
BEVEL ETCHER WITH VACUUM CHUCK BACKGROUND  [0001] Integrated circuits
are formed from a wafer or substrate over which 5 are formed
patterned microelectronics layers. In the processing of the
substrate, plasma is often employed to etch intended portions of
films deposited on the substrate. Typically, etch plasma density is
lower near the edge of the substrate, which may result in
accumulation of a poly-silicon layer, a nitride layer, a metal layer,
etc. (collectively referred to as byproduct 10 layer) on the top and
bottom surfaces of the substrate bevel edge. As successive byproduct
layers are deposited on the top and bottom surfaces of the substrate
bevel edge as a result of several different etch processes, the bonds
between the byproduct layers and the substrate will eventually weaken
and the byproduct layers may peel or flake off, often onto other 15
substrates during substrate transport thereby contaminating the other
substrates. SUMMARY  [0002]According to one embodiment, a vacuum
chuck arrangement for 20 use in a bevel etcher wherein a bevel edge
of a semiconductor substrate is subjected to plasma cleaning,
comprises a support ring having an upper surface configured to
support a semiconductor substrate such that a bevel edge of the
substrate extends outwardly of an outer edge of the upper surface and
a chuck body having a recessed surface with optional lift pin 25
holes therein. The recessed surface extends between an inner
periphery of the support ring and is below the underside of the
substrate supported on the upper surface of the support ring. The
recessed surface and inner periphery define a vacuum region beneath
the substrate supported on the support ring and at least one gas
passage having an inlet is in fluid 



30 communication with the vacuum region. The gas passage has an
outlet to which a vacuum force can be applied to place a vacuum force
on the underside of the substrate.  [0003] A bevel etcher wherein the
bevel edge of a semiconductor substrate can be plasma etched,
comprising a chamber having a vacuum chuck body and a support ring
surrounding the upper edge of the vacuum chuck body to form .a space
surrounded by a surface of the vacuum chuck 5body and inner periphery
of the support ring, the support ring being adapted to support a
substrate having a bevel edge such that the bottom surface of the
substrate encloses the space and a plasma generation unit adapted to
energize process gas into a plasma state in the vicinity of the bevel
edge and a source of vacuum in fluid communication with the space,
the vacuum 10 source being adapted to establish a vacuum force which
holds the substrate in place on the support ring. [0004] A method of
reducing curvature of a bowed semiconductor substrate, comprising
loading a semiconductor substrate having a bowed curvature onto the
support ring of the bevel etcher, evacuating the space by 15 use of a
vacuum source and energizing process gas into a plasma state and
removing buildup on the bevel edge by etching the buildup with the
plasma. BRIEF DESCRIPTION OF THE DRAWINGS  [0005] FIG. 1A shows a
schematic cross sectional diagram of a substrate 20 etching system
having a vacuum chuck in accordance with one embodiment. [0006] FIG.
1B is an enlarged schematic diagram of region B in FIG. 1A. [0007]
FIG. 1C shows a schematic cross sectional diagram of a substrate
etching system having a vacuum chuck and a hollow cathode ring in
accordance with another embodiment. 25 [0008] FIG. 1D shows a
schematic cross sectional diagram of a substrate etching system
having a vacuum chuck and inductive coils in accordance with another
embodiment.   [0009] FIG. 2 shows a schematic cross sectional diagram
of a substrate etching system having a vacuum chuck coupled to an RF
power source in 30 accordance with another embodiment.  [0010] FIG. 3
shows a schematic cross sectional diagram of a substrate etching
system having a vacuum chuck and two electrodes in accordance with
another embodiment. 



