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SYSTEMAND METHOD FOR DETECTING CRACKSIN A WAFER

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority under 35 U.S.C. § 119(e) to United

States Provisional Application Number 61/724,776 entitled Method of Detecting

Cracks in Silicon Wafers filed on November 9, 2012, which is hereby incorporated by

reference in the entirety.

FIELD OF THE INVENTION

[0002] The present invention generally relates to crack detection in semiconductor

wafers, and, in particular, to crack detection in wafers disposed on a rotational wafer

stage.

BACKGROUND

[0003] As demand for ever-shrinking semiconductor devices continues to increase, so

too will the demand for improved semiconductor wafer inspection processes and

throughput. One such semiconductor wafer inspection method includes rotation-based

wafer inspection techniques. Rotation-based wafer scanning includes the utilization of

a rotating wafer stage assembly suitable for rapidly spinning a semiconductor wafer

beneath the optics of the inspection tool. Due to the high spinning speeds (upwards of

10,000 RPM), the present of cracks in the wafer may lead to catastrophic wafer

damage, whereby the wafer breaks apart. Wafer damage cause by wafer cracking

leads to a reduction in overall inspection throughput. Typically, wafer cracking

detection is carried out off-line using optical tools such as an inspection microscope.

Off-line optical crack inspection techniques of the prior art are difficult to implement

and negatively impact wafer inspection throughput. As such, it is desirable to provide

an improved wafer crack detection method and system that acts to cure the defects of

the prior art.

SUMMARY OF THE INVENTION



[0004] A system for detecting cracks in a wafer is disclosed. In one aspect, the

system may include, but is not limited to, a rotational wafer stage assembly

configured to secure a wafer and selectively rotate the wafer; a light source positioned

on a first side of a surface of the wafer and configured direct at least a portion of a

light beam through the wafer, wherein the light beam is at least partially transmittable

through the wafer; a sensor positioned on a second side of the wafer opposite the first

side and configured to monitor one or more characteristics of light transmitted

through the wafer as the rotational wafer stage assembly rotates the wafer, wherein

the rotational wafer stage assembly and the light source are configured to cause the

light beam to trace a pattern across the wafer; a controller communicatively coupled

to the sensor and a portion of the rotational wafer stage assembly, the controller

configured to: determine the presence of one or more cracks in the wafer based on the

monitored one or more characteristics of light transmitted through the wafer; and

responsive to the determination of the presence of one or more cracks in the wafer,

direct the rotational stage assembly to adjust the rotational condition of the wafer.

[0005] An inspection tool equipped with crack detection capabilities is disclosed. In

one aspect, the inspection tool may include, but is not limited to, a light source

configured to illuminate an area of a surface of a wafer disposed on a rotational wafer

stage assembly configured to secure a wafer and selectively rotate the wafer; a

detector configured to detect light reflected or scattered from the illuminated area of

the wafer; a crack detection light source positioned on a first side of a surface of the

wafer and configured direct at least a portion of a light beam through the wafer,

wherein the light beam is at least partially transmittable through the wafer; a crack

detection sensor positioned on a second side of the wafer opposite the first side and

configured to monitor one or more characteristics of light transmitted through the

wafer as the rotational wafer stage assembly rotates the wafer, wherein the rotational

wafer stage assembly and the light source are configured to cause the light beam to

trace a pattern across the wafer; a controller communicatively coupled to the sensor

and a portion of the rotational wafer stage assembly, the controller configured to:

determine the presence of one or more cracks in the wafer based on the monitored one

or more characteristics of light transmitted through the wafer; and responsive to the



determination of the presence of one or more cracks in the wafer, direct the rotational

stage assembly to adjust the rotational condition of the wafer.

[0006] A method for detecting cracks in a wafer is disclosed. In one aspect, the

method may include, but is not limited to, generating a light beam at least partially

transmittable through the wafer; selectively rotating a wafer disposed on a rotational

wafer stage assembly in order to trace the light beam across the surface of the wafer;

monitoring one or more characteristics of light transmitted through the wafer;

determining the presence of one or more cracks in the wafer based on the monitored

one or more characteristics of light transmitted through the wafer; and responsive to

the determination of the presence of one or more cracks in the wafer, directing the

rotational stage assembly to adjust the rotational condition of the wafer.

[0007] A system for monitoring centering of wafer on a rotational wafer stage is

disclosed. In one aspect, the system may include, but is not limited to, a rotational

wafer stage assembly configured to secure a wafer and selectively rotate the wafer; a

light source positioned on a first side of a surface of the wafer and configured direct at

least a portion of a light beam through the wafer, wherein the light beam is at least

partially transmittable through the wafer; a sensor positioned on a second side of the

wafer opposite the first side and configured to monitor an edge bevel location of the

wafer based on one or more characteristics of light transmitted through the wafer as

the rotational wafer stage assembly rotates the wafer, wherein the rotational wafer

stage and the light source are configured to cause the light beam to trace a pattern

across the wafer proximate to the bevel of the wafer; a controller communicatively

coupled to the sensor and a portion of the rotational wafer stage assembly, the

controller configured to: determine a centering condition of the wafer based on the

monitored one or more characteristics of light transmitted through the wafer; and

responsive to the determination an off-center condition, direct the rotational stage

assembly to adjust the rotational condition of the wafer.

