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TWO-STAGE PIN LIFTER FOR DECHUCK OPERATIONS

CLAIM OF PRIORITY
{0001} This application claims the benefit of priority to U.S. Patent
Application Serial No. 16/121,229, filed on September 4, 2018, which

is incorporated by reference herein in its entirety.
TECHNICAL FIELD

{0002} The subject matter disclosed herein relates to equipment
used in the semiconductor and allied industries. More specifically, the
disclosed subject matter relates to removal of substrates from an

electrostatic chuck (ESC) on a process tool.

BACKGROUND

{(003] senerally, various picces of semiconductor process
equipment (e.g., etch tools) use three pressure-driven pin hifters to
raise and lower semiconductor substrates {e.g., silicon wafers) onto or
remove from an electrostatic chuck (ESC). The ESC is known to a
person of ordinary skill in the art and is commonly used in, for
example, plasma-based and vacuum-based semiconductor processing.
The ESC is used to mount and electrostatically “clamp” a substrate
during semiconductor processing but is also used to cool or heat
substrates and provide flattening of the substrate to increase

uniformity of processing.

{6004} Typically, a sequence of chucking and de-chucking
operations includes the operations described below. A substrate 1s
transterred into a process chamber with an end-effector of a robotic
arm. Generally, three sapphire or metal substrate-lift pins move up
and receive the substrate from the robotic arm while the pins are in g
raised or “up” position. After the robotic arm is retracted from the
process chamber, the substrate-lift pins move to a lowered or “down”
position. The pins retract to just below (e.g., typically by just tens of

microns) a top surface of the ESC, thereby leaving the substrate to
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land on a top, ceramic surface of the £SC. The ESC begins “chucking”
the substrate by applying a high voltage to electrodes that ave
embedded inside the ceramic surface of the ESC (for conductor
coulombic KSCs, both positive and negative voltages are applied).
Unce the process is completed, the high voltage applied to the ESC s
reset to zero to remove all charges. The pins raise to the “up” position
to 1ift the substrate and the robotic arm removes the substrate from

the process chamber.

[60603] However, electric charges are frequently trapped at or near
the ESC surface, thereby creating residual chucking forces between
the substrate and the ESC. When the pins are raised, during a
substrate de-chucking operation, the residual chucking forces may
cause unwanted substrate movement, such as bending, tiliing,
jumping, lateral shiding, and other movements that are potentially
deleterious to semiconductor processing operations. In a worst-case

scenario, the substrate may break while being separated from the

[0006]  The information described in this section is provided to offer
the skilled artisan a context for the following disclosed subject matter

and should not be considered as admitted prior art.

]
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BRIEF DESCRIPTION OF THE FIGURES

{0607} FIGS. 1A - 1C show examples of chucking and de-chucking
operations and a resultant substrate lateral movement, with
reference to an electrostatic chuck (ESC), due to charge remaining on
at least one of the substrate or the KSC during the de-chucking

operation;

{0008] II1G. 2 shows an example graph indicating dynamic

alignment offsets of a substrate;
{0309] FIG. 3 shows examples of a two-stage pin lifter system;

{00010} FIG. 4A shows an exemplary graph of pin height as a

function of time for three different pin-height levels;

{00011} FIG. 4B shows an exemplary graph of pressure applied to a

pin within an actuator as a function of time;

00012 FIGS. BA — 5C show additional exemplary embodiments of a
two-stage lift logic for an actuator pin in accordance with the

additional embodiments of the disclosed subject matier.

DETAILED DESCRIPTION

{06013} The disclosed subject matier will now be described in detail
with reference to a few general and specific embodiments as
illustrated in various ones of the accompanying drawings. In the
following description, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed subject matter.
It will be apparent, however, to one skilled in the art, that the
disclosed subject matter may be practiced without some or all of these
specific details. In other instances, well-known process steps or
structures have not been described in detail so as not to shsecure the

disclosed subject matter.

{06014} In various contemporancous designs, several factors

contribute to a wafer offset, also known as a dynamic alignment (DA)
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offset and discussed in more detail with reference to FIGS. 1C and 2,

below. These factors include:

{00015] 1. While the wafer 1ift pins are moving to either a
raised waler position (ap” position) or lowered position “down”
position), a maximum acceleration of the 1ift pins can be as
large as one “G” (9.8 m/sec®). This large acceleration can resuli

in the DA offset.

[00016] 2. Wafer lift pins have no intermediate control
state to indicate a motion of the Lift pin except just an “up”
state and a "down” state. Consequently, a pressure inside the
pin lifter mechanism is either at atmospheric pressure or at a
pressure of the system used to pressurize the Lft pin

mechanism {a pressure of the clean, dry air (CDA) system).

{00017} 3. Water Lift pins have, at most, only two sensors.
The sensors can detect whether the pin lifters are in an “up”
position or a “down” position. There is no means to determine if
a Lift pin is in an intermediate position. Consequently, there is
no way to determine if a wafer has been successtully de-

chucked or if the waler is broken.

