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& (57) Abstract: An arrangement for quantifying a wafer bow. The arrangement is positioned within a plasma processing system is

provided. The arrangement includes a support mechanism for holding a wafer. The arrangement also includes a first set of sensors,
which is configured to collect a first set of measurement data for a plurality of data points on the wafer. The first set of measurement

O data indicates a minimum gap between the first set of sensors and the wafer. The first set of sensors is positioned in a first location,

=

which is outside of a set of process modules of the plasma processing system.
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WAFER BOW METROLOGY ARRANGEMENTS AND METHODS
THEREOF
BACKGROUND OF THE INVENTHON

{0001} Advances in plasma processing have facilitated growth i the semiconductor industry,
Usually, a plurality of senuconductor devices may be created from dies cut from a single
processed wafer {Z.e., substrate). Since most recipes for processing the wafer asswume that the
wafer is planar, a non-planar wafer {e.g., a waler with a bow) may cause variations that may
result in defective semiconductor devices being created.
[6002] In an deal sitvation, a wafer is perfectly planar. However, most wafers tend to have a
slight bow and/or bump, thereby causing the wafer to be non-planar. The non-planarity of
the wafer may be due 1o the original shape of the wafer and/or may be a result of the stress
{e.g.. mechanical stress) to the film that may have been deposited onto the wafer during one
or more deposition steps. In some istances, if the wafer 18 too non-planar, the wafer may be
considered unusable and may be discarded.
j0003] Duning certain processing steps, such as etching, knowing the configuration of the
wafer may be important to accurately determine the amount of etching and to prevent the
electrode within the processing chamber from accidentally touching the wafer, thereby
causing damage to the wafer and/or damage to the electrode. This s especially true for
processing chamber that may be sensitive to wafer bow. In an example, a bevel etcher may
be especially sensitive to wafer bow since the upper electrode may come within very close
proximity to the wafer in order to etch along the edge (e.g., bevel) of the wafer,
[0004] In a bevel etcher, the gap between an upper electrode and a water moay be about 0.35
millimeters. However, the water bow may be as big as 0.25 milbmeters, Thuos, if the wafer
bow is not correctly identified, the upper electrode may accidentally touch the water, thereby
causing damages to the wafer and/or the upper electrode. In addition, since the amount of
plasma that may be introduced into the process module may also depend on knowing the
actual gap, not being able to accurately identify the gap may cause variation m the
processing.
{0005} Hence, before etching may be performed on the wafer, measurements may have to be
performed to determine the extent of the wafer bow. However, in-line measurements are
generally not taken during the deposition process. Thus, neasurement data may not be
available 1o be fed into the eiching process in order to determine the extent of the wafer bow.

Instead, stand-alone metrology tools may be employed mn order to deternune the
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measurement of a wafer bow. Howevey, the stand-alone metrology tools are usually
employed for performing characterization measurement. In other words, each water is not
measured to determine the wafer bow for the wafer. Instead, a sample may be taken to
determine the type of wafer bow that may characterize a cluster of wafers. In addition, smce
the stand-alone mewology fools are not in-situ or even m-line, the measurements data are
usually not in a format that enables the data 1o be easily fed forward to another tool, such as a
bevel etcher.

[0006] A method that has been employed to enable in-situ measurements 1s to include a
metrology tool within a process module in order to measure the wafer bow. In an example,
measurements of the water bow may be taken while the wafer is sitting on an electrostatic
chuck within a processing module, while waiting for the etching process to begin. One
method of performing this measurement includes shining a beam of hight across the wafer and
measuring the level of Hight brightuess as the upper electrode of the processing module 1s
lowered to reduce the gap between the upper electrode and the wafer. The lowering of the
upper electrode is stopped when a predetermined amount of hight is no tonger detected. As
this point, the upper electrode is determined to be within close proximity to the wafer but not
yet touching the wafer.

{0007} The purpose of identifying the point at which the upper electrode may be closed to
touching the wafer is to determine the minimal distance between the electrode and the wafer,
thereby identifyving the height of the wafer. Unfortenately, the measurements that are taken
are local to a single point, Thus, the measurements may not be the actual height of the wafer,
(0008} Consider the situation wherein, for example, the gap between an upper electrode and a
water is 0.35 millumeters {as is common i a bevel etcher). Since processing may have to be
performed within 0.1 millimeter of the wafer, being able to comrectly identify the true height
of the wafer may prevent the wafer and/or upper electrode from being damaged. In an
exanple, if the true height of the wafer 15 0.25 millimeters; however, the local measurements
mndicate that the height of the wafer is 0.20 millimeters. Since the processing steps require
0.1 millimeter (in this example) to perform the processing, but the upper electrode is actually
(.05 millimeters from the wafer, the waler may madvertently cause the wafer to be etched wo
deeply, which may cause a bad sermiconductor devices to be created.

