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BACKGROUND

1. Field of the Invention

[0001] The present embodiments relate to wafer processing apparatus, and more particularly,
apparatus, methods, and computer programs for processing a wafer in a wafer processing

apparatus.

2. Description of the Related Art

[0001] The manufacturing of integrated circuits includes immersing silicon substrates (wafers)
containing regions of doped silicon into chemically-reactive plasmas, where the submicron
device features (e.g., transistors, capacitors, etc.) are etched onto the surface. Once the first layer
is manufactured, several insulating (dielectric) layers are built on top of the first layer, where
holes, also referred to as vias, and trenches are etched into the material for placement of the

conducting interconnectors.

[0002] Current plasma processing systems used in semiconductor wafer fabrication rely on
highly interdependent control parameters to control radical separation, radical flux, ion energy,
and ion flux delivered to the wafer. For example, current plasma processing systems attempt to
achieve necessary radical separation, radical flux, ion energy, and ion flux by controlling a
single plasma generated in the presence of the wafer. Unfortunately, chemistry dissociation and
radical formation are coupled to ion production and plasma density and often do not work in

concert to achieve the desired plasma processing conditions.

[0003] Some semiconductor processing equipment may be used in a wide range of applications.
However the requirements for each of the applications may vary substantially, and it may be
difficult to accommodate all the applications in the same processing equipment without adequate
controls to configure the wafer processing process (e.g., to control the plasma chemistry in the
chamber). A lack of control on the ion energy in the chamber limits the control of the desired
process chemistry. If controls are not adequate, non-uniform deposition may result with non-

uniform etching on the wafer.

[0004] It is in this context that embodiments arise.
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SUMMARY

[0005] Embodiments of the disclosure provide apparatus, methods and computer programs for
processing a wafer in a wafer processing apparatus. It should be appreciated that the present
embodiments can be implemented in numerous ways, such as a process, an apparatus, a system,
a device, or a method on a computer readable medium. Several embodiments are described

below.

[0006] In one embodiment, a wafer processing apparatus includes: a top electrode; a bottom
electrode; a first radio frequency (RF) power source; a second RF power source; a third RF
power source; a fourth RF power source; and a switch. The first, second, and third power
sources are coupled to the bottom electrode. Further, the switch is operable to be in one of a first
position or a second position, where the first position causes the top electrode to be connected to
a first voltage, and the second position causes the top electrode to be connected to the fourth RF

power source. In one embodiment, the first voltage is electrical ground.

[0007] In another embodiment, a wafer processing apparatus includes: a top electrode and a
bottom electrode inside a processing chamber; a first radio frequency (RF) power; a second RF
power; a third RF power; a switch; a fourth RF power; and a system controller. The first,
second, and third powers are coupled to the bottom electrode, and the switch is coupled to the
top electrode and to the fourth RF power. The system controller is operable to set each of the
first, second, and third RF powers to be one of turned on or turned off independently during a
wafer processing operation, and the system controller is operable to set the switch to one of a
first position or a second position. The first position causes the top electrode to be connected to
electrical ground, and the second position causes the top electrode to be connected to the fourth

RF power.

[0008] In yet another embodiment, a method, for processing a wafer in a wafer processing
apparatus including a top electrode and a bottom electrode inside a processing chamber, includes
an operation for receiving a recipe for processing the wafer. In addition, the method includes an
operation for selecting whether to turn on or turn off each of a first radio frequency (RF) power,
a second RF power, and a third RF power based on the recipe. The first, second, and third
power sources are coupled to the bottom electrode. The position of a switch is set based on the
recipe, where the top electrode is coupled to electrical ground when the switch is in a first
position, and where the top electrode is coupled to a fourth RF power when the switch is in a
second position. Once the chamber is configured according to the recipe, the wafer is processed,

where at least one operation of the method is executed through a processor.
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[0009] Other aspects will become apparent from the following detailed description, taken in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The embodiments may best be understood by reference to the following description taken

in conjunction with the accompanying drawings.
[0011] Figure 1 shows an etching chamber, according to one embodiment.

[0012] Figure 2 is a chart illustrating the changes in the DC bias as a function of the power

applied to the top electrode, according to one embodiment.

[0013] Figure 3 shows a semiconductor wafer processing apparatus, in accordance with one

embodiment.

[0014] Figures 4A and 4B illustrate the behavior of the wafer processing apparatus as a function

of the power applied to the top electrode, according to one embodiment.

[0015] Figure SA shows measurements of etching uniformity under several working conditions,

according to one embodiment.