[0011] FIG. 4A shows a portion of a schematic cross sectional diagram
of 5 a substrate etching system having a vacuum chuck in accordance
with another embodiment. [0012] FIG. 4B shows a top plan view of the
vacuum chuck in FIG. 4A. [0013] FIG. 5 shows a portion of a schematic
cross sectional diagram of a substrate etching system having curved
surfaces to accommodate a bowed 10 substrate in accordance with
another embodiment. [0014] FIG. 6 shows a portion of a schematic
cross sectional diagram of a substrate etching system having stepped
surfaces to accommodate a bowed substrate in accordance with yet
another embodiment.      [0015] FIG. 7 shows a schematic cross
sectional diagram of an upper 15 electrode assembly in accordance
with another embodiment. DETAILED DESCRIPTION  [0016] Referring now
to FIG. 1A, there is shown a schematic cross sectional diagram of a
substrate etching system or bevel etcher 100A in 20 accordance with
one embodiment. The substrate 106 has a bevel edge 140 that includes
top and bottom surfaces of the edge of the substrate, as shown in
region B of FIG. 1A and enlarged region B in FIG. 1B. [0017] As
depicted in FIGS. 1A-1B, the bevel etcher includes: a wall 102 having
an opening or gate 142 through which a substrate 106 is 25
loaded/unloaded; a vacuum chuck or substrate support 104 for holding
the substrate 106 in position during operation; a gas distribution
plate 114 coupled to a gas feed 116 and opposing the vacuum chuck
104; a bottom edge electrode or bottom electrode ring 126 made of
conductive materials, such as aluminum; a bottom support ring 124
positioned between the 30 vacuum chuck 104 and the bottom edge
electrode 126 (e.g., a dielectric support ring electrically
separating the vacuum chuck and bottom edge  electrode); a top edge
electrode or top electrode ring 120; and a top ring 118 positioned
between the gas distribution plate 114 and the top edge electrode 120
(e.g., a dielectric ring electrically isolating the gas distribution
plate and top edge electrode). Beyond the top and bottom edge
electrodes 120, 126 



5 are top and bottom insulating rings 122, 128, which are made of
dielectric materials and respectively extend the surfaces of the top
and bottom edge electrodes 120, 126 facing the substrate 106. The
bottom support ring 124 has, but is not limited to, a circular or a
rectangular configuration when viewed from the top. Likewise, the
upper edge of the vacuum chuck 104, the 10bottom edge electrode 126,
and bottom insulating ring 128 have, but are not limited to, circular
or rectangular configurations when viewed from the top. Similarly,
the top insulating ring 122, top edge electrode 120, top ring 118,
and the outer edge of the gas distribution plate 114 have, but are
not limited to, circular or rectangular configurations when viewed
from the top. 15[0018] The rings 118, 124 can be of dielectric,
semiconductive or electrically conductive material such as rings
entirely of aluminum oxide (Al203), aluminum nitride (AIN), silicon
oxide (Si02), silicon carbide (SiC), silicon nitride (Si3NI4),
silicon (Si), yttria (Y203) or other materials or the support ring
124 can be a composite ring of metal, ceramic or polymer 20 coated
with a conductive or dielectric material such as Si, SiC or Y203.
[0019] The substrate 106 is mounted on top of the bottom support ring
124. More specifically, the top portion of the support ring 124
includes a ring-shaped protrusion 125 (FIG. 18) and the substrate 106
is seated on the ring- shaped protrusion. The ring-shaped protrusion
125 has a narrow cross 25 section so as to expose the edge portion of
the bottom surface of the substrate 106 to cleaning plasma. The bevel
etcher 100A also includes lift pins 110 for raising the substrate 106
from the top protrusion portion during loading/unloading of the
substrate. The lift pins 110 move vertically through cylindrical
holes or paths and are operated by pin operating unit 108
30positioned under the vacuum chuck 104. Alternatively, the pin
operating unit 108 may be located outside of the wall 102. It should
be apparent to those of ordinary skill that any suitable number of
pins 110 may be used in the  bevel etcher 100A. Also, any suitable
mechanisms, such as lifter bellows, 



pneumatic or mechanically driven arrangement can be used as the pin
operating unit 108. [0020] To load the substrate 106, the bottom
electrode assembly 148b, 5 which includes the vacuum chuck 104, lift
pins 110, pin operating unit 108, bottom support ring 124, bottom
edge electrode 126, and bottom insulating ring 128, is lowered by a
vertical displacement unit 149. Subsequently, the lift pins 110 are
moved upward by the pin operating unit 108 to receive the substrate
106. Next, the lift pins 110 are retracted to mount the substrate
10106 on the bottom support ring 124. As a variation, the bottom
electrode assembly 148b is immovably mounted on the bottom wall of
the chamber. In this variation, the top electrode assembly 148a,
which includes the top insulating ring 122, top edge electrode 120,
top ring 118, and gas distribution plate 114, may be moved by an
optional vertical displacement unit 115 to 15 provide space to load
the substrate. Also the top electrode assembly 148a may be suspended
from the vertical displacement unit 115. If desired, upper and lower
vertical displacement units 115, 149 can vertically move the top and
bottom electrode assemblies. The vertical displacement units 115, 149
operate as gap control mechanisms for controlling the gap between the
top 20 and bottom electrode assemblies 148a, 148b.  [0021] The top
surface of the vacuum chuck 104, the bottom surface of the substrate
106, and the top protrusion portion 125 of the bottom support ring
124 form an enclosed vacuum region recess ("vacuum region") 132,
wherein the gas pressure in the vacuum region 132 is maintained below
25 atmospheric pressure during operation. The cylindrical holes or
paths for the lift pins 110 are also shared as gas passageways,
through which a vacuum pump coupled to an outlet 144 evacuates the
vacuum region 132. The vacuum chuck 104 includes a plenum 112 to
reduce temporal pressure fluctuations in the vacuum region 132 and,
in cases where multiple lift pins 30are used, to provide a uniform
suction rate for the cylindrical holes. [0022] The top edge electrode
120 is made of a conductive material, such as aluminum, and is
preferably grounded. The bottom edge electrode 126 is  



