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for detecting a clamping state of a clamping device is provided. A clamping
device having a clamping surface is contigured to selectively clamp a work-
piece to the clamping surface. The clamping device may be an electrostatic
chuck or a mechanical clamp for selectively securing a semiconductor wafer
thereto. A vibration-inducing mechanism is further provided, wherein the vi-
bration-inducing mechanism is configured to selectively vibrate one or more
of the clamping device and workpiece. A vibration-sensing mechanism is
also provided, wherein the vibration-sensing mechanism is configured to de-
tect the vibration of the one or more of the clamping device and workpiece.
Detection of clamping status utilizes changes in acoustic propetties, such as
a shift of natural resonance frequency or acoustic impedance, to determine
clamping condition of the workpiece. A controller is further contigured to
determine a clamping state associated with the clamping of the workpiece to
the clamping surface, wherein the clamping state is associated with the de-
tected vibration of the one or more of the clamping device and workpiece.
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WAFER CLAMP DETECTION BASED ON VIBRATION OR ACQUSTIC
CHARACTERISTIC ANALYSIS

REFERENCE TO RELATED APPLICATION
This application clalms priorty to and the benefit of U.S. Provisional
Application Serial No. 82/088,924 which was filed December 26, 2014,
entitied “WAFER CLAMP DETECTION BASED ON VIBRATION OR
ACQUSTIC CHARACTERISTIC ANALYSIE', the entirety of which is hereby

incorporated by reference as if fully set forth herein,

TECHNICAL FIELD
The present invention relates generally to workpiece clamping
systems, and more specifically to detection of a workpisce In a clamp

comprising an slectrostatic clamp.

BACKGROUND

Electrosiatic clamps or chucks (ESCs) ars often utllized in the
semiconductor industry for clamping workpieces or substrates during plasma-
based or vacuum-based semiconductor processes such as ion implantation,
sfching, chemical vapor deposition {CVE), efc. Clamping capabilities of the
ESCs, as well as workpiece temperature control, have proven o be quile
valuable in processing semiconductor substrates or wafers, such as silicon
wafers. A typical ESC, for exampls, comprises a dielectric layer positioned
ovar a conductive electrode, wherein the semiconductor wafer is placed on a
surface of the EBC {e.g., the wafer is placed on a surface of the dislectric
lavar). During semiconductor processing {e.g., lon implantation}, a clamping
voliage is typically applied between the wafer and the slectrode, whearein the
wafer is clamped against the chuck surface by electrosiatic forces.,

During workpiece handling and/or processing of workpleces, it is often
necessary to verify and/or ensure adequats clamping of the workpiecs o the
ESC. Furthermore, For certaln processes, such as certain ion implantation
orocessas, cooling the workplace via a cooling of the ESC s desirabls,
whaerein 2 clamping force bebween the workpisce and the £ESC snsures
adequate cooling of the workplece. Consequently, various configurations for

verifying workplece clamping status have been instituted. Ons common
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workpiecs verification is based on a change in capacitance associated with
the workplece and ESC, wherein a proximity of the workpiece to the ESC
surface generally defines a capacitance between the workpiece and ESC
surface. However, such a8 measured capacitance does not always indicate
whether the workpiecs is adequalsly gripped or clamped to the ESC.

Therefore, a need exists in the art for an apparatus, system, and
method for determining whether a workpiece is adequately gripped or
clamped {0 a surface of an ESC.

SUMMARY

The present invention overcomaes the imilations of the prior art by
providing a system, apparatus, and method for determining a clamping status
of a workpiece with respect fo an electrostatic clamp. Accordingly, the
following presents a simplified summary of the discloswre in order to provide a
basic understanding of some aspects of the invention. This summary is not
an extensive overview of the invention. Itis intended to neither identify key or
critical slements of the invention nor delineate the scope of the invention. His
purpose is to present some concepts of the invention in a simplified form as a
prefude to the more detailed description that is presented later.

