DIRECT DRIVE ARRANGEMENT TO CONTROL CONFINEMENT RINGS
POSITIONING AND METHODS THEREOQOF
BACKGROUND OF THE INVENTION
{Para 1} Advances in plasma processing have provided for growth in the
semiconductor industry. To be competitive in the semiconductor industry, a manufacturing
company needs to be able to minimize waste during substrate processing. Accordingly,
maintaining tight control of the process parameters during substrate processing is essential for
reducing waste and producing high quality semiconductor devices.
[Para 2} In a plasma processing svstem, plasma is formed above a substrate to perform
substrate processing. In order to control plasma formation and to protect the process chamber
walls, confinement rings may be employed. Typically, the confinement rings are configured
to surround the periphery of the chamber volume in which plasma is to form.
{Para 3} The confinement rings may include multiple rings stacked on top of one
another. The gap between the confinement rings may be adjusted to control the volume of
pressure within the confined area. In other words during substrate processing, if the chamber
pressure is outside of the designated range (such as that determined by the curvent recipe), the
confinement rings may be adjusted. In an example, to increase the pressure within the
processing chamber, the gap between the confinement rings may be redoced.
{Para 4] Accordingly, an arrangement for controlling the movement of the confinement

rings is desirable in order to maintain tight coutrol of the pressure parameter during substrate

processing.
BRIEF SUMMARY OF THE INVENTION
{Para §} The invention relates, in an embodiment, to a direct drive arrangement for

controfling pressure volume within a confinement region of a processing chamber of a
plasma processing system during substrate processing, wherein the confinement region is a
chamber volume surrounded by a set of confinement rings. The arrangement includes a
plurality of phinger assemblies configured for changing the pressure volume by vertically
moving the set of confinement rings. The arrangement also includes a plurality of motor
assemblies configured for vertically moving the plurality of plunger assemblies, and
recording a plurality of set point position values for the plurality of plunger assemblies. The
arrangement further includes a set of circuits configured at least for driving the plurality of
motor assemblies to move the plurality of plunger assemblies to change the pressure volume
within the confinement region. The set of circuits is also configured for providing power to

the plurality of motor assemblies to move the plurality of plunger assemblies. The set of
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circuits is further configured for receiving the plurality of set pomt position values from the
plurality of motor assemblies.
{Para 6] 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 the claims 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 figwres.

BRIEF DESCRIPTION OF THE DRAWINGS
{Para 7| The present invention is illustrated by way of example, and not by way of
fimitation, in the figures of the accompanying drawings and in which like reference numerals

refer to similar elements and m which:

{Para § Fig. 1 shows a sumple diagram of a CAM ring arrangement on top of a top
plate.
{Para 9] Fig. 2 shows, in an embodiment, a simple cross-sectional diagram of a direct

drive arrangement within a processing chamber,

{Para 18] Fig. 3 shows, in an embodiment of the mvention, a simple diagram of a direct
drive arrangement on a top plate.

{Para 11} Figs. 4A, 4B, 4C and 4D show, in embodiments of the invention, differemt
views of a plunger arrangement.

{Para 12} Fig. 5 shows, in an emibodiment of the invention, a simple functional diagram
of a printed circuit board (PCB).

{Para 13} Fig. 6 shows, in an embodiment of the invention, a logic diagram of a direct
drive environment.

{Para 14] Fig. 7 shows, in an embodiment, a simple flow chart illustrating a calibration
method with the direct drive arrangement.

{Para 15} Fig. 8 shows, in an embodiment of the invention, a sunple flow chart

itustrating a control strategy for managing the direct drive arrangement during substrate

processing.
DETAILED DESCRIPTION OF EMBODIMENTS
{Para 16} The present invention will now be described in detail with reference to a few

embodiments thereof as tlustrated in the accompanving drawings. In the following
description, numerous specific details are set forth m 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 withount some or all of these specific details. In
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other instances, well known process steps andfor structures have not been described i detail
i1 order to not unnecessarily obscure the present invention.

{Para 17} Various embodiments are described hereinbelow, including methods and
techniques. It should be kept in mind that the invention might also cover articles of
manufacture that includes a computer readable medium on which computer-readable
mstructions for carrving out embodiments of the inventive technique are stored. The
computer readable mediam may include. for example, semiconductor, magnetic, opto-
magnetic, optical, or other forms of computer readable medium for storing computer readable
cade. Further, the invention may also cover apparatuses for practicing emtbodiments of the
mvention. Such apparatus may include civcuits, dedicated and/or programmable, to carry out
tasks pertaining to embodiments of the invention. Examples of sach apparatus include a
general-purpose computer anclior a dedicated computing device when appropriately
programmed and may include a combination of a computer/computing device and
dedicated/programmable circuits adapted for the variouns tasks pertaining to embodiments of
the invention.

{Para 18] As aforementioned, plasma is emiploved to etch a substrate into semicondactor
devices. Those skilled m the arts are aware that a stable plasma is important during substrate
processing. Thus, the ability to maintain tight control of the process parameters dwring
substrate processing is essential for plasma stability. When the process parameters are
outside of a narrow, pre-defined window, the process parameters may have to be adjusted to
maintain the stable plasma.