preferably coupled to a radio frequency (RF) power source 130 that
supplies RF power at a frequency range from, but not limited to, -2
MHz to -13 MHz and a power between -100 watts to -2000 watts to
generate cleaning plasma around the bevel edge 140. During bevel edge
cleaning, the 5 vacuum chuck 104 and the gas distribution plate 114
are kept electrically floating. The cleaning plasma is confined by
the top ring 118, top edge electrode 120, top insulating ring 122,
bottom support ring 124, bottom edge electrode 126, and bottom
insulating ring 128. It is noted that the frequency and power applied
to the top and bottom electrodes 120, 126 may be 10 changed depending
on the types of the process gas ("cleaning gas") and materials to be
removed from the bevel edge 140. [0023] The cleaning gas(es) is
provided through the gas feed 116. The gas feed 116 is located near
the center of the gas distribution plate 114. Alternatively, as
detailed in conjunction with FIGS. 4A-6, the cleaning 15 gas(es) can
be provided through gas feed(s) disposed in other portions of the
upper electrode assembly 148a. [0024] To hold the substrate 106 in
place during operation, a pressure difference between the top surface
of the substrate 106 and the vacuum region 132 needs to be maintained
above a threshold. The pressure on the 20 top surface of the
substrate 106 is a function of the gas pressure in the gas
distribution plate 114, gas flow rate, and the spacing or gap "Ds"
between the substrate 106 and the gas distribution plate 114. To
increase the gas pressure on the top surface of the substrate 106 for
a given pumping rate through the outlet 146, the gap Ds needs to be
minimized. During the bevel 25 edge cleaning process, the gap Ds is
kept preferably below 0.6 mm, more preferably at -0.4 mm, for
instance. As discussed above, the gap Ds is controlled by at least
one of the vertical displacement controls 115, 149. [0025] It is
noted that, when the operational chamber pressure is low, the
pressure difference between the top and bottom surfaces of a
substrate may 30 not be high enough to apply sufficient vacuum force
on the substrate during operation. The embodiments in FIGS. 1A - 6
utilize a vacuum chuck in  



conjunction with a small gap Ds to generate an increased pressure
difference. [0026] To clean etch byproduct polymers, process gases
may include an oxygen-containing gas, such as 02. Small amounts, such
as < 10%, of a 5 fluorine-containing gas, such as CF4, SF6, or C2F6,
may also be added to clean the polymer. It will be appreciated that
nitrogen-containing gas, such as N2, may also be included in the gas
mixture. The nitrogen-containing gas may assist dissociation of the
oxygen-containing gas. An inert gas, such as Ar or He, may also be
added to dilute the gas and/or to maintain the plasma. 10To clean a
dielectric film(s), such as SiN or SiO2, at the bevel edge 140, a
fluorine-containing gas, such as CF4, SF6, or a combination of both
gases, may be used. An inert gas, such as Ar or He, may also be used
to dilute the fluorine-containing gas and/or to maintain the cleaning
plasma. To clean a metal film(s), such as Al or Cu, at the bevel edge
140, a chlorine-containing 15 gas, such as C12, or BCI3, or a
combination of both gases, may be used. An inert gas, such as Ar or
He, can also be used to dilute the chlorine- containing gas and/or to
maintain the plasma to clean the metal film(s). [0027] As a variation
of the embodiment in FIG. 1A, an RF power source is coupled to the
top edge electrode 120, while the bottom edge electrode 126 20 is
grounded to generate the capacitively coupled cleaning plasma. As
another variation, either the top edge electrode 120 or the bottom
edge electrode 126 is replaced with an inductive coil buried in a
dielectric material. In this case, the inductive coil is coupled to
an RF power source and the opposing electrode is grounded. The RF
power source supplies power to 25 generate an inductively coupled
plasma for cleaning the bevel edge 140. [0028] FIG. 1C shows a
schematic cross sectional diagram of a bevel etcher 100C in
accordance with another embodiment. The components in the etcher 100C
are similar to those shown in FIG. 1A. The difference is that, in
this embodiment, a hollow cathode ring 150, which is made of a
30conductive material, such as aluminum, is located outside the
insulating rings 122, 128. The hollow cathode ring 150 has a channel
151 that faces the bevel edge. The width of the channel 151 is
greater than about 1.5 cm, 



