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(57) ABSTRACT 

The present invention comprises a dynamic brake that 
applies restraining frictional force to a Wafer in a Wafer 
holder While the Wafer holder is substantially at rest, but 
releases the restraining force as the processing carousel 
containing several Wafer holders rotates about a central axis 
of the carousel. This dynamic brake preferably comprises a 
boot that passes through an opening in the Wafer holder to 
rest on the surface of the Wafer in an exclusion Zone near the 
Wafer’s edge. The exclusion Zone is typically no more than 
about 3 mm in extent. The frictional force betWeen the boot 
and Wafer is sufficient to prevent unwanted motion of the 
Wafer in the holder. As the Wafer holder rotates about a 
central axis of the processing carousel, centrifugal forces 
applied to the brake arising from such rotation cause the boot 
to pivot upward, releasing the frictional force on the Wafer. 
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METHOD OF PREVENTING MOTION OF WAFER 
IN A WAFER HOLDER 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a division of and claims priority 
from US. patent application Ser. No. 09/456,094, ?led Dec. 
7, 1999, entitled, “Dynamic Break For Non-Contact Wafer 
Holder”. 

BACKGROUND OF THE INVENTION 

[0002] 1. Technical Field 

[0003] The present invention relates to the processing of 
?at panels, integrated circuits or other Wafer-like objects in 
a non-contact holder and, more particularly, to apparatus and 
methods for preventing unWanted motions of the object 
Within the holder. 

[0004] 2. Description of Related Art 

[0005] Wafer-like objects (hereinafter referred to as 
“Wafers”) often require a means to hold the objects in 
position While performing processing or other operations 
thereon. Non-contact Wafer holders may make use of a 
cushion of gas (typically air) to maintain a separation 
betWeen the holder and the object being processed. There 
fore, motion of the object in the plane of the holder is 
virtually frictionless, unless forces in addition to the air 
cushion are supplied. Holding the object in position in a 
non-contact holder While avoiding unWanted and possible 
dangerous motions in the plane of the holder, are among the 
primary goals of the present invention. 

[0006] To be de?nite, We Will describe the common 
instance of the processing of semiconductor Wafers as may 
typically occur in the production of integrated circuits or in 
Wafer post-processing for thinning, etc. HoWever, the pro 
cessing of any Wafer-like object subject to unWanted motion 
While in a non-contact holder is also a potential area of 
application for the present invention. Flat panel displays and 
other rectangular, circular, star-shaped or irregularly shaped 
planar objects may require mounting in a holder for pro 
cessing Without the risk of damage to the object by contact 
With the holder. For economy of language We Will refer to all 
such Wafer-like objects herein as “Wafers” recogniZing that 
such objects may be large (perhaps having a siZe up to the 
order of one meter or larger) and need not be rectangular, 
circular or regular in shape. Since semiconductor Wafers are 
expected to be an important area of application for the 
present invention, We Will describe the primary features of 
the present invention in terms of semiconductor processing, 
not intending to limit the invention to this particular choice 
or particular example. Semiconductor Wafers aptly illustrate 
the features of the present invention and permit obvious 
modi?cation for use in processing other Wafer-like objects. 

[0007] Integrated circuits are typically fabricated on a 
Wafer of silicon With numerous integrated circuits fabricated 
on a single Wafer. This process requires the Wafer to be held 
in position for the multiple processing steps required to 
complete circuit fabrication and for processing steps folloW 
ing fabrication of the integrated circuits. HoWever, intimate 
mechanical contact betWeen the Wafer and its holder incurs 
the risk of damage to the Wafer or the devices fabricated on 
the Wafer’s surface. This risk of damage increases as Wafers 
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become thinner and easily distorted during processing. Thus, 
Wafer holders that do not require mechanical contact 
betWeen Wafer and holder have been developed. 

[0008] The ?oating of a Wafer above a layer of com 
pressed gas is described in the Work of Pirker (US. Pat. No. 
5,896,877). The Wafer is held in position by gravity While 
the air cushion prevents contact With the Wafer holder. Work 
of Siniaguine and Steinberg (PCT International Publication 
No. WO 97/45862) describes a non-contact holder for 
Wafer-like objects in Which a vortex of rotating air provides 
both the vacuum support for the Wafer and the air cushion. 

[0009] When the Wafer holder is at rest during loading or 
unloading, the Wafer is not stable in the holder. Non-contact 
Wafer holders necessarily provide forces positioning the 
Wafer in a direction perpendicular to the holder. Gravity is 
used in the Work of Pirker While a vortex-created vacuum is 
used by Siniaguine et. al. HoWever, both approaches to 
non-contact Wafer positioning provide minimal hindrance to 
the Wafer’s motion parallel to the surface of the holder. 
Random forces deriving from the use of an air cushion, or 
from small rotations of the holder during start-up and 
shut-doWn, may result in torques being applied to the Wafer. 
Such torques may lead to undesirable motion of the Wafer in 
its holder and the possibility of Wafer damage. 

