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(57) Abstract

An apparatus and method for performing multiple
wet processing steps on objects placed within a sealed
chamber. The apparatus (200) include a sealable chamber
(10), at least one processing tank (12, 14) within the
chamber, and preferably also includes an intrachamber
robot (16) configured to move objects to be treated within
the chamber (10). Preferred embodiments utilize at least
two processing tanks (12, 14) within the chamber (10).
During the use of these exemplary embodiments, objects
to be treated are placed within the sealed chamber (10)
and the chamber is sealed to create a sealed interior
environment, The objects are immersed in a first
treatment fluid which is in a first one of the tanks (12,
14), and then carried by the intrachamber robot (16) from
the first to the second tank. The objects may be moved
back and forth between the tanks (12, 14) as needed in
order to complete the process being performed. After
processing is complete, the chamber (10) is unsealed and
the objects are removed from the chamber. In a preferred
method, processing fluids are drained from the tanks (12,
14) at some point prior to the unsealing of the chamber
(10) in order to substantially prevent passage of fumes
to the outside environment or the contaminants from the
exterior environment.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
CZ
DE
DK
EE

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
Jp
KE
KG
KP

KR
KZ
LC
LI

LK
LR

FOR THE PURPOSES OF INFORMATION ONLY

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

St
SK
SN
SZ
TD
TG
)
™
TR
T
UA
uG
us
Uz
VN
YU
VAL

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




WO 98/35765 PCT/US98/02951

MULTIPLE STAGE WET PROCESSING CHAMBER

This application claims the benefit of U.S. Provisional
Application No. 60/038,840 filed February 18, 1997, which is

incorporated herein by reference.

Field Of The Invention

This invention relates to the cleaning of semiconductor
substrates, flat panel displays, or other items which require an

extremely high level of cleanliness.

Background Of The Invention

In the fabrication of semiconductor wafers, there is a
multitude of cleaning steps required to remove impurities from the
surface of the wafer prior to subsequent processing. The cleaning
of a wafer, known as surface preparation, has for years been
performed by collecting multiple wafers into a batch and sequentially
placing this batch of wafers through a sequence of chemical and
rinse steps with the final step being a drying step. Currently, there
are several methods used to perform this surface preparation
process.

The method that is most prevalent in conventional cleaning
applications is the immersion wet cleaning platform, or "wet bench".
In this process, a batch of wafers is dipped into a series of tanks,
where certain tanks contain chemicals that are needed for clean or
etch functions, while others contain deionized water for the rinsing
of these chemicals from the wafer surface. Megasonic energy may
be imparted to the wafers using piezoelectric transducers coupled to

one or more of the cleaning tanks in order to more thoroughly clean
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the wafer surfaces. The final tank is a dryer for the removal of
deionized water from the wafer surface. The number of tanks
determines what surface preparation processes are available and
how many batches of wafers can be processed within the wet
bench system at any one time.

One shortcoming of conventional wet benches is that the
tanks, and thus the chemicals inside, are exposed to the
environment. This allows fumes from the tanks and from wafers
being lifted from the tanks to migrate to the environment
surrounding the tanks, where they may pose environmental hazards.
Safety lids have been added to some wet bench tanks in order to
individually isolate each tank from the environment. However these
lids have reduced the flexibility of these systems as well as the
wafer throughput, and they do not entirely eliminate migration of
fumes from wafers as the wafers are moved between the tanks.
Wet bench systems also typically have large footprint requirements
and thus increase cost of ownership by requiring extensive space in
the fabrication facility.

A second method is single chamber cleaning, as disclosed in
U.S. Pat. No. 4,911,761. During this process, a batch of wafers is
placed into a single closed vessel. Process fluids flow sequentially
through the vessel. This concept has been termed “plug flow” and
requires the chemical reagent “plug” to be followed by a plug of
rinse fluid (e.g., deionized water (DI) or isopropyl alcohol (IPA)) for
each chemical treatment. During cleaning steps utilizing the plug
flow method, megasonic energy may be imparted to the wafers
using piezoelectric transducers positioned to direct megasonic
energy into fluids in the tank.