for instance. It is noted that the hollow cathode ring 150 is moved
in a vertical direction during loading/unloading the substrate 106 by
a suitable displacement device (not shown in FIG. 1C). [0029] In one
embodiment, the hollow cathode ring 150 is coupled to an 5 RF power
source 152 and both top and bottom edge electrodes 120, 126 are
grounded. The RF power source preferably supplies RF power in a
frequency range from, but not limited to, -2MHz to -13 MHz, for
instance. In another embodiment, the top edge electrode 120 is
coupled to an RF power source while the bottom edge electrode 126 and
the hollow cathode ring 150 10 are grounded. In a further embodiment,
the bottom edge electrode 126 is coupled to an SF power source while
the top edge electrode 120 and the hollow cathode ring 150 are
grounded. [0030] If desired, capacitively coupled plasma can be used
to clean the interior of the wall 102. To generate plasma for
cleaning the interior, a high- 15 frequency SF power, which has a
frequency range from -27MHz to -60 MHz, for instance, is preferred.
In a variation of the embodiment in FIG. 1C, the top edge electrode
120 is coupled to a low-frequency (-2MHz to -13 MHz) SF power source
while the bottom edge electrode 126 is coupled to a high-frequency SF
power source (-27 MHz to -60 MHz) and the hollow 20 cathode ring 150
is grounded. In another variation, the top edge electrode 120 is
coupled to a high-frequency SF power while the bottom edge electrode
126 is coupled to a low-frequency SF power source and the hollow
cathode ring 150 is grounded. In yet another variation, the top edge
electrode 120 and the hollow cathode ring 150 are grounded, while the
25 bottom edge electrode 126 is coupled to both low- and
high-frequency SF power sources. [0031] FIG. 1D shows a schematic
cross sectional diagram of a bevel etcher 100D in accordance with
another embodiment. The components of the bevel etcher 100D are
similar to those shown in FIG. 1A. The difference 30 is that an
inductive coil(s) 164 surrounds the substrate edge and the space
between the top edge electrode 120 and the bottom edge electrode 126.
The inductive coil 164 is embedded in a dielectric material 162 that
is 



coupled to a dielectric support 160. The dielectric support 160
includes a displacement mechanism for moving the inductive coil 164
in the vertical direction during loading/unloading the substrate 106.
[0032] The inductive coil 164 is coupled to an RF power source 166. 5
During the bevel edge cleaning process, the RF power source 166
preferably supplies RF power in a range, but not limited to, from -2
MHz to -13 MHz to generate an inductive plasma near the substrate
edge. The top edge electrode 120 and the bottom edge electrode 126
are grounded to provide a return path for the inductively coupled
plasma. The inductive coil 10164 provides cleaning plasma to clean
the bevel edge 140. In a variation, the inductive coil 164 can also
be coupled to a high-frequency RF power source to generate chamber
interior cleaning plasma. It is noted that the top surface of the
vacuum chucks shown in FIGS. 1A, 1C, 1D are covered with a dielectric
layer. 15 [0033] FIG. 2 shows a schematic cross sectional diagram of
a bevel etcher 200 in accordance with another embodiment. The etcher
200 is similar to that shown in FIG. 1A but differs in that the
vacuum chuck 204 is coupled to an RF power source 212 and both the
top and bottom edge electrodes 208, 210 are grounded. In this
embodiment, the bottom surface of the gas 20distribution plate 202 is
covered with a dielectric layer to obviate formation of an electric
field or an electromagnetic field between the substrate 206 and the
gas distribution plate 202. [0034] FIG. 3 shows a schematic cross
sectional diagram of a bevel etcher 300 in accordance with another
embodiment, wherein the chamber wall is 25 not shown for brevity. The
bevel etcher 300 includes: a vacuum chuck 328 having a vacuum region
324 beneath a substrate 310 and operative to hold a substrate 310 in
place during operation; a top electrode 302 positioned over the
substrate 310; a bottom support ring 322 surrounding the vacuum chuck
328; and a bottom electrode 320 surrounding the support ring 322. 30
The top electrode 302 and bottom electrode 320 generate plasma for
removing foreign materials deposited and accumulated on the bevel
edge of the substrate 310.  [0035] The top electrode 302 is a flat
circular plate with an outer ring-shaped protrusion 304 extending
vertically toward the bottom electrode. The protrusion has an outer
periphery vertically aligned with the outer periphery of the
substrate 310. The inner periphery of the protrusion 304 is
vertically 