[0008] A system for monitoring wafer slippage on a rotational wafer stage is

disclosed. In one aspect, the system may include, but is not limited to, a rotational

wafer stage assembly configured to secure a wafer and selectively rotate the wafer; a

light source positioned on a first side of a surface of the wafer and configured direct at

least a portion of a light beam through the wafer, wherein the light beam is at least



partially transmittable through the wafer; a sensor positioned on a second side of the

wafer opposite the first side and configured to monitor changes in at least one of a

wafer notch location and a spindle axis location as the rotational wafer stage assembly

rotates the wafer; a controller communicatively coupled to the sensor and a portion of

the rotational wafer stage assembly, the controller configured to: determine a slippage

condition of the wafer based on the monitored changes in at least one of the wafer

notch location and the spindle axis location; and responsive to the determination of a

slippage condition exceeding a selected slippage threshold, direct the rotational stage

assembly to adjust the rotational condition of the wafer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The numerous advantages of the disclosure may be better understood by those

skilled in the art by reference to the accompanying figures in which:

FIG. 1A is a block diagram view of a system for detecting cracks in a wafer, in

accordance with one embodiment of the present invention.

FIG. IB is a schematic view of a system for detecting cracks in a wafer, in accordance

with one embodiment of the present invention.

FIG. 1C is a data graph illustrating a reduction in infrared light transmitted through a

wafer as a result of the presence of a wafer crack, in accordance with one

embodiment of the present invention.

FIG. ID is a top view of a circle pattern of a light beam traced on a rotating wafer, in

accordance with one embodiment of the present invention.

FIG. IE is a top view of a spiral pattern of a light beam traced on a rotating wafer, in

accordance with one embodiment of the present invention.

FIG. 2 is a block diagram view of an inspection tool equipped with crack detection

capabilities, in accordance with one embodiment of the present invention.



FIG. 3 is a block diagram view of an inspection tool equipped with crack detection

capabilities, in accordance with one embodiment of the present invention.

FIG. 4 is a flow diagram illustrating a method for detecting cracks in a wafer, in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0005] It is to be understood that both the foregoing general description and the

following detailed description are exemplary and explanatory only and are not

necessarily restrictive of the invention as claimed. The accompanying drawings,

which are incorporated in and constitute a part of the specification, illustrate

embodiments of the invention and together with the general description, serve to

explain the principles of the invention. Reference will now be made in detail to the

subject matter disclosed, which is illustrated in the accompanying drawings.

[0006] Referring generally to FIGS. 1A through 3, a system for wafer crack detection

is described, in accordance with the present invention. It is noted herein that the

existence of cracks in semiconductor wafers may lead to significant damage to the

wafers when placed in a rotating environment, such as rotation-based inspection. As

such, the detection of wafer cracks prior to rotation-based inspection scanning (e.g.,

SURFSCAN system by KLA-TENCOR) may aid in mitigating damage to wafers as

well as improving inspection throughput. The present invention, in part, is directed to

a system and method for detecting cracks in semiconductor wafers. Specifically, in

some embodiments, the present invention acts monitor the variability of infrared light

transmitted through a spinning wafer. It is noted that analysis of this measured

variability may allow a user or system to identify wafer cracks prior to or during

wafer inspection scanning.

[0007] FIGS. 1A and IB illustrate simplified schematic views of a system for wafer

crack detection 100, in accordance with one embodiment of the present invention. In

one embodiment, the wafer detection system 100 includes a rotational wafer stage

assembly 101 configured to secure a wafer 102 (e.g., silicon wafer) and selectively



rotate the wafer 102. In one embodiment, the rotational wafer stage assembly 101

includes a wafer chuck 104 for securing the wafer 102. It is noted herein that any

wafer chuck known in the art is suitable for implementation in the present invention.

For example, the wafer chuck 104 may include, but is not limited to, a vacuum chuck.

In another embodiment, the rotational wafer stage assembly 101 includes a wafer

spindle configured to selectively rotate the wafer 102. For example, the wafer spindle

106 may rotate the wafer 102 at a selected rotational speed about an axis

perpendicular to the surface of the wafer 102. As discussed further herein, the spindle

106 may selectively rotate (or stop rotation) of the wafer 102 in response to an

associated controller or control system.

[0008] In another embodiment, the wafer crack detection system 100 includes a light

source 108 configured to generate a light beam 110 of a selected wavelength or

wavelength range. In another embodiment, the light source 108 is positioned on a

first side of the wafer 102. In one embodiment, the light source 108 is configured to

direct the light beam 110 onto the surface of the wafer 102. In this regard, the light

source 108 may be arranged above the top surface of the wafer 102 and suitable for

directing the light beam 110 toward the top surface of the wafer 102, as shown in FIG.