[0009] To facilitate discossion, Figs. 1A, 1B, and 1C show examples of configurations of a
non-planar wafer. Fig. 1A shows a wafer 100 with a bowl shape in which an edge 102 may

have a higher height than a center 104, Fig. 1B shows a wafer 110 with a dome shape in
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which an edge 112 has a lower height than a center 114, Fig. 1C shows a wafer 120 with a
wavy shape, like a potate chip, for example, 10 which the height at each point on wafer 120
may vary,
[O018] As can be seen from Figs. 1A, 1B, and 1C, different configurations may exist for a
wafer. Thus, taking measurements at a single point may not be sufficient to determine the
true minimal distance between the electrode and the wafer. Even if more than a single pomnt
of measurement 1s taken, the tendency is to measure toward the center of the wafer.
However, as can be seen from the figures, the true height may vary depending upon the
configuration of the wafer. However, sice the measurements are being performed as part of
the processing steps, there is usually not sufficient time to take g sufficient sample to
determine the true height of the wafer without negatively impacting the total processing time.
{00811} In addition, the prior art method does not provide for identifying the thickness of the
wafer. In other words, some wafer mayv be of substandard quality and therefore may be
thinner than the traditional thickness of about 0.77 millimeters. Since, the thickness ¢an not
be determined with a single point of megsurement, the true gap between the upper electrode
and the wafer may not be accurately determined. As a vesult, vaniation may ocow in
processing that may result in a defective product.

BRIEF SUMMARY OF THE INVENTION
[6012] The mvention relates, in an embodiment, to an arrangement for quantifving a wafer
bow. The arrangement is positioned within a plasma processing system. The arrangement
includes a support mechantsm for holding a wafer. The arrangement also mcludes a first set
of sensors, which is configured to collect a first set of measwement data for a pharality of
data points on the water. The first set of measurement data indicates a minimum gap
between the first set of sensors and the wafer. The first set of sensors is positioned in a first
location, which is ontside of a set of process modules of the plasma processing system.
[0013] The above summary relates to only one of the many embodiments of the mvention
disclosed herein and is not intended to limit the scope of the invention, which is set forth in
the clainis herem. These and other features of the present mnvention will be described in more
detail below in the detailed deseription of the vention and In conjunction with the following

fgures.
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{0014} The present invention 1s illustrated by way of example, and not by way of linutation,
in the figures of the accompanying drawings and in which like reference numerals refer to
sunilar elements and in which:

[OO1S] Figs. 1A, 1B, and 1C show examples of configurations of a non-planar wafer.

[0016] Fig. 2 shows, in an embodiment of the invention, a simple block diagram illustrating
examples of ditferent locations within a plasma processing system {e.g.. bevel etcher} that a
water bow metrology arrangement may be tmplemented.

[0017] Fig. 3A shows, in an embodiment of the invention, a simple block diagram of a wafer
bow metrology arrangement with a single fixed sensor.

[0018] Fig. 3B shows, in an embodiment of the invention, a simple block diagram of a watler
bow metrology arrangement with an array of fixed sensors.

{0019} Fig. 4A shows, in an embodiment of the invention, a simple block diagram of a water
bow metrology arrangement with a moving sensor.

[0028] Fig, 4B shows in an embodiment of the ivention, a stmple block diagram of a water
bow metrology artangement locations with an artay of sensors.

{0021} Fig. SA shows, in an embodiment of the invention, a water bow metrology
arrangement with a fixed sensor and a rotating wafer.

[0022] Fig. 5B shows, i an embodiment of the tnvention, a wafer bow metrology
arrangement with an array of fixed sensors and a water that may be rotating.

[0023} Fig. 6A shows, in an embodimeat of the invention, a sinusoidal curve,

[0024] Fig. 6B shows, in an embodiment of the mnvention, a stnusoidal curve with a
perturbation.

[O025] Fig. 7A shows, in an embodiment of the invention, a wafer bow metrology
arrangement with a rotating sensor and a wafer that is stationary.

[0026] Fig. 7B shows, in an embodiment of the mvention, a wafer bow metrology
arrangement with an array of rotating sensors and a wafer that i3 stationary.

{6027} Fig. 8 shows, in an embodiment of the invention, a simple diagrans of a wafer bow
metrology arrangement i which a wafer i3 rotating while a set of sensors 1s moving.

{0028} Fig. 9 shows, in an embodiment of the invention, a simple flow chart iltustrating a