{Para 19} The pressure within the processing chamber is a process parameter that can
cause the plasma formed above the substrate to become unstable if left unmonitored.
Consider the sityation wherein, for example, a substrate is being processed within a
processing chamber of a plasma processing system. The substrate 18 disposed on top of a
lower electrode (such as an electrostatic chuck). During substrate processing, plasma is
formed above the substrate to perform etching. Surrounding the plasima are confinement
rings. The confinement rings may be employed to confine the plasma within a fixed area and
to control the pressure within the confinement region. The gap between the confinement
rings may be adjusted to control the volume of pressure on the substrate surface.

[Para 20| To move the confinement rings, 2 CAM ring arrangement may be provided in
the prior art. Fig. 1 shows a simple diagram of a prior art CAM ring arrangement 100 on top
of a top plate 102. CAM ring arrangement 100 may mclude a CAM ring 104, which is

attached to a single stepper motor 108 via a belt 106, A tensioning arvangement 124 may be

3



available to provide the tension as single stepper motor 108 moves belt 106, thereby causimg
CAM ring 104 1o rotate. Given the amount of power that may be required to move the CAM

ring arrangement, single stepper motor 108 may be a fairly large motor, such as a five-phase

motor.
{Para 21} CAM ring arrangement 100 may also include a set of plungers, such as

plungers 112, 114, and 120, Each plunger is attached to CAM ring 104 via a wheel
arrangement, such as a ball-bearing wheel arrangement {not shown). As CAM ring 104
rotates, the set of plungers (112, 114, and 120} is moved up and down to adjust the gap
between the confinement rings.

{Para 22} CAM ring 104 is divided into CAM regions (such as a CAM region 126),
wherein each CAM region is associated with each plunger. In an example, if CAM ring
arrangement 100 includes three plungers, then there are three CAM regions. The top-plate-
facing side of each CAM region has a wedge shape. As CAM ring 104 rotates, the depth a
plunger travels is controlled by the contour of each CAM region. Thus, the angle of CAM
ring 104 at each CAM region determines the vertical distance traveled by each plunger.
[Para 23] Before substrate processing begins, CAM ring arvangement 100 is first placed
into an initialization position. The inmtialization position is set based on the pressure setting
of a recipe. Those skilled in the art are aware that a recipe for a process module may be
entered via a nser interface computer {such as a cluster tool controller). The recipe is then
sent to the process module controller. The process module controller performs an algonithm
to determine the initial set point value for each of the plungers. The initial set point value is
then sent to a two-axis stepper board 130, which then sends the mstructions to a motor driver
board 110, Due to the size of CAM ring arrangement 100, two boards (boards 110 and 130)
are usually required 1o control the activity of the CAM ring arrangement since stepper board
130 does not have the power to drive the motor directly. Upon receiving the instructions,
motor driver board 110 may power single S-phased stepper motor 108, thereby causing CAM
ring 104 to rotae and the plungers to be moved in a vertical direction {that is up/down}.
CAM ring arrangement 100 may include an optical sensor 122, which is emploved to set each
plunger at the initial set point value (such as the home position). A mechanical stop (such as
116 and 118) may be emploved to provide a hard stop if optical sensor 122 fails to perform
properly.

[Para 24} During substrate processing, a sensor, such as a monometer (not shown), is
emploved to measure the pressure within the processing chamber. The measurement 1s sent

back to the process modale controller. If the pressure has changed, the process module
4



controlfer performs an algorithm to deternune the new set point value. The process module
controtier then sends the instructions, which inclade the direction of the vertical movement of
the plunger and the step position, to stepper board 130. The instruction is then relayed to
motor driver board 110, which activates stepper motor 108, which in turn rotates CAM ring
104 and move the plungers to the new set point value. To accurately determine the position
of each plunger, a linear encoder 114 may be employed. The value of the new set point
position valae of each plunger may then be sent back to the process control module. The new
set point position value is available as a point of reference when a new set point value needs
to be caleulated,

{Para 25] Given that top plate 102 has limited physical space, manufacturers continue to
seek new ways to reduce the number of components on the top plate without sacrificing
functionality. In accordance with embodiments of the present invention, a direct drive
arrangement and methods thereof are provided. Embodiments of the invention include a
direct drive arrangement that is configured to perform pressure control while occupying less
phvsical space on the top plate of a plasma processing system. Embodiments of the invention
also include methods for calibrating and mitializing the direct dvive arrangement. Further,
emtbodiments of the invention include methods for controlling pressure during substrate
processing.

{Para 26] In an embodiment of the invention, a direct drive arrangement is provided for
controliing the pressure volume within the processing chamber. Unlike the prior ant CAM
ring arrangement, the direct drive arrangement requires fewer mechanical/electrical
components to control the pressure environment within the confinement region. In an
embaodiment, the direct drive arrangement inclades a set of plunger arrangements in
communication with a circuit board.

{Para 27| Each plunger arrangement includes a plunger shaft that 1s hooked to the apper
confinement ring of the set of confinement rings swrrounding the peniphery of the chambes
volume in which plasma is to form. In the prior art CAM ring arrangement, a complex
assembly (CAM ring, belt, tensioning arrangement, wheel arrangement, motor, etc.} is
required to move a plunger shaft. In contrast, in the direct drive arrangement, the plunger
shaft is dwectly connected to the motor shaft.

{Para 28} In the prior art CAM ring arrangement, the potential distance traveled by each
planger shaft may be determined by the wedge shape of the CAM ring i each of the CAM
region. Unlike the prior asgt, the potential distance a plunger shaft may travel may be

determined by a pair of sensors, which is positioned on the plunger arrangement. The gap
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between the pair of sensors provides the maximum distance the plunger shaft may travel. By
repositioning the pair of sensors, the maximum distance 8 phunger shaft may travel may be
changed.