5 aligned with the inner periphery of bottom electrode 320. One or
more gas passages 306 are used to provide a process gas(es) and/or
purge gas(es). A gas hole 306a is located at the center of the top
electrode 302 while the gas holes 306b are located between the
protrusion 304 and the peripheral edge of the top electrode 302. The
top electrode 302 is an anode and the 10bottom electrode 320 is a
cathode. As a variation, the top electrode 302 can be used as a
cathode and the bottom electrode 320 is used as an anode. [0036] An
insulator layer or an insulator plate 308 is deposited on or attached
to the bottom surface of the top electrode 302 and located inside of
the protrusion 304. The insulator 308 has an exposed surface facing
the 15 substrate 310 and the exposed surface can be coplanar with an
exposed surface of the protrusion 304. However, the insulator's
exposed surface can be offset vertically above or below the exposed
surface of the protrusion if desired. The insulator 308 inhibits
formation of an electric field or an electromagnetic field between
the top electrode 302 and the substrate 310 20 when RF power is
supplied between the top and bottom electrodes 302, 320. [0037] For
processing semiconductor wafers, the bottom electrode 320 is a
circular ring having an inner diameter that is the same as the inner
diameter of the protrusion 304. The bottom electrode 320 is
preferably 25 coupled to an RF power source 342. During operation,
plasma is generated in the region between the protrusion 304 and the
bottom electrode 320. [0038] The vacuum chuck 328 includes a plenum
326 that is in fluid communication with the vacuum region recess
("vacuum region") 324 via one or more passages 327 and evacuated by a
vacuum pump during 30 operation. The plenum 326 reduces temporal
pressure fluctuations in the vacuum region 324 and, for a chuck
design where passages 327 are arranged in a wide pattern provides a
uniform suction rate for the holes 327.  The vacuum chuck 328 is
preferably supported by a movable support 340 that moves the vacuum
chuck upwardly and downwardly in the vertical direction to adjust the
volume of the vacuum region. In a variation, the top electrode 302 is
suspended from and moved vertically by an optional support 5 315.
Optionally, the top surface of the vacuum chuck 328 may be covered
with a dielectric layer to obviate formation of an electric or
electromagnetic field in the vacuum region 324.  [0039] As a
variation of the embodiment in FIG. 3, the vacuum chuck 328 may
include lift pins that are similar to those shown in FIGS. 1A -2,
wherein 



10 the holes 327 are used as paths for the lift pins. Likewise, the
embodiments in FIGS. 1A -2 may have holes similar to holes 327 in
FIG. 3, wherein the holes are not used as paths for the lift pins. As
another variation, the vacuum chuck does not include a plenum and the
holes 327 are coupled to a vacuum pump directly. 15 [0040] FIG. 4A
shows a portion of a schematic cross sectional diagram of a bevel
etcher 400A for cleaning the bevel edge of a substrate 414 in
accordance with another embodiment. The components of the bevel
etcher 400A are similar to those in FIG. 1A, with the difference that
the vacuum chuck 402 includes a plurality of bumps or protruding
elements 406. The 20 protruding elements 406 may have a hemispherical
shape or any other suitable geometry, and prevent the substrate 414
from bowing due to the pressure difference between the top and bottom
surfaces of the substrate 414. For example, the protruding elements
406 can be in the form of a mesa array or series of rings integrally
formed with chuck 402 or bonded to the 25 upper surface of the chuck.
FIG. 4B shows a top plan view of the vacuum chuck 402 in FIG. 4A. As
depicted, the lift pins 408 can move vertically in holes 410 and a
portion of each hole is shared as a gas passageway and coupled to a
plenum 412. [0041] It is noted that the protruding elements 406 can
be formed in the 30 embodiments of FIGS 1C - 3 for the same purpose.
It is also noted that the gas distribution plate 404 can include
center gas passage 416a and circumferentially spaced apart outer gas
passages 416b.   [0042] As discussed above, a substrate to be loaded
into a bevel etcher may have integrated circuits formed on the top
surface thereof by a series of processes. One or more of the
processes may be performed by use of plasma that may transfer heat
energy to the substrate, such that thermal 5 stress on the substrate
causes wafer bowing. FIG. 5 shows a portion of a schematic cross
sectional diagram of a bevel etcher 500 having a vacuum chuck 502 in
accordance with another embodiment. The components of this embodiment
are similar to those shown in FIG. 1A, with the difference that at
least one of the two opposing surfaces, which are the top surface of
the 10 vacuum chuck 502 and the bottom surface of the gas
distribution plate 504, has a curvature to accommodate a bowed
substrate 514. In this embodiment, the opposing surfaces are further
apart in the center and closer together at the outer periphery
thereof. If all of the substrates to be loaded in the bevel etcher
500 are bowed in one direction, only one of the two 