[0016] Figure 5B illustrates the amount of polysilicon remaining as a function of the power to

the top electrode, according to one embodiment.

[0017] Figure 6 shows a measurement of etching selectivity on the wafer, according to one

embodiment.
[0018] Figure 7 shows sample results obtained with embodiments of the disclosure.

[0019] Figure 8 shows the flow of an algorithm for processing a wafer in multiple operations, in

accordance with one embodiment.

[0020] Figure 9 shows the flow of an algorithm for processing a wafer in a wafer processing
apparatus including a top electrode and a bottom electrode inside a processing chamber, in

accordance with one embodiment.

[0021] Figure 10 is a simplified schematic diagram of a computer system for implementing

embodiments described herein.
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DETAILED DESCRIPTION

[0022] The following embodiments describe apparatus, methods and computer programs for
processing a wafer in a wafer processing apparatus. Embodiments of the disclosure use up to
four different RF powers in a triode reactor configuration. It will be apparent, that the present
embodiments may be practiced without some or all of these specific details. In other instances,
well known process operations have not been described in detail in order not to unnecessarily

obscure the present embodiments.

[0023] Figure 1 shows an etching chamber, according to one embodiment. Exciting an electric
field between two electrodes is one of the methods to obtain RF gas discharge in an etching
chamber. When an oscillating voltage is applied between the electrodes, the discharge obtained

is referred to as a capacitive coupled plasma (CCP) discharge.

[0024] Plasma can be created utilizing stable feedstock gases to obtain a wide variety of
chemically reactive by-products created by the dissociation of the various molecules caused by
electron-neutral collisions. The chemical aspect of etching involves the reaction of the neutral
gas molecules and their dissociated by-products with the molecules of the to-be-etched surface,
and producing volatile molecules, which can be pumped away. When plasma is created, the
positive ions are accelerated from the plasma across a space-charge sheath separating the plasma
from the walls, to strike the wafer surface with enough energy to remove material from the
surface of the wafer. This is known as ion bombardment or ion sputtering. Some industrial
plasmas, however, do not produce ions with enough energy to efficiently etch a surface by

purely physical means.

[0025] In one embodiment, Fluorocarbon gases, such as CF, and C-C4Fg, are used in the
dielectric etch process for their anisotropic and selective etching capabilities, but the principles
described herein can be applied to other plasma-creating gases. The Fluorocarbon gases are
readily dissociated into smaller molecular and atomic radicals. These chemically reactive by-
products etch away the dielectric material, which in one embodiment can be SiO, or SiOCH for

low-k devices.

[0026] The chamber of Figure 1 illustrates a processing chamber with a top electrode 104 and a
bottom electrode 108. Top electrode 104 may be grounded or coupled to RF generator 120, and
the bottom electrode 108 is coupled to RF generator 118 via matching network 114. RF
generator 118 provides RF power in 1, 2, or 3 RF frequencies. According to the configuration of

the chamber for a particular operation, either one of the first, second, or third RF frequencies
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may be turned on or off. In the embodiment shown in Figure 1, RF generator 118 provides 2

MHz, 27 MHz, and 60 MHz frequencies, but other frequencies are also possible.

[0027] The chamber of Figure 1 includes a gas showerhead on the top electrode 104 to input gas
in the chamber, and a perforated confinement ring 112 that allows the gas to be pumped out of
the chamber. When substrate 106 is present in the chamber, silicon focus ring 110 is situated
next to the substrate such that there is a uniform RF field at the bottom surface of the plasma 102

for uniform etching on the surface of the wafer.

[0028] Upper electrode 104 may be coupled to ground or coupled to RF power source 120.
Switch 122 is operable to connect the top electrode 104 to ground when the switch is in a first
position, or to RF power source 120 when the switch is in a second position. Matching network
116 is used to couple top RF power source 120 to the top electrode when the switch 122 is in the

second position.

[0029] The embodiment of Figure 1 shows a triode reactor configuration where the top electrode
is surrounded by a symmetric RF ground electrode 124. Insulator 126 is a dielectric that isolates
ground electrode 124 from top electrode 104. In one embodiment, RF power source 120 has a
frequency of 400 kHz, but other frequencies are also possible. The low frequency RF power on
the top electrode controls the ion energy on the top chamber as well as on the reactor walls. This
provides another control of the plasma chemistry in the chamber, enabling operation-by-

operation adjustment of the power setting in the recipes for wafer processing.

