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(57) ABSTRACT 

A lifting mechanism includes a plurality of lift pins which 
may be driven Separately and independently upward to 
engage an alignment Surface of the chamber using ambient 
atmospheric preSSure as the chamber is evacuated by a 
pump. In the illustrated embodiment, each lift pin includes 
a piston which is exposed to the internal chamber pressure 
on one side of the piston, and is exposed to the external 
ambient pressure on the other Side of the piston. AS the pump 
evacuates the chamber, the internal chamber preSSure 
decreases, causing each lift pin piston to drive the associated 
lift pin upward. Once all the lift pins have Securely engaged 
the alignment Surface, the lift pins may be clamped to a 
linking mechanism to permit a motor to actuate the lift pins 
during processing operations. 
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Fig. 5a 
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LIFT PIN ALIGNMENT AND OPERATION 
METHODS AND APPARATUS 

0001. The present inventions relate to methods and appa 
ratus for lifting a workpiece from the Surface of a workpiece 
Support in a Semiconductor processing System, and to meth 
ods and apparatus for aligning lifting apparatus in a Semi 
conductor processing System. 
0002. A conventional semiconductor processing system 
contains one or more chambers including processing and 
transfer chambers, within which a wafer is Supported by a 
pedestal or other workpiece Support. One example of a 
pedestal is a heater plate in an annealing chamber in which 
the heater plate heats a Semiconductor wafer which is 
Supported on the plate. The wafer or other Semiconductor 
Workpiece is typically transported into the chamber through 
a slit valve by a transport robot which positions the wafer 
above the pedestal. A lift mechanism which often includes a 
plurality of lift fingers, is raised within the chamber until the 
lift fingers engage the underside of the wafer and lift the 
wafer from the robot arm. After the robot arm is withdrawn 
from the chamber, the lift mechanism, typically under con 
trol of a computer control System, then lowers the lift fingers 
below the pedestal so that the wafer is placed onto the 
Surface of the pedestal 
0003. After the wafer is placed onto the Support surface 
of the pedestal, the lift fingers typically continue to descend 
into the pedestal to a fully retracted position. The wafer is 
usually chucked by a mechanical or electrostatic chuck 
which clamps or chucks, the wafer to the pedestal. Then one 
or more Semiconductor fabrication proceSS Steps are per 
formed in the chamber, Such as annealing the wafer or 
depositing or etching films on the wafer. After completion of 
the process Steps, the lift mechanism extends the lift fingers 
to raise the wafer above the pedestal so that the wafer can be 
removed from the chamber via the robotic transport. 
0004. However, some chambers including anneal cham 
bers often include a cooling plate positioned above the 
pedestal to cool the wafer prior to removing the wafer from 
the chamber. The lift mechanism may be used to lift the 
wafer from the pedestal following annealing or other pro 
ceSSes which heat the wafer, and to position the wafer 
adjacent to the cooling plate to facilitate cooling of the wafer 
prior to removal of the wafer from the chamber. In many 
Such chambers, it is preferred that the wafer not actually 
touch the cooling plate Since Such may damage the pro 
cessed wafer Surface. Accordingly, the actuation of the lift 
fingerS is typically carefully controlled to avoid contact 
between the wafer and the cooling plate. To facilitate Such 
control, the lift fingers are usually aligned with respect to a 
chamber interior surface to provide a baseline or “Zero” 
location for the lift mechanism control System. 
0005 FIGS. 7-9 show an example of an upper assembly 
10 of a prior art lift mechanism which has six lift fingers 12 
arranged around a hoop 14. Each lift finger 12 has a fingertip 
16 which engages the underside of a wafer (not shown) as 
the hoop 14 is lifted by the lift mechanism. In this manner, 
the wafer may be lifted up, either to be picked up by a robot 
blade or alternatively to be positioned immediately below a 
cooling plate for cooling prior to pick up by the robot. The 
lift hoop 14 is attached at one end to the top end 18 of a shaft 
20 which in turn is journaled within a flange 22 which 
permits the shaft 20 to slide vertically within the flange 22. 
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Abellows 24 welded to the top 18 of the shaft 20 and to the 
flange 22 provides a flexible, preSSure-tight enclosure to 
inhibit the passage of outside atmospheric gases into the 
interior of the chamber when the upper assembly 10 is 
installed in the chamber. Housing portions 26a and 26b are 
Secured around the bellows 24 and flange 22 as best Seen in 
FIG. 8 which shows the lift mechanism assembly upside 
down. 

