Silicon wafers used to manufacture integrated circuit chips inevitably
include some defects that can result in errors in the integrated circuits when
etched onto the wafers. Different types of defects can occur at different locations
in the wafer. For example, surface adhesions where pieces of the top layer of
the wafer have been pulled away from the body of the wafer typically occur on
the front or back face of the wafer. Edge defects occur around the perimeter of
the wafer. Slip line cracks typically occur along crystal lattice lines. Detecting of

all of these different types of defects has proved to be a challenging task.

{00041 Prior silicon wafer defect detection technologies have not adequately
addressed the challenges of determining thickness variations in silicon wafers
and detecting the different types of defects that occur in the wafers used o
manufacture integrated cucuit chips. This results in the inefficient fabrication of
defective chips. There is, therefore, 3 need for more effective methods and
systems for detecting various types of defects in silicon wafers prior to etching

the integrated circuits onto the wafers.

SUMMARY

[0005] The invention meets the needs described above in a new dual-sided
Moire fringe acquisition system that integrates wafer flatness measurement
capability with wafer surface defect detection capability. The invention may be,
but i1s not necessarily, embodied in methods and systems for applying phase
shifting reflective Moiré waler analysis {0 the front and back sides of a wafer
simultaneously. The system compares or combines the front and back side
height maps to generate a thickness variation map for the wafer. This allows
wafer surface height for each side of the wafer, thickness variation map, surface
nonotopography, shape, flatness, and edge map to be determined with a dual-
sided fringe acquisition process. The invention also improves the dynamic range
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of wafer analysis to measure wafers with large bows and extends the

measurement area closer {o the wafer edge.

[0006] The invention 1s spectfically designed for, but is not limited to, systems
for analyzing silicon wafers used to manufacture integrated circuits. Accordingly,
the invention may be practiced through methods and systems for determining
thickness variation maps for silicon wafers and using this information for
detecting defects in the wafers. A Moiré patiern is projected across a first side of
the wafer in multiple fringe acquisition iterations, with each iteration being
projected across the first side of the wafer at a different angle. Multiple fringe
paiterns are acquired for the first side of the wafer from the multiple fringe
acquisition iterations. Mulliple slope maps are computed by phase shifiing the
fringe patterns. The multiple slope maps are then integrated to construct a

height map for the first side of the wafer.

{00071 The procedure described above is repeated for the second side of the
wafer to create a height map for the second side of the wafer. These procedures
may be, but need not be, performed simultaneously for both sides of the wafer.
A thickness variation map is then generated from the height maps for the first
and second sides of the wafer. The surface nanotopography may then be
determined from the first and second side height maps. A thickness variation
map may also be computed from the first and second side height maps and the
flatness, edge map and other parameters of the wafer can may be determined
from one or more of the height maps and/or the thickness vanation map.

{0008} The system may include two screens, each for projecting the Moire
patterns onto respective sides of the wafer. Alternatively, a single screen may be
emploved along with two mirrors that each reflect the same Moiré patterns onto
respective sides of the wafer. The system is effective for delecting adhesion

defects, slip line defects, and edge defects in the analyzed wafers.

{0009} It is to be understood that both the foregoing general description and the
following detalled description are exemplary and explanatory only and are not

necessarily resirictive of the invention as claimed. The accompanying drawings,
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which are incorporated in and constitute a part of the specification, Hlustrate
embodiments of the ivention and together with the general description, serve o

explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

{0010] The numerous advantages of the invention may be better understood

with reference o the accompanying figures in which:

{0011} FIG. 1 18 a conceptual dlustration of a dual-screen example of the dual-

sided Moiré wafer analysis system.

[0012] FIG. 2 is a conceptual lustration of a single-screen example of the dual-

sided Moiré wafer analysis system.

{0013} FIG. 3 is a conceptual illustration of an adhesion defect that can be

detected by the dual-sided Moiré wafer analysis system.

{0014} FIG. 4 is a conceptual dlustration of a slip line defect that can be
detected by the dual-sided Moiré wafer analysis system.

