
PLASMA PROCESSING SYSTEM ESC HIGH VOLTAGE CONTROL
BACKGROUND OF THE INVENTION [000 1] In the
semiconductor industry, a plasma processing system may
be utilized to perform processing (e.g., etching or
deposition) on wafers. In general, a wafer may be
secured on an electrostatic chuck (ESC) by
electrostatic forces for the processing. In order to
ensure the wafer is stable during the processing, the
electrostatic forces applied on the wafer by the
positive and negative terminals of the ESC may need to
be balanced by adjusting power supply. To adjust the
power supply, the values of the positive load current
supply to the positive terminal and the negative load
current supply to the negative terminal may need to be
calculated or measured. [0002] Fig. IA illustrates a
schematic representation of an example plasma
processing system 160. Plasma processing system 160
may include a chamber 169. Inside the chamber there
may be an electrostatic chuck 164 for supporting
wafers, such as wafer 162, during processing utilizing
plasma 179. Plasma processing system 160 may have a DC
power supply 166 to provide the clamping voltage 172
for securing wafer 162 on chuck 164. The DC power
supply may be programmable, e.g., utilizing a bias
control or sensor input 198 and/or a clamp control
197, for setting a bias voltage 170 that defines a
center of the clamping voltage 172, which may be a
voltage with two endpoints, e.g., positive high
voltage (+HV) 129 and negative high voltage (-HV) 130
(also illustrated in the example of Fig. IB). [0003]
In order to keep the wafer 162 secured, or "clamped",
on the electrostatic chuck 164 it may be required to
tune bias voltage 170 for a condition such that bias
voltage 170 matches a plasma induced bias voltage 194
across chuck 164; plasma induced bias voltage 194 may
not be directly measured/adjusted. The required
condition may be equivalent to a condition that the
value of the positive load current 181 applied to
positive terminal 185 is substantially equal to the
value of negative load current 182 applied to negative
terminal 186. If the values of the load current are
substantially different, electrostatic forces supplied
by positive terminal 185 and negative terminal 186 may
be substantially different, and wafer 162 may be
tilted. As a result, the yield of plasma processing
may be reduced.[0004] In order to ensure the values of
the load currents are substantially equal, the values
may need to be measured, sampled and/or calculated. 



[0005] Fig. 1B illustrates a schematic representation
of a prior art arrangement including an isolation
amplifier 132 for measuring the value of positive load
current 181 illustrated in the example of Fig. IA. A
similar arrangement may be made for measuring the
value of negative load current 182 illustrated in the
example of Fig. IA. [0006] In the prior art
arrangement, with reference to Fig. IA-B, DC power
supply 166 may supply positive high voltage 129, e.g.,
with a value of 2000 V, into plasma processing chamber
169 through RF filter 187 and positive terminal 185;
RF filter 187 and positive terminal 185 may be
represented by an equivalent resistor 107. The
arrangement may include a sensing resistance 100
disposed between a first terminal 151 and a second
terminal 152, first terminal 151 and second terminal
152 may be disposed between a terminal of DC power
supply 166 with positive high voltage (+HV) 129 and
equivalent resistor 107. [0007] The arrangement may
also include an instrumentation amplifier 102
electrically coupled with first terminal 151 and
second terminal 152 through resistor 117 and resistor
118, respectively. Instrumentation 102 may be
configured to sense the voltage between first terminal
151 and second terminal 152, i.e., DV 171, in order to
determine the value of sensing current 103 utilizing
the resistance value of sensing resistor 100. [0008]
In order for instrumentation amplifier 102 to sense DV
171, isolation amplifier 132 may be employed to shift
the operating point (or operating range) of
instrumentation amplifier 102 up, for example, to a
range of about 2000V - 15V ~ about 2000V + 15V. Having
a high operating point, instrumentation amplifier 102
may be able to sense DV 171. [0009] Typical equipment
for measuring voltage may only be able to measure
voltages in a range of about -15V ~ about +15V. In
order to obtain the value of a high voltage output 116
of instrumentation amplifier 102, isolation amplifier
132 may also be configured to shift output 116 to a
low voltage referenced output 134 that is within a
range of -15V +15V relative to ground level 136. Low
voltage referenced output 134 may be measured
utilizing typical voltage measurement equipment.
Subsequently, low voltage referenced output 134 may be
utilized to calculate output 116. In turn, output 116
may be utilized to determine the value of DV 171,
which may be utilized to determine the value of
sensing current 103. The value of positive loadcurrent
181 may be assumed to be equal to the value of sensing
current 103 according to the 