Although the closed vessel utilized in this method is

advantageous in that it has a relatively small footprint and it
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minimizes migration of fumes to the surrounding environment, the
plug flow method has a number of drawbacks. For example, etch
performance in a plug flow system relies primarily on complex fluid
dynamics within the vessel. These systems also require high
chemical use, because the necessary chemical reagents can only be
used for a single wafer batch and cannot be recirculated and filtered.
Additionally, the plug flow method requires rinsing of chemical
reagent from the wafer and chamber surfaces, as compared to the
need only to rinse the wafer and cassette surface areas present
using conventional cleaning methods. Drying performance using the
plug flow method may also be comprised due to the absorption of
chemical contaminates into the plastic vessel and the subsequent
leaching of these contaminates out of the plastic vessel during the
drying steps.

A third cleaning technology is the spray processor or "acid
processor” technique. A spray processor includes a carousel which
carries batches of wafers and which spins within a chamber. Spray
nozzles are oriented around the carousel and direct chemicals onto
the wafers. This process relies on centrifugal effects to treat and
dry the wafers. One limitation of the spray processor technology is
that sonic energy cannot be imparted through the spray onto the
wafers; therefore, particle removal is achieved only through etching
and centrifugal forces imparted to the particles on the surface of the
wafer. Moreover, chemicals used in this process cannot be
recirculated and reused, resulting in high chemical use. Finally, the
method’s reliance on centrifugal forces, leads to frequent to water
spotting on the wafers, and the moving parts of the carousel can
lead to particle generation and build-up of electrostatic charge, all of

which can result in wafer contamination or damage.
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It is therefore desirable to have a new surface preparation
apparatus and method which occupies a relatively small amount of
fabrication facility space by having a smali footprint, which
substantially prevents fume migration to the environment
surrounding the apparatus, and which allows reuse of processing
chemicals all while optimizing the level of cleanliness achieved with

the apparatus and method.

Summary Of The Invention

The present invention is an apparatus and method for
performing multiple wet processing steps on objects placed within a
sealed chamber. The apparatus include a sealable chamber, at least
one processing tank within the chamber, and preferably also includes
an intrachamber robot configured to move objects to be treated
within the chamber.

Described herein are embodiments which utilize at least two
processing tanks within the chamber. During use of these exemplary
embodiments, objects to be treated are placed within the sealed
chamber and the chamber is sealed to create a sealed interior
environment. The objects are immersed in a first treatment fluid
which is in a first one of the tanks, and then carried by the
intrachamber robot from the first to the second tank where there are
immersed in a second treatment fluid in the second tank. The
objects may be moved back and forth between the tanks as needed
in order to complete the process being performed. After processing
is complete, the chamber is unsealed and the objects are removed
from the chamber. In a preferred method, processing fluids are
drained from the tanks at some point prior to the unsealing of the
chamber in order to substantially prevent passage of fumes to the

outside environment or contaminants from the exterior environment.
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Brief Description Of The Drawings

Fig. 1 is a perspective view of a multiple stage wet processing
chamber according to the present invention. For clarity, the
chamber is shown as being transparent to allow the components
within the chamber to be easily seen.

Fig. 2A is a perspective view of the chemical tanks and the
intrachamber robot of the multiple stage wet processing chamber of
Fig. 1.

Fig. 2B is a cross-section view of one of the tanks of Fig. 2A.

Fig. 3 is a side elevation view of the intrachamber robot of
Fig. 2A.

Fig. 4 is a front plan view of the intrachamber robot of Fig. 3.

Fig. 5 is a front perspective view of an intrachamber robot
housing according to the present invention.

Fig. 6A is a cross-section view of the active prismatic joint of
the intrachamber robot corresponding to horizontal movement of the
robot, taken along the plane designated 6A-6A in Fig. 4.

Fig. 6B is a partial cross-section view of the prismatic joint of
Fig. 6A, taken along the plane designated 6B-6B in Fig. 6A.