001 8] 4. Since there are only two sensors, there is no
means to determine if a Lift pin is either sticking or if the Lift

pin is moving more slowly than expected.

~

{06019]  With reference to a chucking operation of FIG. 1A, a silicon
wafer 101 is placed on an elecirostatic chuck (ESC) 103. The ESC 103
has at least one electrode 105, to apply a voltage to the ESC 103, and
multiple substrate lifting mechanisms (pins) in a lowered position
111A. In the lowered position 111A, the pins are generally tens of
microns below an uppermost surface of the ESC 103, However, an
exact distance below the uppermost surface has no effect on the

performance or functioning of the disclosed subject matter provided

4
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that the silicon wafer 101 is in contact, or near contact, with the
uppermost surface of the KSC 103 during a chucking operation. A
person of ordinary skill in the art will recognize, based wpon reading
and understanding the disclosure provided herein, that the disclosed
subject matter may apply equally to any type of substrate used in the
semiconductor and allied industries. Therefore, the substrate need
not be limited to only silicon wafers. However, the term “silicon

wafer” will be used herein merely {or clarity to describe various aspect

of the disclosed subject matter.

{00020] A high voltage is applied to the electrode 105, which in turn
delivers the high voltage to the ESC 103. The applied high volitage
creates opposite sign charges between the silicon wafer 101 and the
ESC 103, In this example, a negative charge 109 is formed on the
ESC 103 and a positive charge 107 is formed on a surface of the
silicon wafer 101 that is proximate to the ESC 103 (wafer charges
redistribute primartly on a lowermost portion of the silicon wafer 101
proximate to the ESC 103). Consequently, the applied voltage from
the electrode 105 creates an elecirostatic force holding the silicon

wafer 101 onto the ESC 103,

{06021}  In a typical process flow, after the silicon wafer 101 is
chucked by the electrostatic force to the ESC 103, helium gas is
delivered (e.g., to increase thermal conductivity for heating and
cooling of the silicon wafer 101) to the backside of the silicon wafer
101 (.e., the side of the wafer proximate to the ESC 103) prior to the
start of a desired process recipe. After the process recipe is completed,
the helium gas flow stops and is then pumped out (evacuated). The
high voltage of the electrode 105 is reset o zero to, ideally, remove all

charges.

{00022  With reference now to FIG. 18, after the heliom is
evacuated and the high voltage on the electrode 105 is reset to zero

volts, the pins move from the lowered position 111A to a raised
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position 111B. In the raised position 1118, the pins lift the silicon
wafer 101 to a fixed “up” position. In the up position, the robotic arm
can move back into the process chamber to pick up and remove the

silicon wafer 101.

{00023} However, as noted in FIG. 1B, if there is still remaining
charge oun the silicon wafer 101 or the ESC 103, the silicon wafer 101
may not 1ift properly above the ESC 103 when the pins are in the
raised position 1118 due to residual attractive forces, including for
example, charge trapping, and migration of charges. Consequently,
due to the attractive forces, the silicon wafer 101 may move laterally
and/or votationally with reference to the ESC 103 as shown in FIG.
1C. The lateral and/or rotational shift causes a dynamic-alignment
(DAY offset 113. Overall, and as discussed in greater detail with
regard to FIG. 2 below, dynamic alignment measures a position of the
silicon wafer 101 as the silicon water 101 moves into or out of the
process chamber. The DA offset 113 is a difference between the silicon
wafer 101 before the process begins versus after the process is
completed (that is, DA before process — DA after process). The DA

offset 113 monitors a quality of the wafer de-chuck.

000247 As discussed briefly above, at ESC operating-temperatures,
which may be several hundred degrees Celsius, electric charge can
become trapped at an uppermost surface of the ESC 103 during a
wafer chucking operation. The trapped charges are also referred to as
residual charges. Furthermore, various emissions from the silicon
wafer 101 may also be a factor in residual forces occurring between
the silicon wafer 101 and the ESC 103. These residual forces can
cause unwanted wafer movement, such as bending, tilting, jumping,

sliding, or even breakage of the wafer.

[00025] A specific de-chuck failure root cause can be complex,
depending on process, wafer type, ESC ceramic matorial, ceramic

temperature, process time, bias voltage, process chemistries, and
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other factors. For example, as is known to a person of ordinary skill in
the art, there are two main types of ESC used in the semiconductor
and allied wndustries — a eoulombic-type chuck and a Johunsen-Rahbek
tvpe of chuck. One significant difference between the two chuck types
relates to de-chuck operations. In a coulomb-type chuck, once the high
voltage on the electrode 105 is reset 1o zero volts, a nearly-
instantancous and large short-circuit currvent flows, but decreases
exponentially with a short time constant (on the order of
milliseconds). However, in a Johnsen-Rahbek type of chuck, a non-
exponentially decaying small current is sustained for much longer
time (on the order of seconds), thereby potentially causing a much
longer de-chuck time due to the time required for residual charges to

dissipate.