[Para 19| In an embodiment, a flag (such as a mechanical flag) may be affixed to the
plunger shaft. As the plunger shaft is moved in a vertical direction (up and down), the flag
may travel between the two sensors. When the flag on the plunger shaft breaks the optical
beam of either sensor, the sensor prevents the plunger shaft from continuing to move in the
same divection. In an example, the plunger shaft is prevented from moving downward once
the tlag has broken the optical beamt of the second sensor. As discussed refer the fisst sensor
refers to an up sensor or a home sensor and the second sensor refers to the down sensor or far
SERSOT.

[Para 30} In the prior art CAM ring arrangement, the CAM ring assembly is controlled
by a large motor (such as a S-phase motor). Unlike the prior art, the motor of the direct drive
arrangement is positioned on top of the plunger assemibly. Also, the motor shaft is divectly
connected to the plunger shaft. Since gach plunger assembly is associated with its own
mdividual motor, the motor may be a smaller motor (such as a 2-phase motor). Since the
motor is positioned on top of the plunger assembly, the motor does not take up additional
physical space on the top plate.

{Para 31} By stmplifving the design of the divect drive arrangement, fewer mechanical
components are required to perform the function of controlling pressure within the
confinement region. As a result, the space previously occupied by the CAM ring assembly is
made available for other functions. Since there are fewer mechanical/electrical components,
the direct drive arrangement is more refiable and the cost of maintaining and servicing the
direct drive arrangement is less expensive.

{Para 32} The features and advantages of the present invention may be better understood
with reference to the figures and discussions that follow.

[Para 33} Fig. 2 shows, in an embodiment, a simple cross-sectional diagram of a direct
drive arrangement within a processing chamber. Consider the situation wherein, for example,
a substrate 202 is disposed on top of a lower electrode 204. To process substrate 202 during
production, a plasma 206 may form between substrate 202 and upper electrode 208, In some
processing chambers, confinement rings 210 mayv be emploved fo confine plasma 206,

[Para 34} In a typical processing chamber that employs confinement rings 210, the
confinement rings may have attachment points. In the prior art, the CAM ring arrangement

may include a vacuum sealed plunger shaft positioned at each of the attachment points.
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Sinutarly, the divect drive arrangement includes a plunger arrangement (such as 214 and 216,
for example) at cach of the attachment points. In an embodiment, each plunger arrangement
may include a plunger shaft coupled to a motor via a motor shaft. A more detailed discussion
of the plunger arrangement will be discussed in Fig. 44, 4B, 4C, and 4D. In an embodiment,
the number of plunger arrangements may correlate directly with the number of attachment
points.

{Para 35| To control the volume of pressure within confinement region 218, the plunger
shaft of each plunger arrangement may be moved vertically (up/down) to adjust the gaps
between the confinement rings, thereby controlling the amount of pressure within the
processing chamber. In the prior art CAM ring arrangement, & motor rotates & CAM ting
arrangement, thereby causing the planger shaft to move up and down. Unlike the prior an,
the motor of each plunger arrangement moves the plunger shaft without having to first rotate
a CAM ring arrangement.

{Para 36] The plunger shafts may be moved in response to processing data (such as
pressure data) collected by a set of sensors, such as manometers (not shown). The processing
data may be sent 1o a control module 220 via a board 222 for analysis. I the processing data
traverses a threshold range, instructions may be sent to board 222, which may then drives
each motor {not shown) to move each plunger shaft vertically in order to change the pressure
volume within confinement region 218, In an example, if the processing data tndicates that
the pressure level is below the pre-defined threshold, the gap between the confinement rings
may be adjusted to correct the pressure level within confinement region 218.

jPara 37| As discussed herein, the term traverse may include exceed, fall bellow, be
within range, and the like. The meaning of the word traverse may depend upon the
requirement of the threshold valuefrange, In an example, 1f the recipe requires the pressure
value, for example, to be at feast a certain valoe, then the processing data 1s considered 1o
have traversed the threshold value/range if the pressure value has met or exceed the threshold
valnerange. In another example, if the recipe requires the pressure value, for example, 10 be
below a value, then the processing data has traversed the threshold value/range if the pressure
value has fallen below the threshold valuefrange.

{Para 38| Fig. 3 shows, i an embodiment of the invention, a sunple diagram of a direct
drive arrangement 300 on a top plate 302, Direct drive arrangement 300 includes a set of
plunger arrangements {304, 306, and 308) and a circait board 310, such as a printed circuit
board (PCB). Unlike the prior art, no addinonal mechanicalielectrical components are

required to manage the pressure volome within the confinement rings. As can be appreciated
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from the foregoing, direct drive arrangement 300 1s a simple and compact arrangement that
occupies less physical space on top plate 302 than the prior art CAM ring arrangement. In
other words, many of the mechanical/electrical parts that may have been required in the prior
art CAM ring arrangement have become superfluous i direct drive arrangement 300 and
have been eliminated. For example, direct drive arrangement 300 does not need the CAM
ring, the belt, the tensioning arrangement, or even the second circuit board (such as the motor
driver board) to perform the function of managing pressure within the confinement area. As
can be appreciated from the foregoing, although a preferred embodiment includes one circuit
board, the divect drive arrangement may also be tmplemented with more than one cireuit
board if desired.