[0030] Each frequency is selected for a specific purpose in the wafer manufacturing process. In
the example of Figure 1, with RF powers of 2 MHz, 27 MHz, and 60 MHz, the 2 MHz RF
power provides ion energy control, and the 27 MHz and 60 MHz power provide control of the
plasma density and the dissociation patterns of the chemistry. This configuration, where each
RF power may be turned on or off, enables certain processes that use ultra-low ion energy on the
wafers, and certain processes (e.g., soft etch for low-k materials) where the ion energy has to be

low (under 100 or 200 eV).

[0031] In another embodiment, a 60 MHz RF power is used on the top electrode to get ultra-low
energies and very high density. This configuration allows chamber cleaning with high density
plasma when the wafer is not in the chamber, while minimizing sputtering on the ESC (electro
static chuck) surface. The ESC surface is exposed when the wafer is not present, and any ion
energy on the surface must be avoided, which is why the bottom 2 MHz and 20 MHz power

supplies are off during cleaning.



10

15

20

25

30

WO 2013/077984 PCT/US2012/063106
-6-
[0032] The chamber with four RF powers provides hardware controls for the plasma

chemistries, as well as for the plasma density and uniformity. For example, the radial

uniformity may be controlled with the independent RF source at the top.

[0033] Figure 2 is a chart illustrating the changes in the DC bias as a function of the power
applied to the top electrode, according to one embodiment. The measurements shown in Figure
2 are taken with RF power of 27 MHz and 60 MHz on the bottom electrode. When the top
electrode is coupled to ground (i.e., the top RF power source is not coupled to the top electrode),

the upper electrode has a DC bias 202 of 0V, and the wafer has a DC bias 208 of around -275V.

[0034] When the top electrode is coupled to an RF power source of 400 kHz, the DC bias in the
upper electrode (UE) 204 decreases as the power supplied by the RF power source increases.
For example, when the upper electrode has a power of around 100 W the DC bias is around -150

V, and when the power is 200 W the DC bias on the upper electrode is around -300 volts.

[0035] There are several effects resulting from increasing the power on the top electrode. First,
as the power increases the sheath potential on the upper electrode also increases. Second, as the
power increases on the upper electrode so does the plasma density. This means that the
chemistry of the process changes as the RF power on the top electrode increases. However, the
potential at the wafer remains substantially constant, while the bias on the upper electrode
changes significantly. There is an increase in the ion bombardment at the upper electrode, which
causes a change in the chemistry. Controlling ion bombardment with a low frequency is an
effective way to control the surface chemistry, that in turn affects the bulk chemistry and helps

in the optimization wafer processing.

[0036] Figure 3 shows a semiconductor wafer processing apparatus, in accordance with one
embodiment. The chamber of Figure 3 includes RF power sources 320, 322, and 324 with RF
frequencies fj, f, f3, respectively, which are connected to the bottom electrode 108 via the
corresponding matching networks. The top electrode 104 is connected to a fourth RF power

source 120, having an RF frequency f4, via switch 122 and matching network 116.

[0037] Further, the chamber includes a switch 122 that connects the top electrode 104 to either
ground or to RF power source 120 via matching network 116. A first heater 318 is situated
above the top electrode 104, and a second heater 316 is situated above ground electrode 124.
The heaters are isolated from the top electrode and the ground electrode by a layer of aluminum
nitrate material, although other insulators may also be utilized. Heater 316 controls the

temperature in the outer area of the ground electrode, and heater 318 controls the temperature of
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the upper electrode. Each heater is operable to be turned on or turned off independently during a

wafer processing operation.

[0038] Controlling the temperature of the upper electrode may be utilized to adjust the response
of the chamber. However, controlling the temperature has the limitation that the temperature
cannot be changed quickly. Therefore, temperature control provides a slow response to changes
in the chamber. It is difficult to control each wafer-processing operation utilizing temperature
control of the top electrode. In addition, there is an upper limit to the temperature that can be

applied to the silicon surfaces in the chamber.

[0039] The wafer processing apparatus further includes system controller 302, upper electrode
power controller 306, heater controller 308, and power controllers 310, 312, and 314 for fi, f5,
and f3, respectively. System controller 302 receives a plasma recipe 304, which includes
instructions for the different operations performed on the chamber. Processing of the wafer may
be done in multiple operations, and each operation may require different settings in the chamber.
For example, in one operation all four RF power sources are turned on, while in other operations

only 3, or 2, or 1 RF power sources are turned on, etc.