1A. In another embodiment, the light source 108 is suitable for generating a light

beam at least partially transmittable by the wafer 102. In this regard, the wafer 102 is

at least partially transparent to the radiation generated by the light source 108. It is

noted herein that silicon is commonly transparent to infrared light. For example, a

wafer 102 formed from silicon may be transparent to 1550 nm light. In another

embodiment, the light source 108 may include any light source known in the art

suitable for transmitting a light beam through a wafer or substrate. It is noted herein

that bare silicon wafers are known to readily transmit light in the spectral range of

approximately 1-9 µ η. In one embodiment, the light source may include any

narrowband light source known in the art. For instance, the light source may include,

but is not limited to, a laser. Further, the light source may include a laser capable of

generating a light beam that is transmittable by the given wafer 102. In the case, for

example, of a silicon wafer, the light source 108 may include, but is not limited to, an

infrared laser (IR), such as a 1550 nm laser. By way of another example, the light

source may include a broad band source. For instance, the light source 108 may

include a well collimated and filtered broadband source.



[0009] In another embodiment, the wafer crack detection system 100 includes a

sensor configured to monitor one or more characteristics of light transmitted through

the wafer. In this regard, as the spindle 106 of the rotational stage assembly 101

rotates the wafer 102, the sensor 112 may monitor one or more characteristics of light

transmitted from the light source 108 and through the wafer 102. For example, the

sensor 112 may monitor the intensity of light transmitted through the wafer 102 as the

wafer 102 is rotated through a given angle (e.g., partial rotation, full rotation, or

multiple rotations).

[0010] For example, the sensor 112 may be positioned on a second side of the wafer

102 opposite to the first side (i.e., light source side) of the wafer. For instance, the

sensor 112 may be positioned on the bottom side of the wafer 102, while the light

source 108 is position on the top side of the wafer 102.

[0011] The sensor 112 of system 100 may include any light sensing detection device

known in the art capable of sensing light generated by the light source 108, such as IR

light, and variability in the light caused by rotating cracks of a wafer. For example,

the sensor 112 may include, but is not limited to, one or more photodiodes. By way

of another example, the sensor 112 may include, but is not limited to, one or more

CCD detectors. By way of another example, the sensor 112 may include, but is not

limited to, one or more CMOS detectors.

[0012] It is further recognized herein that the system 100 may include any number of

additional optic elements to carry out the described embodiments. For example, the

system 100 may further include focusing lenses to focus light from the light source

108 and one or more collimators to collimate light along the pathway between the

light source 108 and sensor 112. In one embodiment, the wafer 102 is position at least

proximate to the focus of the light beam 110. In this regard, one or more focusing

lenses may be utilized to focus light emanating from the light source 108 at a position

at or near the wafer plane of the wafer 102.

[0013] As shown in FIG. IB, the light beam 110 may trace a pattern 105 across the

surface of the wafer 102. In one embodiment, the light source 108 and the rotational

wafer stage assembly 101 are configured to cause the light beam 110 to trace a



selected pattern across the surface of the wafer 102. In this regard, the position and

motion of the light source 108 relative to the wafer 102, which is actuated by the

underlying rotational wafer stage assembly 101, may act to define the traced pattern

105. In another embodiment, as shown in FIG. IB, the pattern 105 of the light beam

110 may be traced proximate to the wafer edge 103, as discussed in greater detail

further herein.

[0014] It is noted herein that a crack or other aberration in the wafer 102 may cause a

reduction in the transmitted light intensity detected by the sensor 112 as the light

beam is swept across the surface of the wafer 102. As such, the sensor 112 may serve

to detect cracks in the wafer 102 by monitoring transmission intensity of the light 110

from the light source 108. For example, a drop in intensity of the transmitted light

may indicate the presence of a crack (see FIG. 1C). It is noted herein that not every

reduction in intensity as measured by the sensor 112 necessarily corresponds to a

wafer crack. As such, a procedure is required to eliminate the frequency of false

positive detected by system 100.

[0015] Referring again to FIG. 1A, the wafer crack detection system 100 includes a

controller 111, in accordance with one embodiment of the present invention. In one

embodiment, the controller 111 is communicatively couple to the sensor 112 and one

or more portions of the rotational wafer stage assembly 101. For example, the

controller 111 may be communicatively coupled to sensor 112 and the spindle 106 of

the rotational wafer stage assembly 101. It is noted herein that the controller 111

may be place in communication with the sensor 112 and/or a portion of the rotational

wafer stage assembly 101 in any manner known in the art. For example, the

controller 111 may be placed in communication with the sensor 112 and/or a partition

of the rotational wafer stage assembly 101 via a wireline data coupling (e.g., copper

wire, optical fiber, network coupling and the like) or a wireless data coupling (e.g.,

RF signal).