0006 To align the lift mechanism to the cooling plate 30 
of the chamber, a technician fastens the lift mechanism 
upper assembly 10 to the underside of the chamber lid 32 as 
shown in FIG.8. In this position, the hoop 14 is centered on 
and surrounds the cooling plate 30. The chamber lid is then 
placed on the chamber 40 (FIG.9) with the shaft 20 of the 
upper assembly 10 extending through an aperture in the 
bottom wall 42 of the chamber 40. A flange cover 44 is 
fastened to the upper assembly 10 to secure it to the bottom 
wall 42 of the chamber. The bottom end 50 of the shaft 20 
of the upper assembly 10 is received in a gimbal assembly 
52 which attaches the shaft 20 to a linear guide 60. The 
gimbal assembly 52 can accommodate in three dimensions, 
a degree of nonalignment between the shaft 20 and the linear 
guide 60. The hoop 14 of the upper assembly 10 may then 
be unfastened from the chamber lid 32. In this position, the 
hoop 14 carrying the lift fingers 12 is in the “Zero' vertical 
position. A motor 62 acting through the linear guide 60 and 
gimbal assembly 52, drives the shaft 20 and hence the hoop 
14 and lift fingers 12 up and down. 
0007 Following alignment, the chamber 30 may be 
pumped down to the desired processing vacuum pressure by 
a pump 64 which evacuates the chamber 30 through an 
exhaust line 66. The pump 64, the lift motor 62 and other 
controllable components of the processing System are uSu 
ally controlled by a system controller 70 which is typically 
a programmed WorkStation. To cool a wafer, the lift fingers 
12 may be positioned by the system controller 70 at a 
vertical location offset from the Zero location Such that the 
wafer has the desired spacing from the cooling plate. 
0008. The following is a description of a specific embodi 
ment of the inventions, reference being made to the accom 
panying drawings, in which: 
0009 FIG. 1 is a schematic drawing of a semiconductor 
processing System in accordance with one embodiment of 
the present inventions, the drawing including a croSS-Sec 
tional view of the chamber and lifting mechanism of the 
system of FIG. 1 as seen along the lines 1-1 of FIG. 2. 
0010 FIG. 2 is a top view of the chamber of FIG. 1 with 
the chamber lid removed. 

0011 FIG. 3 is a partial perspective view of the lower 
portion of the chamber and lifting mechanism of FIG. 1. 
0012 FIG. 4 is a schematic drawing of a bottom view of 
the lifting mechanism and chamber of FIG. 3. 
0013 FIG. 5a is a perspective view of a lift pin Subas 
sembly of the lift mechanism of FIG. 1. 
0014 FIG. 5b is a front view of the lift pin subassembly 
of FIG. 5a shown with an added bellows. 