[0040] Based on the recipe 304, the system controller sets the operational parameters of the
chamber, including which RF power sources are turned on or turned off, their voltages and
power settings, the setting of switch 122, the settings for heaters degrees 316 and 318, the gasses
used in the chamber, the pressure on the chamber, the duration of the wafer-processing
operation, etc. In one embodiment, the system controller 302 sends instructions to upper
electrode power controller 306 for the configuration of the power on the top electrode, which
includes setting switch 122 to connect the top electrode to ground or to RF power, and turning

on or off RF power 120, as well as setting the power level for RF power 120.

[0041] System controller 302 interfaces with heater controller 308 to regulate the temperature of
the upper electrode 104. Heater controller 308 regulates heaters 316 and 318 to control the
temperature of the top electrode. A temperature sensor (not shown) provides information to
heater controller 308 on the temperature of the upper electrode in one or more points of the
upper electrode. Therefore, heater controller 308 may regulate the temperature on the upper
electrode by turning on or off the heaters to achieve a desired temperature during wafer

processing.

[0042] System controller also 302 interfaces with power controllers 310, 312, and 314, which
regulate whether the corresponding RF power 310, 322, or 324, is turned on or off, and if the

power is turned on, to what power setting. In one embodiment, the frequency of RF power
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source 120 is 400 kHz. In another embodiment, the frequency is in the range from 400 kHz to 2
MHz, while in yet another embodiment the frequency is in the range from 100 kHz to 10 MHz.
In some operations, the three bottom RF powers are not turned on simultaneously, which allows

having a higher frequency at the top RF. In one embodiment, f, is different from the frequencies

at the bottom f;-f5 in order to avoid resonance on the chamber.

[0043] In one embodiment, the pressure in the chamber has a value between 20 mTorr and 60
mTorr. In another embodiment, the voltage of the top power source can be in the range of
hundreds of volts (e.g., 100 V to 2000 V or more), and the bottom RF power sources can have a
voltage up to 6000 V or more. In one embodiment, the voltage is 1000 V. In another
embodiment, the voltage of the top RF power source has a value between 100 V and 600 V, and
the voltage of the bottom RF power sources has a value between 1000 V and 6000V. The
pressure in the top chamber and the bottom chamber can have a value between 10 mTorr and

500 mTorr. In one embodiment, the chamber operates at a pressure of 15 mTorr.

[0044] 1t is noted that the embodiment illustrated in Figure 3 is exemplary. Other embodiments
may utilize different types of chambers, different frequencies, other types of adjustments for the
chamber configuration based on the recipe, different pressures in the chamber, etc.  For
example, in one embodiment, the chamber is a CCP plasma chamber. Furthermore, some of the
modules described above in the semiconductor wafer processing apparatus may be combined
into a single module, or the functionality of a single module may be performed by a plurality of
modules. For example, in one embodiment, power controllers 310, 312, and 314 are integrated
within system controller 302, although other configurations are also possible. The embodiment
illustrated in Figure 3 should therefore not be interpreted to be exclusive or limiting, but rather

exemplary or illustrative.

[0045] Figures 4A and 4B illustrate the behavior of the wafer processing apparatus as a function
of the power applied to the top electrode, according to one embodiment. Figure 4A illustrates
the behavior of the chamber based on the power applied to the top electrode in a low RF power
application (i.e. logic application). The chamber of figure 4A was operated with a pressure of 60
mTorr, a 27 MHz RF power with 160 W applied to the bottom electrode, a 60 MHz RF power
with 160 W applied to the bottom electrode, a 400 kHz RF power applied to the top electrode,

and a combination of gases that includes C4Fs, O,, CF4, N, and Ar.

[0046] Chart 402 illustrates that when the upper electrode (UE) is connected to ground, the DC
bias of the upper electrode is OV, and the wafer bias is about -275 V. If the upper electrode is

connected to the 400 kHz RF power, the bias of the upper electrode decreases as the power on
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the top electrode increases. For example, when the power of the top RF is 200 W, the bias of the

upper electrode is about -300V. The bias of the upper electrode has gone from 0 V when no RF
power is applied to the upper electrode, to -300V when the RF power on the upper electrode is at
200 W.

[0047] The bias of the wafer also changes with the power applied to the top electrode, although
not as rapidly as the bias of the top electrode. The bias of the wafer goes from about -250 V
when no power is applied to the top electrode, to about -175 V when 200 W are applied to the

top electrode.

[0048] Chart 404 illustrates how the selectivity of etching between mask and feature (oxide to
PR) increases as power to the upper electrode increases. More details about measuring
selectivity are provided below with reference Figure 6. It is noted that the scale of the x axis is

different in charts 402 at 404.

