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(57) ABSTRACT 

A method and apparatus for use With an electrostatic chuck 
is described, Which incorporates a capacitance measurement 
circuit for monitoring the capacitance betWeen a Wafer 
substrate and an electrode, or betWeen a plurality of elec 
trodes of the chuck. The capacitance measurement is used 
for continuous closed-loop control of the chuck operation, in 
Which the voltage applied to the chuck is adjusted according 
to the measured capacitance. 
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METHOD AND APPARATUS FOR CONTROLLING 
CHUCKING FORCE IN AN ELECTROSTATIC 

BACKGROUND OF THE DISCLOSURE 

[0001] 1. Field of the Invention 

[0002] The invention relates to the operation of an elec 
trostatic chuck for semiconductor Wafer processing and, 
more particularly, to a method and apparatus for controlling 
chucking force in an electrostatic chuck using closed-loop 
control of the capacitance betWeen a semiconductor Wafer 
and an electrode or electrodes Within the chuck. 

[0003] 2. Description of the Background Art 

[0004] Semiconductor Wafer processing equipment gener 
ally contains a vacuum chamber Within Which is mounted a 
Wafer support pedestal or susceptor for supporting the Wafer 
during processing. Electrostatic chucks are incorporated into 
the Wafer support pedestal to facilitate retention of the Wafer 
upon the support surface of the pedestal during processing. 
In general, an electrostatic chuck consists of a platen or a 
pedestal fabricated from a dielectric or semiconducting 
material. One or more conductive electrodes are embedded 
Within this platen. The electrode or electrodes are spaced 
from, and parallel to, the Wafer support surface of the 
pedestal. 

[0005] In a monopolar electrostatic chuck, one electrode is 
embedded into the pedestal. To electrostatically retain the 
Wafer, a DC or AC voltage is applied betWeen the chuck 
electrode and the Wafer. The applied voltage causes oppo 
sitely polariZed charges to accumulate on the backside of the 
Wafer and on the electrode (or on the chuck surface in a 
Johnsen-Rahbek type chuck). The opposite polariZation of 
the charges produces an electrostatic force that retains the 
Wafer upon the Wafer support surface of the pedestal. 

[0006] In a bipolar electrostatic chuck, tWo electrodes are 
embedded in the pedestal. A differential voltage is applied 
across the embedded electrode pair, While the Wafer elec 
trically ?oats. The differential voltage causes oppositely 
polariZed charges to accumulate on the backside of the Wafer 
and on each of the electrodes (or on the chuck surface in a 
Johnsen-Rahbek type chuck). The opposite polariZation of 
the charges produces an electrostatic force that retains the 
Wafer upon the Wafer support surface of the pedestal. 

[0007] In order to properly integrate the electrostatic 
chuck operation With the Wafer process sequence, there is a 
need to monitor the Wafer status With respect to the elec 
trostatic chuck. For eXample, there is a need to monitor 
Whether there is a Wafer merely present on the chuck, or 
Whether the Wafer is “chucked” or electrostatically retained 
in the proper position. Such information is used by the 
semiconductor Wafer processing equipment to control Wafer 
processing and ensure that the pedestal or Wafer is not 
damaged by initiation of a process While a Wafer is not 
present or correctly chucked. Various types of sensing 
methods have been developed for this purpose. 

[0008] For example, US. Pat. No. 5,436,790 issued to 
Blake et al. on Jul. 25, 1995, discloses a Wafer presence and 
clamp condition monitoring apparatus. In this apparatus, a 
circuit monitors the capacitance betWeen tWo electrodes of 
a bipolar chuck embedded Within a Wafer support pedestal. 
The capacitance falls into one range With no Wafer posi 
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tioned upon the support surface and into a second range With 
a Wafer in place but not clamped. Furthermore, the capaci 
tance falls in a third range With the Wafer held in place by 
an electrostatic chuck formed When the embedded pair of 
electrodes are energiZed With a differential DC voltage. The 
monitoring circuit senses When the capacitance of the sys 
tem is in each of the ranges by converting the measured 
capacitance to a DC voltage that can easily be sensed and 
used to con?rm Wafer placement and clamping. 