prior art arrangement. [0010] In general, isolation
amplifier 132 may be very expensive. Further, the
capability of isolation amplifier 132 may be
substantially limited. Typically, isolation amplifier
132 may only be able to shift the operating point of
instrumentation amplifier 102 up to about 2.5 IcV. The
limitation may be insufficient to satisfy requirements
of some plasma processing systems, which may have a
high voltage input of about 6 kV or even higher. [001
1] Instrumentation amplifier 102 also may have
limitations. For example, instrumentation amplifier
102 typically may have a sensing range of only from
-10V ~ +10V. Given such limitations, instrumentation
amplifier 102 may not be able to satisfy the
requirements of some plasma processing systems.
SUMMARY [0012] An embodiment of the invention relates
to a plasma processing system. The plasma processing
system may include an electrostatic chuck (ESC)
positioned inside a plasma processing chamber and
configured to support (and clamp) a wafer. The ESC may
include a positive terminal (+ESC) for providing a
first force to the wafer and a negative terminal
(-ESC) for providing a second force to the wafer. The
plasma processing system may also include a first
trans-impedance amplifier (TIA) and a second TIA
configured to measure a first set of voltages for
calculating a value of a positive load current applied
to the positive terminal. The plasma processing system
may also include a third TIA and a fourth TIA
configured to measure a second set of voltages for
calculating or measuring a value of a negative load
current applied to the negative terminal. The plasma
processing system may also include logic or a program
for adjusting a bias voltage such that the value of
the positive load current and the value of the
negative load current may have an equal magnitude. The
plasma processing system may also include a diagnostic
unit configured to determine at least one of a health
condition and a remaining life of the ESC based on at
least one of the value of the positive load current
and the value of the negative load current. [001 3]
The above summary relates to only one of the many
embodiments of the invention disclosed herein and is
not intended to limit the scope of the invention,
which is set forth in theclaims herein. These and
other features of the present invention will be
described in more detail 



below in the detailed description of the invention and
in conjunction with the following figures. BRIEF
DESCRIPTION OF THE DRAWINGS [0014] The present
invention is illustrated by way of example, and not by
way of limitation, in the figures of the accompanying
drawings and in which like reference numerals refer to
similar elements and in which: [00 15] Fig. 1A
illustrates a schematic representation of an example
plasma processing system. [0016] Fig. 1B illustrates a
schematic representation of a prior art arrangement
including an isolation amplifier for measuring the
value of a positive load current in plasma processing
system illustrated in the example of Fig. IA. [00 17]
Fig. 2A illustrates a schematic representation of an
arrangement for measuring a value/amperage of a
positive load current applied to a positive terminal
of an electrostatic chuck in a plasma processing
system in accordance with one or more embodiments of
the invention. [001 8] Fig. 2B illustrates a flowchart
of a method for obtaining the value/amperage of the
positive load current in accordance with one or more
embodiments of the present invention. [0019] Fig. 2C
illustrates a mathematical manipulation for obtaining
the value/amperage of the positive load current.
[0020] Fig. 3 illustrates a schematic representation
of an arrangement for obtaining a value/amperage of a
negative load current applied to a negative terminal
of the electrostatic chuck in the plasma processing
system discussed in the example of Fig. 2A-C in
accordance with one or more embodiments of the present
invention. [002 1] Fig. 4 illustrates a positive load
current plot and a negative load current plot for
optimizing a bias voltage in the plasma processing
system discussed in Figs. 2A-C and Fig. 3 in
accordance with one or more embodiments of the present
invention.DETAILED DESCRIPTION [0022] The present
invention will now be described in detail with
reference to a few embodiments thereof as illustrated
in the accompanying drawings. In the following
description, numerous specific details are set forth
in 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 and/or structures have not been
described in detail in order to not unnecessarily
obscure the present invention. [0023] One or more
embodiments of the invention relate to a plasma
processing system. The plasma processing system may
include an electrostatic chuck (ESC) positioned inside
a plasma processing chamber and configured to support
a wafer. The ESC may include a positive terminal
(+ESC) for providing a first force to the wafer and a
negative terminal (-ESC) for providing a second force
to the wafer. The high voltages on a positive terminal
(+ESC) and negative terminal (-ESC) may be
programmable and controlled. [0024] The plasma
processing system may also include a first
trans-impedance amplifier (TIA) and a second TIA
configured to measure a first set of voltages for
calculating a value of a positive load current applied
to the positive terminal. The plasma processing system
may also include a third TIA and a fourth TIA
configured to measure a second set of voltages for
calculating a value of a negative load current applied
to the negative terminal. [0025] The plasma processing
system may also include logic or a program (e.g.,
included in a bias control/sensor input unit similar
to bias control or sensor input 198 illustrated in the
example of Fig. IA) for adjusting a bias voltage such
that the value of the positive load current and the
value of the negative load current may have an equal
magnitude or may have an offset that corrects an error
of an estimated plasma induced bias voltage.
Accordingly, the first force and the second force may
be balanced, and the wafer may be secured on the ESC.
[0026] The plasma processing system may also include a
diagnostic unit (e.g., included in a bias
control/sensor input unit similar to bias control or
sensor input 198 illustrated in the example of Fig.
IA) configured to determine at least one of a health
condition and a remaining life of the ESC based on at
least one of the value of the positive load current
and the value of the negative load current.[0027] The
plasma processing system may also include a control
unit. The control unit may be configured to control at
least a first ESC voltage at the positive terminal and
a second ESC voltage at the negative terminal using at
least one of a first voltage measured by the second
TIA and a second voltage measured by the fourth TIA.
The first ESC voltage may be proportional to the first
voltage; the second ESC voltage may be proportional to
the second voltage. 