[0049] Chart 404 shows normalized values of the selectivity, which means that the improvement
in selectivity is based on a reference selectivity measure when no RF power is applied to the top.
For example, the selectivity may have a value of 5 when no power is applied to the top electrode,
and the normalized selectivity value is equal to the selectivity value divided by 5. In chart 404,
the normalized selectivity goes from 1 when no power is applied on the top, to a normalized
selectivity value of 2.1 when 500 W are applied at the top. This means that the selectivity has

improved by 210 percent when 500 W are applied at the top.

[0050] Figure 4B illustrates the behavior of the chamber based on the power applied to the top
electrode in a high RF power application (i.e. memory application). Typically, a memory
application requires high density and several different layers. The logic may have 10 to 15
different operations, and each operation must be controlled precisely. Generally, the logic

applications are low-power applications and selectivity in each layer is very important.

[0051] The chamber of figure 4B  was operated with a  pressure of
15 mTorr, a 2 MHz RF power with 5000 W applied to the bottom electrode, a 27 MHz RF
power with 1000 W applied to the bottom electrode, a 60 MHz RF power with 200 W applied to
the bottom electrode, a 400 kHz RF power applied to the top electrode, and a combination of
gases including Ar, C4Fs, and O,, which show high efficiency at producing very high plasma
density.

[0052] Since the memory application requires high-power, the y axis scale of chart 406 is
different from the scale of chart 402. As more power is applied to the top electrode, the bias on

the upper electrode decreases and the bias of the wafer increases. The selectivity improvement,
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shown in chart 408, is less than the selectivity improvement for the low-power application, but

still shows a 12 percent improvement in selectivity. The selectivity improvement is not as big

due to the type of materials utilized in memory applications.

[0053] Figure SA shows measurements of etching uniformity under several working conditions,
according to one embodiment. In one embodiment, wafer uniformity is defined as the
coefficient of variation of the observations on the wafer, namely three times the standard
deviation expressed as a percentage of the mean, with a 3 millimeter edge exclusion. Therefore,

a uniformity value of 0 would correspond to the ideal uniformity.

[0054] Measurements of uniformity were made in a chamber configured with a pressure of 30
mTorr, a 60 MHz RF power with 400 W applied to the bottom electrode, a 400 kHz RF power
applied to the top electrode, and a combination of gases which includes, CF4, CHF3, and O,.
Measurements were made when the top RF had OW (i.e., no RF on top electrode), SOO0W, and
700W.

[0055] It is noted that applying power to the top electrode is one way to improve the uniformity,
but there are other ways to improve uniformity. The measurements made in Figure 5A were
made to compare behaviors with different powers applied to the top electrode, but other
uniformity measurements were not applied. Therefore, uniformity may be better when other

mechanisms to improve uniformity are applied together with power on the top electrode.

[0056] Chart 502 illustrates how uniformity improves when power is applied to the top
electrode. However, if too much power is applied, the uniformity improvement may be less than
when the right amount of power is applied to the top electrode. When RF power was not applied
to the top electrode the uniformity measurement was 32 percent. However, when 500 W of 400
kHz where applied to the top, the uniformity was 3 percent, and when 700 W 400 kHz where
applied the uniformity was 5 percent. It should be noted that different etching operations may
produce different results, and that uniformity may be more or less critical depending on the

wafer processing operation.

[0057] Figure 5B illustrates the amount of polysilicon remaining as a function of the power to
the top electrode, according to one embodiment. Chart 504 shows the amount of polysilicon
remaining on the wafer is a function of the amount of power applied to the top electrode, using a
frequency of 400 kHz. The chart shows that as the power increases, the polysilicon remaining
on the wafer also increases, i.e., the selectivity improves. However, after reaching a maximum
around 380 W, the improvement decreases as the amount of polysilicon remaining starts getting

smaller as the power goes higher than 380 W. As the power is increased past the maximum on
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the curve, there is too much polymer deposition on the chamber to obtain further

improvement.

[0058] Chart 504 shows that there is a maximum improvement which can be realized by
applying power to the top electrode when etching using a polysilicon mask. Different chambers
will have different values for the amount of power that is optimal, and each operation in the
etching process may need to use a different amount of power on the top electrode. Additionally,
other factors in the chamber may affect the amount of improvement that the top RF will

provide.