method for employing a water bow arrangement,
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DETAILED DESCRIPTION OF EMBODIMENTS
{6029 The present invention will now be described in detail with reference to a few
embodiments thereof as tlustrated in the accompanving drawings. In the following
description, numerous specific details are set forth w order to provide a thorough
understanding of the present invention. It will be apparent, however, to one skilled in the art,
that the present invention may be practiced without some or all of these specific details. In
other instances, well known process steps andfor structures have not been described 1o detail
tn order to not unnecessartly obscure the present invention,
{0038 Vartous embodiments are described hereinbelow, including methods and techniques.
it should be kept in mind that the invention might also cover articles of manufacture that
mclodes a computer readable medium on which computer-readable instructions for carrving
out embodiments of the inventive technique are stored. The computer readable medium may
tnchude, for example, semiconductor, magnetic, opto-magnetic, optical, or ather forras of
computer readable medium for storing computer readable code. Further, the invention may
also cover apparatuses for practicing embodimaents of the invention. Such apparatus may
mctade cireaits, dedicated andfor programmable, to carry out tasks pertaining to
embodiments of the invention. Examples of such apparatus include a general-purpose
computer and/or a dedicated computing device when appropriately programmed and may
mclude a combination of a computerfcomputing device and dedicated/programmable cirenits
adapted for the various tasks pertaining to embodiments of the invention.
[0031] Those skilled in the art ave aware that once a wafer is within a processing module, a
plurality of steps may be performed in order to prepare and stabilize the processing module in
order 1o set up the proper condition and enviroament before the actual processing may begin.
Thus, considerable amount of time and resources are dedicated to the preparation of the
processing module to create the right processing environment.
[0032] In the prior art, when a wafer s betng measured, there 15 a possibility that a water
may be identified as being a “bad” wafer if the wafer has a configuration that mav be oo
non-planar. If such a “bad” wafer is identified, the wafer is usually discarded and replaced by
another waler. Unfortunately, by the time a “bad”™ water is identified, a significant amount of
timne and resources may have already been spent prepping the processing module,
{0033} In one aspect of the invention, the inventor herein realizes that additional time and
resources are being unmnecessarily added to total processing time. Instead, if the

measurements are performed outside of the processing module bot within the plasma

A
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processing system, such as within an aligner, for example, the wafer may be measured
without increasing the total processing time. Accordingly, measurements mav be taken for
one wafer while another wafer is being processed.

[0034] In accordance with embodiments of the invention, a wafer bow metrology
arrangement is provided for quantifying a wafer bow. Embodunents of the invention include
one or more locations for implementing the wafer bow metrology arrangement.
Embodiments of the mvention also mclude different configurations for the wafer bow
metrology arrangement.

{0035} In an embodiment of the mvention, a waler bow metrology arrangement may be
mnplemented 1w a location outside of the process module. As aforementioned, the
measurement of the wafer bow mside the process module may cause total processing time to
be mncreased. In the semiconductor industry, reducing processing time in order to increase
throughput provides a company a competitive edge over its competitors. With the wafer bow
metrology arrangement, the wafer bow metrology arrangement may be placed within the
plasma processing systen, allowing for in-line measurements, without adding to the actual
processing time.

[0036] To measure the movements, the wafer bow metrology arrangement mayv mclade
sensors, which may be strategieally placed to capture wafer movements. In an example, the
wafer bow metrology arrangement niay be placed near the entrance into the atmospheric
transfer module (ATM). For example, the water bow metrology arrangement may measure a
wafer as the wafer is being transferred by a robot from a front opening unified pod (FOUP)
tnto the ATM. Similarly, the water bow metrology arrangement may be placed at the
entrance for the other modules, such as the entrance into an aligner, at the entrance into the
airfock modules, at the entrance into the vacoum transfer module (VTM), and the ke, As
can be appreciated from the foregoing, the proximity of the location to the FOUP provides
the beneflt of being able to goickly move the waler i or out of the plasma processing system,
Based on this criterion, the entrance to the ATM has a strategic advantage over the entrance
to the VTM.

[6037] In an embodiment, a wafer bow metrology arrangement may be placed within the
ahigner. Those skilled in the art are aware that the ahigner is configured to center a water
before the water 1s moved into a process module. In order for the aligner to perform its task,
the aligner may at least include an electrosiatic chuck upon which a wafer may be positioned

and a set of sensors for performing in-line metrology. Thus, mcorporating the wafer bow
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metrology arrangement mito the aligner may require minimal modification to the aligner, such
as inserting at least one additional sensor for gathering the necessary measurement data.
j0038] As can be appreciated from the foregoing, a plurality of locations within a plasma
processing system may be available tor placing a wafer bow metrology arrangement. Each
location has the distinct advantage over the prior art arrangement in that performing in-iine
metrology in any of these locations has significantly less impact on total process time. In
other words, additional time has not been added to the total process time in order to enable
measurements to be performed. Also, precious time in prepping the process module is not
lost it a wafer is determined to be “bad” and has to be removed from the process module.
Further, smce measurements are being taken while the wafer is being situated outside of a
process modale, more time may be allotted to the measurement process, thereby enabling
more measurement data to be gathered.

{0039} In an embodiment, a water bow metrology arrangenent is a Hexible arrangement that
atlows for different configurations to accommodate the diverse locations in which the wafer
bow metrology arrangement may be placed. In an emtbodiment, the wafer bow metrology
arrangement may include a set of sensors for performng in-line metrology. The set of
sensors may be configured to take measurements of a wafer as the water is moved through
the plasma processing system. In an embodiment, the set of sensors may include but are not
himited to a set of contact sensors, a set of capacitive sensors, a set of mductive sensors, a set
of laser sensors, a set of ultra sonic sensors, a set of reflective sensors, a set of beam sensors,
and the hke.