[00026] Referving now to FIG. 2, an exarmple graph indicating
dynamic alignment offsets of a substrate is shown. The graph
indicates a number of DA offset positions 201 from a water that has
been de-chucked from a substrate-holding device (e.g., such as the
ESC 103). The absacissa indicates a theta (O or rotational) offset DA
from a true-zevo position (as noted with regard to a center position of
the ESC 103). The ordinate axis indicates a radial offset DA from the
true-zero position. Consequently, if a substrate has shifted
rotationally from the true-zero position {e.g., due to a twisting motion
after release from the substrate-holding device), then the theta
distance is measured and recorded. If the substrate has shifted
radially from the true-zero position (e.g., due to a linear shift in

), then the

Vi

position after release from the substrate-holding device

radial distance is measured and recorded. As is indicated in FIG. 2,
the DA offset positions 201 indicate that each of the respective
substrates measured underwent both a theta offset as well as a radial

oifset.
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{00027} Various types of position sensors, known independently in
the art, may be used to determine a position of the substrate to
prepare the graph of FIG. 2. In a specific exemplary embodiment, a
laser-based refloctometer or optical camera may be used to determine

both linear and rotational movements of the substrate.

{06028} Based on the description provided above, a person of
ordinary skill in the art will understand that residual wafer chucking
forces are frequently inevitable. Therefore, to mitigate unwanted
wafer movement as discussed with veference to FIG. 2 during wafer
de-chuck, and also prevent or reduce wafer breakage, one exemplary
approach is to conirol precisely the wafer Lift force at the beginning of
a wafer de-chuck operation. Therefore, as disclosed herein, various
embodiments of the precise wafer-lift-control mechanism (e.g., a
substrate lift-mechanism) overcome forces to release the silicon wafer
101 from the ESC 103, but significantly reduce or climinate excessive

wafer deflection {or breakage) and relaxation.

060291 Referving now to FIG. 3, examples of a two-stage pin Lifter
system are shown. In an embodiment, the two-stage pin lifter system
uses three independent two-stage pin lifters (only one of which is
shown in each of three different positions) to raise the silicon wafer
101 from the ESC 103 (see FIGS. 1A through 1C). Each two-stage pin
lifter includes one or more integrated sensors and a continuous tuning

pressure control as described in more detail, below.

{00038]  Also, even though this embodiment uses three independent
pin lifters, a skilled artisan will recognize that more than three pin
lifters may be used in different embodiments. For example, a ift

mechanism designed to raise and lower a large flat-panel display

(FPD) may use four or more pins.

{00031} With reference again to FIG. 3, a two-stage pin lifter in a

lowered position 300 is shown o include an actuator cylinder 301, a
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prneumatically-controlled pin 303, and a slightly-compressed refurn
spring 305A. The two-stage pin lifter is also shown to include a
lowered-position sensor 307, a mid-position sensor 309, and a raised-
position sensor 311, With continued reference to FIG. 3, a two-stage
pin lifter in a mid-position 310 has a partially-compressed return
spring 3058, and a two-stage pin lifter in a raised-position 330 has a

fully-compressed return spring 305C.

{00032] The skilled artisan will recognize that the two-stage pin
lifter is shown schematically merely to highlight certain features of
the two-stage pin lifter. A variety of other configurations in
accordance with this exemplary embodiment are also possible. For
example, rather than the return spring 305A ~ 305C, the two-stage
pin lifter may incorporate other types of mechanical elastic-veturn
mechanisms, Instead of or in addition to a mechanical elastic-return
mechanism {o.g., a spring), the two-stage pin lifter may incorporate
various magnetic types of return mechanism, such as an electrically-
operated solenoid. Further, the two-stage pin lifter may have a
pneumatically-controlled return mechanism (not shown but readily
understood by a skilled artisan) whereby a pneamatic inlet is
included on either end of the actuator eylinder 301, Such a
pneumatically-controlled return mechanism may be used with one or
both of the mechanical elastic-return mechanism and/or various

magnetic fypes of return mechanisms.

{06033}  In various embodiments, the actuator cylinder 301 may
comprise a pin holding shaft {for the pneamatically-controlled pin 303,
a welded metal bellow (not shown but readily understandable to a
person of ordinary skill in the art), the return spring 3054, 3058,
305C, and one or more CDA inlet/outlet ports. In one embodiment,
CDA inlet/outlet ports may be placed near both upper and lower
portions of the actuator cylinder 301, In other embodiments, a single

inlet/outlet port may be placed on only a side of the pneumatically-
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controlled pin 303 that is opposite the return spring 305 {since the
return spring may be constructed to provide sufficient pressure to the
refurn the pneumatically-controlled pin 303 to a lowermost portion of
the actuator cylinder 301, i.e., a portion of the actuator cylinder 301

that is opposite the return spring 305).