{Para 39] By eliminating both mechanical and electrical components, more physical
space on top plate 302 is available to support other functions. In addition, with fewer
mechanicalfelectrical components, there are fewer parts to support, thereby reducing the
service and component costs. Also, with fewer mechanical/electrical parts, more control over
movement is provided and less vibration is prodoced when the adjustment is made, thereby
enabling better control over the pressure range and better resolotion. In addition, with fewer
mechanical components, fewer particles are generated when the mechanical components
come in contact with one another in order to move the set of plunger shafts in a vertical
direction (up and down}. Since particles can contaminate the substrate in the processing
chamber, fewer particles being generated provides a cleaner production environment,

{Para 40] Figs. 44, 4B, 4C, and 4D show, in embodiments of the invention, different
views of a plunger arrangement 400, Fig. 4A shows, in an embodiment of the invention, a
cross-sectional view of a plunger arrangement 400, Plunger arrangement 400 may include a
motor assembly 402 and a plunger assembly 404,

[Para 41} Motor assembly 402, as shown in Fig. 48, inclades an encoder 420 disposed
above a motor 422, in an embodiment. {n an embodiment, motor 422 is a 2-phase stepper
notor. Unlike the prior art CAM ring arrangement, motor 422 1s a much smaller motor. In
the prior art CAM ring arrangement, a larger motor (such as a S-phase stepper motor} is
required to support the various plungers and the CAM ring assembly. However, in the direct
drive arrangement, each plunger arrangement is associated with its own motor; therefore, the
motor may be a smaller motor since the motor is required to support less components.
Although the motors are small, the motors are capable of lifting/holding more than twice the
weight of the set of confinement rings, iy an embodument. Thus, if power is lost during the

time when a robot arm is either placing/removing a substrate infinto the processing chamber,
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the set of confinement rings is not accidentally dropped onto the substrate andfor robot arm,
thereby damaging the substrate and/or robot arm.

[Para 42} In an embodiment, encoder 420 is configured to record the set point position
value of the plunger shaft. The set point position value is relaved to the circuit board, which
then forwards the data to a control medule. The set point position value is stored and utilized
to calcnlate a new set point position value for the plunger shaft when the pressure level within
the confinement region is cutside of the threshold range. which may be predetermined.

{Para 43| Connecting enceder 420 o motor 422 is a motor shaft 424, Motor shaft 424
may extend from the motor assembly into the upper part of plunger assembly 404, as shown
in Fig. 4C. Fig. 4C shows, in an embodiment of the invention, a cross-sectional view of the
body of plunger assembly 404, The body of plunger assembly 404 is the part of plunger
assembly 404 that 1s positioned above a top plate 408,

{Para 44| Plunger assembly 404 may include a housing 430, Within housing 430 is a
coupler 432, which is configured to connect to motor shaft 424 on one end and to a plunger
shaft 434 on the opposite end. Directly below conpler 432 is a flag 436, In an embodiment,
flag 436 encircles part of plunger shaft 434 and 1s attached to plunger 434 via a set screw (not
shown). By attaching flag 436 directly onto plunger shaft 434, the flag is at a fixed position
in refation to plunger shaft 434, In other words, flag 436 moves with plunger shatt 434,
{Para 45] Plunger assembly 404 may also include a first sensor 438 (also known as a
home sensor) and a second sensor 440 (also known as g far sensor). The maximum gap
between the sensors {438 and 440) provides the maximum distance by which plunger shaft
434 may move vertically (up/down} when plunger shaft 434 is employed 1o adjust the
confinement rings swrrounding the plasma. In an embodiment, the maximum gap between
the sensors (438 and 440 may be adjusted by manually rotating the set screws (such as screw
422a and screw 422b). In an embodiment, the set screws are employed to set the sensors at a
fixed position.

[Para 46} In another embodiment, the sensors (438 and 440) are attached to a fixed
block, wherein second sensor 440 is at a fixed position and the position of first sensor 438 is
adjustable. In other words, instead of adjusting both set screws to adjust the gap between the
sensors, only screw 422a {associated with first sensor 438) is required to be adjusted.

{Para 47| In an embodiment, flag 436 1s configured to wavel between the two sensors
{438 and 440). Before substrate processing, flag 436 1s set to a home position by plunger
shaft 434 upward until flag 436 breaks the optical beam of first sensor 438. A further

discussion about iratialization and calibration 1s provided in a later discussion.
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[Para 48] Although flag 436 is configured to travel the distance between the two
sensors, an alarm may be sent, in an embodiment, if flag 436 breaks the optical beam of
second sensor 440, In other words, second sensor 440 may be set at a position such that if
flag 436 breaks the optical beam of second sensor 440, the production enviromment within the
region of the confinement rings may be at a pressurized level that may not be acceptable for
substrate processing.

[Para 49} Plunger assembly 404 may also include in an embodiment, a nose-end portion,
as shown in Fig. 4D. The nose-end portion is positioned below the top surface of top plate
408, The noese-end portion of plunger assembly 404 also includes a shaft-end adapter 480
coupled to plunger shaft 434, Shaft-end adapter 480 may include a ring adapter 482, which s
configured to lock onto the set of confinement rings 484 to enable the set of confinement
rings 484 to be moved when plunger shaft 434 is moved vertically {up/down).