Accordingly, the high voltages at the positive and
negative terminals may follow (or track) programmable
input set-points, independent of other process
variables or environmental variables. [0028] The first
ESC voltage may be positive, and the second ESC
voltage may be negative. In one or more embodiments,
for example, when the polarities of the positive
terminal and the negative terminals are reversed, the
first ESC voltage may be negative, and the second ESC
voltage may be positive. [0029] The control unit may
also be configured to control the difference between
the first ESC voltage and the second ESC voltage. The
difference may represent a clamp voltage pertaining to
clamping forces applied on the wafer. [0030] One or
more embodiments of the invention relate to a method
for securing a wafer on an electrostatic chuck (ESC)
positioned inside a plasma processing chamber. The ESC
may include a positive terminal for providing a first
force to the wafer and a negative terminal for
providing a second force to the wafer. The method may
include connecting, using a first component, a first
trans-impedance amplifier (TIA) to a first terminal on
a first electrical path. The first electrical path may
be between a power supply and the positive terminal.
The first component may have a first resistance. The
method may also include determining, using the first
TIA, a first voltage across a second component. The
second component may connect two end points of the
first TIA and may have a second resistance; [003 1]
The method may also include connecting, using a third
component, a second TIA to a second terminal on the
first electrical path. The third component may have a
third resistance. The method may also include
determining, using the second TIA, a second voltage
across a fourth component. The fourth component may
connect two end points of the second TIA and may have
a fourth resistance. [0032] The method may also
include determining a value of a positive load current
applied to the positive terminal using one or more of
the first voltage, the first resistance, the
secondresistance, the second voltage, the third
resistance, and the fourth resistance. The method may
also include determining a value of a negative load
current applied to the negative terminal. The method
may also include adjusting a bias voltage using the
value of the positive load current and 



the value of the negative load current for balancing
the first force and the second force. [0033] The
method may also include converting a ratio of the
first resistance to the second resistance into a
product of at least a first intermediate term and a
second intermediate term. The method may also include
calculating an intermediate voltage term using the
first voltage, the second voltage, and the first
intermediate term. The method may also include
calculating an inter-terminal voltage between the
first terminal and the second terminal using the
intermediate voltage term, the second intermediate
term, the second voltage, the second resistance, and
an inter-terminal resistance between the first
terminal and the second terminal. [0034] The step of
determining the value of the positive load current may
include determining, using the first voltage, the
first resistance, and the second resistance, a first
terminal voltage at the first terminal. The step of
determining the value of the positive load current may
also include determining, using the second voltage,
the third resistance, and the fourth resistance, a
second terminal voltage at the second terminal. [0035]
The step of determining the value of the positive load
current may also include determining, using the first
terminal voltage, the second terminal voltage, and an
inter-terminal resistance between the first terminal
and the second terminal, a value of an inter-terminal
current between the first terminal and the second
terminal. [0036] The step of determining the value of
the positive load current may also include
determining, using the second voltage and the fourth
resistance, a value of a terminal-TIA current from the
second terminal to the second TIA. [0037] The value of
the inter-terminal current value and the value of the
terminal-TIA current value may be utilized to
determine the value of the positive load current. The
value of the negative load current may be determined
utilizing steps similar to steps utilized in
determining the value of the positive load current.
[0038] Two or more ratios of resistances associated
with the TIAs may be configured to equal, to simplify
implementation. Two or more of the resistances across
TIAs also may be configured to be equal for
simplifying implementation.[0039] The method may also
include controlling at least a first ESC voltage at
the positive terminal and a second ESC voltage at the
negative terminal using at least one of the second 