{00034} In other embodiments (not shown explicitly but
understandable to a person of ordinary skill in the art), the
pneumatically-controlled pin 303 may use dual springs (or multiple
springs) to replace or supplement the return spring 305) potentially
having different compression rates in tandem, to allow high-level
precision control sensitivity and robustness during a first-stage wafer

Lift.

{066035] In various embodiments, a three-way solenoid valve can
control CDA flow to all of the pneumatically-controlled pins 303. As
explained in move detail with reference to FiG. 4B, below, if a valve
control signal is “on,” CDA with a regulated pressure (e.g., 620+ 35
Pa (90 £ 5 psig)) flows into the pneumatically-controlled pin 303 and
pushes a base of the pneumatically-controlled pin 303 to reach a full
stroke position (the pin “up” position). If the valve control signal is
“off” the pressure inside pin lifter eylinder will be released, and the

pin will return back to original position (the pin “down” position).

[00036]  Each of the position sensors 307, 309, 211 may be various
types of sensors known in the art. For example, the position sensors
may be Hall-effect sensors or other types of analog or digital
transducers known in the art (e.g., a magnetometer, a
magnetoresistance-based sensor, or a reed switch). In other
embodiments, the position sensors may be various types of
mechanically-based switches, optical switches, or other type of switch

or sensor known in the art.

10
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{00037} As described above, a wafer de-chuck operation of
embodiments of the disclosed subject matter comprises a two-stage
motion. At stage one: pin up with force control enabled by continuous
or periodic pressure regulation and detection of, for example, a mid-
position endpoint. The stage pressure control can be a fixed value or &
pre-determined pressure profile on demand. In this embodiment, the
mid-point position is selected to correspond to a de-chuck position of
the silicon wafer 101 from the ESC 103. Consequently, the mid-
position sensor 309 is used to detect a position of the pnecumatically-

controlled pin 303 for end-point sensing of the first-stage Lift position.

{00038} The position of the mid-position sensor 309 corresponds to a
height of the pneumatically-controlled pin 308 that 18 both below a
predetermined wafer breakage threshold and above a successtul water
de-chuck threshold. For example, software embedded in the pressure
control system may be used to determine the wafer breakage
threshold. Such software can include a lookup table or governing
squations that includes a type of semiconductor or other material
{e.g., stlicon, germanium, gallium-arsenide and other compound
semiconductors, quartz, ¢tc.), stress-strain curves or stress-strain
gquations for the material, fracture point as a function of

temperature, efe.).

{00039}  In various embodiments, a feedback sensor may be used to
detect if the silicon wafer 101 is broken or if the de-chuck operation
was succossful. For example, wafer breakage would be accompanied
by a sudden change in a received pressure signal (e.g., on a pressure
transducer coupled to one or more of the pneumatically-controlled
pins 303) that 1s used to supply CDA to the pneumatically-conirolled
pin 303, Also, the pressure signal on different ones of the
pneumatically-controlled pins 303 may be different depending vpon
how breakage occurs, In addition to or instead of the pressure

transducer, other types of sensors known in the art may be used as a

1i
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substrate-breakage detector to detect wafer breakage (e.g., one or
more signals from a laser reflectometer, an ultrasonic sensor, an
optical camera, ete.). A detected broken wafer signal or a failed de-
chuck may be accompanied by a post-fault detection alarm {(or other
annunciator, such as a signal on a graphical user interface (GUD or a
flashing light). Each of the other sensors may also be incorporated to

provide additional feedback on a position of the silicon wafer 101,

[00040] At stage two: a regular pin “up” motion may be performed at
a higher speed (since the silicon wafer 101 has alveady “separated”
from the ESC 103). The second stage, in this embodiment, moves the
silicon wafer 101 to a position high enough such that a robotic end-
effector can be placed under the wafer. The higher speed allows for

high water throughput.

{60041}  With concurrent reference to FIG. 3, FIG. 4A shows an
exemplary graph 400 of pin height as a function of time for three
different pin-height levels. For example, at time “0,” the lowered-
position sensor 307 indicates that the pneumatically-controlled pin
304 is the “down” position. Therefore, the silicon wafer 101 isin
contact or near contact with the uppermost surface of the ESC 103

(see 1'1G. 1A).

{06042} Al a time corresponding to a first point 401 on the graph
400, a first control signal is sent to a proportional valve controller or
other pressure controller (not shown but understandable to a person
of ordinary skill in the art) to increase the pressure to the actuator
cylinder 301, thereby increasing the position of the pneumatically-
controlled pin 304 {0 a mid-level position as indicated by the mid-
position sensor 309, once the pneumatically-controlled pin 303, and

consequently the silicon wafer 101, reaches the mid-point position.

{00043] At a time corresponding to a second point 403 on the graph,

a second control signal is sent to the proportional valve controller or

12
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other pressure controller to increase the pressure to the actuator
eylinder 301, thereby imereasing the position of the pneumatically-
controlled pin 303 to a raised-level position, once the pneumatically-
controlled pin 303, and consequently the silicon wafer 101, reaches
the raised position. A person of ordinary skill in the art will recognize
that each of the first control signal and the second control signal may
be identical or similar signals to conirol the proportional valve

controller or the pressure controller.