[0059] Figure 6 shows a measurement of etching selectivity on the wafer, according to one
embodiment. Selectivity is defined as the ratio of etch rates in the two materials. In the
embodiment of Figure 6, the first material is a Extreme Low-K (ELK) material and the second
material is an Etch Stop Layer (ESL). To obtain the selectivity value, the etch rate dgx of the
ELK material is divided by the etch rate dgg;, of the ESL material, according to the following

formula:

[0060] Selectivity = ‘;Eﬁ

ESL

[0061] The goal is to have an ESL that does not etch as fast as the ELK, to obtain a selectivity
value greater than 1, and the higher the selectivity value, the better. As discussed above,

applying RF power to the top electrode will improve selectivity in some etching operations.

[0062] Figure 7 shows sample results obtained with embodiments of the disclosure. Profile 702
represents an image taken of the processing of the wafer when no power is applied to the top
electrode. The selectivity measurement was 3.1. Profile 702 represents the same image taken
when 600 W of 400 kHz is applied to the top electrode. The selectivity when power is applied to

the top electrode is 7.0, more than double the selectivity when no power is applied.

[0063] Figure 8 shows the flow of an algorithm for processing a wafer in multiple operations, in
accordance with one embodiment. As discussed above, a wafer goes through multiple etching
operations, and each of the operations may require different chamber configurations. The recipe
defines the parameters for the chamber at each operation. Figure 8 illustrates a method for

processing a wafer in multiple operations.

[0064] In operation 802, the parameters of the chamber are set for the upcoming etching
operation based on the recipe. The parameters may include which RF powers to apply, with

what power levels, the gases used in the chamber, the amount of time for the etching operation,
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etc. From operation 802, the method continues to operation 804 where the wafer is processed in

the chamber.

[0065] In operation 806, the system controller determines if the wafer has to go through
additional processing operations or not. If no more operations are required (i.e., processing of
the wafer is finished), the processing of the wafer ends, at least for this processing stage,
although the wafer may go through other processing stages. However, if additional processing
operations are to be done on the wafer, the method flows to operation 8§10, where the chamber is
configured according to the parameters defined in the recipe for the next wafer processing
operation. From operation 810, the method flows to operation 804 to perform the next

processing operation on the wafer.

[0066] It is noted that each processing operation may have different configurations of the
chamber. Each processing operation may have each RF power turned on or turned off, or have
each RF power applied with a different power level. Further, the top RF power may be applied
in some operations, or may be disconnected in other operations (e.g., by setting the position of

switch 122 of Figure 3).

[0067] Figure 9 shows the flow of an algorithm for processing a wafer in a wafer processing
apparatus including a top electrode and a bottom electrode inside a processing chamber (e.g. the
chamber of Figure 3), in accordance with one embodiment. In operation 902, a system

controller receives a recipe with instructions or data regarding the processing of the wafer.

[0068] In operation 904, a determination is made whether to turn on or off the first RF power
supply (e.g. RF power 320 in Figure 3), which is coupled to the bottom electrode in the chamber.
If the first RF power supply is to be turned on, the method flows to operation 906, where the first
RF power supply is turned on. If the first RF power supply is not to be powered, the method

continues to operation 908, where the first RF power supply is turned off.

[0069] In operation 910, a determination is made whether to turn on or off the second RF power
supply (e.g. RF power 322 in Figure 3), which is coupled to the bottom electrode in the chamber.
If the second RF power supply is to be turned on, the method flows to operation 912, where the
second RF power supply is turned on. If the second RF power supply is not to be powered, the

method continues to operation 914, where the second RF power supply is turned off.

[0070] In operation 916, a determination is made whether to turn on or off the third RF power
supply (e.g. RF power 324 in Figure 3), which is coupled to the bottom electrode in the chamber.
If the third RF power supply is to be turned on, the method flows to operation 918, where the
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third RF power supply is turned on. If the third RF power supply is not to be powered, the

method continues to operation 920, where the third RF power supply is turned off.

[0071] In operation 922, a check is made to determine if the top electrode is to be coupled to the
top RF power or to ground. If the top electrode is not to be connected to the RF power (i.e., the
top electrode is to be grounded), the method continues to operation 924 where the switch (e.g.,
switch 122 of Figure 3), which connects the top electrode to the top RF power or to ground, is
set to a first position. When the switch is in the first position the top electrode is connected to
electrical ground. In one embodiment, the power level of the fourth RF power is determined to

maximize the amount of remaining polysilicon after the etching operation.

[0072] If the top electrode is to be connected to the RF power the method continues to operation
926 where the switch is set to a second position, which causes the coupling of the top RF power
to the top electrode. From operation 924 or operation 926, the method continues in operation
928, where the wafer is processed after having configured the chamber according to the

recipe.