voltage and the fourth voltage. The method may also
include control the difference between the first ESC
voltage and the second ESC voltage using at least one
of the second voltage and the fourth voltage. [0040]
The features and advantages of the present invention
may be better understood with reference to the figures
and discussions that follow. [004 1] Fig. 2A
illustrates a schematic representation of an
arrangement for measuring a value/amperage ILP of a
positive load current 215 applied to a positive
terminal of an electrostatic chuck in a plasma
processing system (similar to plasma processing system
160 illustrated in the example of Fig. IA) in
accordance with one or more embodiments of the
invention. [0042] The plasma processing system may
include a power supply, such as a DC power supply
similar to DC power supply 166 illustrated in the
example of Fig. IA. The power supply may be configured
to supply a positive high voltage (+HV) 299 to a
positive terminal (similar to positive terminal 185
illustrated in the example of Fig. IA) of an
electrostatic chuck (similar to chuck 164 illustrated
in the example of Fig. IA) inside a plasma processing
chamber (similar to plasma processing chamber 169
illustrated in the example of Fig. IA) of the plasma
processing system through a RF filter (similar to RF
filter 167 illustrated in the example of Fig. IA). The
resistance of the positive terminal and the RF filter
may be represented by an equivalent resistor 217.
[0043] In one or more embodiments, a clamp voltage
271, i.e., the difference between positive high
voltage (+HV) 299 and a corresponding negative high
voltage (-HV) 399 (also illustrated in the example of
Fig. 3) supplied by the power supply may be in excess
of 6 kV. For example, positive high voltage (+HV) 299
may be about +4.5 kV, and the corresponding negative
high voltage (-HV) 399 may be about -1.5 kV. In
another example, positive high voltage (+HV) 299 may
be about +1.5 kV, and the corresponding negative high
voltage (-HV) 399 may be about - 4.5 kV. A bias
voltage 270, a center point of clamp voltage 271
(between positive high voltage (+HV) 299 and negative
high voltage (-HV) 399), may be tuned to match a
plasma induced bias voltage 294. [0044] The plasma
processing system may also include a first
trans-impedance amplifier 210 (TIA 210) electrically
connected to a first terminal 251 positioned on the
electrical path (or 



power supply path) between the power supply and the
positive terminal. First TIA 210 may beIoupled with
first terminal 251 through a first component/resistor
205a with a first resistance value RD1. A second
component/resistor 209a with a second resistance value
RD may be implemented across two ends of first TIA
210. The ratio of RDi to RD may be chosen for
simplifying measurement of positive load current 215.
As an example, the ratio of RDi to RD may be
configured to be 600. [0045] The plasma processing
system may also include a second TIA 208 electrically
connected to a second terminal 252 on the power supply
path through a third component/resistor 205b also with
the first resistance value RD1. In one or more
embodiments, third component/resistor 205b may have a
different resistance value (other than RDi). A fourth
component/resistor 209b also with the second
resistance value RD2 may be implemented across two
endpoints of TIA 208. In one or more embodiments,
fourth component/resistor 209b may have a different
resistance value (other than RD2). [0046] Fig. 2B
illustrates a flowchart of a method for obtaining the
value/amperage ILP of positive load current 215 in
accordance with one or more embodiments of the present
invention. Positive load current 2 15 may represent
the current supplied to the positive terminal of the
electrostatic chuck in the plasma processing chamber
of the plasma processing system. [0047] Referring to
Fig. 2A-B, the process may start with step 272, in
which second TIA 208 may measure voltage VD2 across
component 209b (with a specified resistance value
RD2). Accordingly, voltage V at second terminal 252
may be calculated utilizing VD and the ratio of the
ratio of RDi to RD2. In the example where RD1/ RD =
600, V2may be calculated utilizing V2 = - VD2 * 600.
V2 may also represent the voltage at the positive
terminal (+ESC) of the ESC. V2 may be positive. V2 may
also be negative when polarities of the positive
terminal and the negative terminals are reversed.
[0048] Similarly, TIA 210 may measure VDi across
component 209a. At first terminal 25 1, voltage Vi
(which may represent the value of positive high
voltage 299) may be calculated utilizing VDi and the
ratio of the ratio of RDi to RD2. In the example where
RDi/ RD2 = 600, Vi may be calculated utilizing V1 = -
VD1 * 600. [0049] In step 274, voltage V12 across
sensing resistor 250 (with a resistance value Rs) 