[0010] Integrated circuits are typically fabricated in a 
multi-Wafer holder or “carousel,” rotating through a plasma 
for thinning. When the carousel containing many Wafers 
begins to rotate, centrifugal forces press each Wafer against 
limiting pins. A moving Wafer contacting limiting pins may 
chip or perhaps fracture. Damage is more likely if the Wafer 
is thin, typically about 50 microns. Procedures and devices 
for preventing such unWanted Wafer motions during loading 
and unloading of the carousel are an example of the appli 
cability of the present invention. 

BRIEF SUMMARY OF THE INVENTION 

[0011] Non-contact Wafer holders may use vacuum or 
gravity to keep the Wafer in close proximity to the Wafer 
holder While maintaining a separation by means of a gas or 
air cushion. HoWever, undesired motion of the Wafer in the 
plane of the Wafer holder may build up to dangerous rates if 
not prevented. As Wafer holders in a processing carousel 
rotate about a central axis of the carousel, centrifugal forces 
are commonly used to hold the Wafer ?rmly against a 
limiting device, preventing unWanted separate motion of the 
Wafer in its holder. HoWever, after loading of the Wafer into 
the holder but before centrifugal forces arise due to carousel 
rotation, the Wafer may still build up dangerous levels of 
in-holder motion. Similar risks are encountered during Wafer 
unloading. The present invention comprises a dynamic 
brake that applies restraining frictional force to a Wafer in a 
Wafer holder While the Wafer holder is substantially at rest, 
but releases the restraining force as the processing carousel 
containing several Wafer holders rotates about a central axis 
of the carousel. This dynamic brake preferably comprises a 
boot that passes through an opening in the Wafer holder to 
rest on the surface of the Wafer in an exclusion Zone near the 
Wafer’s edge. The exclusion Zone is typically no more than 
about 3 mm in extent. The frictional force betWeen the boot 
and Wafer is suf?cient to prevent unWanted motions of the 
Wafer in the holder. As the Wafer holder rotates about the 
central axis of the processing carousel, centrifugal forces 
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applied to the brake arising from such rotation cause the boot 
to pivot upward, releasing the frictional force on the Wafer 
as the same centrifugal forces cause the Wafer to press ?rmly 
against the limiting pins. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The draWings herein are not to scale. 

[0013] FIG. 1A: A schematic bottom vieW of a Wafer 
processing carousel. 

[0014] FIG. 1B: A schematic top vieW of a Wafer pro 
cessing carousel. 

[0015] FIG. 2: A schematic cross sectional vieW of the 
brake of the present invention in its loWered position. 

[0016] FIG. 3: A schematic cross sectional vieW of the 
brake of the present invention in its raised position. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0017] In the folloWing description and ?gures, similar 
reference numbers are used to identify similar elements. 

[0018] FIG. 1A depicts a schematic vieW (not to scale) of 
a typical Wafer processing apparatus commonly referred to 
as a “processing carousel,”1. The vieW depicted in FIG. 1A 
shoWs the processing carousel, 1, from the side containing 
the Wafers, 3. The vacuum non-contact Wafer holder of 
Siniaguine et. al. typically supports the Wafer by means of 
suction applied from above generated by vortex motion of 
air or other gas. The holder of Pirker uses Weight of the 
Wafer itself to hold the Wafer in proximity to the holder. In 
both cases, a separation betWeen Wafer and holder is main 
tained by means of an air cushion. The present invention is 
applicable to non-contact Wafer holders supporting the Wafer 
from above in the manner of Siniaguine et. al. Thus, We 
depict in FIG. 1A the vieW from directly beloW the Wafer 
holder. 

[0019] FIG. 1A depicts tWo segments, 2, of the processing 
carousel, 1, With Wafer holding locations therein, 3. The 
entire 360° circumference of processing carousel, 1, Will 
typically be divided into segments, 2, and Wafer holders, 3. 
Only tWo are depicted in FIG. 1A. 