in accordance with the present disclosurs, & workpisce clamping status
detection systemn is provided, wherein a clamping device has a clamping
surface associated therewith, and whearein the clamping device is configurad
o selectively clamp a workplecs to the clamping surface. The clamping
device, for sxample, comprises an slectrostatic clamp, and wherein the
clamping surface comprises a generally planar surface configured to
slectrostatically clamp the workplecs thersto. Allernatively, the clamping
device comprises a mechanical clamp, wherein the mechanical clamp
comprises oneg or maore grippers configured to selectively grip a peripheral
adge of the workplece. In another alternative, the clamping device comprises
any clamping apparatus configured o selectively retain the workplace thersto,

According to one example, a vibration-inducing mechanism is provided,
wherein the vibration-inducing mechanism is configured o selaectively vibrate

one or more of the clamping device and workpiece. Further, a vibration-
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sensing mechanism is provided, wherein the vibration-sensing mechanism is
configured to detect the vibration of the one or more of the clamping device
and workpiece. in one example, the vibration-inducing mechanism, for
aexample, comprises an electromechanical vibration transmitter, In such an
sxample, the vibration-sensing mechanism may comprise an acoslerometer.
in an example where the detection is to be performed in atmosphere, the
vibration-inducing mechanism may comprise an audio speaker and is the
vibration-sensing mechanism may comprise a microphone. Alternatively, the
vibration-inducing mechanism comprisas an ulfrascund smitter, and wherein
the vibration-sensing mechanism comprises an ullrasound receiver. On some
slectromechanical vibration fransmitters, such as a voice coll of an audio
speaker or ultrasound transmitter, the transmitier may be also configured to
operate as a sensing mechanism.

in another example, the vibration-sensing mechanism comprises &
laser apparatus. The laser apparatus, for example, is configured to direct a
laser beam toward a surface of the workplece, wherein the laser apparatus is
further configured to detect a modulation of a recelved reflection of the laser
beam from the suwface of the workpiece. The modulation of the received
reflection of the laser beam is thus associated with the vibration of the
workpiace with respect to the clamping device,

in accordance with vet another example, a controdler is provided and
configured to determine a clamping state associated with the clamping of the
workpiecs to the clamping swface. The clamping state, for exampls, is
associated with the detectad vibration of the one or more of the clamping
device and workpigce. In one example, the controller is configured fo
differgntiate an impedance patiem associated with the clamping stale.

According to vet another exemplary aspedt, 2 method for detecting a
clamping status of a workpliece in a clamping device is provided within the
present disclosure. The method, in one example, comprises clamping a
surface of the workpiace {0 a clamping surface of the clamping device, and
inducing a vibration within one or mors of the clamping device and workpiece,
The vibration of the one or more of the clamping device and workpiece is

subsequently detected, and a clamping siate associated with the clamping of
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the workpisce to the clamping surface is thereby determined. The clamping
state, for example, is associated with a shift of resenant frequency of the
detected vibration of the one or more of the clamping device and waorkpiece.
The above summary is merely intendad {o give a brief overview of
some features of some embuodiments of the present invention, and other
ambodiments may comprise additional and/or different features than the ones
mentioned above. In particular, this summary is not to be construed o be
limiting the scope of the present application. Thus, to the accomplishment of
the foregoing and related ends, the invention comprises the features
hereinafter described and particularly pointed out in the claims. The following
description and the annexed drawings set forth in detall cerain fllustrative
embodimants of the invention. These embodimenis are indicative, however,
of a few of the various ways in which the principles of the invention may be
emploved. Other objects, advantages and novel features of the invention will
become apparant from the following detailed description of the invention when

considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an sxtemplary workpiece clamping status
detection system in accordance with saveral aspects of the present
disclosure,

Fig. 2 is a cross-sectional view of an exemplary electrostatic clamp in
accordance with another aspsct of the disclosure.

Fig. 3 is a cross-sactional view of an exemplary mechanical clamp in
accordance with yet ancther aspeact of the disclosure.