[0016] In one embodiment, the controller 111 is configured to receive the one or more

monitored light characteristics from the sensor 112. For example, the controller 111

may receive one or more signals indicative of the measured transmitted light signal



from the sensor 112. In this regard, the sensor 112 may transmit the measured

transmitted light intensity as a function of time any other parameter (e.g., rotational

position or spatial position on wafer).

[0017] In one embodiment, the controller 111 includes one or more processors (not

shown) and a non-transitory storage medium (i.e., memory medium). In this regard,

the storage medium of the controller 111 (or any other storage medium) contains

program instructions configured to cause the one or more processors of controller 111

to carry out any of the various steps described through the present disclosure.

[0018] For the purposes of the present disclosure the term "processor" may be

broadly defined to encompass any processor or logic element(s) having processing

capabilities, which execute instructions from a memory medium. In this sense, the one

or more processors of controller 111 may include any microprocessor-type device

configured to execute software algorithms and/or instructions. In one embodiment, the

one or more processors may consist of a desktop computer or other computer system

(e.g., networked computer) configured to execute a program configured to execute the

computational/data processing steps described throughout the present disclosure. It

should be recognized that the steps described throughout the present disclosure may

be carried out by a single computer system, multiple computer systems, or a multi-

core processor. Moreover, different subsystems of the system 100, such as a display

device or a user interface device (not shown), may include a processor or logic

elements suitable for carrying out at least a portion of the steps described above.

Therefore, the above description should not be interpreted as a limitation on the

present invention but rather merely an illustration.

[0019] In one embodiment, the one or more processors of controller 111 are

configured to determine the presence of one or more cracks in the wafer based on the

monitored one or more characteristics of light transmitted through the wafer. It is

noted herein that the controller 111 may be programmed in order to reduce the

number of fall positives detected by the system 100. For example, in some instances,

scratches on the wafer surface may lead to a false detection event. As such, the

controller 111 may be programmed to differentiate between wafer cracks and other

wafer aberration, such as wafer scratches.



[0020] In another embodiment, the one or more processors of controller 111 are

configured to compare the monitored one or more characteristics of the light beam

110 to a selected threshold level. For example, the selected threshold level may be

selected by a user based on trial and error efforts. By way of another example, the

selected threshold level may be selected by the controller 111 based on a statistical

aggregation of known responses over a selected time period or operation settings.

Further, the selected threshold may be applied to any of the monitored characteristics

of the light transmitted through the wafer 102. For instance, the threshold may

include a light intensity threshold, a duration of a change time threshold and the like,

time integrated drop in intensity threshold and the like.

[0021] FIG. 1C depicts a graph 107 representative of a transmitted light signal

intensity 109 monitored by the sensor 111 as a function of time, in accordance with

one embodiment of the present invention. It is noted herein that the sensor 111 may

detect a reduction in the transmitted light intensity over a given time span. For

example, the crack 114 depicted in FIG. IB may manifest itself in the transmitted

light intensity data 109 as two drops intensity, which correspond to the two portions

of crack 114 traversed by the light beam 110 as the wafer 102 is rotated.

[0022] In another embodiment, in response to the determination of the presence of

one or more cracks in the wafer 102, the one or more processors of controller 111 are

configured to direct the rotational stage assembly 101 to adjust the rotational

condition of the wafer 102. As previously noted herein, the system 100 may act to

mitigate damage caused by the rotation of a cracked wafer by adjusting some

rotational condition of the wafer 102.

[0023] In one embodiment, the adjustment of the rotational condition may include

stopping the rotation of the wafer 102. For example, upon determination of a

presence of one or more cracks in the wafer 102, the one or more processors of

controller 111 may direct the spindle 106 of the rotational wafer stage assembly 101

to execute a breaking process until a full stop of the wafer rotation is achieved.

[0024] In another embodiment, the adjustment of the rotational condition may include

a reduction in speed of the rotation of the wafer 102. For example, upon

determination of a presence of one or more cracks in the wafer 102, the one or more



processors of controller 111 may direct the spindle 106 of the rotational wafer stage

assembly 101 to execute a breaking process until the rotational speed of the wafer 102

is reduced to a desired level.

[0025] It is further recognized that in some instances the controller 111 may direct the

rotation wafer stage assembly 101 to increase the rotational speed of the wafer 102. In

one embodiment, a wafer crack detection process, as described throughout the present

disclosure, may be execute prior to an inspection process. In this regard, the wafer

may undergo a wafer crack detection procedure at relatively slow rotational speeds in

order to reduce the likelihood of wafer damage resulting from the rotation of a

cracked wafer 102. Further, once the wafer 102 passes the wafer crack detection

process, the one or more processors of controller 111 (or an independent controller of

an associated inspection tool) may direct the spindle 106 of the stage assembly 101 to

ramp the rotational speed of the wafer 102 up to a selected inspection tool

requirement.