{Para S0} Those skilled in the art are aware that the region above top plate 408 Is in an
atmospheric environment while the area below top plate 408 Is in a vacuumed environment.
To seal off the vacuumed environment from the atmospheric environment, a bashing
component 486 and a set of seals 474 (such as quad seals, o-rings, and the like) may be
employed to seal off the pressure difference between the two environments. In an
embodiment, bushing component 486 mayv also be employed to guide plunger shaft 434 as
plunger shaft 434 moves in a vertical direction (up/down). In other words, the usage of
bushing component 436 to keep plunger shaft 434 straight (1., prevent from wobbling)
minimizes the potential of the set of confinement rings from shaking and creating an
uncontroiied substrate processing environment and causing particles generation.

{Para 51} Fig. 5 shows, in an embodiment of the invention, a simple functional diagram
of a circuit board (PCB 500). In an embodiment, PCB 500 may be a 3 axis stepper driver
board. Unlike the prior art CAM ring arrangement; only a single circuit board {souch as a
printed circuit board} is required to control all three stepper motors since the smaller motors
require tess power from the PCRB 500 to drive the plunger shafts. As can be appreciated from
the foregoing, although a preferred embodiment includes only a single circuit board, the
direct drive arrangement may be implemented with more than one circuit board.

{Para 52| In an embodiment, PCB 500 may include a control module connector 322,
which enables PCRB 500 to conununicate with a control module 520, In an embodiment,
controf module S20 may include a user mterface computing module (such as a cluster tool
controller) and a process module controller (including one with a VOIP board). The user

mterface computing module may be employed to enter the recipe and the process module
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controlier may be emploved to perform comparison and determine a new set point position
value for the plunger arrangement when the pressure level has traversed a predetermined
threshold range.

[Para 83} In an embodiment, PCB 500 may be configured 1o receive a set of instructions
from control module 320, In an example, during substrate processing, if the pressure level
falls outside of a predetermined threshold range, control module 520 may sends a set of
instructions to PCB 300 to move the planger arrangement to adjust the pressure level within
the confinement region. The set of instructions may include step and direction signals for
moving the plunger arvangement o a new set point position value,

[Para 54] In an embodiment, PCB 500 may include a set of plunger artangement
connectors {such as connectors 524, 526, and 528). The set of plunger arrangement
connectors enables PCB 300 to communicate directly with a set of plunger arrangements
(304, 506, and 508). Unlike the prior art CAM ring arrangement, PCB 500 does not relay the
set of instructions to another circuit board (such as the motor driver board). Instead, PCB 500
is configured 1o send the set of instructions directly to the set of plunger arrangements (504,
506, and S08) via a set of phmger arrangement connectors (524, 526, and 528). Ascanbe
appreciated from the foregoing, the number of connectors may depend upon the number of
plunger arrangements.

{Para 55} In an embodiment, PCB 300 may be configured to receive process data from
the set of plunger arrangements. As aforementioned in Figs 4A-D, each plunger arrangement
may include an encoder. The set point position value of each plunger arrangement is
recarded by each encoder and is forwarded to PCB 500, m an embodiment. The set poing
position value of each plunger arrangement is then forwarded to control module 520. The set
point position values are employved by control module 320 1o calculate a new set point
position value for each plunger arrangement when the pressore level within the confinement
region is determined to be outside of a predetermined threshold range.

{Para 56] In an embodiment, PCB 500 may also be configured to provide power 1o the
set of plunger arrangements. PCB 300 may include a set of switches $10 that may be
emploved to turm on and off the power to the motor of each plunger arrangement,

{Para 57} In an embodiment, PCB 500 may also include a set of calibration buttons 514,
Set of calibration buttons 514 may be emploved to calibrate the set of plunger arrangements
when the plasma processing system is first initialized or after the plasma processing system

has been serviced. A discussion about calibration is provided in a later figure.
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{Para 58] PCB 500 may alse include, in an embodiment, a visual display 512 (such as an
LCD display). Visual display 512 mayv be employed to display data about plunger
arrangements. In an example, visual display 512 may display the current set point position
value of each plunger arrangement, the maximum differential between the set point position
values of the plunger arrangements, the position of the flag in relation to the sensors, the
amount of power being utilized by each plunger arrangement, and the like.

[Para 39| In an embodiment, visual display 512 may also be emploved to displav alarm
warnings. 1n an example, if the amount of power being utilized is above a predetermined
threshold value, an alarm may be displayed, thereby providing a visual notification to a
technician about a potential problent. In another example, if the flag of one of the plunger
arrangement breaks the optical beam of the second sensor, an alarm may be displayed to
notify the technician of a potential problem. 7

{Para 60} Fig. 6 shows, in an embodiment of the invention, a logic diagram of a direct
drive environment. A direct drive environment may include a board 604 (such as a printed
circait board). As aforementioned, board 604 15 in communication with a controf module 602
and a set of plunger arrangements (620, 630, and 640).

{Para 61} Board 604 has a bi-directional relationship with control module 602 and set of
plunger arrangements {620, 630, and 640}, in an embodiment. In an example, board 604 ig
configured fo receive a set of instructions from control module 602 and is configured to send
processing data back to control modale 602, In another example, board 604 is configured to
send a set of mstructions to the set of plunger arrangements (620, 630, and 640} and to
receive processing data from the set of plunger arrangements (620, 630, and 640).

[Para 62} In an embodiment, board 604 may include a home position monitoring module
654, In other words, board 604 is configured to verifv the home position of each of the
plunger arrangement after each plunger arrangement has been calibrated. The method for
calibration may be as iHustrated in Fig. 7, v an embodiment.