Fig. 4 tlustrates a methodology for determining a clamping status of a

workpiece in a clamp, in accordance with {o still another aspect,

DETAILED DESCRIPTION
The present disclosure is directed generally toward a system,
apparatus, and method for detecting a clamping status of a workplece to a
workpiece clamp. Accordingly, the present invention will now be described

with reference to the drawings, wherein ke reference numerals may be used
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to rafer to ke elemeants throughout. it is {o be undersiood that the descriplion
of these aspects are merely Hlustrative and that they should not be interpretad
iny & Himiting sense. In the following description, for purposes of explanation,
numerous specific detalls are set forth in order fo provide g thorough
understanding of the present invention. It will be evident to one skilled in the
art, however, that the present invention may be practiced without these
spacific details, Further, the scope of the invention is not intended {o be
fimited by the embodiments or examples described hereinafier with reference
o the accompanying drawings, but is intended to be only limitad by the
appended claims and equivalents theraof,

it is also noted that the drawings are provided 1o give an illustration of
some aspects of embodiments of the present disclosure and therefore are io
be regarded as schematic only. In particular, the slements shown in the
drawings are not necessarily to scale with each other, and the placement of
various elements in the drawings is chosen {o provide a dear understanding
of the respactive embodimant and is not to be construed as necessarily being
a repraesentation of the actusl relative locations of the various components in
implementations according to an embodiment of the invention. Furthermore,
the features of the various embodiments and sxampiles described herein may
be combined with sach other unless spacificaily noted otherwise.

it is also to be understood that in the following description, any direct
connaction or coupling between functional blocks, devices, components,
cirouit elements or other physical or functional units shown in the drawings or
described herein could also be implemented by an indirect connection or
coupling. Furthermors, it s fo be appreciated that functional blocks or unils
shown in the drawings may be implemented as separate features or circuils in
one embodiment, and may also or altermnatively be fully or partially
implemented in a common feature or circult in ancther embodiment, For
sxample, several functional biocks may be implemented as software running
On 3 COMMon processor, such as a signal processor, Ris furtherto be
understood that any connection which is described a8 being wire-based in the
following specification may also be implementad as a wireless

cormmunication, unless noted to the contrary.



WO 2016/106427 PCT/US2015/067734

10

15

20

25

30

In accordance with one aspect of the present disclosure, Fig. 1
illustrates an exemplary workpiece clamping stalus detection systam 100,
The workpisce clamping stalus detection systern 100, for example, comprises
a clamping device 102 having a clamping surface 104 associaled therewith,
wharein the clamping device is configured to selectively clamp a workplece
106 fo the clamping surface. The clamping device 102, for example,
comprises an electrostatic clamp 108 (also called an "ESCT) configurad o
slectrostatically clamp the workpiece 108 (e.g., a semiconductor such as a
silicon wafar, a display panel, efc.). The clamping surface 104, for example,
comprises a generally planar surface 110, as dllustrated in Fig. 2. The
gensrally planar surface 110, for example, is configured to selectively clamp a
surface 112 of the workpisce 108 therslo via slactrosiatic attraction, as will be
understood by one of ordinary sidll in the arl,

in one altemative, the clamping device 102 of Fig. 1 comprises a
mechanical clamp 114, an example of which is llustrated in Fig. 3. The
machanical clamp 114 Hlustrated in Fig. 3, for example, comprises one or
more grippers 118 configured to selectively grip a peripheral edge 118 of the
workpiece 1068, Altematively, the mechanical clamp 114 may comprise any
mechanical device configured fo selectively retain the workpiece 106,

in aocordance with the present disclosure, as Hustrated inFig. 1, &
vibration-inducing mechanism 120 is provided, whergin the vibration-inducing
machanism is configured to selsctively vibrate one or more of the clamping
device 102 and workpiecs 108, The vibration-inducing mechanism 120, for
example, comprises an acoustic device 122 such as a speaker 124
configured o produce sound waves 128 if the delection is to be made in
atmosphere. | should be understood that the acoustic device 122 may
comprise any wave-emitling device or device capable of inducing vibration,

Furthermore, a vibration-sensing mechanism 128 is provided, whersin
the vibration-sensing mechanism is configurad o detsct a vibration 130 of the
one or more of the clamping device 102 and workpisce 108, For example, the
vibration-sensing mechanism 128 comprises a microphone 132 configured to
detect reflscted sound waves 134 from the acoustic device 122 if the

detection s made in atmosphera. In another example, the vibration-inducing
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mechanism 120 comprises an ultrasound emitter, and wherein the vibration-
sensing mechanism 128 comprises an ulfrasound recelver. in vet ancther
example, when detection in a vacuum is desired, or in instances using
uitrasound, the vibration-inducing mechanism 120 and vibration-sensing
mechanism 128 {e.¢., an ultrasound transducer which combings transmitter
and raceiver} may be physically attached {0 the clamping device 102 as
Hlustrated In Fig. 2 {e.g., coupled to the surface 110) for conduction of
acoustic wave through the substantiaily solid mediums of the clamping devics,
Alternatively, the vibration-inducing machanism 120 and vibration-sensing
machanism 128 of Fig. 1 may be coupled {o the clamping device 102 via any
generally rigid structure coupled o the clamping device, such as scan arm
{not shown) configured o transiate the clamping device.