[0073] Figure 10 is a simplified schematic diagram of a computer system for implementing
embodiments described herein. It should be appreciated that the methods described herein may
be performed with a digital processing system, such as a conventional, general-purpose
computer system. Special purpose computers, which are designed or programmed to perform
only one function, may be used in the alternative. The computer system includes a central
processing unit (CPU) 1004, which is coupled through bus 1010 to random access memory
(RAM) 1028, read-only memory (ROM) 1012, and mass storage device 1014. Phase control
program 1008 resides in random access memory (RAM) 1028, but can also reside in mass

storage 1014 or ROM 1012.

[0074] Mass storage device 1014 represents a persistent data storage device such as a floppy
disc drive or a fixed disc drive, which may be local or remote. Network interface 1030 provides
connections via network 1032, allowing communications with other devices. It should be
appreciated that CPU 1004 may be embodied in a general-purpose processor, a special purpose
processor, or a specially programmed logic device. Input/Output (I/O) interface provides
communication with different peripherals and is connected with CPU 1004, RAM 1028, ROM
1012, and mass storage device 1014, through bus 1010. Sample peripherals include display
1018, keyboard 1022, cursor control 1024, removable media device 1034, etc.

[0075] Display 1018 is configured to display the user interfaces described herein. Keyboard

1022, cursor control 1024, removable media device 1034, and other peripherals are coupled to



10

15

20

25

30

WO 2013/077984 PCT/US2012/063106
-14-

I/0 interface 1020 in order to communicate information in command selections to CPU 1004. It
should be appreciated that data to and from external devices may be communicated through I/0O
interface 1020. The embodiments can also be practiced in distributed computing environments
where tasks are performed by remote processing devices that are linked through a wire-based or

wireless network.

[0076] Embodiments described herein may be practiced with various computer system
configurations including hand-held devices, microprocessor systems, microprocessor-based or
programmable consumer electronics, minicomputers, mainframe computers and the like. The
embodiments can also be practiced in distributed computing environments where tasks are

performed by remote processing devices that are linked through a network.

[0077] With the above embodiments in mind, it should be understood that the embodiments can
employ various computer-implemented operations involving data stored in computer systems.
These operations are those requiring physical manipulation of physical quantities. Any of the
operations described herein that form part of the embodiments are useful machine operations.
The embodiments also relates to a device or an apparatus for performing these operations. The
apparatus may be specially constructed for the required purpose, such as a special purpose
computer. When defined as a special purpose computer, the computer can also perform other
processing, program execution or routines that are not part of the special purpose, while still
being capable of operating for the special purpose. Alternatively, the operations may be
processed by a general purpose computer selectively activated or configured by one or more
computer programs stored in the computer memory, cache, or obtained over a network. When
data is obtained over a network the data may be processed by other computers on the network,

e.g., a cloud of computing resources.

[0078] One or more embodiments can also be fabricated as computer readable code on a
computer readable medium. The computer readable medium is any data storage device that can
store data, which can be thereafter be read by a computer system. Examples of the computer
readable medium include hard drives, network attached storage (NAS), read-only memory,
random-access memory, CD-ROMs, CD-Rs, CD-RWs, magnetic tapes and other optical and
non-optical data storage devices. The computer readable medium can include computer readable
tangible medium distributed over a network-coupled computer system so that the computer

readable code is stored and executed in a distributed fashion.

[0079] Although the method operations were described in a specific order, it should be

understood that other housekeeping operations may be performed in between operations, or
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operations may be adjusted so that they occur at slightly different times, or may be distributed in
a system which allows the occurrence of the processing operations at various intervals associated
with the processing, as long as the processing of the overlay operations are performed in the

desired way.

[0080] Although the foregoing embodiments have been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications can be
practiced within the scope of the appended claims. Accordingly, the present embodiments are to
be considered as illustrative and not restrictive, and the embodiments are not to be limited to the
details given herein, but may be modified within the scope and equivalents of the appended
claims.

What is claimed is:
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1. A wafer processing apparatus including a top electrode and a bottom
electrode inside a processing chamber, the wafer processing apparatus comprising:

a first radio frequency (RF) power source, a second RF power source, and a
third RF power source, the first, second, and third power sources being coupled to the
bottom electrode;

a fourth RF power source; and

a switch operable to be in one of a first position or a second position, the first
position causing the top electrode to be connected to a first voltage, and the second
position causing the top electrode to be connected to the fourth RF power source.