between first terminal 251 and second terminal 252 may
be determined by subtracting V2 from V, 229, i.e., V12
= V, - V2.[0050] In step 276, the current
amount/amperage Isp of a current 204 across sensing
resistor 250 may be determined with V12 divided by Rs,
i.e., Isp = V12 / Rs. [005 1] In step 278, the current
amount/amperage Iq2p of a current 206 from second
terminal 252 to second TIA 208 may be determined with
VD2 divided by RD2, i.e., Iq2p = VD2 / RD2. [0052] In
step 280, the current amount/amperage ILP of positive
load current 215 may be determined by subtracting Iq2p
from ISP, i.e., ILP = ISP - Iq2P. [0053] An
arrangement similar to the arrangement illustrated in
the example of Fig. 2A may be implemented for
obtaining the value of the negative load current
associated with negative high voltage 399 in the
plasma processing system. A method similar to the
method illustrated in the example of Fig. 2B may be
implemented for obtaining the value of the negative
load current. [0054] Fig. 2C illustrates a
mathematical manipulation for obtaining the
value/amperage ILP of positive load current 215. As
illustrated by equation 241, an intermediate voltage
term ViSP may be calculated utilizing the difference
between measured VD1 and VD and an intermediate term
X, i.e., VisP = (VDi - VD2) * (-X). [0055]
Subsequently, as illustrated by equation 242, DV may
be calculated utilizing another intermediate term Y,
intermediate voltage term Visp, VD2, specified Rs, and
specified RD2, i.e., DV = (Y) * (VISP ) + (VD2) * (Rs/
RD2). [0056] The values of intermediate terms X and Y
may be determined based on the ratio of RDi to RD2, as
well as capability of TIAs and other equipment
utilized for measuring voltage values. In particular,
the product of intermediate terms X and Y pertain to
the ratio of ratio of RDi to RD2. In the example where
RDi / RD2 = 600, intermediate term X may be -60, and
intermediate term Y may be 10, in one or more
embodiments. In one or more embodiments, intermediate
term X may be -30, and intermediate term Y may be 20.
[0057] As illustrated by equation 243, the value ILP
of positive load current 215 may be calculated with DV
divided by Rs, i.e., ILP = (DV) / (Rs). [0058]
Advantageously, the RDi / RD2 ratio may be reduced
into smaller intermediate terms X and Y, such that the
voltage values according to embodiments of the
invention may be 



conveniently measured. For example, the voltage values
involved in embodiments of the invention may be tuned
to fall within optimal operating ranges of TIAs
utilized by adjusting the values of intermediate terms
X and Y.[0059] Fig. 3 illustrates a schematic
representation of an arrangement for obtaining a
value/amperage ILN of a negative load current 315
applied to a negative terminal of the electrostatic
chuck in the plasma processing system discussed in the
example of Fig. 2A-C in accordance with one or more
embodiments of the present invention. The power supply
may be configured to supply a negative high voltage
399 to a negative terminal of the electrostatic chuck
inside the plasma processing chamber of the plasma
processing system through a RF filter. The resistance
of the negative terminal and the RF filter may be
represented by an equivalent resistor 317. [0060] The
plasma processing system may further include a third
TIA 310 and a fourth TIA 308 configured to provide
measurement of voltages for calculating the value ISN
of sensing current 314 across sensing resistance 350.
Fourth TIA 308 may also be configured to provide
voltage measurement for calculating the value/amperage
Iq2N of current 306 from a second terminal 352 to
fourth TIA 308 across component/resistor 305b.
Accordingly, ILN may be calculated utilizing ISN and
Iq2N. The arrangement illustrated in the example of
Fig. 3 may be similar to the arrangement illustrated
in the example of Fig. 2A, and the methods of
utilizing the arrangement illustrated in the example
of Fig. 3 may be similar to the methods illustrated in
the examples of Fig. 2B-C. [0061] The plasma
processing system may further include a clamp control
unit. The clamp control unit may be configured to
control at least one of a first ESC voltage V at the
positive terminal (+ESC) and a second ESC voltage V4
at the negative terminal (-ESC) using at least one
OfVD2 measured by second TIA 208 and VD4 measured by
fourth TIA 308. As previously discussed, V2 may be
proportional to VD . Similarly, V may be proportional
to VD4. In particular, the clamp control unit may
control the difference between V2 and V . The
difference between V and V4 may also be considered a
clamp voltage pertaining to the clamping forces
applied to the wafer supported by the ESC. [0062] Fig.
4 illustrates a positive load current plot 406 and a
negative load current plot 408 for 