{00044] Al a time corresponding to a third point 405 on the graph,
the actuator cylinder 301 has increased to the raised-level position as
indicated by the raised-position sensor 311. Af the third point 405 on
the graph 400, the pneumatically-controlled pin 203 and the silicon
wafer 101 are maintained at the raised position until the robotic arm
removes the silicon wafer 101 from the process chamber. Then, an
additional signal (not indicated on the graph 400) is applied to the
proportional valve controller or other pressure controller to lower the
pressure applied to the actuator cylinder 301, and consequently to the
pneumatically-controlled pin 303, to once again return the
preumatically-controlled pin 303 to the lowered position after a

subsequent insertion of another silicon wafer.

[00045]  With continuing reference to FIG. 4A, FI1G. 4B shows an
exemplary graph 410 of pressure applied to a pin within an actuator
as a function of time. At time “0,” pressure is low enough (e.g., at 0
Pa) such that the pneumatically-controlled pin 303 remains at the
lowered position. At a selected time, a first command signal 411 1s
sent to the proportional valve controller or other pressure controller.
The first command signal 411 increases pressure applied to the
pneumatically-controlled pin 303 until the pressure increases to a
firat pressure-level 415, corresponding to a first time, thereby raising
the pneumatically-controlled pin 303 to the mid-point position as

indicated by the mid-position 310 of F1G. 3.

[
2
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{00046] 'The pressure is maintained at a pressure level 417,
corresponding to a second time (presumably after the silicon wafer
101 is separated from the ESC 103), on the pneumatically-controlled
pin 303 until a second command signal 413 is sent to the proportional
valve controller or other pressure controller. The second command
signal 413 increases pressure applied to the pneumatically-controlled
pin 303 until the pressure increases to a second pressure-level 419,
corresponding to a third time, thereby raising the pneumatically-
controlled pin 303 to the raised -point position as indicated by the

raised-position 330 of FIG. 3.

{00047} Asis known to a person of ordinary skill in the art, a
proportional-valve controller or other type of pressure controller can
be selected to provide a {ast response time in order to control the
pneumatically-controlled pin 303 substantially in real-time to
continuously regulate and control a pressure applied to each of the
prneumatically-controlled pins 303 during a wafer de-chucking
operation. Consequently, an amount of force applied to the silicon
wafer 101 is controlled by continuously {or periodically at pre-selected
{ime mmtervals) regulating an inlet pressure applied to the actuator
cylinder 301, and consequently, the pressure applied to the

pneumatically-controlled pin 303.

{00048] 'The pre-selected time intervals can be based upon a velocity
of the pneumatically-controlled pin 303. For example, if the pin is
determined fo raise (or fall) at a certain velocity, the pressure can be
monitored at pre-determined time intervals {e.g., perhaps every 30
msec). Therefore, the disclosed subject matter can provide for either
substantially-real-time or periodic monitoring and can provide a force

feedback control by techniques known in the art.

[00049]  In one specific exemplary embodiment, and with continued
reference to FIGS. 4A and 4B, each of the position sensors 307, 309,

311 are detected as endpoint signals — thus, a “down,” a “middle,” or

14
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an “up” position, respectively, are sensed. The accompanying received
signals and a pressure setpoint for each of these positions for this

specific embodiment are shown below with reference to Table 1.

Lifter Position Endpoint sensor Pressure
Command Setpoint
{Pascal {psig)}
Up i@ 4 1 621 (90)
Middle | O 1 0 207 (30
Down | 1 O 0 )]
Table 1

{00050}  In a specific exemplary embodiment, three of the two-stage
pin lifter mechanisms are used to raise the silicon wafer 101 above
the ESC 103. In this embodiment, the three two-stage pin lifter
mechanisms may be placed, for example, approximately about
midway between a center position (as measured when the silicon
wafer 101 is first placed on the ESC 103, thereby corresponding with
an approximate center-position of an uppermost surface of the ESC
103 as well), with each of the two-stage pin lifter mechanisms placed
approximately 120° away from one another along substantially the

same radius from the center of the silicon wafer 101.