15 opposing surfaces may have a curvature shaped to accommodate the
substrates. [0043] The substrate bowing can be reduced by use of the
pressure difference between the top and bottom surfaces of the
substrate 514. The pressure in the vacuum region 518 is maintained
under vacuum during 20 operation by a vacuum pump coupled to the
plenum 512. By adjusting the gap Ds between the gas distribution
plate 504 and the top surface of the substrate 514, the gas pressure
in the gap Ds can be varied without changing the overall flow rate of
the process gas(es). Thus, by controlling the size of the gap and the
gas pressure in the gap, the pressure difference 25 between the top
and bottom surfaces of the substrate 514 can be varied and thereby
the bending force applied on the substrate 514 can be controlled.
[0044] In a variation, the gas distribution plate 504 may have a
plurality of holes, where the hole diameters can be varied to obtain
an intended pressure distribution over the substrate 514. For
instance, the holes can 30 have larger diameters in the area near the
bevel edge and smaller in the area over the center of the substrate.
It should be apparent to those of ordinary skill that the bevel
etcher 500 may have any suitable number of gas  feeds. It should be
also apparent that the vacuum chuck 502 and the gas feeding system,
which includes the gas distribution plate 504 and gas feed holes
516a-516c, can be incorporated in the embodiments in FIGS. 1B -4.
[0045] As another variation, additional gas feeds 516c may be formed
in 5 the top dielectric ring 522 or top edge electrode 520. The gas
feeds 516a- 516b are used to introduce gases having different
pressures into various portions of the gap Ds, resulting in an
intended pressure distribution along the radial direction (center to
edge) of the gap. For instance, if the substrate 514 is convex with
respect to the gas distribution plate 504, the gas feed 10 516a can
direct gas under higher pressure on the top surface of the substrate
514 than the gas feed 516b. In another instance, if the substrate 514
is convex with respect to the vacuum chuck 502, only the gas feeds
516c are used during a bevel edge cleaning operation. 



[0046] FIG. 6 shows a portion of a schematic cross sectional diagram
of a 15 bevel etcher 600 in accordance with yet another embodiment.
As depicted, the components of the bevel etcher 600 are similar to
those shown in FIG. 5. The difference is that at least one of the two
opposing surfaces, which are the top surface of the vacuum chuck 602
and the bottom surface of the gas distribution plate 604, is stepped
to accommodate a bowed substrate 614. 20 For instance, the plate
and/or chuck 604 can have a single step formed by a cylindrical
recess extending 25% or more across the surface. In another example,
a series of progressively deeper and coaxial recesses can extend into
the surface. In the embodiment shown, the recesses form three steps
in each opposing surface. If all of the substrates to be loaded in
the bevel 25 etcher 600 are bowed in one direction, only one of the
two opposing surfaces may have one or more steps to accommodate the
substrates. It is noted that the vacuum chuck 602 and the gas feeding
system, which includes the gas distribution plate 604 and gas feeds
616a-616c, can also be applied to the embodiments in FIGS. 1B - 4. 30
[0047] FIG. 7 shows a schematic cross sectional diagram of an upper
electrode assembly 702 in accordance with another embodiment. The
upper electrode assembly 702 is similar to that shown in FIG. 1A. The
difference is that the upper electrode assembly 702 includes a metal
support component 714 and that the top edge electrode 704, top
dielectric ring 706, top insulating ring 708, and gas distribution
plate 710 are secured to the metal support component 714. The upper
electrode assembly 702 is 5 suspended from and moved by a support
712. The upper electrode assembly 702 can be applied to the
embodiments shown in FIGS. 1A, 1C, 1D,2, 4A, 5, and 6. [0048] In the
embodiments in FIGS. 1A - 2 and 3 - 6, the gas distribution plate is
electrically insulated from the top edge electrode by the top
dielectric 10ring. As a variation, the gas distribution plate and the
top dielectric ring are integrally formed in one body and made of a
single piece of dielectric material.  [0049] While the invention has
been described in detail with reference to specific embodiments
thereof, it will be apparent to those skilled in the art 15 that
various changes and modifications can be made, and equivalents
employed, without departing from the scope of the appended claims. 