optimizing a bias voltage in the plasma processing
system discussed in Figs. 2A-C and 3 in accordance
with one or more embodiments of the present invention.
As illustrated in the example of Fig. 4, in a plasma
processing system, a decrease of plasma induced bias
voltage 294 (relative to a bias voltage 402 optimized
for securing a wafer on an electrostatic chuck) may
correspond to an increase in the positive load current
and may correspond to a decrease in thenegative load
current. The value of the positive load current may be
obtained utilizing one or more of the arrangements
and/or methods according to one or more embodiments of
the present invention as illustrated in the examples
of Figs. 2A-C. The value of the negative load current
may be obtained utilizing one or more arrangements
and/or methods according to one or more embodiments of
the present invention as illustrated in one or more of
the example of Fig. 3 and/or similar to one or more
arrangements and/or methods illustrated in the
examples of Figs. 2A-C. [0063] In order to stably
secure, or "clamp," a wafer on the electrostatic
chuck, substantially equal, balanced forces may need
to be applied by the positive and negative terminals
of the chuck. In order to maintain substantially
equal, balanced forces provided by the positive and
negative terminals of the chuck, the values of the
positive load current and the negative load current
may need to be maintained substantially equal. [0064]
In one or more embodiments of the invention, bias
voltage 402 may be tuned (e.g., programmed and/or
configured in a power supply, e.g., utilizing an
automatic control program in a control unit similar to
bias control or sensor input 198) such that the values
of the positive load current and the negative load
current may be substantially equal, as illustrated by
cross point 405 of positive load current plot 406 and
negative load current plot 408 in the example of Fig.
4. In the example of Fig. 4, the value of bias voltage
402 to provide a secure and balanced clamp of the
wafer may be around -800 V, which corresponds to
amperage of about 6.6 * 10-6 A for both the positive
load current and the negative load current. [0065] In
one or more embodiments, the amperage of the positive
load current and/or the negative load current obtained
may be utilized in determining the health condition
and/or the life expectancy of the electrostatic chuck.
[0066] As can be appreciated from the foregoing,
embodiments of the invention may provide 



amperage/values of the positive load current and the
negative load current in a plasma processing system
without requiring an expensive isolation amplifier.
Advantageously, the cost associated with obtaining the
values may be reduced. [0067] Further, without
depending on an isolation amplifier and
instrumentation amplifier, embodiments of the
invention may be able to provide values of positive
load currents and negative load currents in plasma
processing systems that operate at voltage levels that
are beyond the capability of a typical isolation
amplifier (and a typical instrumentation amplifier,
which mayonly be operable within a limited range, such
as - 10V ~ +10V). Utilizing TIAs, high voltages may be
scaled down by implementing high resistance between
the power supply path and the TIA. Further,
intermediate voltage and intermediate terms may be
employed to enable measurement to be performed in the
optimal ranges of TIAs. Therefore, embodiments of the
invention may be especially useful for very high
voltage plasma processing systems. [0068] Embodiments
of the invention also take into account the current
flowing from a terminal on the power supply path to
the TIA. Advantageously, embodiments of the invention
may provide more accurate values of load currents,
thereby providing more accurate control of bias
voltage for securing a wafer on an electrostatic
chuck. Advantageously, embodiments of the invention
may produce higher yield in plasma processing. [0069]
While this invention has been described in terms of
several embodiments, there are alterations,
permutations, and equivalents, which fall within the
scope of this invention. It should also be noted that
there are many alternative ways of implementing the
methods and apparatuses of the present invention.
Furthermore, embodiments of the present invention may
find utility in other applications. The abstract
section may be provided herein for convenience and,
due to word count limitation, may be accordingly
written for reading convenience and should not be
employed to limit the scope of the claims. It may be
therefore intended that the following appended claims
be interpreted as including all such alternations,
permutations, and equivalents as fall within the true
spirit and scope of the present invention.CLAIMS What
is claimed is: 1. A plasma processing system for
processing a wafer, the plasma processing system
comprising: an electrostatic chuck (ESC) positioned
inside a plasma processing chamber and 