[0015] FiG. 5 is a conceptual Hlustration of an edge defect that can be detected
by the dual-sided Moiré wafer analysis system.

{0016} FIG. 6 is a logic flow diagram for operating the dual-sided Moiré wafer

analysis system.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{00171 The ilustrative embodimenis of the mvention provide methods and
system for dual-sided Moiré wafer analysis for generation thickness variation
maps and detecting defects in silicon wafers used o manufacturer integrated
circuit chips. The disclosure provides, but is not limited {o, two specific examples
of dual-sided Moiré wafer analysis systems. A first example of the system
employs twg screens, each projecting the Moiré patterns onto a respective side

of the wafer. A second example of the system employs a single screen and two
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mirrors that each reflect the same Moiré patterns onto a respective side of the
wafer. The sysiem is effective for detecting adhesion defects, slip line defects;
and edge defects in the analyzed wafers. The dual-sided Moiré wafer analysis
system may, but need not necessarily, obtain the surface slope maps for both
sides of the wafer simulfaneously. Simullaneous wafer analysis may be
preferred to enhance the speed of the process and accommodatle dedicated

hardware data processing in the host computer system.

{0018} The dual-sided Moiré wafer analysis systems take advaniage of the fact
that the surface height maps used to determine wafer thickness variation can be
measured by integrating two or more surface slope maps obtained by phase
shifting reflective Moiré technology. The surface nanotopography may then be
determined from the first and second side height maps. A thickness vanation
map may alsc be computed from the first and second side height maps and the
flathess, edge map and other parameters of the wafer can may be delermined
from one or more of the height maps and/or the thickness variation map.

{00191 Prior defect defection techniques include temporal phase shifting
interferometric technology as described in US 6,847 458, which is incorporated
by reference. This technique combines fwo phase-shifting Fizeau
interferometers to simultaneously obtain two single-sided distance maps between
each side of a wafer and corresponding reference flats, and compute thickness
variation and shape of the wafer from these data and a calibrated distance map
bhetween two reference flats. The resulting system is able to measure the surface
height on both sides of the wafer simultaneously to determine thickness
variations of the wafer rapidly and accurately.

{00207 However, the phase shifting interferometric {echnique is sensiive {o
vibration, acoustic noises, and air turbulence that corrupt the phase of
interferograms differently at different times. This results in degradation of the
wafer dimension computations even though the measurement data utilizes

muitiple phase-shifted interferograms to compute the wafer dimensions. The



WO 2013/109733 PCT/US2013/021912

distortion sources can vary over time and change unpredictably making it difficult

to maintain calibration of the system.

{0021} Phase shifting reflective Moiré wafer analysis has also been utilized to
detect wafer defects, as described in US Patent No.. 7,812,842, which is also
incorporated by reference. This technique is effective for detecling surface
defects, such as slip line defects on a silicon wafer. However, this technology is
applied to only & single side of the wafer. As a result, front or back side surface
height maps, thickness variation map, wafer shape, and wafer flatness are not

available with this technique.

{00221 In companson to prior interferometric technology, the present dual-sided
Moiré wafer analysis systems exhibit faster throughput for macro defect
detection, lower cost, less sensitivity to vibration and air turbulence, and a larger
dynamic range providing the abiity to measure a wafer with a large bow and to
measure surface area closer {o the waler edge. The phase shifting reflective
Moiré technology is less sensitive to the vibration, acoustic noise, and air
turbulence than the interferometric technology.

{0023} In comparison fo prior single-sided Moiré technology, the present dual-
sided Moiré system provides the advantages of measuring the front and back
side surface height, preferably simultaneously, which allows determination of
thickness variation map, the surface nanotopography, flatness, and edge map of
the wafer in addition to providing all of the surface defect detection functionality
of the single-sided Moiré waler analysis systems.