[0009] A commonly-assigned US. patent application Ser. 
No. 08/873,268, entitled “Method and Apparatus for Wafer 
Detection”, ?led on Jun. 11, 1997 by Burkhart et al., 
discloses a method for detecting the presence and position of 
a semiconductor Wafer upon a support pedestal, such as that 
for a ceramic electrostatic chuck electrostatic chuck. In 
particular, this application discloses electrodes being af?Xed 
to the surface of the Wafer support pedestal, in addition to 
those embedded in the electrostatic chuck. The Wafer’s 
presence, position, and chucking condition can be deter 
mined through capacitance measurements performed 
betWeen an embedded electrode or electrodes of the elec 
trostatic chuck and other surface electrodes. This com 
monly-assigned reference is hereby incorporated by refer 
ence. 

[0010] An electrostatic chuck controller typically employs 
an open loop control system, in Which the chucking opera 
tion is controlled by applying a constant voltage to the chuck 
electrode(s). HoWever, such a control scheme does not take 
into account any chuck to chuck variations arising from the 
chuck manufacturing process, time degradation in the elec 
trostatic chuck itself, or other external disturbances during 
operation of the electrostatic chuck. These variations, if not 
accommodated, Will in turn lead to undesirable variability in 
the electrostatic chuck performance. 

[0011] Therefore, a need exists in the art for an improved 
control of electrostatic chuck that can dynamically compen 
sate for changing or variable chucking characteristic in order 
to achieve optimal electrostatic chuck performance. 

SUMMARY OF THE INVENTION 

[0012] The disadvantages associated With the prior art are 
overcome by the present invention of a dynamic feedback 
circuit that measures the capacitance betWeen a Wafer and 
the electrode(s) of an electrostatic chuck, then adjusts the 
chucking voltage to maintain a constant capacitance mea 
surement. By dynamically adjusting the chucking voltage to 
maintain a constant capacitance, the invention maintains a 
constant chucking force on the Wafer. A constant chucking 
force is desirable for many reasons. For one, a constant 
chucking force corresponds to a constant sealing force about 
the periphery of the Wafer. A constant sealing force creates 
a constant backside gas leak rate Which results in a constant 
pressure in the gap region betWeen the Wafer and the ESC. 
This state is desirable since it results in a constant heat 
transfer betWeen the Wafer and the electrostatic chuck. 

[0013] More speci?cally, an illustrative embodiment of 
the invention contains a monopolar electrostatic chuck hav 
ing a pair of coplanar electrodes embedded in a dielectric 
material. To chuck a Wafer, the electrode pair is coupled to 
the same voltage from a DC poWer supply, While the Wafer 
is coupled directly to a second potential (e.g., ground). The 
potential difference betWeen the electrodes and the Wafer 
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creates an electrostatic force that retains the Wafer upon the 
chuck surface. Acapacitance measuring circuit measures the 
capacitance betWeen the electrode pair. The measured 
capacitance has a nominal value Without a Wafer present and 
the capacitance value changes When a Wafer is positioned 
upon the chuck, When a Wafer is chucked and, most impor 
tantly, the capacitance changes in direct response to the 
chucking force applied to the Wafer. Furthermore, the 
capacitance has an anomalous value When a Wafer is 
improperly chucked, e.g., a Wafer is offset from the center of 
the chuck. The invention monitors the capacitance value to 
derive an optimal chucking voltage that maintains an opti 
mal chucking force upon the Wafer for a given application. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The teachings of the present invention can be 
readily understood by considering the folloWing detailed 
description in conjunction With the accompanying draWings, 
in Which: 