configured to support the wafer, the ESC including a
positive terminal for providing a first force to the
wafer and a negative terminal for providing a second
force to the wafer; a first trans-impedance amplifier
(TIA) and a second TIA configured to measure a first
set of voltages for determining a value of a positive
load current applied to the positive terminal; a third
TIA and a fourth TIA configured to measure a second
set of voltages for determining a value of a negative
load current applied to the negative terminal; and a
program configured to adjust a bias voltage using the
value of the positive load current and the value of
the negative load current for balancing the first
force and the second force. 2. The plasma processing
system of claim 1wherein the bias voltage is adjusted
to produce an offset between a magnitude of the
positive load current and a magnitude of the negative
load current, and the offset is used for correcting an
error of an estimated plasma induced bias voltage. 3.
The plasma processing system of claim 1 further
comprising a diagnostic unit configured to determine
at least one of a health condition and a remaining
life of the ESC based on at least one of the value of
the positive load current and the value of the
negative load current. 4. The plasma processing system
of claim 1 further comprising: a first component
configured to connect the first TIA to a first
electrical path, the first electrical path being
between a power supply and the positive terminal, the
first component having a first resistance; a second
component connecting two end points of the first TIA,
the second component having a second resistance; a
third component configured to connect the second TIA
to the first electrical path, the third component
having a third resistance; and a fourth component
connecting two end points of the second TIA, the
fourth component having a fourth resistance,wherein a
ratio of the third resistance to the fourth resistance
is equal to a ratio of the first resistance to the
second resistance. 5. The plasma processing system of
claim 4 wherein the third resistance is equal to the
first resistance. 



6. The plasma processing system of claim 4 wherein the
first set of voltages includes a voltage across the
second component and a voltage across the fourth
component. 7. The plasma processing system of claim 4
further comprising: a fifth component configured to
connect the third TIA to a second electrical path, the
second electrical path being between the power supply
and the negative terminal, the fifth component having
a fifth resistance; a sixth component connecting two
end points of the third TIA, the sixth component
having a sixth resistance; a seventh component
configured to connect the fourth TIA to the second
electrical path, the seventh component having a
seventh resistance; and a eighth component connecting
two end points of the fourth TIA, the eighth component
having a eighth resistance, wherein a ratio of the
seventh resistance to the eighth resistance is equal
to a ratio of the fifth resistance to the sixth
resistance. 8. The plasma processing system of claim 7
wherein the seventh resistance is equal to the fifth
resistance. 9. The plasma processing system of claim 7
wherein a ratio of the first resistance to the second
resistance is equal to a ratio of the fifth resistance
to the sixth resistance. 10. The plasma processing
system of claim 7 wherein the second set of voltages
includes a voltage across the sixth component and a
voltage across the eighth component. 11. The plasma
processing system of claim 1 further comprising a
resistor disposed between a first terminal and a
second terminal on an electrical path between a power
supply and the positive terminal, wherein the first
TIA is connected to the electrical path at the first
terminal, and the second TIA is connected to the
electrical path at the second terminal. 12. The plasma
processing system of claim 1 further comprising a
control unit configured to control at least a first
ESC voltage at the positive terminal and a second ESC
voltage at the negative terminal using at least one of
a first voltage measured by the second TIA and a
secondvoltage measured by the fourth TIA, the first
ESC voltage being proportional to the first voltage,
the second ESC voltage being proportional to the
second voltage. 



13. The plasma processing system of claim 1 further
comprising a control unit configured to control a
difference between a first ESC voltage at the positive
terminal and a second ESC voltage at the negative
terminal using at least one of a first voltage
measured by the second TIA and a second voltage
measured by the fourth TIA, the first ESC voltage
being proportional to the first voltage, the second
ESC voltage being proportional to the second voltage.
14. A method for securing a wafer on an electrostatic
chuck (ESC) inside a plasma processing chamber, the
ESC including a positive terminal for providing a
first force to the wafer and a negative terminal for
providing a second force to the wafer, the method
comprising: connecting, using a first component, a
first trans-impedance amplifier (TIA) to a first
terminal on a first electrical path, the first
electrical path being between a power supply and the
positive terminal, the first component having a first
resistance; determining, using the first TIA, a first
voltage across a second component, the second
component connecting two end points of the first TIA
and having a second resistance; connecting, using a
third component, a second TIA to a second terminal on
the first electrical path, the third component having
a third resistance; determining, using the second TIA,
a second voltage across a fourth component, the fourth
component connecting two end points of the second TIA
and having a fourth resistance; determining a value of
a positive load current applied to the positive
terminal using one or more of the first voltage, the
first resistance, the second resistance, the second
voltage, the third resistance, and the fourth
resistance; determining a value of a negative load
current applied to the negative terminal; and
adjusting a bias voltage using the value of the
positive load current and the value of the negative
load current for balancing the first force and the
second force. 15. The method of claim 14 wherein the
bias voltage is adjusted to produce an offset between
a magnitude of the positive load current and a
magnitude of the negative load current, and the offset
is used for correcting an error of an estimated plasma
induced bias voltage. 16. The method of claim 14
further comprising configuring the first resistance,
the second resistance, the third resistance, and the
fourth resistance such that a ratio of the first
resistance to 