[0020] Wafers are typically loaded into holders, 3, With 
processing carousel, 1, being substantially at rest. Non 
contact Wafer holders interpose an air cushion betWeen the 
Wafer and the holder providing essentially no force to 
prevent the Wafer from moving in a direction parallel to the 
plane of the holder. Typically, gas Will exit from the air 
cushion more on one side than another inducing a torque in 
the opposite direction pursuant to NeWton’s laWs of motion. 
Thus, Wafers in the holders may commence rotation, 
depicted as 4 in FIG. 1A. Furthermore, since the source of 
torque resulting in rotation is typically unpredictable non 
uniformities in air ?oW, the direction of rotation may be 
different for different Wafers in the processing carousel as 
denoted by opposite choices for 4 in FIG. 1A. With essen 
tially no frictional force hindering the rotation of the Wafer 
in its holder, the speed of rotation may build to dangerous 
values. Contact of a rapidly rotating Wafer With limiting 
devices (12 in FIG. 2) may lead to damage of the Wafer. 
Prevention of undesired rotation in non-contact Wafer hold 
ers is one objective of the present invention. 
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[0021] For economy of language herein We use “Wafer 
rotation” to signify undesired motions of the Wafer With 
respect to its holder and substantially in the plane of the 
holder, including but not limited to complete rotation of the 
Wafer. It is understood that Wafers may undergo various 
types of rotational and non-rotational motion in the holder, 
any of Which raise the possibility of Wafer damage upon 
contact With the limiting pins or inner surfaces of the holder. 
The prevention of any such motion is included Within the 
scope of the present invention. 

[0022] A common mode of semiconductor Wafer process 
ing has processing carousel, 1, rotate about its central axis, 
5, perhaps through one or more processing Zones. Such 
rotation of the processing carousel, in direction 6 for 
example, leads to a radially-outWard centrifugal force on the 
Wafers. This centrifugal force holds the Wafers against 
suitable limiting pins or similar devices, 12, preventing 
rotation or other undesired motion of the Wafer in its holder. 
Thus, the present invention relates to a brake preventing 
rotation of the Wafer in its holder When the processing 
carousel is at rest (or nearly so), but releasing When the 
processing carousel executes rotational motion. 

[0023] FIG. 1B vieWs the processing carousel and Wafer 
holders, 3, from the opposite face from the vieW in FIG. 1A. 
That is, FIG. 1A vieWs from the side of the processing 
carousel containing the Wafers, FIG. 1B vieWs the process 
ing carousel from the side opposite that containing the 
Wafers. The break of the present invention is positioned on 
the top (opposite) face of the Wafer holder from the Wafer, 
and overlapping the position of the Wafer, as depicted 
schematically by 7 in FIG. 1B. 

[0024] FIG. 2 depicts in cross sectional vieW one embodi 
ment of the dynamic brake of the present invention. Wafer, 
9, is held in close proximity to holder, 8 by means of an 
upWard-directed vacuum force, With an air cushion main 
taining the separation betWeen Wafer and holder. An exclu 
sion Zone of no more than about 3 mm, 11, on the edge of 
the Wafer, 8, is used in the practice of the present invention, 
causing the brake to rest in this Zone devoid of circuit 
components. The “exclusion Zone” is traditionally reserved 
for Wafer handling purposes. If future generations of inte 
grated circuits decrease the siZe of the exclusion Zone, the 
dimensions and location of the brake of the present inven 
tion Will be readily modi?ed to accommodate. A boot, 10, 
extends through an opening in holder, 8, to make contact 
With Wafer, 9. The contact of boot, 10, and Wafer, 9 provides 
suf?cient friction on the Wafer to prevent Wafer rotation, 
While making contact With a very limited region of the 
Wafer. 

[0025] FIG. 3 depicts the cross sectional vieW of FIG. 2 
With processing carousel rotating about its central axis, 5. 
Rotation of processing carousel, 1, induces a centrifugal 
force, 18, directed radially outWard toWards the circumfer 
ence of the Wafer holder. The brake of the present invention, 
13, has its center of mass lying above the pivot axis, 16. 
Therefore, centrifugal force, 18, causes the brake to rotate 
about pivot axis, 16, in a clockWise direction, 19. Rotation, 
19, causes boot, 10, to rise aWay from the Wafer as depicted 
by 20. A pivot axis for the boot is provided by 15 so boot, 
10, may freely rise aWay from the Wafer. While pivot 15 is 
preferred in the practice of the present invention, it may be 
omitted in brake designs providing sufficiently smooth 
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extraction of boot 10 away from the Wafer and through the 
Wafer holder Without such pivot. 

[0026] When thus raised, boot, 10, is no longer providing 
frictional stabilization against rotation of the Wafer in its 
holder. HoWever, the same centrifugal force causing brake, 
13, to rotate aWay from the Wafer also causes the Wafer, 9, 
to be ?rmly held against limiting device 12. Thus, the brake 
of the present invention rotates out of the Way as the 
centrifugal force on the Wafer itself prevents Wafer rotation 
by creating contact betWeen the edge of the Wafer and a 
limiting device 