WHAT IS CLAIMED IS: 1.A vacuum chuck arrangement of a bevel etcher
wherein a     bevel edge of a semiconductor substrate is subjected to
plasma cleaning, 5 comprising:        a support ring having an upper
surface configured to support a semiconductor substrate such that a
bevel edge of the substrate extends outwardly of an outer edge of the
upper surface; a chuck body having a recessed surface with optional
lift pin holes 10 therein, the recessed surface extending between an
inner periphery of the support ring, the recessed surface being below
the underside of the substrate supported on the upper surface of the
support ring, the recessed surface and inner periphery defining a
vacuum region beneath the substrate supported on the support ring;
and 15at least one gas passage having an inlet in fluid communication
with the vacuum region, the gas passage having an outlet to which a
vacuum force can be applied to place a vacuum force on the underside
of the substrate. 202.The vacuum chuck arrangement of Claim 1,
further comprising a plenum in the chuck body, the plenum being in
fluid communication with a vacuum pump, the at least one gas passage
comprising a plurality of holes extending between the recessed
surface and the plenum. 253.The vacuum chuck arrangement of Claim 1,
wherein: (a) the recessed surface includes one or more protrusions
adapted to contact the underside of the substrate supported on the
support ring Or (b) the recessed surface is a stepped surface or a
concave surface. 304.The vacuum chuck arrangement of Claim 1, wherein
the at 



least one gas passage comprises a plurality of lift pin holes sized
to allow movement of lift pins therein and apply vacuum force to the
vacuum region.          5. The vacuum chuck arrangement of Claim 1,
wherein the support ring is coated with or entirely of a conductive,
semiconductive or dielectric material. 5        6. The vacuum chuck
arrangement of Claim 1, wherein the recessed surface includes first
and second annular steps, the first annular step extending inwardly
of the support ring and the second step extending inwardly of the
first step, the first and second steps having planar surfaces 10
which are vertically offset from each other.         7. A bevel
etcher wherein the bevel edge of a semiconductor substrate can be
plasma etched, comprising:             a chamber having an interior
in which the bevel edge of a 15 semiconductor substrate can be plasma
etched;        a support ring having an upper surface configured to
support a semiconductor substrate such that a bevel edge of the
substrate extends outwardly of an outer edge of the upper surface; a
chuck body having a recessed surface with optional lift pin holes 20
therein, the recessed surface extending between an inner periphery of
the support ring, the recessed surface being below the underside of
the substrate supported on the upper surface of the support ring, the
recessed surface and inner periphery defining a vacuum region beneath
the substrate supported on the support ring; and 25at least one gas
passage having an inlet in fluid communication with the vacuum
region, the gas passage having an outlet to which a vacuum force can
be applied to place a vacuum force on the underside of the substrate;
a plasma generation unit adapted to energize process gas into a
30plasma state in the vicinity of the bevel edge; and 



a source of vacuum in fluid communication with the vacuum region, the
vacuum source being adapted to establish a vacuum force which holds
the substrate in place on the support ring. 58.The bevel etcher as
recited in Claim 7, wherein the plasma generation unit includes:
a first electrode ring surrounding the support ring and electrically
insulated from the chuck body by the support ring;          a gas
distribution plate having a bottom surface opposing the chuck 10 body
and including at least one hole through which process gas is to be
introduced to the top surface of the substrate; and        a second
electrode ring surrounding the gas distribution plate and opposing
the first electrode ring. 159.The bevel etcher as recited in Claim 8,
wherein: (a) one of the first and second electrode rings is grounded
and the other is coupled to a radio frequency (RF) power source and
wherein the first and second electrode rings are operative to
energize the process gas into the plasma upon receiving RF power from
the RF power source; (b) a hollow cathode 20 ring disposed along the
first and second electrode rings wherein one of the hollow cathode
ring and the first and second electrode rings is coupled to a radio
frequency (RF) power source and the others are grounded and wherein
the hollow cathode ring and the first and second electrodes are
operative to energize the process gas into the plasma upon receiving
RF 25 power from the RF power source or (c) a coil inductively
coupled to a radio frequency (RF) power source, disposed along the
first and second electrode rings, and operative to energize the
process gas into the plasma, wherein the first and second electrode
rings are grounded. 3010.The bevel etcher as recited in Claim 8,
wherein: (a) the bottom surface of the gas distribution plate is
concave to accommodate a bowed shape of the substrate; (b) the bottom
surface of the gas distribution plate  