[0015] FIG. 1 is a schematic illustration of one embodi 
ment of the present closed-loop capacitance monitoring and 
feedback circuitry used in conjunction With a monopolar 
electrostatic chuck; 

[0016] FIG. 2 depicts a block diagram model of an 
open-loop control circuit used in conventional electrostatic 
chuck control method; 

[0017] FIG. 3 depicts a block diagram model of a closed 
loop capacitance feedback circuit of the present invention; 

[0018] FIG. 4 is a block diagram of a capacitance mea 
suring circuit; 
[0019] FIG. 5 depicts a plan vieW of the electrodes used 
in one embodiment of the invention; 

[0020] FIG. 6 depicts a plan vieW of an alternative 
arrangement for the electrodes of the electrostatic chuck; 
and 

[0021] FIG. 7 depicts a schematic vieW of an alternative 
application for invention. 

[0022] To facilitate understanding, identical reference 
numerals have been used, Where possible, to designate 
identical elements that are common to the ?gures. 

DETAILED DESCRIPTION 

[0023] FIG. 1 depicts a schematic diagram of a monopolar 
electrostatic chuck 100 coupled to a closed-loop control 
system 101 of the present invention. Illustratively, the elec 
trostatic chuck 100 is depicted Within an exemplary semi 
conductor Wafer processing system, an ion implant system 
50. Although an ion implant system is depicted, the inven 
tion ?nds use in any form of semiconductor processing 
system that may utiliZe an electrostatic chuck including 
physical vapor deposition (PVD) systems, chemical vapor 
deposition (CVD) systems, etch systems, cool doWn cham 
bers and the like. 

[0024] The ion implant system 50 contains a vacuum 
chamber 102 Within Which the electrostatic chuck 100 is 
located. An ion source 104 is coupled to the vacuum 
chamber 102 and provides an ion beam 106 that impacts a 
semiconductor Wafer 130 that is retained by the chuck 100. 
The Wafer 130 is positioned upon the chuck While the chuck 
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is in a horiZontal orientation (shoWn in phantom as position 
132A). Once the Wafer 130 is chucked (i.e., electrostatically 
retained by the chuck 100), the chuck 100 is pivoted into a 
vertical orientation shoWn as position 132B. Once in the 
vertical orientation, the electrostatic chuck 100 is translated 
in a vertical plane (as indicated by arroW 108) While the 
beam 106 is scanned horiZontally (i.e., in a plane that is 
orthogonal to the page), typically by electrostatic or mag 
netic means. As such, every region of the Wafer 130 can be 
eXposed to the beam 106. 

[0025] The electrostatic chuck 100 contains a pair of 
coplanar electrodes 112 and 114 embedded in a dielectric 
chuck body 116. The electrostatic chuck 100 may contain 
additional electrodes such as, for eXample, four or eight “pie 
slice” shaped electrodes that can independently be con 
nected to the closed loop control system 101 discussed 
beloW. The dielectric material of the chuck body 116 is 
preferably aluminum-nitride, but may be any dielectric 
material such as alumina, polyimide, boron-nitride, and the 
like. A semiconducting ceramic such as aluminum nitride is 
preferred because it Will promote the JohnsenRahbek effect 
that leads to superior chucking characteristics that are useful 
in a system that processing the Wafer in a vertical position. 
The chuck 100 is poWered by a high voltage poWer supply 
(ESC supply 122) having one voltage potential connected to 
both of the electrodes 112 and 114 (or all, if more than tWo 
electrodes are used) and another voltage potential (e.g., 
ground) is connected to the Wafer 130 via a conductive pin 
or contact 128 that eXtends slightly from the surface 124 of 
the chuck 100. To facilitate dynamically controlled chucking 
of the Wafer 130, the electrodes 112 and 114 are coupled to 
a capacitance measuring circuit 118 and a controller 120 that 
controls the output voltage of the ESC supply 122. 