{00051}  In other embodiments, each of the two-stage pin lifter
mechanisms is coupled to a common pressure controller. However,
pach of the two-stage pin lifter mechanisms is monitored through the
mid-position sensor 309, In this embodiment, the pressure supplies
CDA to the pneumatically-controlled pins 303, in which the pressure
can be stopped or reduced until each of the pneumatically-controlled
pins 303 18 in the same or substantially the same mid-point position
as indicated by respective ones of the mid-position sensors 309, If
each of the pneumatically-controlled pins 303 is not indicated by the
mid-position sensor 309 to be in the same or substantially the same
position within a pre-determined time period, an alarm or other
annunciator can signal an operator that additional corrective

measures may need to be performed.
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{00052} In one embodiment, each of the two-stage pin lifter
meochanisms is pneumatically-controlled independently of each other.
Consequently, if each pneumatically-controlled pin 303 1 each of the
three two-stage pin lifter mechanisms is at a different height, as
sensed by one of the position sensors 307, 309, 311 on each of the
three pins, then additional pneumatic pressure may he applied to only
a selected one of the pneumatically-controlled pins 303 that is at a
different height. For example, if two of three pneumatically-controlled
pins have reached a middle position as detected by respective ones of
the mid-position sensor 303 (thereby resulting in a tilted wafer and/or
indicating a sticking pin), additional pressure (e.g., active
compensation of the pressure controllers) may be applied to the third
pneumatically-controlled pin 303 to move the silicon wafer 101 to the
proper de-chuck height. In such an embodiment, the amount of
pressure supplied could be predetermined to avoid wafer breakage as

discussed above.

[00053] Based on upon reading and understanding the disclosure
provided herein, a person of ordinary skill in the art will recognize
that other types of mechanisms may be used to control each of the
pneumatically-controlled pins 303. For example, various types of
electrically-controlled linear actuators or other types of linear
actuators (e.g., thereby comprising linearly-actuated pins), or even
hydraulically-controlled actuators may be used in place of, or in
conjunction with, the pneumatically-controlled pin 303, Further,
depending on the type of substrate that is to be lifted, pin lifter
mechanisms having more than two-stages may be utilized. For
example, a mulii-stage pin hifter mechanism may be used for
extremely delicate or extremely brittle substrates. However, upon
reading and understanding the disclosure provided herein, a person of
ordinary skill in the art will recognize how to construct such multi-

stage pin lifter mechanisms based on this disclosure.
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{00054} With reference now to FIGS. 8A — 5C additional exemplary
embodiments of a two-stage 1ift logic for an actuator pin in accordance
with the disclosed subject matter are shown and described. F1G. BA s
shown to include a substrate and substrate holder combination 510
showing the substrate in contact or near contact with the substrate
holder. In an embodiment, the substrate and substrate holder
combination 510 comprises a silicon wafer 101 in contact or near
conbact with an ESC 103. Thus, the silicon wafer 101 15 at the down

position with relation to the ESC 103.

60038} Lift-position sensor logic assembly 500 is shown to include
multiple true-position sensors including a lowered-position sensor
805, a mid-position sensor 507, and a raised-position sensor 508, all
mounted in an optional sensor mounting apparatus 503. The true-
position sensors each have a respective output channel 511, 513, 515,
and indicate a frue position of a pin-lifter mechanism, rather than an
endpoint detection as discussed above with reference to FIG. 3. In this
way, a true position of a pin-lifter mechanism, such as a true position
of the pneumatically-controlled pin 303 of FIG. 3, may be determined.
By knowing a true position of the pin-lifter mechanism, a more
accurate determination of a position of the silicon wafer 101 is also
known {as opposed to simply when the silicon wafer 101 reaches an

endpoint location).

{00056} For example, in FIG. BA, a pin-lifter mechanism 501A is in
a lowered or “down” position. The lowered position is sensed by the
lowered-position sensor 505 that provides an output signal 512 from
the respective output channel 511. As will be recognizable 1o a person
of ordinary skill in the art, upon reading and understanding the
disclosure provided herein, the output signal 512 may be transmitied
or otherwise coupled to a control system (e.g., a microprocessor, an
application-specific integrated circuit (ASIC), a field-programmable

gate array (FPGA), a finite-state machine (FSM), or other type or
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types of controller device known in the art). By knowing the true
position of the silicon wafer 101, the pressure delivered to the pin-

lifter mechanism may be controlled precisely.

[00057]  KIG. 8B is shown to include a substrate and substrate
holder combination 530 showing the substrate near or at a de-chuck
position (a middle position) with the pin-lifter mechanism 501B
having raised the silicon wafer 101 a distance Hy (indicating a mid-
position height). For example, as the silicon wafer 101 approaches the
de-chuck position, a combined signal 317, based on an output from
output channels 511, 513 of the lowered-position sensor 5056 and the

~
/
t

mid-position sensor 507, respectively, is sent to the control system

from the lift-position sensor logic assembly 520,

{00038] Based on sensing an approach to the de-chuck position, the
pressure delivered to the pin may be varied through a control
feedback loop {e.g., through a proportional-integral—derivative
controller (P1D) or other control mechanism known in the art) to
approach the de-chuck point more slowly. Consequently, the silicon
wafer 101 may be raised quickly from the lowered position until the

=
It
]

mid-position sensor 507 senses that the wafer is approaching a
position whereby the wafer is ready to de-chuck from the ESC 103. At
that point, a velocity of the lift pin decreases to avoid potential wafer
breakage. However, because of the initial higher velocity of the silicon
wafer 101, an overall throughput of wafers through a processing

system (or other system) may be increased.