includes multiple steps to accommodate the substrate; (c) the
recessed surface of the chuck body is concave to accommodate a bowed
shape of the substrate; (d) the recessed surface of the chuck body
includes multiple steps to accommodate a bowed shape of the
substrate; (e) protruding elements 5 are disposed on the recessed
surface of the chuck body and include tips supporting the bottom
surface of the substrate upon contact therewith; or (f) protruding
elements in the form of a mesa array or spaced apart rings are
disposed on the recessed surface of the chuck body and include tips
supporting the bottom surface of the substrate upon contact
therewith. 10        11. A bevel etcher as recited in Claim 8,
wherein: (a) the chuck body is of electrically conductive metal
coupled to a radio frequency (RF) power source to generate the plasma
and wherein the first and second electrode rings are grounded or (b)
an upper dielectric ring is positioned 15 between the gas
distribution plate and the second electrode ring and adapted to
electrically insulate the gas distribution plate from the second
electrode ring.        12. A bevel etcher as recited in Claim 8,
further comprising a gap 20 control mechanism adapted to adjust the
height of a gap between the bottom surface of the gas distribution
plate and the recessed surface of the chuck body thereby controlling
a vertical separation between the bottom surface of the gas
distribution plate and top surface of the substrate. 2513.A bevel
etcher as recited in claim 12, wherein the vertical separation is
less than about 0.6 mm. 14.A bevel etcher as recited in Claim 7,
wherein:             the chuck body includes a plurality of
cylindrical holes extending to 30 the vacuum region;        a
plurality of lift pins adapted to move the substrate in a direction
normal to the recessed surface of the chuck body, each lift pin being
adapted to move along one of the cylindrical holes; and a pin
operating unit which mechanically moves the lift pins. 



5        15. A bevel etcher as recited in Claim 14, wherein: (a) a
portion of each of the holes forms a gas passageway through which the
vacuum source evacuates the vacuum region or (b) the chuck body
includes a plenum in fluid communication with the vacuum region via
the holes. 10        16. The bevel etcher as recited in Claim 7,
wherein the plasma generation unit includes:        a first electrode
surrounding the support ring and electrically insulated from the
chuck body by the support ring; 15a second electrode including a flat
plate, a ring-shaped protrusion opposing the first electrode, and at
least one gas passage through which process gas is injected into the
chamber; and        an insulating layer disposed beneath the flat
plate and inside the ring-shaped protrusion; 20wherein the bottom
surface of the insulating layer is in a spaced apart relationship
with the recessed surface of the chuck body to form a space for
receiving the substrate therein and wherein one of the first and
second electrodes is grounded and the other is coupled to a radio
frequency (RF) power source and wherein the first and second
electrodes are operative to 25 energize the process gas into the
plasma upon receiving RF power from the RF power source.        17.
The bevel etcher as recited in Claim 16, wherein: (a) the bottom
surface of the insulating layer is concave to accommodate bowing of
30the substrate; (b) the bottom surface of the insulating layer
includes multiple 



steps to accommodate bowing of the substrate; (c) the top surface of
the chuck body is concave to accommodate bowing of the substrate; (d)
the top  surface of the chuck body includes multiple steps to
accommodate bowing of the substrate; (e) protruding elements are
disposed on the top surface of the chuck body and include tips
supporting the bottom surface of the substrate upon contact
therewith; or (f) protruding elements in the form of a mesa 5 array
or spaced apart rings are disposed on the recessed surface of the
chuck body and include tips supporting the bottom surface of the
substrate upon contact therewith.             18. A method of
reducing curvature of a bowed semiconductor 10substrate during bevel
edge cleaning, comprising:       loading a semiconductor substrate
having a bowed curvature onto the support ring of the bevel etcher
according to Claim 7; evacuating the vacuum region; and
energizing process gas into a plasma state and removing buildup on 15
the bevel edge by etching the buildup with the plasma.        19. The
method of Claim 18, further comprising providing process gas over the
top surface of the semiconductor substrate to generate a greater
pressure on the top surface than on the bottom surface of the 20
substrate and thereby to apply a bending force on the semiconductor
substrate to reduce the bowed curvature. 