0015 FIG. 6 is a partial cross-sectional view of the lift 
pin Subassembly of FIG. 5b as viewed along the line 6-6, 
and shown installed in the upper portion of the lift mecha 
nism of FIG. 1. 
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0016 FIG. 7 is an exploded perspective view of the 
upper portion of a prior art lift mechanism. 
0017 FIG. 8 illustrates the upper portion of the lift 
mechanism of FIG. 7 being attached to a chamber lid in 
accordance with a prior art procedure for aligning the prior 
art lifting mechanism. 
0.018 FIG. 9 is a schematic drawing of a prior art 
Semiconductor processing System, the drawing including a 
perspective view of a prior art chamber and prior art lifting 
mechanism which includes the prior art chamber lid and 
lifting mechanism upper portion shown in FIG. 8. 
0.019 A semiconductor processing System in accordance 
with one embodiment of the present invention is indicated 
generally at 100 in FIG. 1. The processing system 100 
includes a processing chamber 102 which has a lift mecha 
nism 104 which lifts a wafer 106 (FIG. 2) or other work 
piece from a workpiece support 108. To lift a wafer, the lift 
mechanism 104 has a plurality of lift pins 110 which engage 
the underside of the wafer as the lift pins 110 are raised. 
During normal processing operations, the lift pins 110 are 
normally linked together by a linking mechanism 112 
(FIGS. 3, 4). A motor 114 coupled through a linear guide 
115 to the linking mechanism, raises and lowers the linked 
lift pins 110 in unison. However, in accordance with one 
aspect of the present inventions, as explained in greater 
detail below, the lift pins 110 (FIGS. 5a, 5b, 6) are prefer 
ably not linked together by any linking mechanism during an 
initial alignment procedure. Instead, each of the lift pins 110 
may be driven Separately and independently upward to 
engage an alignment surface 116 (FIG. 6) of the chamber 
using ambient atmospheric pressure as the chamber 102 is 
evacuated by a pump 118. 
0020. In the illustrated embodiment, each lift pin 110 
includes a piston 120 which is exposed to the internal 
chamber pressure on one side of the piston 120 (FIG. 5a), 
and is exposed to the external ambient pressure on the other 
side of the piston. As the pump 118 evacuates the chamber 
40, the internal chamber pressure decreases, causing each 
lift pin piston 120 to drive the associated lift pin upward. 
Once all the lift pins 110 have Securely engaged the align 
ment surface, the lift pins 110 may be clamped to the linking 
mechanism 112 to permit the motor 114 to actuate the lift 
pins 110 during processing operations. In this manner, each 
of the lift pins 110 of the lift mechanism 104 may be 
independently aligned to the alignment Surface 116 for 
Subsequent processing operations. 
0021. In another aspect of the present inventions, each lift 
pin 110 has a curved engagement Surface 122 positioned to 
engage the chamber alignment Surface 116. In the illustrated 
embodiment, and as best seen in FIG. 6, the lift pin 
engagement Surface 122 is preferably Spherical to inhibit 
damage to the alignment Surface as a result of angular 
displacement of the lift pin 110. 
0022. In yet another aspect of the present inventions, the 
linking mechanism 112 includes a plurality of floating joints 
124, each of which, as best seen in FIGS. 4, 6, couples a 
linking member 126 of the linking mechanism 112 to one of 
the lift pins 110. As explained in greater detail below, each 
float joint relieves StreSS in both the angular as well as lateral 
directions to accommodate a Substantial degree of angular 
and eccentric misalignment between the motion of the 
linking member 126 and each of the motions of the various 
lift pins 110. 
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0023. In still another aspect of the present inventions, the 
lift mechanism 104 further includes one or more pressure 
cylinders 128 coupled to the linking mechanism 112. As 
noted above, each piston 120 of the lift pins 110 provides an 
upward force as a result of the net pressure differential 
between the internal chamber pressure and the ambient 
atmospheric preSSure external to the chamber. After the 
initial alignment procedure and the lift pins 110 are coupled 
to the linking mechanism 112, this upward force produced 
by the ambient atmospheric pressure on the lift pins 110 is 
opposed by the motor 114, particularly when the motor 114 
is directed to lower the lift pins 110. To counter-balance the 
upward force produced by the ambient atmospheric preSSure 
on the lift pins 110, a pump 130 can provide air or other fluid 
under pressure to the pressure cylinderS 128 to produce a 
downward directed force on the linking mechanism 112. The 
magnitude of the downward force can be controlled by 
controlling the pressure of the fluid Supplied to the preSSure 
cylinders 128. In the illustrated embodiment, a pressure 
regulator 132 controlled by the system controller 140 main 
tains the pressure to the pressure cylinderS 128 Substantially 
constant at a first value Such as 10 p.s. i. (0.7 kilogram-force 
per square centimeter (kgf/cm)), for example, when raising 
the lift pins 110. Conversely, the pressure is maintained 
Substantially constant at a Second value, Such as 20 p.s. i. (1.4 
kgf/cm) for example, which is higher than that of the first 
preSSure value, when lowering the lift pins. 
0024. In the illustrated embodiment, the processing 
chamber 102 is an anneal chamber which treats the wafer 
106 by heating it to a prescribed temperature for a prescribed 
length of time. The wafer is heated by the pedestal 108 
which includes a heater plate on which the wafer rests in the 
chamber 102. Because some wafers are subject to oxidation, 
particularly at high temperatures, in Some applications it is 
preferred to anneal the wafer in an oxygen free atmosphere 
in the chamber. For example, a wafer having a deposited 
copper film may be heated to 100 to 600 degrees C. Upon 
completion of the anneal process, the wafer may be trans 
ferred by a robot 150 in an adjoining transfer or buffer 
chamber 152 (FIG. 2) to another processing chamber of the 
processing system 100. If the transfer chamber 152 or the 
robot 150 transfers the wafer in an atmosphere such as the 
ambient atmosphere which contains oxygen, it may be 
preferable in some systems to first cool the wafer 106 in the 
anneal chamber 102 prior to transferring the wafer to other 
chambers. Accordingly, the anneal chamber 102 has a cool 
ing plate 154 disposed above the pedestal heating plate 108. 
In the illustrated embodiment, the cooling plate 154 is 
formed as a part of the chamber lid 156. 
0025. In order to cool the wafer following annealing, the 