A controlier 138, for example, is further provided and configured to
determine a clamping state 138 associated with the clamping of the workpiecs
106 to the clamping swface 104 of the clamping device 102, The clamping
state 138, for exampls, is associated with the detected vibration 130 of the
one or mors of the clamping device 102 and workpiece 108, According to one
gxample, the controller 136 is configurad {o differentiate an impedance patiern
associated with the clamping state 138,

in accordance with ancther sxample, aspect, the vibration-sensing
mechanism 128 comprises a laser apparatus 140, The laser apparaius 140,
for example, is configured o direct s laser beam 142 toward a surface 144 of
the workplece 108 and o detect a modulation of a received reflection 148 of
the laser beam 142 from the swiface of the workpiece. Accordingly, the
modulation of the recsived reflection 146 of the laser beam 142 is associated
with the vibration 130 of the workpiece 108 with respect to the clamping
device 102. According to another example, another lassr apparatus {not
shown} is configured to direct ancther laser beam {(not shown) toward the
clamping device 102, whereby the controller 138, for example, is further
configured o compare the modulations of the received deflections associated
with tha respective workpiece 108 and the clamping device, thus further
determining the clamping state of the workpiece to the surface 104 of the

clamping device. For example, if the workpiece 106 is not adequately
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clamped to the surface 104 of the clamping device 102, the modulations of
the received deflections associated with the respective workplece and the
cltamping device would differ, whereby the controller 136 is configured to
determine the clamping siate based on the difference of modulations.

in accordance with another exemplary aspect of the invention, Fig. 4
fustrates an exemplary method 100 is provided for detecling a clamping
status of an electrostatic clamp. H should be noted that while exemplary
methods are Hlustrated and described herein as a series of acts or events, it
will be appreciated that the present invention is not limited by the lllustrated
ordering of such acls or svents, as some steps may occur in different orders
andior concurrently with other steps apart from that shown and described
herein, in accordance with the invention. In addition, not all lllusirated steps
may be reguired to implement a methodology in accordance with the present
inverttion. Moreover, it will be appreciated that the methods may be
implemented in association with the systems Hlustrated and described herein
as well as in association with other systems not illustrated.

The method 200 of Fig. 4 begins at act 202, wherein a surface of a
workpiece is clamped 1o a clamping surface of a clamping device, such as the
clamping device 102 of Fig. 1. A vibration is induced within one or more of
the clamping device and workpiecs in act 204, such as by emitling sound
waves oward ong or more of the clamping device and workpiece. In act 206,
the vibration of the one or mors of the clamping device and workplecs is
detected. For sxample, detecling the vibration of the one or more of the
clamping device and workpiece in act 206 comprizes detecling the sound
waves discussed above once the sound waves bounce off the one or more of
the clamping device and workpiece. Alternatively, detecting the vibration of
the ons or more of the clamping device and workplete in act 208 comprises
directing & laser beam toward a surface of the workpiecs and receiving a
raflection of the laser beam from the surface of the workplece, wherein a
modulation of the received reflection of the laser beam from the surface of the
workpiecs is determined, and whersin the modulation of the received
reflection of the laser beam is associated with the vibration of the workplece

with respect to the clamping devica.
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in act 208, a clamping state associated with the clamping of the
workpiecs {0 the clamping surface is determined, wherein the clamping stale
is associated with a shift of resonant frequency and Q of the resonance of the
detected vibration of the one or more of the clamping device and workpiece.
For example, the detected vibration in act 206 can be utilized to determine the
level of clamping {(e.g., the clamping state)} in act 208 based on predetermined
clamping profiles assoclated with the clamping device and workpiece in
various stages of clamping and a comparison or other calculation associated
therowith,

By infroducing vibrational {e.g., acoustic) analysis in the sensing of
workpleces, one can sense if a workplece or wafer is dynamically tled {(e.g.,
connectad) to the ESC. The present disclosure thus advantageously provides
a system and method to detect workplece clamp status by changes in
vibrational {or acoustical} characteristics when in a sigte whers the workpiece
is tightly clamped to ESC and in a stale when the workpiecs is simply sitting
or resting on the ESC.