{0024] Referring now to FIG. 1, a dual-screen example system 10 for
implementing dual-sided Moiré wafer analysis may be used to simultaneously
acquire fringe pattems for the front side 41 and the back side 42 of a silicon
wafer 40 positioned in a wafer support 45 of the system. A first screen 31
projects an alternating pattemn of continuous light and dark bands {(Moiré pattern)
onto the front side 41 of the wafer 40. The Moiré pattern typically includes at
least three fringe transitions belwseen light and dark bands. A first detector 51
records a fringe pattern from the reflected Moiré pattern and communicates the

front side fringe pattern o a host computer system 58 for analysis. Similarly, a
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second screen 32 projects a Mowé pattern across the back side 42 of the wafer
40. A second detector §2 records a fringe pattern from the reflected Moiré
pattern and communicates the back side fringe pattem to the host computer
system 50 for analysis. The detectors may be CCD, CMOS, TD cameras or any
other suitable type of detector currently existing or developed in the future.

[0025] The Moire pattern may be projected across each side of the wafer at
several different rotational angles to obtain mulliple slope maps, which are
integrated together to create a surface height map for each side of the wafer.
Projecting the Moire pattern at different angles is useful for detecting linear
defects, such as slip line cracks, at different angels on the wafer. Multiple
projections at different angles are also useful for constructing a complete edge
map for the water. The surface height map for each side is typically computed by
integrating at least two different derivative slope maps obtained from Moiré
pattern projections at different angles across the surface of the wafer. The slope
map may be computed directly from the fringe patterns acquired for the
associated projection by phase shifting the resulting fringe pattern. The height
maps are used to generate a thickness variation map for the waler. The surface
nanotopography may then be determined from the first and second side height
maps. A thickness variation map may also be computed from the first and
second side height maps and the flatness, edge map and other parameters of
the wafer can may be determined from one or more of the height maps andfor
the thickness variation map. Defecis, such as surface adhesions, slip line
defects, and eadge can then be identified from the measured and computed
information.

[0026] A single-screen example system 20 for implementing dual-sided Moiré
wafer analysis is shown in FIG. 2. This system is similar to the dual-screen
system 10 shown in FIG. 1, except that the same Moire paltern projected by a
single screen 30 is projected across both sides of the wafer. The Moiré pattern
from the screen 30 is projected onto mirrors 33 and 34, which each reflect the
pattern onto a respective side of the wafer 40, an shown in FIG. 2. The single
screen example system in FIG. 2 provides a system that has more measurement

7
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sensitivity than the dual-screen system in FIG. 1 because the single screen
atternative provides longer optical path from the screen 30 to the wafer 40 within
a similar physical dimensions of the system. The measurement sensitivity can
be an important parameter for a defect detection sysiem.

{00271 FIGS. 3-4 are highly diagrammatic pictorial iiustrations of typical defect
types detected by the dual-sided Moiré wafer analysis systems. Those skilled in
the art will understand that wafers are typically formed on a millimeter scale
whereas defects generally appear on a nanometer scale. Ht will be therefore be
appreciated that the defects pictured are highly exaggerated and may be
simplified for iflustrative convenience. In addition, other types of defects, such as
bumps, pits, dents, scratches, flatness variation, etc. can also be detected. The
defect types illustrated in FIGS. 3-4 are therefore merely provided as conceptual

axamples that do not imply limitations on the capabilities {o the systems.

{0028] FiG. 3 is a conceptual illustration of an adhesion defect 70 on the wafer
40 that can be detected by the dual-sided Moiré wafer analysis systems. This
type of defect typically occurs when a piece of the surface of the wafer is pulled
away from the body of the wafer. The dual-sided Moiré wafer analysis systems
are effective al detecting adhesion defecis because this type of defect shows up
as a thickness variafion obtained by comparing the front and back side surface

height maps for the wafer.