the second resistance is equal to a ratio of the third
resistance to the fourth resistance.17. The method of
claim 14 further comprising configuring the first
resistance, the second resistance, the third
resistance, and the fourth resistance such that a the
first resistance is equal to the third resistance and
that the second resistance is equal the fourth
resistance. 18. The method of claim 14 further
comprising converting a ratio of the first resistance
to the second resistance into a product of at least a
first intermediate term and a second intermediate
term. 19. The method of claim 18 further comprising
calculating an intermediate voltage term using the
first voltage, the second voltage, and the first
intermediate term. 20. The method of claim 19 further
comprising calculating an inter-terminal voltage
between the first terminal and the second terminal
using the intermediate voltage term, the second
intermediate term, the second voltage, the second
resistance, and an inter-terminal resistance between
the first terminal and the second terminal. 21. The
method of claim 14 wherein the determining the value
of the positive load current includes determining,
using the first voltage, the first resistance, and the
second resistance, a first terminal voltage at the
first terminal; determining, using the second voltage,
the third resistance, and the fourth resistance, a
second terminal voltage at the second terminal;
determining, using the first terminal voltage, the
second terminal voltage, and an interterminal
resistance between the first terminal and the second
terminal, a value of an interterminal current between
the first terminal and the second terminal;
determining, using the second voltage and the fourth
resistance, a value of a terminal-TIA current from the
second terminal to the second TIA; and determining,
using the value of the inter-terminal current value
and the value of the terminal-TIA current value, the
value of the positive load current. 22. The method of
claim 2 1 wherein the determining the first terminal
voltage includes using the ratio of the first
resistance to the second resistance. 23. The method of
claim 14 wherein the determining the value of the
negative load current 



includesconnecting, using a fifth component, a third
TIA to a third terminal on a second electrical path,
the second electrical path being between the power
supply and the negative terminal, the fifth component
having a fifth resistance; determining, using the
third TIA, a third voltage across a sixth component,
the sixth component connecting two end points of the
third TIA and having a sixth resistance; connecting,
using a seventh component, a fourth TIA to a fourth
terminal on the second electrical path, the seventh
component having a seventh resistance; determining,
using the fourth TIA, a fourth voltage across an
eighth component, the eighth component connecting two
end points of the fourth TIA, the eighth component
having a eighth resistance; and determining the value
of the negative load current using one or more of the
third voltage, the fifth resistance, the sixth
resistance, the fourth voltage, the seventh
resistance, and the eighth resistance. 24. The method
of claim 23 wherein the determining the value of the
negative load current further includes determining,
using the third voltage, the fifth resistance, and the
sixth resistance, a third terminal voltage at the
third terminal; determining, using the fourth voltage,
the seventh resistance, and the eighth resistance, a
fourth terminal voltage at the fourth terminal;
determining, using the third terminal voltage, the
fourth terminal voltage, and a second inter-terminal
resistance between the third terminal and the fourth
terminal, a value of a second inter-terminal current
between the third terminal and the fourth terminal;
determining, using the fourth voltage and the eighth
resistance, a value of a second terminal-TIA current
from the fourth terminal to the fourth TIA; and
determining, using the value of the second
inter-terminal current value and the value of the
second terminal-TIA current, the value of the negative
load current. 25. The method of claim 23 further
comprising configuring the fifth resistance, the sixth
resistance, the seventh resistance, and the eighth
resistance such that a ratio of the fifth resistance 



to the sixth resistance is equal to a ratio of the
seventh resistance to the eighth resistance. 26. The
method of claim 23 further comprising:converting a
ratio of the fifth resistance to the sixth resistance
into a product of at least a third intermediate term
and a fourth intermediate term; calculating a second
intermediate voltage term using the third voltage, the
fourth voltage, and the third intermediate term; and
calculating a second inter-terminal voltage between
the third terminal and the fourth terminal using the
second intermediate voltage term, the fourth
intermediate term, the fourth voltage, the fourth
resistance, and a second inter-terminal resistance
between the third terminal and the fourth terminal.
27. The method of claim 23 further comprising
controlling at least a first ESC voltage at the
positive terminal and a second ESC voltage at the
negative terminal using at least one of the second
voltage and the fourth voltage, the first ESC voltage
being proportional to the second voltage, the second
ESC voltage being proportional to the fourth voltage.
28. The method of claim 23 further comprising
controlling a difference between a first ESC voltage
at the positive terminal and a second ESC voltage at
the negative terminal using at least one of the second
voltage and the fourth voltage, the first ESC voltage
being proportional to the second voltage, the second
ESC voltage being proportional to the fourth voltage.
29. The method of claim 14 further comprising
determining at least one of a health condition and a
remaining life of the ESC based on at least one of the
value of the positive load current and the value of
the negative load current. 