One example is to observe changes in natural resonance frequency of
the ESC. For example, the present disclosurs contemplates changes in
natural resonance frequency betwsen a state without a wafer on the ESC,
another with 2 wafer on the ESC but not clamped, and yvel anather state with
the wafer clamped fo the ESC where the ESC and wafer vibrate together,
Onoe & wafer is clamped fo the ESC, for example, it will generally vibrate
together with the ESC as one solid piece, and the prasent disclosure expects
that its natural resonance frequency will be slightly lower than the case
without a2 wafer af all. When a wafer is just siting or resting on an ESC but
not clamped thereto, the wafer is axpected {0 be seen a8 a loosely coupled
obiect fo the ESC and the natural resonance frequency will be different from
the two former cases.

To monitor natural resonancs frequency, one method is 10 apply
external vibration, such a3 a vibration of selectively variable frequency, and to
monitor the displacement as the drive frequency is swepl. In other examples,
an impulse or a shock pulse can be applied as an exciter and the freguency
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component of the displacement signal can be monitorad. Alternatively,
machine noise can be usad {o excite iis natural frequency.

Another example is to monitor two vibration frequencies, one from the
ESC and the other from a wafer and compars the coherency between the two
vibrations. The present disclosure axpects that once a wafer is clamped to
the ESC, the two vibrations would be generally coherent fo indicate the clamp
siatus. In one example, two vibrations are expsected o be generally coherent
at low frequency, even if a wafer is not clamped {e.g., simply riding or resting
on the ESC). Howsver, at a relatively high frequency {e.g., greater than 100
Mz}, it is more likely that the coherency is a good indication of the wafer being
dynamically connected {e.g., clamped) to the ESC. Sensing the two
vibrations can be done with laser light bounced back from the ESC and from
the wafer, such as at the edge of wafer cutside of the outer diamster of ESC.

Thus, a wafer detection system is provided wherein wafer detection s
hased on an acoustic impedance measursmert. A wafer can be detected on
a transfer arm, since the resonance frequency would be different by a weight
of the wafer. The detection sysiem can also be utilized o detect wafer
clamping on an ESC. ¥ the wafer is clamped, a wafer can be treated as a
solid mass in conjunction with the ESC, but if not clamped, it may exhibit a8
different impedance pattern. At a specific frequency, a waler may go info
oscillation with a phase shift, and an impedance may be different. For
example, acoustic impedance can be measured with a relatively small
speaker {e.g., a speaker without a cona). Due at least in part to back-EMF,
voltage under constant current drive can dramatically change around
rasonance. The present disclosure can be ytilized as an altlemative to, ora
backup to, a capacitance measurement method, Ultrasonic imaging can be
further used for reliable wafer detection,

Although the invention has been shown and described with respectio a
ceriain embodiment or embodiments, it should be noted that the above-
described embodiments sarve only as examples for implemeniations of soms
amboediments of the present invention, and the application of the present
invantion is not restricted to these embodiments. In particular regard o the

various functions performed by the above described components {assambilies,

10
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devices, circults, atc.), the terms {(including a reference 10 a “means”} used to
describe such componerts are intended o correspond, uniess otherwise
indicated, to any component which parforms the specified function of the
described component (Le., that is functionally equivalent}, sven though not
structurally equivalent to the disclosed structure which performs the function
in the herein iustrated exemplary embodiments of the invention. In addition,
while a particular featurs of the invention may have been disclosed with
respact to only one of several embodimants, such fealure may be combined
with one or mora other features of the other embodiments as may be desired
and advaniageous for any given or particular application.  Accordingly, the
present invention is not to be limited o the above-described embodiments,
but is intended o be limited only by the appended claims and equivalents
thereof.