100291 FiG. 4 is a conceptual illustration of a slip line defect 72 that can be
detected by the dual-sided Mowé wafer analysis systems. This type of crack
defect {ypically occurs along a lattice line in the crystal forming the wafer. The
dual-sided Moiré wafer analysis systems are effective at detecting slip hine
defects because multiple Moiré patterns are projected at different angles across
each side of the wafer. While a first fringe pattern may not pick up a slip line that
is perpendicular to the Moiré pattern projection direction, a second Moiré patiemn
is projected at a different angle will pick up the missed slip line. Since the lattice
fines in the crystal are known, at least two projections, each at an angle to the
known lattice lines, are generally effective at detecting slip line defects occurring

along the known latlice lines.
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{00301 FIG. 5 is a conceptual ilustration of an edge defect 74 that can be
detected by the dual-sided Moiré wafer analysis systems. While interferometric
tachnology is generally ineffective for edge defect dstection, the present system
has a greater dynamic range of wafer defect wafer analysis o measure wafers
with large bows and extends the measurement area closer {o the wafer aedge.
Multiple Moire pattern projections at different angles can be integrated together
to produce an accurate edge map to pick up the edge defects on the wafer.
Additional Moiré patterns may be projecited at additional angles {o increase the
resolution of the height maps in order {o detect flatness defects and small
nanotopographic defects, such as surface bumps and pits, and fill out the edge
image of the wafer.

{0031] FIG. 6 is a logic flow diagram 100 for the dual-sided Moiré wafer analysis
systems. The method for measuring the shape and thickness variation of the
wafer begins in step 102 with calibration of the system characteristics using a
known flat wafer or thin plate. Step 102 is followed by step 104, in which a wafer
to be analyzed is placed into the dual-sided Moiré wafer analysis system. Step
104 is followed by step 106, in which two sets of fringe patterns, each including
at least three phase shifting fringe transitions, are oblained, one for each side of
the wafer. Step 106 is followed by step 108, in which two slope maps are
computed from these two sets of intensity maps, one for each side of the wafer.
The system may then loop through steps 106 and 108, as desired, {o obtain
additional sets of fringe pattern intensity maps for the wafer at a different
rofational angles with respect to the wafer. Al least two fringe acquisition
terations at different angles are typically conducted and additional fringe
acquisition iterations may be conducted at different rotational angles to improve
the measurement quahty. Two slope maps, one for gach side of the wafer, are

computed from the fringe pattern intensity maps for each iteration.

{0032] Step 108 is followed by step 110, in which the slope maps for the
respective sides of the wafer are integrated to create a height map for each side
of the wafer. Step 110 is followed by step 112, in which a thickness variation

map for the wafer may be computed from the height maps. For example, “A”
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may be considered 1o represent the height map for the front side and “B” may be
considerad to represent the height map for the backside of a wafer. The wafer
shape is determined as (A+B)2, the wafer thickness is determined as A-B. The
nanotopography of the first side of the wafer is the highpass map of A, and the
nanotopography of the second side of the wafer is the highpass map of B. Step
112 is followed by step 114, in which other desired information, such as the
surface nanotopography, wafer flatness, edge map and other parameters may be
comptuted from one or more of the thickness vanation map and/or the height
maps for the front and back sides of the wafer. Step 114 1s followed by step 118,
in which various types of defects, such as adhesion, slip line and edge defects
are identified from this data.

{0033} U should be noted that some defects can be detected directly from the
slope maps obtained in step 108. In order to determine the size of a defect
guantifatively, such as the bump height, the slope maps obtained directly from
the system are integrated to the surface height maps. In lithography, i is very
importance to know the front surface height vanation after the wafer is chucked
down, or the back surface is forced o be flat, such as the PV, the peak and
valiey, within a die area. The surface height variation and defects on both sides
of a wafer result in the PV changes. Thus the thickness variation map becomes
very important. The thickness variation map is not only used to detect defects

but also used for the quantitative measurement.

{0034} It is contemplated herein that the present invention may consist {but not
required to consist) of adapting or reconfiguring presently existing systems.

Alternatively, original equipment may be provided embodying the invention.

[0035] The computer system may include, but is not limited to, a personal
computer system, mainframe computer system, workstation, image computer
system, parallel processor, or any other device known in the art. In general, the
term “computer system” may be broadly defined to encompass any device
having one or more processors, which execute instructions from a memory

medium.