[0026] FIG. ID illustrates a top view of a one-dimensional light beam pattern 105

transmitted through wafer 102, in accordance with one embodiment of the present

invention. In one embodiment, the scanning of the light beam 110 across the wafer

105 may include a one-dimensional fixed-radius scan. For example, the scanning of

the light beam 110 across the wafer 105 may include a one-dimensional fixed-radius

scan at any selected radius (relative to the wafer center). It is noted herein that many,

if not most, wafer cracks originate from the edge 103 of a given wafer. As such, it

may be particularly beneficial to monitor the edge region of a wafer 102 utilizing the

system 100 of the present invention. In one embodiment, the scanning of the light

beam 110 across the wafer 105 may include a one-dimensional fixed-radius scan at

wafer position proximate to the edge 103 of the wafer. For example, the light source

is configured to direct a light beam onto the wafer 102 at a location between a laser

scribe line of the wafer 102 and the bevel of the wafer 102 such that the light beam

substantially traces a circle pattern over the surface of the wafer 102 bounded by the

laser scribe of the wafer and the bevel of the wafer 102.

[0027] FIG. IE illustrates a top view of a two-dimensional light beam pattern 105

transmitted through wafer 102, in accordance with one embodiment of the present



invention. In one embodiment, the scanning of the light beam 110 across the wafer

105 may include a two-dimensional variable radius/variable angle scan. For example,

the scanning of the light beam 110 across the wafer 105 may include a two-

dimensional that forms any scanning pattern known in the art.

[0028] For instance, as shown in FIG. IE, the two-dimensional scanning pattern 116

may include a spiral pattern. It is noted herein that the two-dimensional scanning

pattern 116 may be accomplished utilizing the rotational motion of the wafer 102

carried out by the spindle 106 the rotational wafer stage assembly 101 and an

additional linear translation component. For example, the wafer stage assembly 101

may be equipped with a linear translation stage (not shown), which allows for linear

translation of wafer 102 in addition to the rotational motion described throughout the

present disclosure. In this regard, the linear motion of the wafer stage may translate

the wafer 102 along a selected linear direction (e.g., along a radial line of wafer 102),

which when coupled with the rotational motion of the wafer 102 imparted by the

spindle 106, generates a spiral pattern 116, as shown in FIG. ID.

[0029] By way of another example, the light source 108 and/or sensor lllmay be

disposed on an actuatable stage. For instance, the light source 108 and/or sensor

11lmay be disposed on a linear translation stage (not shown). In this regard, the linear

stage may translate the light source 108 and/or sensor 111 along a selected linear

direction (e.g., along a radial line of wafer 102), which when coupled with the

rotational motion of the wafer 102 imparted by the spindle 106, generates a spiral

pattern 116, as shown in FIG. ID.

[0030] While the present disclosure has concentrated on an implementation setting in

which the wafer 102 is transparent to the light beam 110 of light source 108, it is

contemplated herein that the present invention may be extended to settings where this

condition is not application. For example, in select wafer doping scenarios, a silicon

wafer may become opaque to a light beam of the illumination. In particular, in certain

doping settings, a doped silicon wafer may be substantially opaque to infrared light,

such as 1550 nm light. In such settings, it is recognized herein that a forward

scattering detection method may be implemented. In this regard, increased scattering

caused by a crack in the wafer 102 may be detected by sensor 112. It is further noted

that scattering in this case be coupled with changes in polarization of the scatter light.



As such, the present disclosure contemplates the implementation of polarizers in the

light beam 110 pathway to enhance the ability to detect increases in forward scatter

light caused by the presence of wafer cracks. In addition, a beam stop may be

implemented on the light beam 110 in order to reduce the amount of non- forward

scattered light detected by sensor 112. In this regard, the beam stop may enhance the

ability of the sensor 112 to monitor light forwardly scattered by a wafer crack in

wafer 102.

[0031] FIGS. 2 and 3 illustrate simplified schematic views of a wafer inspection tool

equipped with the crack detection system capabilities described previously herein, in

accordance with embodiments of the present invention. In one embodiment, the wafer

crack detection system 100 may be implemented within the context of any inspection

tool known in the art, such as, but not limited to, the wafer inspection tools 200 and

300 described herein. In one embodiment, the wafer crack detection procedure

described in the present disclosure may be implement prior to wafer inspection. In

this example, a wafer 102 may be first examined by the wafer crack detection system

100. Upon passing the wafer crack detection procedure, the wafer 102 may then

undergo an inspection process carried out by inspection tool 200, 300 or the like. In

one embodiment, the inspection tools 200, 300 are integrated with the wafer crack

detection system 100, whereby the crack detection procedure is carried out on a wafer

disposed on a rotational stage of the inspection tool 200, 300.

[0032] In another embodiment, the wafer crack detection procedure may be carried

out on a separate stage from the inspection scanning stage. In this context, the wafer

crack detection system 100 may serve as a wafer sort step to eliminate wafers

including cracks. Upon completion of the wafer detection procedure, the measured

wafer may be transferred to the wafer inspection tool stage.