{0049} In the prior art, due to time Hmitation and more spatial coustraints in the processing
module, measurements may be taken at one or two points on the wafer. Unlike the prior art,
measurements are taken at a plurality of points, thereby providing a more accurate picture of
the wafer bow. Although one sensor may be sufficient to collect enough measurement data to
determine the bow of a wafer, a water bow metrology arrangement with more sensors may be
able to take more sample measurements, thereby providing & more accurate picture of the
configuration of the wafer. Thus, the number of sensors that may be incladed in the wafer
bow metrology arrangement may be himited only by physical linmtation (e.g., space
allocation} and g manufacture’s discretion hased on the benefit denived from an additional
sensor in comparison to the additional cost.

{0041] Ta the prior art, a wafer bow may be determined; however, the prior ant methed does

not account for the thickness of a wafer. Those skilled in the art are aware that not all wafers
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have the same thickness. By knowing the thickness of the wafer, the recipe may be adjusted
to account for the thickness difference. In an example, a recipe may be designed for etchung
a standard wafer (which is usually about 0.77 millimeters thick}. However, a wafer thickness
mayv deviate from standard. In an example, some waters mav only be about 0.55 millimeters
thick. Thus, the recipe that may be designed to etch a standard wafer may create defective
semyiconductor devices if the recipe 1s not adjusted when the recipe is being applied to a
thinner water.

{0042} In an embodiment, a second set of sensors may be placed opposite of the first set of
sensors {7, one set of sensors 18 located above the wafer and one set of set sensors is placed
below the wafer). The second set of sensors may be configured to collect additional
measurement data at the same locations as the first set of sensors. With the two set of
measurements from the first and second sets of sensors, the thickness of a wafer may be
determined.

[0043] The features and advantages of the present invention may be better understood with
reference to the figares and discussions that follow.

[0044] Tig. 2 shows, in an embodument of the invention, a simple block diagram illustrating
examples of different locations within a plasma processing system {e.g., bevel etcher) that a
wafer bow metrology arrangement may be implemented. A plasma processing system 200
may include a plarality of substrate-holding locations, such as frout opening unified pods
{FOUPs) 202 and 204, 1 which wafers may be placed before being moved nto plasma
processing system 200 for processing.

[0045] Consider the situation wherein, for example, a cluster of wafers has being stacked in
FOUP 204, Traditionally, a robotic arm within an atmospheric transfer module (ATM) 206
may move a waler 218 from FOUP 204 through ATM 206 10 an aligner 220, Once the
aligner has at least centered wafer 218, the robotic arm may move wafer 218 from aligner
220 through ATM 206 to one of the airlock modules {AL 222 and AL 224). The ability of
the atrlock modules to match the environment between ATM 206 and a vacuum transfer
module VTM 208 allows wafer 218 1o move between the two pressurized enviromments
withouot betng damaged. From an aitlock module, such as AL 222 wafer 218 may be moved
into one of the process modules (210, 212, 214, and 216) by a second robotic arm within
VTM 208,

{0046} In the prior arg, the measurements for determining the wafer bow i performed o one

of the process modules. As can be seen from the figure, wafer 218 may be transferred
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through a plurality of modules before arriving at one of the process modules. If wafer 218 is
deemed to be a “bad” water, wafer 218 may have to be transferred back out through all the
other modules. As can be appreciated from the foregoing, the total overall processing time
mayv be unnecessarily ncregsed not only due to the tme required to measure the wafer bow
while wafer 2138 is inside one of the process modules, but also due to the time required to
remove a wafer when the wafer is deemed “bad”,

[6047] In an embodiment of the mvention, a wafer bow metrology arrangement may he
physically placed outside of the process modules, thereby enabling water processing to occur
while measurements are being performed. In other words, parallel processing may occur
with a first wafer being processed within a process moedule while the water bow metrology
arrangement may measure the wafer bow for another wafer. With parallel processing, in-line
metrology may occur without unnecessarily adding to the total overall process time. Also, if
the wafer is deewned “bad”, an inordinate amount of thne has not been wasted since the
measurements are being performed outside of the process module.

[0048] As aforementioned, the possible locations a wafer bow metrology arrangement may
be outside of one of the process modules may vary. In an embodiment, a wafer bow
metrology arrangement may be placed closed to the entrance of ATM 206 (i.¢., at a location
230y, By placing the wafer bow metrology arrangement at location 230, measurements may
be taken as the wafer, such as wafer 218, 1s first heing moved into plasma processing system
200 from FOUP 202 or FOUP 204, Thus, if the measurement data wdentified the water, such
as wafer 218, as being a “bad” water, very little time and resources may have heen wasted
since the wafer s still close to the entrance of plasma processing systent 200

{00491 A water bow metrology arrangement may also be placed closed to the entrance of
atigner 220 (iLe., at a location 232), in an embodiment. Similar to focation 230, location 232
is still closed to the entrance of plasma processing system 200, thereby minimizing the
amount of time and resources that may have been spent processing the water, such as wafer
218 if the wafler is wdemified as “bad™.