[Para 63] At a first step 702, the motor is switched to an off position. In an
embodiment, the 3 axis stepper board may include switches that are configured to control the
motor of each plunger arrangement. By setting each switch to an off position, the motor of
each plunger arrangement 1s turned off.

{Para 64} At a pext step 704, the set of confinement rings Is set at an mitial height. Once
the motor is turned off, the initial height of the set of confinement rings may be set manually.

In an embodiment, the desired gap between the bottom swrface of a top plate and the top



surface of the set of confinement rings may be set by emploving a gauge block. The
thickness of the gauge block may vary depending upon the desired intial height.

{Para 65} To move the set of confinement rings to the initial height, the motor shaft may
be adjusted. By moving the motor shaft, the plunger shaft is moved in a vertical direction
{up/down). Since the plunger shaft is hooked onto the top confinement ring, the set of
confinement rings is also moved. In an embodiment, an axis knob (such as knob 426 of Fig.
4B) located above the encoder and surrounding the motor shaft may be manually rotated to
manually adjust the motor shaft until the desired height of the set of confinement rings is
aclieved. In another embodiment, a set of calibration buttons located on the circutt board (3
axis stepper board} may be pressed to achieve the desired mitial height. This step is
performed for all three phinger arrangements.

{Para 66} At a next step 706, the sensors are calibrated. As aforementioned, the sensors
include a first sensor and a second sensor. Before performing substrate processing, the
plunger arrangement is set to a home position. In an embodiment, to set the home position,
the motor shaft is rotated untl the flag of each plunger arrangement breaks the optical beam
of the first sensor. This step is performed for all three plunger arrangements.

{Para 67} Once the calibration has been completed, the gauge block is removed and at a
next step 708, the motors are turned backed on. In an example, the switches associated with
the motors {located on the circuit board} are set to an on position, thereby allowing power to
flow to the motor,

[Para 68} Once the plunger arrangement has been calibrated, the plunger shaft is moved
to a home position, At a next step 710, each encoder (such as encoders 626, 636, and 646}
may be emploved to record the initial set point position value of each plunger arrangement.
If the differential between the set point position values of the plunger arrangements traverses
a set threshold {such as zero), the sensors may need to be recalibrated.

{Para 69} At a next step 712, the direct drive arrangement is ready for substrate
processing. Once the set point position value for each plunger arrangement has been verified,
each set point position value is sent to control module 602 along a path 606, in an
embodiment. The set point position value is emploved 1n an algorithm to determine a new set
point position value when the pressure level within the confinement region is outside a
threshold range and the plunger arrangement has to be adjusted.  Additionally or
alternatively, the set point position valae for each plunger arrangement may also be displayed

on an LCD display 660,
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{Para 78] The calibration method as discussed in Fig. 7 may occur m varving situations.
In an example, calibration may occur when a new plasma processing system is set up or after
a processing system has been serviced. For example, calibration may occur after a
component part of & plunger arrangement has been replaced. In another example, calibration
may also occur when the confinement rings have been replaced. As can be appreciated from
the foregoing, calibration is usually not required unless a component affecting the gap
between the top plate and the set of confinement rings is replaced and/or serviced.

{Para 71} Referring back to Fig. 6, board 604 may also include an encoder monitoring
module 650, which is configured to monitor the set point position value of each plunger
arrangement. In an embodiment, an encoder (such as encoders 626, 636, and 640) may be
capturing the set point position value of each plunger arrangement. The set point position
values are sent to board 604 for analysis. I the maximum differential of the set point
position values traverses a set threshold value (which is predetermined), an alarm is sent to
control module 602; Also, all three motors are stopped in order to prevent damage. In an
embodiment, the set point position values and the maximum differential is also sent to control
moditle 602 via a path 606 and/or are also displayed on LD display 660.

{Para 72| Additionally, board 604 may include a power monitoring module 652 that is
configured to monttor the current Howing to the motor of each plunger arrangement. In an
embodiment, the current flow may be displayed on LCD display 660 for easy monitoring, If
the current How s bevond a threshold value, an alarm may be sent to control modale 602
along a path 608. Also, if the current set threshold value is exceeded, all three motors of the
plunger arrangements are stopped in order to prevent damage.,

{Para 73] In an embodiment, board 604 may also include a second sensor monitoring
module 036, which is configured to monitor the second sensor of each plunger arrangement.
If the flag breaks the optical beam of a second sensor (such as sensors 628, 638, and 648),
board 604 s configured to stop all three mnotors. Similar to the other steps, an alarm may also
be displaved on LCD display 660 and sent to control module 602 along a path 612.

{Para 74] In another embodiment, board 604 may also include an execution module 658
that is configured to instruct the motor of each plunger arrangement to move to a new set
point position value. Consider the situation wherein, for example, the pressure within the
confinement region 1s above a set threshold range. Control module 602 may send a set of
mstructions to board 604 to move each plunger arrangement to a new set point position value

i order to adjust the pressure fevel within the confinement region.
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{Para 75] In an example, the set of instructions, which may include a step signal and a
divection signal, may be sent along a path 614, Upon receiving the set of instructions, board
604 may instruct the stepper motors (622, 632, and 642) of each of the plunger arrangements
{620, 630, and 640} to move the plunger shaft according to the step and direction signals as
provided by control module 602, In an example, the motor may be instructed to move the
plunger shaft upward by & stepper pulses.