Fig. 6C is a cross-section view of the active prismatic joint of
the intrachamber robot corresponding to vertical movement of the
robot, taken along the plane designated 6C-6C in Fig. 3.

Fig. 7 is a front elevation view of a second embodiment of a
multiple stage wet processing chamber according to the present
invention.

Fig. 8 is a perspective view of a first modified version of the
second embodiment according to the present invention. For clarity,
the chamber is shown as being transparent to allow the components

within the chamber to be easily seen.
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Fig. 9 is a perspective view of a second modified version of
the second embodiment according to the present invention. For
clarity, the chamber is shown as being transparent to allow the
components within the chamber to be easily seen.

Fig. 10 is a schematic view of the chamber and lower tank of
the multiple stage wet processing chamber of Fig. 7 illustrating a
reaction stop feature of the process of the present invention. For
clarity, the upper tank is not shown in Fig. 10.

Fig. 11 is a perspective view of a third embodiment of a
processing system in accordance with the present invention.

Fig. 12 is an end view of a fourth embodiment of a processing

system in accordance with the present invention.

Detailed Description

Generally speaking, the present invention is a multiple stage
processing chamber for treating wafers, flat panels or other objects
or materials requiring exposure to chemicals. The chamber of the
present invention is suitable for treatment processes requiring
chemicals that are sufficiently compatible to be utilized within a
single processing chamber. For simplicity in describing the system
and process, the terms "wafer" and "cassette" will be used but are
not intended to limit the scope of the invention to wafer processing.

Embodiments are described herein which, while useful for
many processes, are particularly well suited for processes requiring
three basic stages. The first stage is one in which material to be
processed is exposed to reactive solutions. The second stage is a
primary or "course" deionized water rinse where the reaction
initiated in Stage 1 is attenuated. The third stage is a final residue

removal or "fine rinse" step. As will be detailed below, during a
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process utilizing the chambers of the described embodiments, each
stage may be repeated one or more times if multiple chemical
treatment steps are required for the particular process being carried

out.

FIRST EMBODIMENT - Structure

Referring to Fig. 1, a multiple stage wet processing chamber
200 according to the present invention is comprised generally of a
sealed chamber 10, a pair of processing tanks 12, 14 enclosed
within the chamber 10, and an intrachamber robot 16. Chemical
supply tanks 18 are also provided for supplying processing
chemicals to the tanks 12, 14,

The chamber 10 and tanks 12, 14 are proportioned so as to
require a minimum amount of space within the fabrication facility.
Thus, if the system is to be used for wafer processing, tanks 12, 14
might be sized to allow 1 - 3 cassettes having capacity for 26 - 104
200 - 300 mm wafers or flat panels to be immersed within each
tank, while allowing only sufficient room around the wafers to
promote the proper fluid dynamics needed to optimize processing
effectiveness. The chamber 10 is preferably sized to allow only
enough space in the chamber interior to accommodate the tanks 12,
14 and the robotics 16.

The sealed chamber 10 is formed a material which is highly
resistant to a broad variety of chemicals. Naturally, the material will
depend on the chemicals intended to be used within the chamber.
For example, plastics such as PVDF, PFA or other high purity
plastics may be used for certain applications, while electropolished
stainiess steel may be used for others including those requiring
solvents. An opening 20 is provided in the chamber 10 through

which objects to be cleaned, such as wafers, may be brought into
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and removed from the chamber. The opening 20 includes a door 22
which opens and closes to allow access to the chamber interior.
When the door is closed, air tight gasket seals 24 surrounding the
door 22 create a substantially leak proof seal which substantially
prevents fumes released within the chamber 10 from escaping to the
outside environment.

Referring to Fig. 2A, the tanks 12, 14 according to the first
embodiment are arranged side by side although they may also be
arranged in other configurations without departing from the scope of
the present invention. Fig. 2B illustrates the structure of tank 14
and it should be appreciated that tank 12 may, but need not, be
similarly configured.