[60308] In vet another embodiment, a wafer bow metrology arrangement may be placed inside
aligner 220 (Le., at a location 234). In addition to being closed to the entrance of plasma
processing system 200, location 234 may also provide the benefit of glready having existing
componenis, such as a waler-supported chock and metrology tool, to perform the

measurements, Thas, nunimal modification to aligner 220 may have to happen to enable the



WO 2009/042997 PCT/US2008/078110

measurements of the wafer bow to ocour. Discussion about the wafer bow metrology
arrangement will be provided in upcoming figures.

j0851] Other possible locations for placing a wafer bow metrology arrangement may include
placing the arrangement close to the entrance of the airlock modules (Le., at location 236) or
within VTM 208 (location 238}, The locations that have been mentioned are only examples
of the various different locations that a wafer bow arrangement may be placed. As can be
appreciated from the foregoing, the closer the water how metrology arrangement is placed to
the entrance of plasma processing svstem 200, the amount of time and resources that may be
wasted 1f a waler 18 deemed “bad” may be minimized. Also, the throughput per minute for
processing may be maximized since wafer processing 18 not negatively impacted when g
“bad” wafer 1s identified andior time 15 not needed to be allotted from overall processing time
in order to perform the measurement of the wafer bow.

{0052} As aforementioned, the wafer bow metrology arsangement may be iplemented in
different locations. Since the wafer bow metrology arrangement is implemented outside of
the process modules, move time may be allotted for performing the megsurements of wafer
bow in order to collect better measurement data that may provide a better indication of the
true mininal distance between the upper electrode and the wafer. In an embodiment, a wafer
may be of different configurations in order to accommodate the different locations. The next
few figures will provide examples of configurations that may be implemented. To facilitate
discussion, the next tew figures will be discussed with the wafer bow metrology arrangement
being positioned within aligner 220,

[0053] Fig. 3A shows, in an embodiment of the invention, a simple block diagram of a water
bow metrology arrangement 300 with a single fixed sensor. Consider the situation wherein,
for example, a water 302 is positioned within an aligner on top of an electrostatic chuck 304,
A wafer bow metrology arrangement 300 may include a sensor 306 positioned above wafer
302. In an embodiment, sensor 306 may be a metrology tool capable of deternuning the
distance between two objects, such as the wafer and the sensor. Exaraples of sensor 306 may
mchade, but are not limited to, contact sensor, capacitive sensor, inductive sensor, laser
sensor, ultra sonic sensor, reflective sensor, throagh beam sensor, and the hke. In this
configaration, sensor 306 s stationary while wafer 302 1s betng moved, thereby enabling an
array of points to be measvred. In an embodiment, the wafer is moving in a z direction,
thereby enabling a measurement data to be collected along different points of the same line,

Since a plurality of measurements 1s being taken at different points on the wafer {e.g., 310),

10
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the true muinunal distance from the surface may be dertved from the set of measurements,
mstead of just being a local nunumal for a single point {as tvpical of the prior art).

j0054] In addition, wafer bow metrology arrangement 300 may inchude a second sensor 308
placed beneath water 302, Measurements taken by sensor 308 mayv be taken along the same
line and at the same points as sensor 306. As can be appreciated from the foregoing, second
sensor 308 is not required to take measurements at each point that sensor 306 may have taken
in order to determine the thickness of wafer 302.

[0055] To determiine the thickness of the wafer, measurements taken by the two sensors are
added and the total is subtracted from the actual distance between the two sensors. In an
example, assume that the distance between sensor 306 gnd wafer 302 is 0.38 millimeters and
the distance between sensor 308 and wafer 302 is 0.35 millimeters. Since the distance
between each sensor is known (assume in this example, the distance between sensors 306 and
308 i 1.43 millimeters), the thickness of the wafer may be determined by subtracting the
total distance from the sensor to the wafer for both sensors from the actual distance between
the two sensors. Thus, the thickness of the wafer from this example 15 (1.43 - {0.38+0.35)) =
0.70 millimeters.

{0056} Fig. 3B shows, in an embodiment of the mvention, a stmple block diagram of a wafer
bow metrology arrangement 350 with an arvay of fixed sensors 352, Waler bow metrology
arvangement 350 is similar to water bow metrology arrangement 300 in that measurements
for a plurality of points may be taken along a single line. However, by having array of
sensors 352, measwements along more than one line {such as lines 338, 360 and 362) may be
taken. As aforementioned, the number of sensors that may be inmplemented within a wafer
bow metrology arrangement may vary depending upon a manufacturer’s discretion.