{60039} Once one of the various types of sensors described herein
indicate that the silicon wafer 101 has successfully de-chucked from
the KSC 103, the silicon wafer 101 may be raised quickly to a fully-
raised position as indicated by a substrate and substrate holder
combination 560 of F{G. 5C, with the silicon wafer 101 now at a
height Hy (indicating an upper or raised-position height ahove the

ESC 103). The Lift-position sensor logic assembly 540 now sends a
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signal 519, based on an output from output channel 515 from the
raised position sensor 509, to the control system from the hft-position
sensor logic assembly 540 to indicate that the silicon wafer 101 is now
in the fully-raised position and may be removed from the process

chamber by the end-effector of the robotic arm.

{00068} In addition to the various embodiments described herein, a
full-range position sensor (not shown explicitly but known to a person
of ordinary skill in the art), can replace or supplement various ones of
the position sensors described herein (e.g., the position sensors 307,
309, 311, 505, 507, 509) to provide full-range wafer position feedback
in substantially real time. In other embodiments, only the mid-
position sensor 309, 5807 is used — the lowered-position sensor 307, 5035

and the raised-position sensor 311, 509 are then optional.

{06061} Various embodiments of a two-stage pin lifter mechanism
described herein can solve the aforementioned problems such as wafer
breakage based on an unsuccessful wafer de-chuck operation. One or
more of the various embodiments can also reduce or minimize DA
offset, problems. As described herein with regard to, for example,
FIGS. 3 and 5A through 5C, the disclosed subject matter may
comprise, in various embodiments, three two-stage pin lifter
mechanisms. In various embodiments, the two-stage pin lifter
mechanisms may be independently-controlled. The two-stage pin
lifter mechanisms may be controlled by, for example, various types of
pneumatically-controlled actuators or other types of actuators
described berein and known in the art. Therefore, the various
embodiments provide for an extremely reliable and low-cost pin lifter
mechanism that is substantially maintenance free. The disclosed
subject matter 1s compatible with various types of semiconductor
process tools including dielectric-efch and conductor-efch process

tools. The disclosed subject matter 1s also compatible with various
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types of semiconductor metrology tools that use various types of

substrate-holding mechanisms to hold and position substrates.

[060062] Overall, the disclosed subject matter contained herein
describes or relates generally to operations of “tools” in a
semiconductor fabrication environment (fab). Such tools can include
various types of deposition (including plasma-based tools such as ALD
(atomic layer deposition), CVD (chemical vapor deposition), PECVD
(plasma-enhanced CVD), etc.) and etching tools {e.g., reactive-ion
etching (RIK) tools), as well as various {ypes of thermal furnaces (e.g.,
such as rapid thermal annealing and oxidation), ion implantation,
and a variety of other process and metrology tools found in various
fabs and known to a person of ordinary skill in the art. However, the
disclosed subject matter is not hmited o semiconductor environments
and can be used in a number of machine-tool environments such as

robotic assembly, manufacturing, and machining environments,

{066063] Upon reading and understanding the disclosure provided
herein, a person of ordinary skill in the art will recognize that various
embodiments of the disclosed subject matter may be used with other
typos of substrate-holding devices, in addition to an ESC. For
example, various types of cleaning, metrology, and process tools used
in the semiconductor and allied industries use, for example, vacoum-
controlled substrate-holding devices. For example, various types of
substrate-holding devices may have problems with substrate sticking
or otherwise adhering fo the substrate-holding devices due to forces
such as molecular adhesion, Van der Waal forces, electrostatic forces,

and other near-{ield contact forces.

{00064} 'Therefore, as described, various embodiments of the
disclosed subject matter provide for a pin Lifter mechanism that
maintains both a high level of precision and a high level of accuracy

for, for example, wafer chucking and de-chucking operations.
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{00063} Throughout this specification, plural instances may
implement components, operations, or structures described as a single
instance. Although individual operations of one or more methods are
illustrated and described as separate operations, one or more of the
individual operations may be performed concurrently, and nothing
requires that the operations be performed in the order illustrated.
Structures and functionality presented as separate components in
example configurations may be implemented as a combined structure
or component. Similarly, structures and functionality presented as a
single component may be implemented as separate componentis,
These and other variations, modifications, additions, and

improvements fall within the scope of the subject matter herein.

[060066]  As used herein, the term “or” may be construed in an
inclusive or exclusive sense. Farther, obher evabodiments will be
understood by a person of ordinary skill in the art wpon reading and
understanding the disclosure provided. Further, upon reading and
understanding the disclosure provided herein, the person of ordinary
skill in the art will readily understand that various combinations of
the techniques and examples provided herein may all be applied in

various combinations.

[00067]  Although various embodiments are discussed separately,
these separate embodiments are not intended to be considered as
independent techniques or designs. As indicated above, each of the
various portions may be inter-related and each may be used
separately or in combination with other embodiments discussed
herein. For example, although various embodiments of methods,
operations, and processes have been described, these methods,
operations, and processes may be used either separaiely or in various

combinations.