[0033] In another embodiment, the wafer crack detection procedure described

throughout the present disclosure may be carried out during the inspection scanning

process. In this regard, the light source 108 and sensor 112 may be disposed on an

actuation stage or stages, allowing the light source 108 and sensor 112 to track the

motion of the wafer stage of the inspection tool 200, 300. As such, the wafer



detection system 100 may periodically or continually monitor a wafer 102 while it

undergoes an inspection process carried out by an inspection tool 200, 300.

[0034] In a general sense, the wafer inspection tools 200 and 300 of the present

disclosure may include the wafer crack detection system 100 previously described

herein, at least one light source 204 (e.g., a laser) configured to illuminate an area on

the surface of the wafer 102, and a detector, or camera 206, such as a CCD or TDI

based detector, or a photomultiplier detector, suitable for detecting light reflected or

scattered from the area illuminated by the light source. In addition, the inspection

tools 200 and 300 may include a set of optical elements (e.g., illumination optics,

collection optics, and the like) configured for directing (and focusing) illumination

from the light source 204 onto the surface of the wafer 102 and, in turn, directing

illumination from the surface of the wafer 102 to the imaging portion of the detector

206 of the inspection tools 200/300. For instance, the set of optical elements may

include, but is not limited to, a primary imaging lens suitable for imaging the

illuminated area on the semiconductor wafer onto a collection region of the detector.

Further, the imaging detector 206 may be communicatively coupled to an image

processing computer (not shown) which may identify and store imagery data acquired

from the detector 206.

[0035] The inspection tools 200/300 of the present invention may be configured as

any inspection system known in the art. For example, as shown in FIG. 2, the

inspection tool 200 of the present invention may be configured as a bright field (BF)

inspection system. Alternatively, as shown in FIG. 3, the inspection tool 300 may be

configured as a dark field (DF) inspection tool. Applicant notes that the optical

configurations depicted in FIGS. 2 and 3 are provided merely for illustrative purposes

and should not be interpreted as limiting. In a general sense, the inspection tool

200/300 of the present invention may include any set of imaging and optical elements

suitable for imaging the surface of the wafer 102. Examples of currently available

wafer inspection tools are described in detail in U.S. Pat. No. 7,092,082, U.S. Pat. No.

6,702,302, U.S. Pat. No. 6,621,570 and U.S. Pat. No. 5,805,278, which are each

herein incorporated by reference in the entirety.

[0036] While the present disclosure has focused on detection of wafer cracks using

the light source 108 and light sensor 112 of system 100, it is further contemplated



herein that the system 100 of the present disclosure may be extended to additional

detection paradigms. For example, in one embodiment, the present invention may

include a system and method for monitoring centering of wafer 102 on a rotational

wafer stage 101. In one embodiment, the rotational wafer stage assembly 101 is

configured to secure the wafer 102 and selectively rotate the wafer 102. In another

embodiment, the light source 108 is positioned on a first side of a surface of the wafer

and configured to direct the light beam 110 being at least partially transmittable to the

wafer through the wafer 102. In another embodiment, the sensor 112 is positioned on

a second side of the wafer 102 opposite the first side and configured to monitor an

edge bevel location of the wafer 102 based on one or more characteristics of light

transmitted through the wafer as the rotational wafer stage assembly rotates the wafer.

Further, the rotational wafer stage 101 and the light source 108 are configured to

cause the light beam 110 to trace a pattern 105 across the wafer proximate to the bevel

of the wafer 102. In another embodiment, a controller is communicatively coupled to

the sensor 112 and a portion of the rotational wafer stage assembly 101. In a further

embodiment, the controller is configured to: (i) determine a centering condition of the

wafer based on the monitored one or more characteristics of light transmitted through

the wafer; and (ii) in response to the determination an off-center condition, direct the

rotational stage assembly to adjust the rotational condition of the wafer.

[0037] It is noted herein that the various examples and embodiment related to the

architecture and data processing steps of the wafer crack detection system 100 should

be interpreted to extend to the above wafer slippage monitoring embodiment.

[0038] In another example, in one embodiment, the present invention may include a

system and method for monitoring wafer slippage on a rotational wafer stage. In one

embodiment, a rotational wafer stage assembly 101 is configured to secure a wafer

and selectively rotate the wafer. In another embodiment, the light source 108 is

positioned on a first side of a surface of the wafer and configured direct at least a

portion of a light beam through the wafer 102, wherein the light beam is at least

partially transmittable through the wafer. In another embodiment, the sensor 112 is

positioned on a second side of the wafer 102 opposite the first side and configured to

monitor changes in at least one of a wafer notch location and a spindle axis location as

the rotational wafer stage assembly 101 rotates the wafer. In another embodiment, a



controller is communicatively coupled to the sensor and a portion of the rotational

wafer stage assembly. In another embodiment, the controller is configured to: (i)

determine a slippage condition of the wafer based on the monitored changes in at least

one of the wafer notch location and the spindle axis location; and (ii) in response to

the determination of a slippage condition exceeding a selected slippage threshold,

direct the rotational stage assembly to adjust the rotational condition of the wafer.