Although a single sensor may be sufficient to determine the bow of a wafer 356, a
manufacturer may want to include additional sensors if the manufacturer determines that the
additional measurement data may be needed m order to provide a better understanding of the
configuration of the wafer. Similar to Fig. 34, a set of sensors 354 may be placed beneath
the wafer. As can be appreciated from the foregomng, one or more sensors may be placed
beneath the wafer to collect the measurements that may determine the thickness of the wafer.
[0057] Fig. 4A shows, in an embodiment of the invention, a simple block diagram of a water
bow metrology arrangement 400 with a moving sensor. Consider the situation wherein, for
example, a wafer 402 is positioned on top of an electrostatic chuck 404, Wafer bow

metrology arrangement 400 may mclude a sensor 406 positioned above wafer 402, In this
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configuration, sensor 406 is moving in a z divection while wafer 402 is stationary. Thig
configuration ntay be employed in focations in which a wafer may be at rest. Agam, since a
plarality of measurements is being collected at different points along the same line (410} on
the wafer, the nunimal that may be deterrmned s not local to a specific point and may be a
more accurate minimal of the wafer.

[00358] Similar to Fig. 3B above, Fig, 4B shows m an embodiment of the invention, a simple
block diagram of a wafer bow metrology arrangement focations 450 with an array of sensors
452, Wafer bow metrology arrangement 450 1s simlar to wafer bow metrology arrangenent
400 in that measurements along a plurality of points may be taken as array of sensors 452 1s
being moved across a wafer 436, However, with an array of sensors, more than one set of
measurements (such as 458, 460, and 462} may be taken at one thme. Thus, more
measurement data may be available to determine the true minimal of the wafer.

{0059] Both Figs. 4A and 4B may, in an embodiment of the iaveation, include a second set
of sensors (408 and 454, respectively) positioned beneath the wafer. Second set of sensors
{408 and 454) may collect measurement data from the same locations as the first set of
sensors (406 and 452, respectively) to deternmne the thickness of the wafer. As
aforementioned, measurements taken by the second set of sensors mayv be himited to a single
point, instead of all points on the water in which measurements may have been collected by
the first set of sensors. Similar to the above figures, the thickness of the wafer may be
determined by subtracting the total distance of the sensor to the wafer and subtracting the
total from the actual distance between the two sensors,

[0068] Fig. 5A shows, in an embodiment of the invention, a water bow metrology
arrangement 300 with a fixed sensor 300 and a rotating wafer 302, Consider the sitnation
wherein, for example, wafer 502 is positioned within an aligner on top of an electrostatic
chuck 504, While the aligner is rotating, a plurality of measurements may be taken in a
circular divection {(S08). Those skilled in the art are aware that while an aligner s rotating,
the aligner may experience a wobbly effect. Thus, the first order of bow may be the wobbly
effect of the aligner and may be graphicallv shown as a sinusowdal corve.  In an example,
Fig. 6A shows, in an embodiment, an example of a graph 600 in which a waler wobble 602
mayv be curve-fit into a sinusordal curve 604, Note that the graph is water position vs. time.
However, time may be translated into theta since rotational velocity of the aligner can easily
be measured and be venified on wost aligner with the peried of the notch detection. In other

words, if the measurements m the z direction as a fonction of theta is plotted and produced a
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sinusordal curve, then wafer 502 may be considered as planar since the curve is due to the
rotational effect of the ahigner. However, if the sinusoidal curve shows a perturbation (e.g., a
bump), then a bow may exist on the wafer. In an example, Fig. 6B shows, in an embodiment,
an example of a graph 650 in which the measurement indicates a perturbation 654 in
comparison to a sinusoidal curve 632

[0061] Fig. 5B shows, in an embodiment of the invention, a wafer bow metrology
arrangement 3530 with an array of fixed sensors and a wafer 556 that may be rotating. Water
bow metrology arrangement 550 15 stmilar to wafer bow metrology arrangement S00 m that
measorements along a plarality of points may be taken 1 a circular direction. However, by
having array of sensors 552, measurements along more than one circumterence {such as
circumferences 558, 560, and 362) may be collected. Thus, more measurement data may be
available to determine the true minimal of the wafer. Thus, with a plurality of measurements,
a topography graph may be produced for the wafer to provide a better anderstanding of the
true minimal of the wafer,

[8062] Similar to the other configurations as shown i Figs. 3A, 3B, 4A, and 4B, 4 second set
of sensors may be placed beneath the wafer to collect additional measurement data that may
be utilized to deternune the thickness of a water. In an exanple, m Fig. 5A, a second set of
sensors 5310 may be placed beneath wafer 302 in order to determine the thickness of wafer
502,

[0063] Similarly, a second set of sensors 5354 may be placed beneath the water shown i Fig.
58 1o deternyine the thickness of the water. However, the thickness of the water may also be
determined without the additional second set of sensors by extrapolating the thickness from
historical measurement data gathered from other wafers.