lift mechanism 104 lifts the wafer 106 from the pedestal 
heating plate 108 and moves the wafer 106 to an upper 
position adjacent to the cooling plate 154. In many appli 
cations, it is appropriate to bring the upper Surface of the 
wafer close to the cooling plate to facilitate heat transfer 
from the wafer to the cooling plate. However, it is often 
preferred that the upper Surface of the wafer not actually 
touch the cooling plate because the cooling plate may 
Scratch or otherwise damage the deposited films on the 
wafer. Thus, in many applications it is desirable to closely 
control the Spacing between the wafer and the cooling plate. 
For example, a parallel spacing of as little as 0.5 mm to 1 
mm between the upper surface of the wafer and the lower 
Surface of the cooling plate may be appropriate in Some 
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applications. AS will be made more clear below, a lift 
mechanism and alignment procedure in accordance with the 
present inventions are believed to facilitate precise control 
of the Spacing between the wafer and the cooling plate, 
which spacing may be maintained over many wafer cooling 
operations. 

0026. To lift a wafer from the pedestal 108, the lift pins 
110 of the lift mechanism 104, each have a lift finger 170 
which is carried by the piston 120 of each lift pin 110. Each 
lift finger 170 in turn has a finger tip 172 which is positioned 
to engage the underside of the perimeter of the wafer 106. 
When the lift pins 110 are positioned in a fully retracted 
position as shown in FIGS. 1 and 2, the lift finger tips 172 
are received in recesses 174 in the pedestal 108. In this 
retracted position, the lift finger tips 172 are positioned 
below and spaced from the perimeter of the wafer 106. As 
the lift pins 110 are raised, the lift finger tips 172 engage the 
underside of the wafer 106, lifting the wafer from the 
pedestal 106. In this manner, the lift pins 110 may lift the 
wafer to a cooling position close to the cooling plate 154 or 
to an intermediate raised transfer position at which the robot 
150 may lift the wafer off the lift pins 110 and transfer the 
wafer to another chamber. 

0027 FIGS. 5a, 5b and 6 show the piston 120 of the lift 
pins 110 in greater detail. As shown therein, each piston 120 
includes a flange-shaped piston head 190 and a piston shaft 
192 extending below the piston head 190. The piston shaft 
192 vertically slides within a flange member 194 having a 
barrel portion 196 which is received in an aperture 198 in the 
bottom floor 200 of the processing chamber 102. A shoulder 
202 of the flange member 194 is carried by the top surface 
of the chamber floor 200. The flange member 194 guides the 
vertical movement of the piston shaft 192 and has a pair of 
bushings 204 which facilitate the piston shaft 192 sliding 
within the flange member. 
0028. Above the piston head 190 of the piston 120 is a 
generally cylindrically-shaped base portion 206 which car 
ries a lift finger 170. The base portion 206 has a flat 
registration Surface 208 which engages a similarly shaped 
registration surface 210 of the lift finger 170 to align the lift 
finger with respect to the piston 120 so that the lift finger tip 
172 is oriented radially inward toward the wafer position as 
shown in FIG. 2. In the illustrated embodiment, the lift 
finger 170 is clamped to the base portion 206 of the piston 
120 by a semi-circular shaped clamp 212. Other types of 
releasable couplers and fastenerS may be used as well. 
0029. The lift pin 110 further includes a bellows 220 
which is welded and sealed to the piston head 190 at one 
end, and welded and sealed to the lift pin flange member 194 
at the other end of the bellows. The bellows 220 defines a 
piston chamber 224 on the underside 222 of the piston head 
190. The flange member 194 defines a channel 230 which is 
aligned with a corresponding channel 232 in the bottom 
floor 200 of the chamber 102. The channels 230 and 232 
vent the piston chamber 224 to the exterior of the chamber 
102 so that the piston chamber 224 and hence the underside 
222 of the piston head 190 are exposed to the ambient 
atmospheric pressure exterior to the chamber 102. 
0.030. An alignment pin 234 extending from the bottom 
of the flange member 194 is received in a corresponding 
recess in the chamber bottom floor 200 to align the channels 
230 and 232 and also the angular orientation of the lift pin 
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110 in general. To facilitate alignment between the piston 
120 and the flange member 194 of each lift pin 110 as the 
bellows 220 is welded to the piston and flange member, the 
flange member 194 has a flat surface 240 on which the flange 
member 194 may rest on a Support Surface during the 
welding operation. The base portion registration Surface 208 
of the piston 190 may rest on a support surface with the lift 
finger 170 removed. In this manner, a desired orientation 
between the piston 120 and the flange member 194 may be 
maintained as the bellows 220 is welded to these members. 
It is recognized that other techniques for permanently attach 
ing the bellows to the piston and flange member may be used 
as well. 