11
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CLAIMS
in the Claims:

1. A workpiece clamping siatus detection system, comprising:

a clamping device having a clamping surface, wherein the clamping device is
configured to selectively clamp a workpiece to the clamping surfage;

a vibration-inducing mechanism, wherein the vibration-inducing mechanism is
configured to selectively vibrate one or more of the clamping device and workpisce;

a vibration-sensing mechanism, wherein the vibration-sensing mechanism is
canfigured {o detect the vibration of the one or maore of the clamping device and
workplece; and

a controlier configured o determine a clamping state associated with the
clamping of the workpiecs to the clamping swrface, wherein the clamping slale is
assaciated with the detected vibration of the one or more of the clamping device and

workpiace.

2. The workpiece clamping status detection system of claim 1, wherein

the vibration-inducing meachanism comprises an acoustic device,

3. The workpisce clamping status detection system of claim 2, wherein

the acoustic device comprises vibration transmitter comprising an audio speaker.

4, The workpiece clamping status detection system of ciaim 2, wherein
the vibration-sensing mechanism comprises an accelgrometer comprising a

microphone.

5. The workpigce clamping status detection system of clgim 1, wherein
the vibration-inducing mechanism comprises an ultrasound emitter, and wherein the

vibration-sensing machanism comprises an ultrasound recelver.
&. The workpiece clamping status detection system of claim 5, wherein

the ultrasound transmitter and ultrasound receiver are defined by an ulirasound

transgducer.

12
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7. The workpisce clamping status detection system of claim 1, wherein
the controller is configurad to differentiate an impedance patlern associated with the

clamping state.

8. The workpisce clamping status detection system of ¢laim 1, wherain
the clamping device comprises an slectrostatic clamp, and wherein the clamping
surface comprises a generally planar surface configured to elecirostatically clamp

the workpisce thereto,

8. The workpiece clamping status detection system of claim 1, wherain

the clamping device comprises a mechanical clamp.

10, The workplece clamping siatus detection system of claim 8, wherein
the mechanical clamp comprises one or more grippers configured 1o selectively grip

a peripheral edge of the workpisce.

1.  The workpiece clamping status detection system of claim 1, wherein
the vibration-sensing mechanism comprises a laser apparatus, wherein the laser
apparatus is configured o direct & laser beam toward a surface of the workpiece and
o detect & modulation of a received reflection of the laser beam from the surface of
the workpiece, whersin the modulation of the received reflection of the laser beam is

associated with the vibration of the workpiece with respect 1o the clamping device.

12. The workpiece clamping status detection system of claim 1, wherein a

mass of the workpiece is less than a mass of the clamping device.

13, A method for detecting a clamping status of a workpiece in a clamping
davice, the method comprising:

clamping a surface of the workpiece to a clamping surface of the clamping
device;

inducing a vibration within one or more of the clamping device and workplece;

13
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detecting the vibration of the one or more of the clamping device and
workplece; and

determining a clamping state associated with the clamping of the workpiecs to
the clamping surface, whersin the clamping siate is sssociated with a resonant
fraquency of the detected vibration of the one or more of the clamping device and

workpiece.

14.  The method of claim 13, wherein inducing the vibration within one or
more of the clamping device and workpiece comprisas emitling sound waves toward

one or more of the clamping device and workpiscs,

15,  The method of claim 14, wharein detecting the vibration of the one or
more of the clamping device and workpiece comprises detecting the sound waves
once the sound waves bounce off the one or more of the clamping device and

workpiecs,

16.  The method of claim 13, wherein detecting the vibration of the one or
more of the clamping device and workpiece comprises:

directing 2 laser beam foward a surface of the workplece,

receiving a reflaction of the laser beam from the surface of the workpleces; and

determining a modulation of the receivad reflection of the laser beam from the
surface of the workpiece, wherein the modulation of the recsived reflection of the
laser beam is associated with the vibration of the workplece with respact to the
clamping device,

17. The method of claim 13, wherein clamping a surface of the workpiece
o a clamping surface of the clamping device comprises electrostatically clamping

the surface of the workpiece to a generally planar surface of an slectrostatic clamp.
18.  The method of claim 13, whersin clamping a surface of the workpisce

o a clamping surface of the clamping device comprises machanically clamping a

peripheral edge of the workpiece {0 vig a8 mechanical clamp.
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