[0026] The capacitance measuring circuit 118 is coupled 
to the electrodes 112 and 114 through DC blocking capaci 
tors C. Load resistors RL couple each of the capacitors C to 
one terminal (e.g., the positive terminal) of the ESC supply 
122. The load resistors isolate the capacitance of the supply 
122 from the capacitance measuring circuit 118 and sup 
presses transient signals. The capacitance measuring circuit 
118 monitors the electric ?eld betWeen the electrodes 112 
and 114 to derive a voltage that represents the capacitance of 
the electrodes. 

[0027] FIG. 1 further depicts the Wafer 130 resting on the 
Wafer support surface 124 of the electrostatic chuck 100. 
The spacing 110 betWeen the Wafer 130 and the embedded 
electrodes 112 and 114 of the electrostatic chuck 100, 
denoted by distance 61, is made up of the thickness of the 
dielectric material above the electrodes 112 and 114 and the 
gap 126 betWeen the Wafer 130 and the surface 124 of the 
chuck 100. To clearly depict the gap 126, the Wafer-to-chuck 
interface is exaggerated. This spacing 110 Will decrease 
When the Wafer 130 is chucked, or attracted to the chuck 
surface 124, such as When a voltage is applied betWeen the 
electrostatic chuck electrodes 112 and 114 and the Wafer 
130. The chucked Wafer is illustrated as Wafer 130A (in 
phantom in FIG. 1), Where the space 110, or distance 62, is 
smaller than that for the unchucked Wafer 130. In general, 
the capacitance C for a parallel-plate capacitor, such as that 
formed by the Wafer-to-electrode arrangement, is given by: 
C=eOeXA/6, Where do is the permittivity of free space, or is 
a relative dielectric constant of the dielectric material 
(including that from any gas that is supplied to the space 
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between the Wafer and the surface of the chuck), A is the 
cross-sectional area of the capacitor, and 6 is the spacing 
betWeen the Wafer 130 and the electrostatic chuck surface 
124. This capacitance Will vary depending on Whether the 
Wafer 130 is chucked or not, due to the different Wafer-to 
electrode spacing. Therefore, by monitoring the capacitance, 
the invention assesses the status of the Wafer 130 on the 
electrostatic chuck 100. Furthermore, since the de?ection A6 
(=61—62) is related to a deformation force or chucking force, 
Which is in turn related to a net force acting on the Wafer 
130; the capacitance can also be used to estimate this net 
force. In general, the net or resultant force, Fr, on the Wafer 
130 is equal to the difference betWeen the chucking force Fc 
and the force on the Wafer 130 due to backside gas pressure, 
Fp. Generally, a gas such as helium is supplied from gas 
source 134 to the interstitial spaces betWeen the chuck 
surface 124 and the backside surface of Wafer 130 to 
improve the heat transfer from the Wafer 130 to the chuck 
100 such that the Wafer can be maintained at a relatively loW 
temperature during processing. Typically, the electrostatic 
chuck 100 is mounted to a cooling plate (not shoWn) that 
conducts heat aWay from the chuck 100. 

[0028] The force on the Wafer 130 can be expressed as: 

FI=FC—Fp Equation (1), 

[0029] and 

F C=k(A6) Equation (2); 

[0030] Where k is a proportionality constant Which is 
related to the mechanical properties of the Wafer, the geom 
etry of the Wafer (thickness), the geometry of the electro 
static chuck surface, and the average surface roughness of 
the Wafer backside and the electrostatic chuck surface. 

[0031] In the illustrative embodiment of an electrostatic 
chuck 100 used in an ion implant system, Where the chuck 
100 is subject to both a tilting and a translation motion, the 
resulting force on the Wafer must be sufficient to generate a 
retention force so as to keep the Wafer 130 from falling off 
the support surface 124 of the chuck 100 due to the inertial 
force of the Wafer 130. This can be expressed as: my << MFI, 
Where y is the maximum Wafer acceleration, and p is the 
Wafer-electrostatic chuck coefficient of static friction. From 
the operational requirements for Wafer tilting and transla 
tion, one can calculate What the resultant force should be to 
effectively retain the Wafer during processing. The required 
chucking force can then be deduced from equation As 
discussed previously, this chucking force is directly related 
to the capacitance betWeen the Wafer 130 and the electrodes 
112 and 114. By continuously monitoring the capacitance, 
and using it in a closed-loop control process to adjust the 
chucking force, the invention maintains the capacitance at a 
constant value and thereby assures a consistent electrostatic 
chuck performance during Wafer processing. 