10
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[0036] All of the methods described herein may include storing results of one or
more steps of the method embodiments in a storage medium. The results may
inciude any of the results described herein and may be stored in any manner
known in the art. The storage medium may include any storage medium
described herein or any other suitable storage medium known in the art. After
the results have been stored, the results can be accessed in the storage medium
and used by any of the method or system embodiments described herein,
formatted for display to a user, used by another software module, method, or
system, etc. Furthermore, the results may be stored "permanently,” "semi-
parmanently,” temporarily, or for some period of time. For example, the storage
medium may be random access memory (RAM), and the resulls may not

necessarily persist indefinitely in the storage medium.

{00371 It is further contemplated that each of the embodiments of the method
described above may include any other step{s) of any other method(s) described
herein. In addition, sach of the embodiments of the method described above
may be performed by any of the systems described herein.

{0038} Those having skill in the art will appreciate that there are various vehicles
by which processes and/or systems and/or other technologies described herein
can be effected {e.g., hardware, software, and/or firmware), and that the
preferred vehicle will vary with the context in which the processes and/or systems
and/or other technologies are deployed. For example, if an implementer
determines that speed and accuracy are paramount, the implementer may opt for
a mainly hardware and/or firmware vehicle, alternatively, if flexibility is
paramount, the implementer may opt for a mamnly software implementation; or,
vel again alternatively, the implementer may opt for some combination of
hardware, software, and/or firmware. Hence, there are several possible vehicles
by which the processes andfor devices and/or other technologies described
herein may be effected, none of which is inherently superior to the other in that
any vehicle to be utilized s a choice dependent upon the context in which the
vehicle will be deployed and the specific concerns (e.g., speed, flexibility, or
predictability) of the implementer, any of which may vary. Those skilled in the art

11
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will recognize that optical aspects of implementations will typically employ

optically-oniented hardware, software, and or firmware.

{00391 Those skilled in the art will recognize that & 1s common within the art to
describe devices and/or processes in the fashion set forth herein, and thereafter
use engineering practices o integrate such described devices and/or processes
into data processing systems. That is, at least a portion of the devices andfor
processes described herein can be integrated into a data processing system via
a reasonable amount of experimentation. Those having skill in the art will
recognize that a typical data processing system generally includes one or more
of a system unit housing, a video display device, a memory such as volatile and
non-volatile memory, processors such as microprocessors and digital signal
processors, computational entities such as operating systems, drivers, graphical
user interfaces, and applications programs, one or more interaction devices,
such as a touch pad or screen, and/or control systems including feedback loops
and control motors {e.g., feedback for sensing position and/or velocity; controd
motors for moving and/or adjusting components and/or quantities). A typical dala
processing system may be implemented ulifizing any suitable commercially
available components, such as those typically found In dala

computing/communication and/or network computing/communication systems.

{0040] The herein described subject matter sometimes ilustrates different
components contained within, or connected with, different other components. it
is 1o be understood that such depicted architectures are merely exemplary, and
that in fact many other architectures can be implemented which achieve the
same functionality. In a conceptual sense, any arrangement of components to
achieve the same functionality is effectively "associated" such that the desired
functionality is achieved. Hence, any two components herein combined to
achieve a particular functionality can be seen as "associated with" each other
such that the desired functionality is achieved, irrespective of architectures or
infermedial components. Likewise, any two components so associated can also
be viewed as being "connected”, or "coupled”, to each other to achieve the

desired functionality, and any two components capable of being s0 associated

12
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can also he viewed as being “"couplable", to each other {0 achieve the desired
functionality. Specific examples of couplable include but are not limited to
physically mateable and/or physically interacting components and/or wirelessly
interactable andfor wirelessly interacting components and/or logically interacting
and/or logically interactable components.

{00411 While particular aspects of the present subject matter described herein
have been shown and described, it will be apparent {o those skilled in the art
that, based upon the teachings herein, changes and modifications may be made
without departing from the subject matter described herein and its broader
aspects and, therefore, the appendead claims are to encompass within their scope
all such changes and modifications as are within the true spirit and scope of the

subject matter described herein.

{0042} Furthermore, it is to be undersiood that the invention is defined by the

appended claims.

{0043] Although particular embodiments of this invention have been illustrated,
it is apparent that various modifications and embodiments of the invention may
be made by those skilled in the art without departing from the scope and spirit of
the foregoing disclosure.  Accordingly, the scope of the invention should be
fimited only by the claims appended hereto.