0031) The lift finger 170 may then be clamped to the base 
portion 206 of the piston 120 and the lift pin 110 installed 
into the chamber in the angular alignment orientation dis 
cussed above. Each lift pin may be fastened to the bottom 
wall 200 of the chamber using fasteners 241 which pass 
through the bottom wall 200 as shown in FIG. 3 and are 
threaded into the flange member 194 of the lift pin. It is 
recognized that the lift pins 110 may be fastened to the 
chamber using other types of fasteners. In addition, Suitable 
Vacuum Seals may be used to Seal the flange/chamber wall 
interface such as between the flange member shoulder 202 
and the upper surface of the chamber bottom wall 200. 
0032. During normal processing operations in which the 

lift mechanism 104 is used to raise and lower wafers for 
processing and transfer, the lift pins 110 are normally linked 
together by attachment to the linking member 126 of the 
linking mechanism 112 so that the motor 114 can lift raise 
and lower the lift pins in unison. However, during an initial 
alignment procedure, the lift pins 110 are preferably discon 
nected from the linking mechanism 104 So that each lift pin 
110 is free to vertically slide independently of the other lift 
pins 110. As previously mentioned, the piston chamber 224 
of each lift pin is exposed to ambient atmospheric pressure. 
In accordance with one aspect of the present inventions, 
each lift pin may be raised independently, using the ambient 
atmospheric pressure, to align each lift pin independently. 
This may be achieved by activating the pump 118 (FIG. 1) 
to begin evacuating the chamber 102 after the lift pins 110 
are installed in the chamber and the chamber is made into a 
preSSure-tight enclosure by Securing the lid 156 to the top of 
the chamber and closing any other openings to the chamber 
102. 