[Para 76} Fig. 8 shows, in an embodiment of the invention, a simple flow chart
itlustrating a control strategy for managing the direct drive arrangement during substrate
processing.

[Para 77] At a first step 802, each plunger arrangement is sef to a home position. In
other words, the plunger shaft is moved upward until the flag breaks the optical beam of the
first sensor, Once the flag breaks the optical beam, the flag is considered to be at a home
position. The home position is then sent o a contrel module (such as a process module

controller via a circuit board}.

{Para 78] At a next step 804, substrate processing may begin.
[Para 78] At a next step 806, the set of confinement rings is moved to a recipe initial set

point position value. Usually, before substrate processing begins, new recipe parameters are
entered and stored 10 a user interface computing module. The recipe parameters are then
forwarded to a process module controller. The process module controtler performs an
alporithm based on the home position and the recipe to determine the new set point position
value for each plunger arrangement. Once the new set point position value has been
calculated, a set of instructions {with step and direction signals) is sent to the circuit board.
The circuit board then relays the signals to the motor. which then rotates the motor shaft. The
rotation of the motor shaft moves the plunger shafi, thereby causing the set of confinement
rings to move to the initial set point position value.

[Para 80} At a next step 808, the pressure level is monitored during substrate processing.
Given that conditions within the processing chamber may cause the pressure level to
fluctuate, a sensor, such as a monometer, may be employed to monitor the pressure level
within the confinement region. The process data about the pressure level within the
confinement region may be sent to the control module for analysis.

jPara 81} At a next step 810, the pressure level during substrate processing i1s maintained
by adjusting the set of confinement rings. If the control module determines that the pressure
level within the confinement region 18 outside of an acceptable predetermined threshold

range, the control module may recaleulate the set point position value needed to move the
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confinement rings in order to adjust the pressure level back within the acceptable range. The
new set point position values may be sent to the circuit board. Upon recetving the new set
point position values, the circuit board may send a command to the motor of each plunger
arrangement to move in a specific direction and by a specific number of stepper pulses.
{Para 82} At a next step 812, when the recipe step has been completed, the set of
confinement rings is moved back to a home position.

[Para 83| Az can be appreciated from the forgoing, one or more embodiments of the
present invention provide for a direct drive arrangement for manipulating confinement ring
positions in order to adjust the pressure level within a processing chamber environment. By
simplifying the design, the direct drive arrangement occupies less physical space while still
performing the function of a more complex arrangement, such as the CAM ring amrangement.
With fewer mechanical/electrical parts, the direct drive arrangement is more rehable.
Furthermore, the cost of ownership is minimized. .

{Para B4} While this invention has been described in terms of several preferred
embodiments, there are alterations, pernmutations, and equivalents, which fall within the scope
of this invention. Although various examples are provided herein, it is imtended that these
examples be illustrative and not limiting with respect to the invention.

{Para 85] Also, the title and summary are provided herein for convenience and should
not be used to construe the scope of the claims herein. Further, the abstract is written in a
highly abbreviated form and is provided herewn for convenience and thus should not be
employed to construe or limit the overall imvention, which is expressed in the claims. If the
term “set” is emploved herein, such term is intended to have its comimonly understood
mathematical meaning to cover zero, one, or more than one member. It should also be noted
that there are many alternative ways of implementing the methods and apparatuses of the
present nvention. 1t is therefore intended that the following appended claims be interpreted
as including all such alterations, permutations, and equivalents as fall within the true spirit

and scope of the present invention.
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CLAIMS
What is claimed 1s:
1. A direct drive arrangement for controlling pressure volume within a confinement region of
a processing chamber of a plasma processing system during substrate processing, wherein
said confinement region is a chamber volume surrounded by a set of confinement rings, satd
direct drive arrangement comprising:
a plurality of plunger assemblies configured at least for changing said pressare
volume within said confinement region by vertically moving said set of confinement rings;
a plorality of motor assemblies, configured at least for
vertically moving said plurality of plunger assemblies, and
recording a plurality of set point position values for said plarality of plunger
assemblies: and
a set of ¢circuits configured at least for
driving said plurality of motor assemblies to move said plurality of plunger
assemblies to change said pressure volume within said confinement region, and
providing power to said plurality of motor assemblies 10 move said plurality of
plunger assemblies, and
receiving said plurality of set point position values from said plurality of
motor assemblies.
2. The direct drive arrangement of claim 1 further comprising
a sensor configured at least for collecting pressure data about said pressure volume
within said confinement region during said substrate processing; and
a control module configured at least for
receiving said plurality of set point position values from said set of circuits,
receiving said presswe data from said sensor,
calculating a set of new set point position values for said plurality of plunger
assemblies, and
sending said set of new set point position value as a set of instructions to said
set of circaits.
3. The direct drive arrangement of claim 2 wherein each motor assembly of said plurality of
motor assemblies mclude
a motor configured for moving a plunger assembly of sasd plurality of plunger

assembly,



an encoder configured for recording a set point position value for said plunger
assemblv,

a motor shaft configured for connecting said motor 1o said plunger assemblv.

4. The direct drive arrangement of claim 3 wherein each plunger assembly of said plurality
of plunger assemblies include

a plunger body configured to be disposed on top of an upper-facing surface of a fop
plate of said processing chamber, and

a nose-end portion configured to be disposed below said upper-facing surface of said
top plate.