[0032] There are many advantages of a closed-loop feed 
back control of electrostatic chuck capacitance over the 
conventional approach of open loop voltage control. Capaci 
tance monitoring offers an alternative technique for sensing 
the presence of a Wafer 130 on the chuck 100. Since a 
chucked Wafer-electrostatic chuck system has a different 
capacitance than that of the system With an unchucked 
Wafer, the monitoring of capacitance alloWs one to detect 
When a Wafer is chucked. Different modes of Wafer mis 
chucking, such as Wafer off-center, electrostatic chuck dam 
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age, or Wafer on particle and so on, can also be detected by 
comparing capacitance measurements from a plurality of 
electrodes, i.e., the capacitance Will be substantially different 
as measured from electrodes that are completely covered by 
the Wafer as compared to those electrodes that are only 
partially covered. Furthermore, since capacitance sensing 
alloWs one to estimate the net force on the Wafer, it can be 
used to achieve an optimal dechuck time, or to eliminate 
electrostatic chuck controller sensitivity to both manufac 
turing variation from electrostatic chuck-to-electrostatic 
chuck and electrostatic chuck performance degradation over 
time. Also, the measured capacitance value changes When a 
Wafer transfer robot moves the Wafer into position above the 
chuck. As such, the system of the present invention can be 
used as a proximity detector to determine When a Wafer has 
arrived in the chamber and is positioned above the chuck. 

[0033] To best illustrate the improved structure of the 
inventive control system, ?rst, for comparison purposes, a 
conventional open-loop chucking force control system is 
discussed. FIG. 2 illustrates block diagram model of a 
conventional electrostatic chuck control system 200, using 
an open loop control technique. The chucking operation is 
controlled by applying a constant (or a periodic AC) voltage 
V to an electrode in the electrostatic chuck system. In this 
case, the resultant capacitance betWeen the Wafer and the 
electrostatic chuck depends not only on the application of a 
chuck voltage V, but is also affected by any external distur 
bances (d) during operation. This capacitance is further 
modi?ed by the transfer function HESC (t,mfg) 202, Which 
represents the variations incorporated into the electrostatic 
chuck during the manufacture process. These variations 
include time degradation in the chucking force produced by 
the electrostatic chuck (t) as Well as chuck-to-chuck it 
variations due to the electrostatic chuck manufacture process 
(mfg) that introduces variation such as electrode depth, 
?atness of the electrostatic chuck surface geometry, and the 
like. Under this open loop control technique, the chucking 
performance as manifested in the capacitance betWeen the 
Wafer and electrodes of the electrostatic chuck, cannot be 
optimiZed simply by applying and maintaining a constant 
magnitude chucking voltage (a DC or AC voltage). 

[0034] In contrast, returning to FIG. 1, the present inven 
tion uses a closed loop control technique in Which a capaci 
tance measurement that represents the capacitance betWeen 
the electrodes 112 and 114 is continuously monitored and 
coupled as an input parameter to an electrostatic chuck 
(ESC) controller 120. The controller 120, in turn, produces 
a control voltage for the high voltage poWer supply 122. As 
such, the ESC controller 120 makes the necessary adjust 
ment to the applied voltage V, such that the chucking 
performance can be optimiZed or maintained at a consistent 
level, as manifested by a constant capacitance. In other 
Words, by maintaining a constant capacitance, the closed 
loop system 101 maintains a constant chucking force 
betWeen the Wafer 130 and chuck 100. 