[0064] Fig. 7A shows, in an embodiment of the invention, a wafer bow metrology
arrangement 700 with a rotating sensor and a wafer that is stationary. Consider the situation
wherein, for example, a wafer 702 1s positioned within an aligner on top of an clectrostatic
chuck 704, While sensor 706 is rotating, a plurality of measurements may be taken in a
circolar direction {708). Again, due to the potential wobbliness that the aligner may
experience while the aligner 13 rotating, the tirst order of bow may actually be a reflection of
the wobble effect on the ahigner. Thus, a sinusoidal curve way actually be an indication that
the wafer is planar. However, if the wafer is not perfectly planar, a perturbation (e.g., bump)
may appear on the smusotdal curve. In an embodiment, a second sensor 710 may be placed

beneath wafer 702 in order to determine the thickness of watfer 702, As aforementioned,
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sensor 710 may have to obtain measurements at least along one of the same locations that
sensor 706 may have measured.

j0065] Fig. 7B shows, in an embodiment of the mvention, a wafer bow metrology
arrangement 730 with an array of rotating sensors and a wafer 756 that is stationary. Wafer
bow metrology arrangement 730 is similar to wafer bow metrology arrangement 700 in that
measurements along a plurality of points mav be taken in a circular direction. However, by
having an array of sensors 752, measurements along more than one circumference (such as
circumferences 738, 760, and 762} may be taken.

[0066] In an embodiment a second sensor 754 may be placed beneath the wafer in order to
determine the thickness of the wafer, However, the thickness of the wafer may also be
determined without the additional second set of sensors by extrapolating the thickness from
historical measurement data gathered from other wafers.

{0067} Fig. 8 shows, in an embodiment of the invention, a simple diagram of a watfer bow
metrology arrangement 800 i which a wafer 802 is rotating while a set of sensors 804 is
moving. As wafer 802 is rotating, set of sensors 804 may be moving it g halting manner
{820} or in a continuous motion (822}, Consider the situation wherein, for example, wafer
802 that is positioned within an aligner on top of an electrostatic chuck 806 is rotating. While
the set of sensors 804 is moving, a plurality of measurements may be taken in a circular
divection (324}, Stnular to Figs 5A, 3B, 7A, and 7B, the first order of bow mayv reflect the
wobbliness of the aligner. Thus, a sinusotdal corve without a perturbation may actually be
showing a planar wafer. In addition, wafer thickness may be determined by positioning a
second sensor 808 below the wafer,

[0068] Fig. 9 shows, in an embodiment of the invention, 8 simple flow chart ilustrating a
method for employing a wafer bow arrangement. Consider the situation wherein, for
example, a batch of wafers is located on a FOUP,

{0069} At a furst step 902, a wafer is moved from the FOUP into a pre-process module
environment. In an example, a wafer from the batch of wafers may be transferred by a
robotic ann located within an atmospheric transfer module from the FOUP through the ATM
to an aligner. After the waler is aligned, the wafer is moved throogh one of the airlock
modules fnto the VTM, From the VTM, the wafer is moved nto one of the process modules.
[0078] At a next step 904, a set of measurement data 13 gathered. As the wafer is moved
through the pre-process module enviromment, a set of sensors, which may be strategically

placed outside of the process module, 1s emploved to measure a set of data pomts on the
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wafter. In an embodument, measurement is performed avtomatically (without human
mtervention).

j0071] As aforementioned in Fig. 2, the location of the set of sensors may vary depending
apon manufacturer’s discretion. In an example, the set of sensors may be located at the
entrance of the ATM. In another example, the set of sensors may be positioned within the
aligner. As can be appreciated from the foregoing, the positioning of the set of sensors
outside of the process modules enable measurements to be taken without negatively
tpacting processing time,

{0072} In another embodiment, a second set of sensors may be posttioned opposite of the first
set of sensors, Those skilled in the art are aware that a water thickness may differ. Since the
thickness of the wafer may impact processing, being able to determine the thickness of the
wafer may provide a technician with data for handling the wafer. In an example, a recipe
may be designed to etch a standard wafer of 0.77 millimeter thack. If the water has a
thickness of 0.55 millimeter, the recipe may be adjusted 1o account for the thickness
difference. In an embodiment, if the water thickness 18 not within a pre-determined range,
the technictan may remove the “bad™ wafer, thereby mimmizing precious processing time i
processing “bad” wafer that may result in substandard devices.

{0073] At a next step 906, a determination s made about the quality of the wafer. [f the
wafer is determined to be a substandard wafer (based on pre-determined standard), the water
18 removed from processing, al a next step 908, However, if the wafer is considered to be a
“good” wafer, the set of measuwrement data associated with the wafer may be fed into the
recipe. In an embodiment, the set of measurement data may be emaployed to adjust the recipe
as needed, thereby accounting for the wafer configuration during processing (step 910).
{0074} As can be appreciated from the forgoing, one or more embodiments of the present
invention provide for a wafer bow metrology arrangement for measuring wafer bows without
anduly adding to the total process time. By performing we-line metrology in locations outside
of process modules, paratlel processing may occur while the extent of a wafer bow is being
determined. Thus, less time and resources may be expended, thereby decreasing
manufactoring cost of producing semicondoctor devices