[0039] It is noted herein that the various examples and embodiment related to the

architecture and data processing steps of the wafer crack detection system 100 should

be interpreted to extend to the above wafer slippage monitoring embodiment.

[0040] FIG. 4 illustrates a process flow diagram depicting a method for detecting

cracks in a wafer, in accordance with one embodiment of the present invention. It is

noted herein that the method 400 may be carried out utilizing any of the architectural

embodiments described throughout the present disclosure. It is further noted,

however, that the method 400 is not limited to the embodiments of system 100

described previously herein and may be executed by various similar or analogous

systems. In a first step 402, a light beam that is at least partially transmittable through

a wafer 102 is generated. For example, an infrared laser may generate a light beam

having a wavelength of 1550 nm, which is generally transmittable through a bare

silicon wafer. In a second step 404, a wafer disposed on a rotational wafer stage

assembly 101 is selectively rotated by the assembly 101 in order to trace the light

beam 110 across the surface of the wafer. For example, the relative motion between

the light source 108 and the wafer 102 may cause the light beam 110 to trace a

selected pattern 105 (e.g., variable angle/fixed radius or variable angle/variable

radius) across the wafer 102. In a third step 406, one or more characteristics of light

transmitted through the wafer 102 are monitored using sensor 112. For example, the

sensor 111 may monitor the intensity of light transmitted through the wafer 102 as the

beam 110 is swept across the wafer 102. In a fourth step 408, the presence of one or

more cracks in the wafer is determined by controller 111 based on the monitored one

or more characteristics of light transmitted through the wafer. In a fifth step 410, in

response to the determination of the presence of one or more cracks in the wafer, the

controller 111 directs the rotational stage assembly to adjust the rotational condition

of the wafer. For example, in response to a detected feature exceeding a predefined



threshold, the controller 111 directs the rotational stage assembly to initiate a braking

procedure on the wafer 102 in order to stop the rotational motion of the wafer 102.

[0009] Those skilled in the art will recognize that it is common within the art to

describe devices and/or processes in the fashion set forth herein, and thereafter use

engineering practices to integrate such described devices and/or processes into data

processing systems. That is, at least a portion of the devices and/or 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; control motors for moving and/or adjusting components and/or

quantities). A typical data processing system may be implemented utilizing any

suitable commercially available components, such as those typically found in data

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

[0010] While particular aspects of the present subject matter described herein have

been shown and described, it will be apparent to 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

appended 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.

[0011] 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 limited only by the

claims appended hereto. It is believed that the present disclosure and many of its

attendant advantages will be understood 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 its material advantages. The form described is merely explanatory,

and it is the intention of the following claims to encompass and include such changes.



What is claimed is:

1. A system for detecting cracks in a wafer comprising:

a rotational wafer stage assembly configured to secure a wafer and selectively

rotate the wafer;

a light source positioned on a first side of a surface of the wafer and

configured direct at least a portion of a light beam through the wafer, wherein the

light beam is at least partially transmittable through the wafer;

a sensor positioned on a second side of the wafer opposite the first side and

configured to monitor one or more characteristics of light transmitted through the

wafer as the rotational wafer stage assembly rotates the wafer, wherein the rotational

wafer stage assembly and the light source are configured to cause the light beam to

trace a pattern across the wafer;

a controller communicatively coupled to the sensor and a portion of the

rotational wafer stage assembly, the controller configured to:

determine the presence of one or more cracks in the wafer

based on the monitored one or more characteristics of light transmitted

through the wafer; and

responsive to the determination of the presence of one or more

cracks in the wafer, direct the rotational stage assembly to adjust the

rotational condition of the wafer.

2. The system of claim 1, wherein the rotational wafer stage assembly includes:

a wafer chuck configured to secure the wafer; and

a spindle configured to selectively rotate the wafer.

3. The system of claim 1, wherein the rotational wafer stage assembly is

configured to rotate the wafer about an axis perpendicular to the wafer surface.

4. The system of claim 1, wherein the rotational wafer stage assembly and the

light source are configured to cause the light beam to trace substantially a circle

pattern over the surface of the wafer.



5. The system of claim 4, wherein the light source is configured to direct a light

beam onto the wafer at a location between the laser scribe line of the wafer and the

bevel of the wafer such that the light beam substantially traces a circle pattern over

the surface of the wafer bounded by the laser scribe of the wafer and the bevel of the

wafer.

6. The system of claim 1, wherein the rotational wafer stage assembly and the

light source are configured to cause the light beam to trace substantially a spiral

pattern over the wafer.

7. The system of claim 6, wherein the light source is disposed on a linear stage,

wherein the combined operation of the rotational wafer stage assembly and the linear

stage of the light source cause the light beam to trace substantially a spiral pattern

over the wafer.