[0035] This is illustrated in the control loop model of FIG. 
3, Where Cd represents the capacitance value subject to 
external disturbances d, GC represents the transfer function 
of the electrostatic chuck controller 120 and the high voltage 
poWer supply 122, and C is the constant capacitance Which 
is maintained betWeen the Wafer and the electrodes (or 
betWeen tWo electrodes). The closed-loop control system 
101 enables one to control the capacitance C at a desired 
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value, thus eliminating any variations that may arise from 
external disturbances or inherent chuck-to-chuck variability 
in the electrostatic chuck manufacture process. Additionally, 
during dechucking the capacitance measurement can be used 
to control the dechucking voltage, i.e., a dechucking voltage 
is adjusted to change the capacitance value along a speci?c 
trajectory until dechucking is achieved. 

[0036] FIG. 4 depicts a block diagram of the capacitance 
measuring circuit 118 comprising an oscillator 400, an 
optocoupler 402 and a frequency to voltage (F/V) converter 
404. The oscillator 400 is poWered by a DC-DC converter or 
some other electrically ?oating poWer supply. The frequency 
of oscillation of the oscillator is established and varied by 
the total capacitance of the tWo blocking capacitors C and 
the electrostatic chuck capacitance CESC. As CESC changes, 
the frequency of the oscillator changes. To ensure that CESC 
is detectable, the blocking capacitor values are generally ten 
times as large as the value of CESC. The optocoupler 402 
connects the oscillator 400 to the F/V converter 404 to 
provide signal isolation. The F/V converter 404 detects the 
frequency of oscillation and produces a DC voltage VOUT 
having a magnitude that represents the frequency. As such, 
the DC voltage Will vary in proportion to the frequency such 
that any variation in CESC Will be produced as a variation in 
VOUT. The voltage VOUT is used to control the magnitude of 
the chucking voltage such that a closed-loop chucking 
voltage control system is produced. The time constant of the 
electrostatic chuck is approximately 25 to 200 mSec., as 
such, the time constant of the closed loop system should be 
approximately 5 to 10 times faster than the chuck time 
constant. 

[0037] The shape of the electrodes can enhance the sen 
sitivity of the capacitance measurement. Although the inven 
tion Will function With electrode shapes such as half-moon, 
interdigitated, concentric rings and the like, the present 
invention uses a “propeller-shaped” pattern 500 depicted in 
FIG. 5. Such an irregular shaped electrode provides excep 
tional sensitivity to Wafer position. The propeller-shaped 
electrode pattern should be considered as an illustrative 
example of an irregular pattern. Other irregular patterns may 
operate as Well as the propeller-shaped pattern. An inner 
electrode 502 has a “propeller” shape With a central portion 
504 being narroWer than the outer portion 506. An outer 
electrode 508 has a cutout portion 510 that matches the 
propeller shape such that the inner electrode 502 is circum 
scribed by the outer electrode 508. To facilitate capacitance 
measurement, the inner and outer electrodes 502, 508 are 
comparable to electrodes 112 and 114 of FIG. 1 and are 
coupled to the circuit 101. 

[0038] FIG. 6 depicts an alternate embodiment of an 
irregular electrode pattern 600 of the present invention. This 
embodiment, generally used for retaining 300 mm Wafers, 
has a three-lobed propeller shaped pattern 600. An inner 
electrode 602 has a three-lobed propeller shape With a 
central portion 604 having a smaller area than the outer 
portions 606A, 606B and 606C. An outer electrode 608 has 
a cutout portion 610 that matches the three-lobed propeller 
shape such that the inner electrode 602 is circumscribed by 
the outer electrode 608. To facilitate capacitance measure 
ment, the inner and outer electrodes 602, 608 are compa 
rable to electrodes 112 and 114 of FIG. 1 and are coupled 
to the circuit 101. 
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[0039] Although an electrode pair that is used for both 
poWering the chuck and performing capacitance measure 
ments is disclosed above, such a closed-loop control tech 
nique is generally applicable to capacitance measurements 
betWeen any number of electrodes and the Wafer as Well as 
various combinations thereof. For example, for certain 
applications Where the Wafer-electrostatic chuck system 
comprises other electrodes such as ones mounted on the 