{0044} It is believed that the present disclosure and many of its altendant
advaniages will be undersiood by the foregoing description, and it will be
apparent that various changes may be made in the form, construction and
arrangement of the components without departing from the disclosed subject
matter or without sacrificing all of ifs material advantages. The form described is
maerely explanatory, and it is the intention of the following claims to encompass
and include such changes.

13
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CLAIMS

What is claimed;

1. A dusl-sided Moire water analysis system, comprising:
a wafer support operabile for positioning a silicon wafer to be analyzed,

a first screen operable for projecting a Moiré patlern across a first side of
the wafer in mutltiple fringe acquisition iferations, wherein each fringe acquisition
iteration comprises projecting the Moire pattern across the first side of the wafer
at a different angle with respect {o the first side of the wafer,

a first detector for acquiring multiple fringe patterns for the first side of the
wafer, each fringe pattern reflected from the first side of the wafer during a

corresponding fringe acquisition teration of the first side of the wafer;

a computer system operable for computing mulliple slope maps for the
first side of the wafer, each slope map for the first side of the wafer computed
based on a corresponding fringe patlern for the first side of the wafer;

wherein the computer sysiem is further operable for integrating the
mudtiple slope maps for the first side of the wafer to construct a height map for

the first side of the wafer;

a second screen operable for projecting a Moiré pattern across a second
side of the wafer in multiple fringe acquisition #terations, wherein each fringe
acquisition iteration comprises projecting the Moiré pattern across the second

side of the wafer at a different angle with respect to the second side of the wafer;

a second detector for recording multiple fringe patterns for the second side
of the wafer, each fringe pattern reflected from the second side of the wafer
during a comrresponding fringe acquisition iteration of the second side of the

wafer;

14
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wherein the computer system is further operable for computing muitiple
slope maps for the second side of the wafer, each slope map for the second side
of the wafer computed based on a corresponding fringe pattern for the second
side of the wafer;

wherein the computer system is further operable for integrating the
multiple slope maps for the second side of the wafer to construct a height map

for the second side of the wafer; and

wherein the computer syslem is further operable for creating a thickness
vatiation map for the wafer from the height maps for the first and second sides of

the wafer.

2. The dual-sided Moire water analysis system of claim 1, wherein the
computer system is further operable for computling each slope maps by phase

shifting a corresponding fringe pattern.

3. The dualsided Moiré water analysis system of claim 1, wherein
corresponding Moiré pattern are projected across the first and second sides of

the wafer simultaneocusly.

4. The dualsided Moiré water analysis system of claim 1, wherein
computer system is further operable for computing surface nanotopography,
flatness, and edge map for the wafer.

5. The dual-sided Moiré water analysis system of claim 1, wherein the
computer system is further operable for detecting a defect in the wafer from one
or more of the first side height map, the second side height map, and the

thickness variation map for the wafer.
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6. The dual-sided Moire water analysis system of claim 5, wherein the

defect comprises an adhesion defect.

7. The dusl-sided Moiré water analysis system of claim 5, wherein the
defect comprises a slip line defect.

8. The dual-sided Moiré water analysis system of claim 5, wherein the
defect comprises a slip line defect.

16



WO 2013/109733 PCT/US2013/021912

9. A dual-sided Moiré water analysis system, comprising:
a wafer support operable for positioning a silicon wafer to be analyzed;

a screen operable for projecting a Mowe pattern in mulliple fringe
acquisifion iterations, wherein each fringe acquisition iteration corresponds o a
different angle with respect to the waler;

a first mirror for reflecting the fringe acquisition iterations across a first side

of the wafer;

a first detector for acquiring multiple ringe patterns for the first side of the
wafer, each fringe pattern reflected from the first side of the wafer during a

corresponding fringe acquisition eration of the first side of the wafer;

a computer system operable for computing muiltiple slope maps for the
first side of the wafer, each slope map for the first side of the wafer computed
based on a corresponding fringe paltern for the first side of the wafer;