8. The system of claim 6, wherein the light source is fixed, wherein the rotational

wafer stage assembly is configured cause the light beam to trace substantially a spiral

pattern over the wafer.

9. The system of claim 1, wherein the one or more characteristics of the

transmitted light include the intensity of transmitted light.

10. The system of claim 1, wherein the light source comprises:

an infrared laser.

11. The system of claim 1, wherein the light source emits at least 1550 nm light.

12. The system of claim 1, wherein the sensor comprises:

at least one of a photodiode, a CCD detector and a CMOS detector.

13. The system of claim 1, wherein the plane of the wafer is located at least

proximate to the focus of the light beam.



14. The system of claim 1, wherein the control system is further configured to

compare the monitored one or more characteristics of the light beam to a selected

response threshold.

15. The system of claim 1, wherein the control system is further configured to

direct the rotational stage assembly to stop the rotation of the wafer.

16. The system of claim 1, wherein the control system is further configured to

direct the rotational stage assembly to reduce the speed of rotation of the wafer.

17. The system of claim 1, wherein the light source and the sensor are fixed.

18. The system of claim 1, wherein at least one of the light source and the sensor

are disposed on an actuatable stage.



19. An inspection tool equipped with crack detection capabilities comprising:

a light source configured to illuminate an area of a surface of a wafer disposed

on a rotational wafer stage assembly configured to secure a wafer and selectively

rotate the wafer;

a detector configured to detect light reflected or scattered from the illuminated

area of the wafer;

a crack detection light source positioned on a first side of a surface of the

wafer and configured direct at least a portion of a light beam through the wafer,

wherein the light beam is at least partially transmittable through the wafer;

a crack detection sensor positioned on a second side of the wafer opposite the

first side and configured to monitor one or more characteristics of light transmitted

through the wafer as the rotational wafer stage assembly rotates the wafer, wherein

the rotational wafer stage assembly and the light source are configured to cause the

light beam to trace a pattern across the wafer;

a controller communicatively coupled to the sensor and a portion of the

rotational wafer stage assembly, the controller configured to:

determine the presence of one or more cracks in the wafer

based on the monitored one or more characteristics of light transmitted

through the wafer; and

responsive to the determination of the presence of one or more

cracks in the wafer, direct the rotational stage assembly to adjust the

rotational condition of the wafer.

20. The inspection tool of claim 19, wherein the inspection tool is configured as at

least one of a bright-field inspection tool and a dark-field inspection tool.



21. A method for detecting cracks in a wafer comprising:

generating a light beam at least partially transmittable through the wafer;

selectively rotating a wafer disposed on a rotational wafer stage assembly in

order to trace the light beam across the surface of the wafer;

monitoring one or more characteristics of light transmitted through the wafer;

determining the presence of one or more cracks in the wafer based on the

monitored one or more characteristics of light transmitted through the wafer; and

responsive to the determination of the presence of one or more cracks

in the wafer, directing the rotational stage assembly to adjust the rotational

condition of the wafer.



22. A system for monitoring centering of wafer on a rotational wafer stage

comprising:

a rotational wafer stage assembly configured to secure a wafer and selectively

rotate the wafer;

a light source positioned on a first side of a surface of the wafer and

configured direct at least a portion of a light beam through the wafer, wherein the

light beam is at least partially transmittable through the wafer;

a sensor positioned on a second side of the wafer opposite the first side and

configured to monitor an edge bevel location of the wafer based on one or more

characteristics of light transmitted through the wafer as the rotational wafer stage

assembly rotates the wafer, wherein the rotational wafer stage and the light source are

configured to cause the light beam to trace a pattern across the wafer proximate to the

bevel of the wafer;

a controller communicatively coupled to the sensor and a portion of the

rotational wafer stage assembly, the controller configured to:

determine a centering condition of the wafer based on the

monitored one or more characteristics of light transmitted through the

wafer; and

responsive to the determination an off-center condition, direct

the rotational stage assembly to adjust the rotational condition of the

wafer.



23. A system for monitoring wafer slippage on a rotational wafer stage

comprising:

a rotational wafer stage assembly configured to secure a wafer and selectively

rotate the wafer;

a light source positioned on a first side of a surface of the wafer and

configured direct at least a portion of a light beam through the wafer, wherein the

light beam is at least partially transmittable through the wafer;

a sensor positioned on a second side of the wafer opposite the first side and

configured to monitor changes in at least one of a wafer notch location and a spindle

axis location as the rotational wafer stage assembly rotates the wafer;

a controller communicatively coupled to the sensor and a portion of the

rotational wafer stage assembly, the controller configured to:

determine a slippage condition of the wafer based on the

monitored changes in at least one of the wafer notch location and the

spindle axis location; and

responsive to the determination of a slippage condition

exceeding a selected slippage threshold, direct the rotational stage

assembly to adjust the rotational condition of the wafer.
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