0033. The internal chamber pressure exerts a downward 
force on each lift pin 110 including the piston head 190. In 
addition, gravity exerts a downward force on the lift pins 
110. Conversely, the ambient atmospheric pressure in the 
piston chamber exerts an upward force on the piston head 
190 of each lift pin 110. In the illustrated embodiment, the 
lift pins when first installed are at an initial position above 
the retracted position illustrated in FIGS. 1 and 2. As the 
pump 118 evacuates the interior of the chamber 102, the 
internal pressure of the chamber declines. Once the upward 
preSSure exerted by the ambient atmospheric pressure on the 
piston head 190 exceeds the downward pressures exerted by 
the internal chamber preSSure and gravity, each individual 
lift pin 110 will begin to rise. Although some bellows may 
exert a Spring tension as the bellows is expanded, the Spring 
tension may be overcome by continuing to evacuate the 
chamber to further decrease the internal pressure of the 
chamber. 
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0034. In this manner, the lift pins may be raised inde 
pendently until the engagement Surface 122 of each lift pin 
110 engages the alignment Surface 116 of the chamber as 
shown in FIG. 6. This position is the position at which a 
wafer 106 carried on the lift finger tip 172 will be closest to 
the underside of the cooling plate 154. This position repre 
Sents physical position “0”, that is, the highest possible 
position of the lift pin 110. In the illustrated embodiment, it 
is preferred that the vertical movement of each lift pin 110 
as represented by the direction arrow 242, be orthogonal to 
the alignment surface 116 of the chamber. However, should 
there be a degree of angular misalignment between the lift 
pin and the alignment Surface, it is preferred that the 
engagement surface 122 of the lift pin 100 be spherical in 
shape to reduce possible damage to the alignment Surface 
116. It is recognized that the engagement Surface 122 may 
have other shapes including parabolic and other curved 
shapes. 
0035. Once each lift pin has securely engaged the asso 
ciated alignment surface 116, each lift pin 110 may be 
secured to the linking mechanism 112 so that the motor 114 
can lower the lift pins from physical height 0 to other heights 
including the fully retracted position illustrated in FIGS. 1 
and 2 and an intermediate transfer position. In the illustrated 
embodiment, the linking mechanism 112 preferably includes 
a float joint 124 which has a threaded stem 246 threaded into 
a threaded cavity 248 at the bottom end of the piston shaft 
192. The float joint 124 also has a generally cylindrical body 
250 around which a semi-circular clamp 252 can clamp the 
float joint 124 to the linking member 126 of the linking 
mechanism 112 as shown in FIG. 4. It is recognized that the 
float joint 124 may be attached to the lift pin 110 and the link 
member 126 using a variety of other releasable couplers and 
fastenerS. Suitable float joints, also often referred to as 
cylinder joints, are available commercially from Several 
Sources including the SMC floating joint model Series JA, 
JAH and JB; and the Humphrey cylinder joint model HCJ. 
0036. It is preferred that the vertical movement of the 
linking member 126 of the linking mechanism 112 move the 
cylindrical body 250 of the float joint 124 in a vertical 
direction as represented by an arrow 253 which is coaxial 
with the lift pin vertical movement as represented by the 
arrow 242. However, due to various misalignments, the 
linking member 126 may shift laterally or angularly as the 
linking member 126 is raised and lowered by the motor. The 
float joint 124 can accommodate a degree of this lateral and 
angular shifting as the float joint moves Vertically because 
the cylindrical body 250 can slide eccentrically with respect 
to the Stem 246 as represented by the eccentric or lateral 
direction arrow 254, and can also deflect radially or angu 
larly, as represented by the angular direction arrow 256. 
0037. A float joint typically includes a ball and socket 
joint in which the ball portion is enclosed within the cylin 
drical body 250 which provides a clamping surface for the 
clamp 252. In the illustrated embodiment, it is preferred that 
the ratio L/D of the length L of the cylindrical surface of the 
body 250 to the diameter D of the cylindrical body 250 be 
at least 1 and more preferably greater than 1.5. It is recog 
nized that the body 250 enclosing the ball of the float joint 
may have other shapes as well but it is preferred that the 
length to width ratio of the joint body which is fastened to 
the link member, be at least 1 and more preferably greater 
than 1.5. 
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0038. As best seen in FIGS. 3 and 4, the linking member 
126, which may also be referred to as a spider 126, includes 
a central portion 300 from which four spaced legs 302 
radially extend. The cylindrical body 250 of each of the float 
joints is clamped by a clamp 252 to the end of each leg 302. 
The linear guide 115 of the motor 114 is attached to one side 
304 of the central portion 300 of the linking member 126 by 
Suitable fastenerS So that actuation of the motor 114 causes 
the linking member and hence the lift pins 110 to raise and 
lower in accordance with the control Signals provided to the 
motor 114 by the system controller 140 (FIG. 1). The motor 
114 may be a conventional Stepper motor which includes a 
drive Screw or other types of motors including pneumatic 
motors. The linear guide 115 may be conventional as well. 
The system controller 140 is a programmed workstation in 
the illustrated embodiment, Other types of controllers 
included dedicated circuitry may be used as well. 

0039 The linking member 126 has an additional pair of 
platform legs 306 to which the pressure cylinders 128 are 
attached. Each pressure cylinder 128 has a piston shaft 310 
(FIG. 3) which passes through an aperture 312 in each 
platform 306. The end of each pressure cylinder piston shaft 
310 is coupled by a float or cylinder joint 314 (similar to the 
float joints 124) to the underside of the chamber bottom wall 
200. 

0040. As noted above, each piston 120 of the lift pins 110 
provides an upward force on the linking member 126 as a 
result of the net pressure differential between the internal 
chamber preSSure and the ambient atmospheric preSSure 
external to the chamber. This upward force produced by the 
ambient atmospheric preSSure on the lift pins 110 is opposed 
by the motor 114, particularly when the motor 114 is 
directed to lower the lift pins 110. To counter-balance the 
upward force produced by the ambient atmospheric preSSure 
on the lift pins 110, the pump 130 (FIG. 1) can provide air 
or other fluid under pressure to the pressure cylinders 128 to 
produce a downward directed force on the linking member 
126 of the linking mechanism 112. 