surface of the electrostatic chuck (as taught by Burkhart et 
al in assigned US. patent application Ser. No. 08/873,268, 
entitled “Method and Apparatus for Wafer Detection”, ?led 
on Jun. 11, 1997, the closed-loop control technique of the 
present invention can readily be adapted to accommodate 
input connections from these other electrodes as Well. As 
such, some electrodes are used for capacitance measure 
ments and other electrodes are poWered to retain a Wafer. 
Additionally, the foregoing embodiment of the invention 
Was described in conjunction With a monopolar chuck, 
hoWever, the invention is applicable to a bipolar chuck as 
Well. 

[0040] In a system Where the chuck can be translated into 
parallel alignment With a Wafer held in close proximity to the 
chuck surface, the capacitance measurement apparatus of 
the present invention can be used to maximiZe the parallel 
ism of the chuck and the plane of the Wafer handling system. 
FIG. 7 depicts a schematic diagram of a system 699 using 
the present invention as an alignment detector. The system 
699 comprises an electrostatic chuck 100, an actuator 706 
that tilts the chuck about the axis 707 and an actuator 
controller 710. To facilitate operation of the system 699, a 
Wafer 700 is suspended by a robot 702 above the surface 704 
of an electrostatic chuck 100. As discussed above, the 
capacitance measuring circuit 118 measures the capacitance 
betWeen electrodes 112 and 114 and produces a voltage that 
is indicative of the measured capacitance value. In this 
embodiment, the invention is used to minimiZe the angular 
offset (0) betWeen the chuck and Wafer. 

[0041] In operation, the Wafer 100 is held at a knoWn 
distance (d) above the chuck 100 and the capacitance 
betWeen the electrodes 112 and 114 is measured. This 
measurement is continued While the chuck is tWisted 
(rotated about its center and represented by rotation angle Q) 
over one revolution, producing a periodic signal 708 as a 
function of tWist angle. The tilt axis 707 is then adjusted 
(servoed) by a control signal to the actuator 706 calculated 
to minimiZe the amplitude of signal 708. The chuck is again 
tWisted over one revolution While sampling the Wafer-chuck 
capacitance resulting in a signal 711. This procedure is 
repeated until the amplitude of 711 can no longer be 
decreased at Which point the chuck surface and the Wafer 
plane can be considered substantially parallel. Note that the 
amplitude may not be reduced to Zero as there Will generally 
be some contribution from the orthogonal axis 709 that is 
?xed and determined by hardWare geometric tolerances. 

[0042] Although various embodiments Which incorporate 
the teachings of the present invention have been shoWn and 
described in detail herein, those skilled in the art can readily 
devise many other varied embodiments that still incorporate 
these teachings. 
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What is claimed is: 
1. Apparatus for controlling an electrostatic chuck com 

prising: 
an electrostatic chuck having at least one electrode; and 

a capacitance measuring circuit coupled to one electrode 
of said electrostatic chuck that provides continuous 
closed-loop control of a measured capacitance value. 

2. The apparatus of claim 1 Wherein said capacitance 
measuring circuit is coupled betWeen tWo electrodes of said 
electrostatic chuck. 

3. The apparatus of claim 2 Wherein a ?rst of the tWo 
electrodes has a propeller-shaped plan form and a second of 
the tWo electrodes circumscribes the second electrode. 

4. The apparatus of claim 1 Wherein said capacitance 
measuring circuit is adapted for coupling betWeen one 
electrode of said electrostatic chuck and a Wafer disposed 
upon said electrostatic chuck. 