[0027] After having all Wafer holders ?lled With Wafers, 
processing carousel, 1, typically begins to accelerate in 
angular direction, 6, until the operational angular velocity is 
reached. Let Rrnin be the minimum rotational (angular) 
velocity of processing carousel, 1, necessary to hold Wafer, 
9, snugly against limiting devices, 12. That is centrifugal 
force on the Wafer at Rrnin is suf?cient to prevent rotation of 
the Wafer Within the Wafer holder by means of pressing the 
Wafer against limiting devices, 12. The brake assembly, 13, 
should be designed With appropriate Weight and balance to 
rotate boot, 10, aWay from Wafer, 9, at a rotational velocity 
comparable to Rmin. Precision is not necessary in adjusting 
the rotational velocity at Which boot, 10, elevates aWay from 
Wafer, 9. It is merely necessary that boot, 10, hold Wafer, 9, 
in position for suf?cient time. “Suf?cient time” as used 
herein means that the time betWeen release of Wafer, 9, from 
the frictional force of boot, 10, and the stabiliZation of Wafer 
9 against limiting devices, 12, is too short for the Wafer to 
build up dangerous angular velocity in the Wafer holder. This 
period of time is determined by the detailed dynamics of the 
devices and can readily be determined by testing. It is often 
convenient to include as part of brake 13 a balancing Weight, 
17, to insure that boot, 10, promptly descends and ?rmly 
makes contact With Wafer, 9, upon deceleration of the 
processing carousel. 

[0028] As the carousel sloWs folloWing Wafer processing, 
the brake descends When the lifting centrifugal force no 
longer suf?ces to keep the boot elevated. Thus, the present 
dynamic brake invention automatically prevents rotation of 
the Wafer in its holder for both loading and unloading. 

[0029] The present invention is not limited to the process 
ing of semiconductor Wafers and, indeed, may process 
Wafer-like objects of relatively large siZe. There is no 
inherent mechanical limitation in the present invention for 
processing ?at panel displays or other Wafer like objects up 
to about 1 meter in lateral dimension or larger. There is no 
restriction in the practice of the present invention that the 
Wafer be circular, rectangular or have any regular shape at 
all. HoWever, for irregularly shaped objects it is important to 
position the dynamic brake of the present invention at 
locations (as depicted in FIG. 1B) such that boot, 10, alWays 
lies upon a Wafer. That is, When processing irregular objects, 
certain orientations of the object may cause boot, 10, to miss 
the Wafer entirely and descend to a position even With or 
beloW the Wafer, 9. Should this occur, impact of Wafer, 9, 
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With such an abnormally descended boot may damage the 
Wafer. The preferred embodiment of the present invention is 
to locate the dynamic brake at a location 7 such that boot, 10, 
Will contact Wafer, 9, no matter hoW Wafer, 9, may be 
oriented in the holder. Alternatively, guides may be provided 
such that there is no variation possible in orienting a Wafer 
in the holder, even for irregularly shaped Wafers, such that 
boot, 10, alWays descends upon a Wafer in the same relative 
location. Yet another possible solution is to provide a “stop” 
mechanism preventing boot, 10 from descending beloW the 
plane of Wafer, 9. 

[0030] It may be useful in the practice of the present 
invention to limit the gas ?oW around boot, 10. Therefore, 
another embodiment of the present invention may include a 
sealing ring, 21, in the form of an o-ring limiting gas ?oW 
around boot, 10, Without signi?cantly hindering the motion 
of boot, 10, in its channel. 

[0031] The present invention is not limited to rotational 
motion of a multi-holder carousel. A Wafer processing 
scheme in Which each separate Wafer undergoes individual 
rotation may also make use of the present invention. The 
utility of the present invention lies in that it prevents 
undesired motion of the Wafer When loading or unloading 
from a substantially stationary Wafer holder. But centrifugal 
forces brought to bear upon rotation of holder, carousel or 
other structure are felt by the brake of the present invention, 
leading to its release from the Wafer. 

[0032] Having described the invention in detail, those 
skilled in the art Will appreciate that, given the present 
disclosure, modi?cations may be made to the invention 
Without departing from the spirit of the inventive concept 
described herein. Therefore, it is not intended that the scope 
of the invention be limited to the speci?c and preferred 
embodiments illustrated and described. Rather, it is intended 
that the scope of the invention be determined by the 
appended claims. 

1. A method of preventing motion of a Wafer in a Wafer 
holder comprising: 

a) loading said Wafer into said Wafer holder; 

b) contacting said Wafer With a boot such that friction 
betWeen said boot and said Wafer prevents motion of 
said Wafer in said Wafer holder; 

c) rotating said Wafer holder causing thereby centrifugal 
force to press said Wafer against a limiting device 
?Xedly attached to said Wafer holder; and, 

d) terminating said contact of said boot With said Wafer 
substantially contemporaneously With said pressing of 
said Wafer against said limiting device. 

2. A method of preventing rotation as in claim 1 Whereby 
said termination of contact results from elevating said boot 
aWay from said Wafer by said centrifugal force. 