0041. The magnitude of the downward force can be 
controlled by controlling the preSSure of the fluid Supplied to 
the pressure cylinders 128. In one embodiment, the down 
ward force provided by the pressure cylinders may be 
maintained relatively constant at a first value when raising 
the pins 110 and at a Second, larger Substantially constant 
value when lowering the pins 110. Thus, for example, in the 
illustrated embodiment, the pressure regulator 132 con 
trolled by the system controller 140 can maintain the pres 
Sure to the pressure cylinderS 128 Substantially constant at a 
first value Such as 10 p.s. i. (0.7 kilogram-force per Square 
centimeter (kgf/cm)), when raising the lift pins 110. Con 
versely, the pressure is maintained Substantially constant at 
a second value, Such as 20 p.s. i. (1.4 kgf/cm) for example, 
which is higher than that of the first pressure value, when 
lowering the lift pins. The pressure cylinderS may be omitted 
in Some applications. However, a larger motor may be 
appropriate where counter balancing pressure cylinders are 
not utilized. 

0042. The linking member 126 may be formed of a single 
integral piece of a strong, light-weight material Such as 
aluminum or Steel. Alternatively, the linking member may be 
assembled from component pieces. In the illustrated 
embodiment, the linking member 126 has a large central 
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aperture 320 to permit various external components attached 
to the chamber to pass through. The legs 302 and 306 are 
shown arranged in opposing pairs to facilitate balancing the 
linking member. Other shapes may be utilized, depending 
upon the particular application including the number of 
motors, guides, lift pins and pressure cylinders coupled to 
the linking member. 
0043. As best seen in FIGS. 4 and 6, it is preferred that 
the drive force applied by the motor (and the pressure 
cylinders if included) via the linking mechanism to the 
shafts 192 of the lift pins 110, be aligned with the lift pin 
fingers 170. In the illustrated embodiment, the float joint 
124, piston shaft 192 and the lift finger base portion 206 are 
Substantially coaxially aligned to provide Such alignment. It 
is recognized that Satisfactory alignment may be achieved in 
Some applications in which the alignment is less than 
coaxial. 

0044) The processing chamber of the illustrated embodi 
ment has been described as an anneal chamber in which a 
Workpiece is heated and then cooled. However, the present 
inventions are applicable to a variety of other Semiconductor 
fabrication processes. For example, in the manufacture of 
many electronic or electrical components Such as integrated 
circuits, there is a need to deposit thin films on various 
Workpieces Such as Substrates. Materials. Such as copper, 
aluminum, titanium, tungsten, tantalum, tantalum nitride, 
cobalt, and Silica may be deposited on ceramic, glass or 
Silicon-derived Substrates using physical vapor deposition 
(PVD) processes Such as a physical Sputtering process. 
Another method of deposition of Solid materials upon a 
substrate is chemical vapor deposition (CVD), wherein a 
Solid material is deposited from a gaseous phase onto a 
Substrate by means of a chemical reaction. The deposition 
reaction involved is generally thermal decomposition, 
chemical oxidation, or chemical reduction. The CVD pro 
ceSS can be used to deposit many elements and alloys as well 
as compounds including oxides, nitrides and carbides. The 
thin film deposited may be Subsequently etched or otherwise 
fabricated into circuits and/or other electrical components. 
The workpieces may be transferred from one chamber to 
another for the various processing Steps. The present inven 
tions are applicable to each of the above-described processes 
as well as others used in the fabrication of Semiconductor 
devices in which a workpiece is to be lifted. 
0.045. It will, of course, be understood that modifications 
of the illustrated embodiments, in their various aspects, will 
be apparent to those skilled in the art, Some being apparent 
only after Study others being matters of routine mechanical 
and electronic design. Other embodiments are also possible, 
their specific designs depending upon the particular appli 
cation. AS Such, the Scope of the invention should not be 
limited by the particular embodiments described herein but 
should be defined by the appended claims and equivalents 
thereof. 