5. The apparatus of claim 1 further comprising: 

a contact member adapted to be electrically connected to 
a Wafer disposed upon said electrostatic chuck Wherein 
said capacitance measuring circuit is coupled betWeen 
one electrode of said chuck and said contact member. 

6. The apparatus of claim 1 further comprises: 

a voltage control circuit for applying a voltage to at least 
one electrode of said electrostatic chuck; and 

said capacitance measuring circuit has an output signal 
connected as an input to said voltage control circuit. 

7. The apparatus of claim 1 Wherein said capacitance 
measuring circuit is coupled to at least one electrode Which 
is embedded Within said electrostatic chuck. 

8. The apparatus of claim 1 Wherein said capacitance 
measuring circuit is coupled betWeen at least tWo electrodes 
embedded Within said electrostatic chuck. 

9. The apparatus of claim 1 Wherein said capacitance 
measuring circuit comprises: 

an oscillator that produces a frequency of oscillation that 
represents a capacitance value; and 

a frequency to voltage converter coupled to said oscilla 
tor. 

10. The apparatus of claim 1, Wherein at least one 
electrode is disposed upon said electrostatic chuck and said 
electrode is adapted to electrically connect to a Wafer resting 
upon said electrostatic chuck. 

11. The apparatus of claim 10, Wherein said capacitance 
circuit is coupled betWeen one of said embedded electrodes 
and one of said electrodes disposed upon said electrostatic 
chuck. 

12. The apparatus of claim 1 further comprising: 

an actuator coupled to the electrostatic chuck; 

an actuator controller, coupled to the actuator, for causing 
the actuator to move the electrostatic chuck in response 
to said measured capacitance value. 

13. Apparatus for controlling the force betWeen a Wafer 
and an electrostatic chuck comprising: 
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an electrostatic chuck having at least one electrode; and 

means for controlling a retention force produced by the 
electrostatic chuck in response to measuring a capaci 
tance value. 

14. Apparatus for electrostatically retaining a substrate 
comprising: 

an outer circular electrode de?ning a central cutout having 
a propeller shape; and 

an inner electrode located Within said cutout and having 
a propeller shape. 

15. The apparatus of claim 14 Wherein the inner and outer 
electrodes are coplanar. 

16. The apparatus of claim 15 Wherein the inner electrode 
is spaced apart from the outer electrode. 

17. A method of dynamically controlling an retention 
force betWeen a Wafer and an electrostatic chuck comprising 
the steps of: 

measuring a capacitance value representing the retention 
force; 

controlling, in response to the capacitance value, a chuck 
ing voltage that is applied to the electrostatic chuck to 
optimiZe the retention force While the Wafer is being 
processed. 

18. The method of claim 17 further comprising: 

measuring a capacitance value to determine if the Wafer is 
positioned properly upon the electrostatic chuck. 

19. The method of claim 17 further comprising: 

measuring a capacitance value to determine if the Wafer is 
retained properly by the electrostatic chuck. 

20. The method of claim 17 further comprising: 

measuring a capacitance value to determine if the Wafer is 
dechucked properly by the electrostatic chuck after 
processing is complete. 

21. The method of claim 17 Wherein the capacitance value 
is represented by an oscillatory signal that changes fre 
quency in response to changes in capacitance. 

22. The method of claim 17 Wherein the capacitance value 
is measured betWeen a pair of electrodes embedded Within 
the electrostatic chuck. 

23. A method of dynamically controlling the angular 
position of a Wafer support chuck comprising the steps of: 

positioning a Wafer above a surface of a Wafer support 
chuck having a pair of electrodes; 

measuring the capacitance betWeen the pair of electrodes; 
and 

moving the angular position of said surface of the Wafer 
support chuck until a particular value of capacitance is 
measured. 

24. The method of claim 23 Wherein the particular value 
of capacitance represents that the surface of the Wafer 
support chuck and the Wafer are substantially parallel. 

* * * * * 