{00068} Consequently, many modifications and variations can be

made, as will be apparent to a person of ordinary skill in the art upon
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reading and understanding the disclosure provided herein.
Functionally equivalent methods and devices within the scope of the
disclosure, in addition to those enumerated hervein, will be apparent to
the skilled artisan from the foregoing descriptions. Portions and
features of some ermbodiments may be included in, or substituted for,
those of others. Such modifications and variations are intended to fall
within a scope of the appended claims. Therefore, the present
disclosure is to be limited only by the terms of the appended claims,
along with the full scope of equivalents to which such claims are
entitled. It is also to be understood that the terminoclogy used herein
is for the purpose of describing particular embodiments only and is

not intended to be limiting.

{06069 The Abstract of the Disclosure is provided to allow the
reader to quickly ascertain the nature of the technical disclosure. The
abstract is submitted with the understanding that it will not be used
to interpret or limit the claims. In addition, in the foregoing Detailed
Description, it may be seen that various features may be grouped
together in a single embodiment for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as
limiting the claims. Thus, the following claims are hereby
incorporated into the Detatled Description, with each claim standing

on its own as a separate embodiment,
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CLAIMS
What is claimed is:

1. A substrate lift-mechanism, comprising:

a plurality of pins configured to position a substrate above a
substrate-holding device; and

a plurality of mid-position sensors each respectively coupled to a
corresponding pin, each of the plurality of mid-position sensors
is configured to monitor an intermediate position of the
corresponding pin befween a maximum position and a

minimum position.

2. The substrate lift-mechanism of claim 1, further comprising a

substrate-breakage detector.

3. The substrate lift-mechanism of claim 1, wherein the mid-position
sensor is configured to monitor the intermediate position to
determine whether the substrate is at or near a de-chuck

position from the substrate-holding device.

4. The substrate lift-mechanism of claim 1, wherein substrate-holding

device is an electrostatic chuck (ESC).

5. The substrate lift-mechanism of ¢claim 4, wherein the mid-position
sensor is configured to monitor the intermediate position to

determine when the substrate is de-chucked from the ESC.

6. The substrate lift-mechanism of claim 1, wherein there are at least

three pins.

N
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7. The substrate lift-mechanism of claim 1, further comprising a
plurality of lowered-position sensors ecach respectively coupled
to a corresponding pin, wherein each lowered-position sensor is
configured to monitor when the substrate is in a lowered
position, thereby indicating that the substrate is in direct

conttact or near contact with the substrate-holding device.

8. The substrate lift-mechanism of claim 1, wherein each of the

plurality of pins is placed within an actuator cylinder.

9. The substrate lift-mechanism of claim 1, wherein each of the
plurality of pins is configured to be coupled independently to a

pressure-control device.

10. The substrate hift-mechanism of claim 1, wherein at least one of

the plurality of mid-position sensors is a true-position sensor.

11. The substrate lift-mechanism of claim 1, wherein at Jeast one of
the plurality of mid-position sensors is a full-range position

SEIsor.

12. The substrate lift-mechanism of claim 1, wherein a velocity of at
least one of the plurality of pins is decreased apon approaching

the intermediate position.
13. The substrate lift-mechanism of claim 1, wherein a velocity of the
plurality of pins is increased upon detection of reaching the

intermediate position to achieve the maximum position.

14. The substrate lifi-mechanism of claim 1, wherein the plurality of

pins is pneumatically controlled.
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15. The substrate lift-mechanism of ¢claim 1, wherein the plurality of

pins comprises hnearly-actuated pins.

16. A water lift-mechanism, comprising:

a plurality of two-stage lift pins configured to position a wafer above
an electrostatic chuck (SC), each of the plurality of 1ift pins
being configured to be controlled independently from one
another; and

a plurality of mid-position sensors each respectively coupled to a
corresponding ift pin, each mid-position sensor being
configured to monitor an intermediate position to determine
whether the wafer is at or near a de-chuck position velative to

the ESC i a de-chuck operation,

17. The watfer Lift-mechanism of claim 16, further comprising:

a lowered-position sensor configured to indicate when the wafer isin
a lowered position, thereby indicating that the wafer is in
direct contact or near contact with the ESC; and

a raised-position sensor configured to indicate when the wafer isin a

fully-raised position.

18. The wafer Lift-mechanism of claim 16, wherein the mid-position

sensor is a full-range position sensor.

19, The wafer hift-mechanism of claim 16, wherein a velocity of at
least one of the plurality of two-stage lift pins is decreased upon

approaching the intermediate position.

20. The wafer lift-mechanism of claim 16, wherein a velocity of the
plurality of two-stage hit pins is increased upon detection of
reaching the intermediate position to achieve the maximum

position.

[\
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21. The wafer hft-mechanisio of claim 16, wherein the plurality of

two-stage 1ift pins is pneumatically controlled.

22. The waler lift-mechanism of claim 16, wherein the phurality of

two-stage lift pins comprises linearly-actuated pins.
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