1. A method of aligning workpiece lift pins in a Semicon 
ductor processing chamber, comprising: 

driving a plurality of lift pins using ambient atmospheric 
preSSure to engage an alignment Surface in Said cham 
ber. 

2. The method of claim 1 wherein each lift pin includes a 
piston adapted for Slidable vertical movement and exposed 
to internal chamber pressure on a first Side of Said piston, 
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each lift pin further including a bellows which encloses a 
Second Side of Said piston to define a piston chamber vented 
to the exterior of Said processing chamber So that piston 
Second Side is exposed to ambient atmospheric pressure, and 
wherein Said driving includes evacuating Said chamber to 
reduce Said internal chamber pressure on Said first Side of 
Said piston relative to Said ambient atmospheric pressure on 
Said Second Side of Said piston to drive Said piston of Said lift 
pin upward toward Said engagement Surface of Said cham 
ber. 

3. The method of claim 1 wherein Said processing cham 
ber has a bottom wall which defines a plurality of apertures, 
and each lift pin includes a lift finger Secured to a shaft 
adapted for slidable vertical movement in a processing 
chamber bottom wall aperture and wherein Said driving 
includes driving each lift pin shaft upward through a cham 
ber bottom wall aperture. 

4. The method of claim 1 further comprising releasably 
coupling each lift pinto a motor-driven linking member after 
each lift pin engages Said alignment Surface. 

5. The method of claim 4 further comprising driving said 
linking member upward prior to releasably coupling each lift 
pin to Said linking member. 

6. The method of claim 5 wherein said driving includes 
controlling Said motor which is adapted to apply an upward 
force on Said linking member in response to Said motor 
controlling, and controlling pressure to a pressure cylinder 
adapted to apply a downward force on Said linking member 
in response to Said pressure controlling. 

7. The method of claim 4 wherein said releasable coupling 
includes clamping each said lift pin to Said linking member. 

8. The method of claim 7 wherein said clamping includes 
clamping a floating joint of each lift pin to Said linking 
member. 

9. The method of claim 8 wherein said clamping includes 
clamping a clamp to a cylindrically shaped clamping Surface 
of each floating joint wherein Said clamping Surface has a 
length to diameter ratio of at least 1. 

10. The method of claim 9 wherein said ratio is at least 
1.5. 

11. The method of claim 1 wherein said driving includes 
driving a spherically-shaped engagement Surface of Said lift 
pin to engage Said alignment Surface. 

12. The method of claim 1 wherein said plurality of lift 
pins of Said driving consists of four lift pins. 

13-16. (canceled) 
17. A method of elevating a workpiece in a Semiconductor 

processing chamber, comprising: 
driving a plurality of lift pins engaging a workpiece in a 

Vertical direction, wherein Said driving includes con 
trolling a motor adapted to Selectively apply one of an 
upward force and a downward force on Said lift pins in 
response to Said motor controlling, and controlling 
preSSure to a preSSure cylinder adapted to apply a 
downward force on Said lifting pins in response to Said 
preSSure controlling. 

18. The method of claim 17 wherein each lift pin includes 
a piston disposed in Said processing chamber for vertical 
Sliding motion, and Said driving further includes applying 
ambient atmospheric pressure on one side of each lift pin 
piston and applying processing chamber internal pressure on 
the other Side of each lift pin piston. 

19. The method of claim 18 wherein the pressure to said 
preSSure cylinder is controlled at a first value when Said 
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motor applies an upward force and is controlled at a Second 
value when Said motor applies a downward force. 

20. The method of claim 19 wherein said second value is 
greater than Said first value. 

21. The method of claim 20 wherein said first value is 
approximately 10 pounds per Square inch and Said Second 
value is approximately 20 pounds per Square inch. 

22. The method of claim 18 wherein pistons of said 
plurality of lift pins are linked by a linking member and Said 
motor applies a force on Said lift pins by applying a force on 
Said linking member, and Said preSSure cylinder applies a 
downward force on Said lift pins by applying a downward 
force on Said linking member. 

23-26. (canceled) 
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27. A method of assembling a lift pin, comprising: 

placing a flat Surface of a piston Shaft on a first Supporting 
Surface; 

placing a flat Surface of a flange member on a Second 
Support Surface; and 

permanently attaching a bellows to Said piston Shaft and 
to Said flange member. 

28. The method of claim 27 wherein said attaching 
includes welding. 