wherein the computer system i further operable for integrating the
muitiple slope maps for the first side of the wafer o construct a height map for
the first side of the wafer;

a second mirror for reflecting the fringe acquisition iterations across a

second side of the wafer;

a second detector for acquiring multiple fringe patterns for the second side
of the wafer, each fringe pattern reflected from the second side of the wafer
during a corresponding fringe acquisition iteration of the second side of the
wafer;

wherein the computer system i further operable for computing muttiple
siope maps for the second side of the wafer, each slope map for the second side

of the wafer computed based on a corresponding fringe pattern for the second

side of the wafer;
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wherein the computer system is further operable for integrating the
muitiple slope maps for the second side of the wafer fo construct a height map

for the second side of the wafer; and

wherein the computer system is fuither operable Jor creating a thickness
variation map for the wafer from the height maps for the first and second sides of

the wafer.

10. The dual-sided Moiré water analysis system of claim 8, wherein the
computer system is further operable for computing each slope maps by phase
shifting a corresponding fringe pattem.

11. The dual-sided Moiré water analysis system of claim 9, wherein
corresponding Moiré patterns are projected across the first and second sides of

the wafer simultaneousiy.

12.  The dual-sided Moiré water analysis system of claim 9, wherein the
computer system is further operable for computing surface nanolopography,

flatness, and edge map for the wafer.

13. The dual-sided Moiré water analysis system of claim 8, wherein the
computer system is further operable for detecting a defect in the wafer from one
or more of the first side height map, the second side height map, and the

thickness variation map for the wafer.

14. The dual-sided Moiré water analysis system of claim 13, wherein the
defect comprises an adhesion defect.
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15. The dual-sided Moire water analysis system of claim 13, wherein the

defact comprises a slip line defect.

16. The dual-sided Moiré water analysis system of claim 13, wherein the
defect comprises a edge defect.
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17. A method for detecting defects in a waler, comprising the steps of;

projecting a Moiré pattern across a first side of the wafer in multiple fringe
acquisition  Herations, wherein each fninge acquisiton ileration comprises
projecting the Moiré pattern across the first side of the wafer at a different angle
with respect o the first side of the wafer;

acquiring mutltiple fringe patterns for the first side of the wafer, each fringe
pattern reflected from the first side of the wafer during a corresponding fringe
acquisition iteration of the first side of the wafer;

computing multiple slope maps for the first side of the wafer, each slope
map for the first side of the wafer computed based on a corresponding fringe

pattern for the first side of the wafer;

ntegrating the multiple slope maps for the first side of the wafer {o
construct a height map for the first side of the wafer;

projecting a Moiré pattern across a second side of the wafer in muitiple
fringe acquisttion iterations, wherein each fringe acquisition iteration comprises
projecting the Moiré pattern across the second side of the wafer at a different

angle with respect to the second side of the wafer;

acquiring mulliple fringe patterns for the second side of the wafer, each
fringe pattern reflected from the second side of the wafer during a corresponding

fringe acquisition iteration of the second side of the wafer;

computing multiple slope maps for the second side of the wafer, gach
siope map for the second side of the wafer computed based on a corresponding

fringe patiern for the second side of the wafer;

ntegrating the multiple slope maps for the second side of the wafer {0

construct a height map for the second side of the wafer;

computing first and second side surface height maps, surface

nanotopography, flatness and thickness variation of the wafer; and
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computing a thickness variation map for the wafer from the first and

second side surface height maps.

18. The method of claim 17, further comprising the steps of:

reflecting the Moiré pattern with a first mirror from a screen onto the first

side of the wafer; and

reflecting the Moiré pattern with a second mirror from the screen onto the
first side of the wafer.

189, The method of claim 17, further comprising the step of determining

surface nanoctopography, flatness, and edge map for the wafer.

20, The method of claim 17, further comprising the step of detecting a
defect in the wafer from one or more of the first side height map, the second side
height map, and the thickness map for the wafer.

21. The method of claim 19, wherein the defect comprises an adhesion

defact.

22. The method of claim 19, wherein the defect comprises a slip line
defect.

23. The method of claim 19, whersin the defect comprises a slip line

defect.
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