5. The direct drive arrangement of clatm 4 wherein said plunger body includes

a plunger shaft configured at least for moving said set of confinement rings,

a coupler configured at least for connecting said motor shaft to said plunger shaft,

a pair of sensors configured at least for establishing a maxinm distance for said
plunger shaft to move vertically, wherein said pair of sensors include a home sensor and a far
sensor,

a flag affixed to an upper pant of said plunger shaft, wherein said plunger shaft is at a
home position when said flag breaks a first optical beam of said home sensor, wherein an
alarm is activated when said flag breaks a second optical beam of said far sensor, and

a housing component configured at least for housing said plunger shaft, said coupler,
said pair of sensors, and said Hag.

6. The direct drive arrangement of claim § wherein said nose-end portion includes a
shaft-end adapter connected to said plunger shaft, wherein said shaft-end adapter includes a
ring adapter configured at least for connecting to said set of confinement rings, wherein said
set of confinement rings moves in a first divection when said plunger shaft moves in said first
direction, and

a bushing component configured at least for guiding said plunger shaft as said plunger
shaft moves vertically.

7. The direct drive arrangement of claim 6 wherein said set of circuits is a set of threg-axis
stepper boards.
8. The direct drive arrangement of claim 7 wherein said set of circuits meludes

a home position moniforing module configared at least for verify said home position
for said plunger shaft of said each plunger assembly,

an encoder monitoring module configured at least for monitoring said plurality of set

point position values,
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a power monitoring module configured at east for monitoring current flowing to said
motor of said each motor assembly, and

a second sensor monitoring module configured at least for monitoring said far sensor
of said each plunger assembly.

9. The direct drive arrangement of claim 8 wherein said set of circuits includes a visual
display, wherein said visual display is configured for ar least for displaying

said plurality of set point position values,

a maximum differential between said plurality of set point position values,

power utilization, and

alarm notifications.

10. The direct drive arrangement of claim 1 wherein said motor is a two stepper motor.

11, An arrangement for controlling pressure volume within a confinement region of a
processing chamber of a plasma processing system during substrate processing, wherein said
confinement region is a chamber volume swrrounded by a set of confinement rings, said
arrangement comprising:

a plurality of plunger shafts configared for moving said set of confinement rings 1o
control said pressure volume within said confinement region;

a plurality of motors, wherein each motor of said plurality of motors is configared at
least for moving gach plunger shaft of said plurality of plunger shaft;

a plurality of encoders, wherein each encoder of said plurahity of encoders is
configured for recording a set point position value for said each plunger shaft;

a set of circuits configured at least for driving said plorality of motors to move said
plarality of plunger shafts in order to change said pressure volume within said confinement
region; and

a control module configured at least for calealating a new set point position {or said
each plunger shaft when said pressure volume traverses a predetermine threshold range.

12. The arrangement of claim 11 further comprising

a pair of sensors configured at least for establishing a maximum distance for said each
plunger shaft 1o move vertically, wherein said pair of sensors include a home sensor and a far
sensor; and

a flag affixed to an upper part of said each planger shaft, wherein said each plunger
shaft is at a home position when said flag breaks a first optical beam of said home sensor,
wherein an alarm 1s activated when said flag breaks a second optical beam of said far sensor.

13, The arrangement of claim 12 further comprising
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a ring adapter configured at least for connecting said each plunger shaft to said set of
confinement rings, wherein said set of confinement rings moves in @ first direction when said
each planger shaft moves in said first direction; and

a bushing component configured at least for guiding said each plunger shaft as said
each plunger shaft moves vertically.

14. The arrangement of claim 13 wherein said set of circuits is a set of three-axis stepper
boards.
15, The arrangement of claim 14 wherein said set of cirenits includes

4 home position monitoring module configared at least for venify said home position
for said each plunger shaft,

an encoder monitoring module configured at least for monitoring said set point
position value for said each plunger shaft,

a power monlitoring module configured at least for monitoring current flowing to said
each motor, and

a second sensor monitoring module configured at least for monitoring said far sensor
for said each planger shaft.

16, The arrangement of claim |5 wherein said set of eircnits meludes a visual display,
wherein said visual display is configured at least for displaving

said set point position value for said each plunger shaft,

power utilization, and

alarm notifications.

17. The arrangement of claim 16 wherein said each motor is a two stepper motor.

18. A method for controlling pressure volume within a confinement area of a processing

chamber of a plasma processing chamber during substrate processing, wherein said

confingment area is a region between a set of confinement rings, said method comprising:
setting each plunger arrangement of a plurality of plunger arrangements to a home

position;

moving said set of confinement rings to a recipe initial set point position value;

collecting pressure data about said pressure volume during said substrate processing;

sending said pressure data to a control module for analysis;

comparing said pressure data to a predeterming threshold range:;

if sard pressure data traverses outside of said predeternune threshold range,
determining a new set point position for said each plunger arrangement;

sending said new set point position as a set of instructions; and
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moving said each plunger arrangenient to said new set pount position,
19. The method of claim 18 further including calibrating said each plunger arrangement
before said substrate processing, wherein said calibrating comprising

switching off power to said each plunger arrangement,

setting said set of confinement ring to an initial height,

calibrating a pair of sensors on said each plunger arrangement, and

moving said each plunger arrangement to said home position.
20. The method of claim 18 further including stopping satd each plunger arrangement if a

flag on sawd each plunger arrangement breaks an optical beam of a far sensor,