2. The apparatus as recited in claim 1, wherein the first RF power source
is operable to be one of enabled or disabled during each wafer processing operation in
the processing chamber, wherein the second RF power source is operable to be one of
enabled or disabled during each wafer processing operation in the processing
chamber, and wherein the third RF power source is operable to be one of enabled or
disabled during each wafer processing operation in the processing chamber.

3. The apparatus as recited in claim 1, wherein the first voltage is
electrical ground.

4. The apparatus as recited in claim 1, further including:

a first heater coupled to the top electrode, the first heater being operable to be
one of turned on or turned off during a wafer processing operation.

5. The apparatus as recited in claim 4, further including:

a second heater coupled to the top electrode, the second heater being operable
to be one of turned on or turned off during the wafer processing operation.

6. The apparatus as recited in claim 5, further including:

a heater controller operable to set the first heater and the second heater to be
one of turned on or turned off .

7. The apparatus as recited in claim 1, further including:

a first power controller operable to configure the first RF power source based
on a recipe for processing the wafer.

8. The apparatus as recited in claim 1, wherein the wafer processing
apparatus is configured according to a first configuration for a first application, the

first configuration including:
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the first RF power source being turned off;

the second RF power source being turned on with a frequency of 27 MHz;

the third RF power source being turned on with a frequency of 60 MHz; and

the fourth RF power source being turned on with a frequency of 400 kHz.

0. The apparatus as recited in claim 1, wherein the wafer processing
apparatus is configured according to a second configuration for a second application,
the second configuration including:

the first RF power source being turned on with a frequency of 2 MHz;

the second RF power source being turned on with a frequency of 27 MHz;

the third RF power source being turned on with a frequency of 60 MHz; and

the fourth RF power source being turned on with a frequency of 400 kHz.

10. The apparatus as recited in claim 1, wherein the fourth RF power
source is operable to be turned off when the switch is in the first position, and
operable to be turned on when the switch is in the second position.

11. A wafer processing apparatus including a top electrode and a bottom
electrode inside a processing chamber, the wafer processing apparatus comprising:

a first radio frequency (RF) power, a second RF power, and a third RF power,
wherein the first, second, and third powers are coupled to the bottom electrode;

a switch coupled to the top electrode;

a fourth RF power coupled to the switch; and

a system controller, wherein the system controller is operable to set each of the
first, second, and third RF powers to be one of turned on or turned off independently
during a wafer processing operation, and wherein the system controller is operable to
set the switch to one of a first position or a second position, the first position causing
the top electrode to be connected to electrical ground, and the second position causing
the top electrode to be connected to the fourth RF power.

12. The apparatus as recited in claim 11, wherein the system controller is
further operable to set power levels for the first, second, third, and fourth RF powers.

13. The apparatus as recited in claim 11, wherein a frequency of the first
RF power is 2 MHz, wherein a frequency of the second RF power is 27 MHz,
wherein a frequency of the third RF power is 60 MHz, and wherein a frequency of
the fourth RF power is 400 kHz.

14. The apparatus as recited in claim 11, wherein a frequency of the fourth

RF power is in a range from 0.1 to 10 MHz.
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15. A method for processing a wafer in a wafer processing apparatus
including a top electrode and a bottom electrode inside a processing chamber, the
method comprising:

receiving a recipe for processing the wafer;

selecting whether to turn on or turn off each of a first radio frequency (RF)
power, a second RF power, and a third RF power based on the recipe, the first,
second, and third power sources being coupled to the bottom electrode;

setting a position of a switch based on the recipe, wherein the top electrode is
coupled to electrical ground when the switch is in a first position, and wherein the top
electrode is coupled to a fourth RF power when the switch is in a second position; and

processing the wafer, wherein at least one operation of the method is executed
through a processor.

16. The method as recited in claim 15, further including:

determining a next operation in the recipe for processing the wafer;

enabling or disabling each of the first RF power, second RF power, and third
RF power based on the next operation; and

setting the position of the switch based on the next operation.

17. The method as recited in claim 15, further including:

setting power levels based on the recipe for the first, second, third, and fourth
RF powers before processing the wafer.

18. The method as recited in claim 15, further including:

determining a power level of the fourth RF power to maximize remaining
polysilicon.

19. The method as recited in claim 15, wherein the processing chamber has
a pressure between SmTor and 30 mTor during processing of the wafer.

20. The method as recited in claim 15, wherein operations of the method
are performed by a computer program when executed by one or more processors, the
computer program being embedded in a non-transitory computer-readable storage

medium.