{0075} While this invention has been described in terms of several preferred embodiments,
there are alterations, permutations, and equivalents, which fall within the scope of this
mvention, Although vartous examples are provided herein, it is intended that these examples

be ilustrative and not limiting with respect to the invention.
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[0076] Also, the title and summary are provided herein for convenience and should not be
usedd to construe the scope of the claims herein. Further, the absiract is written in a lughly
abbreviated form and is provided herein for convenience and thus should not be emploved to
construe or himit the overall tnvention, which is expressed m the claims, It the term “set” is
emploved herein, such term is intended to have its conunonly understood mathematical
meaning to cover zero, one, or more than one member. [t should also be noted that there are
many alternative ways of implementing the methods and apparatuses of the present invention.
It 1s therefore intended that the following appended claims be interpreted as mcluding all such
alterations, permutations, and equivalents as fall within the troe spirit and scope of the present

mvention,
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CLAIMS

What is clauned 1s:
1. An arrangement for quantifying a wafer bow, said arrangement being positionad within a
plasma processing system, comprising:

a support mechanism for holding a wafer; and

a first set of sensors, said first set of sensors being confizured to collect a first set of
measurement data for a plurality of data points on said wafer, said first set of measurement
data indicating a set of distance data between said first set of sensors and said wafer, said first
set of sensors being positioned in a first location, said first location being outside of a set of
process modules of said plasma processing sysiem.
2. The arrangement of claim | wherein said support mechanism is one of

a robotic arm, and

an electrostatic chuck.
3. The arrangement of claim 1 wherein said location of said first set of sensors is positioned at
one of

between a front opening unified pod (FOUP) and an atmospheric transfer module
{ATM},

between said ATM and an aligner,

within said aligner,

between said ATM and an anlock module,

between said arlock module and a vacuman transfer module (VTM), and

within said VTM.
4. The arrangement of claint 1 wherein said first set of sensors 15 a single sensor.
5. The arrangement of clatm 1 wherein said first set of sensors include an array of sensors.
6. The arrangement of claim § wherein saxd wafer is moving in a first direction while said first
set of sensors is stationary, wherein said first direction mclodes one of a z direction and a
rotating direction.
7. The arrangement of clamm 1 wherein said first set of sensors is moving in a first direction
while said wafer is stationary, wherein said first direction mcludes one of a z direction and a
rotating divection.
8. The arrangement of claim | wherein said wafer is rotating while said first set of sensors is

moving m a z direction,
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9. The arrangement of claim 1 wherein said furst set of sensors is collecting said first set of
measurement data when another wafer 1s being processed in a process module of said set of
process modales.
10. The arrangement of claim | further meludes a second set of sensors,

satd second set of sensors bemg configured for collecting a second set of medsurement
data, wherein said second set of measurement data inchude at least one data point of said
plurality of data points measured by said first set of sensors, and

said second set of sensors bemng positioned m a second location within sad plasma
processing svstem, said second location being opposite of said first position, wherein a gap
exists between said first set of sensors and said second set of sensors, thereby enabling said
wafer to be positioned between said first set of sensors and said second set of sensors.
. The arrangement of clarm 10 wherein said second set of sensors 13 directly parallel to said
first set of sensors.
12. The arrangement of claim 11 wherein a water thickness for said wafer is determined by
comparing said first set of measurement data to said second set of measurement data.
13, A method for quantifying a wafer bow within a plasma processing system, comprising:

transterring a wafer into said plasma processing system;

collecting measurement data for a plarality of data points on said wafer, said
measurement data indicating a set of distance data between a set of sensors and said wafer, said
set of sensors being positioned outside of a set of process modules of said plasma processing
system; and

if said measurement data s within a set of pre-determined range, said wafer is moved
tnto a process moduale of said set of process modules for processing, wherein said measurement
data is utilized to adjust a recipe for processing said water,
14, The method of claim 13 further include, if said measurement data is outside of said set of
pre-determined range, removing said wafer from said plasma processing system.
15, The method of claim 13 wherein said collecting of measurement data 1s performed at a
location outside of said set of process medules, said location being one of

between a front opening unified pod (FOUP) and an atmospheric transfer module
{ATM},

between sald ATM and an aligner,

within said aligner,

between said ATM and an airlock module,

I8
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hetween said arrlock modale and a vacuom transfer module (VTM), and

within said VIM.
16, The method of claim 13 wherein sard measarement data is employed to deternuine
thickness of sad water, said measurement data being collected by positioning a first subset of
sensors of satd set of sensors above said wafer and a second subset of sensors of said set of
sensors below said wafer, wherein a first set of measurement data collected by said first subset
of sensors is compared against a second set of measurement data collected by said second
subset of sensors to determine said thickness of said wafer.
17. The method of claim 16 wherein said second set of measurement data include at least one
data point of a plurality of data points measured by said first set of sensors.
18. The method of claim 13 wherein said water is moving in a first direction while said set of
Sensors s stationary, wherein said first direction mcludes one of a z direction and a rotating
divection.
19, The method of claim 13 wherein said set of sensors is moving in a first direction while
said wafer is stationary, wherein said first direction includes one of a z direction and a rotating
direction.
20, The method of claim 13 wherein said wafer s rotating while said first set of sensors is

moving i a z direction.
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