Referring to Figs. 2A and 2B, tank 14 is preferably comprised
of an outer tank section 26 and an inner tank section 28 disposed
within the outer tank section. The walls of the outer tank section 26
extend vertically higher than the walls of the inner section 28.

At the bottom of the tank 14 are elongate fluid ports 30.
During use of the system, processing fluids are pumped into the
inner tank section 28 via the fiuid ports 30. Processing fluids
pumped into the inner tank section 28 cascade over the inner tank
section walls and between the walls of the inner and outer tank
sections as indicated by arrows in Figs. 2A and 2B. The fluids leave
the tank via opening 38 and flow into a waste tank or, preferably,
into a recycling/recirculation system where they are treated and then
re-delivered through port 30 for subsequent reuse.

One or both of the tanks 12, 14 may be provided with a lid,
such as lid 15 shown in Fig. 1, which can be programmed to
automatically move from a closed to an opened condition. Such a
lid may be of the type found on the Model 9400 SPS or
STELLARIS(tm) wet bench system provided by SCP Global
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Technologies, Inc. of Boise, Idaho. The lid minimizes vapor buildup
within the tank which can cause particulate problems, minimizes
cross-contamination between the tanks, and provides a further
barrier against the escape of chemical fumes from the chamber 10 to
the surrounding environment

One or both of the tanks may be provided with a megasonic
transducer assembly 17 of a type commonly used in wafer cleaning
applications. Examples of commonly used megasonic assemblies are
those provided by Verteq or PCT. During use, energy waves from
the transducer 17 are transmitted into the processing or cleaning
solution in the tank. The resulting agitation of the solution is
sufficiently powerful to remove particles from the surfaces of the
immersed objects.

An intrachamber robot 16 is provided for moving wafers
within the chamber 10 (Fig. 1) and between the tanks 12, 14. One
form of robot, shown in Figs. 2A - 6C, is designed to move the
wafers in two dimensions while occupying a minimal amount of
chamber space. The robot is engageable with the object or objects
to be treated within the system, either directly or by means of an
object carrier such as a wafer cassette.

Referring to Figs. 1, 2A and 3, the robot 16 includes a boom
40 which preferably has a vertical section 42 disposed at one end of
the tanks 12, 14 and a horizontal section 44 extending towards the
tanks 12, 14. Passive end effectors 46 extend downwardly from
horizontal section 44 which are configured to engage with wafer
cassettes 48 (Fig. 3) or other object carrier.

A housing 50 (Fig. 5) encloses components of the
intrachamber robot that are likely to generate particles during
operation of the robot and/or be effected by the chemical fumes

generated during processing. Referring to Fig. 5., intrachamber
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robot housing 50 is an enclosure made from a chemically resistant
material. An exhaust tube 62 extends from the housing 50 and out
of the chamber 10 so that particles generated by operation of the
intrachamber robot 16 are substantially prevented from migrating
into the processing regions of the chamber 10.

The components enclosed within the housing 50 will next be
described. Referring to Figs. 3 and 4, in which the housing 50 is
not shown for purposes of clarity, the intrachamber robot 16
includes three prismatic joints 52, 54, 56. Each prismatic joint is
comprised of an elongate housing 58a, 58b, 58¢c having a "C"
shaped cross-section (see the cross-section view of housing 58a
shown in Fig. 6A). Each prismatic joint further includes a carriage
58, 58b, 58c that is longitudinally slidable within its corresponding
housing.

The elongate housings 58a, 58b corresponding to joints 52,
54 are preferably horizontally mounted and are parallel to one
another as shown. The elongate housing 58c corresponding to
prismatic joint 56 is carried by the carriages corresponding to
prismatic joints 52, 54 and, more specifically by support bar 59a on
carriage 60a (see Fig. 6A) and by a similar bar (not shown) on
carriage 60b. Horizontal movement of carriages 60a, 60b thus
produces corresponding horizontal movement of elongate housing
58c.

As shown in Fig. 6C, boom section 42 is carried by support
bar 59c¢ on carriage 60c. Boom section 42 thus moves vertically as
the carriage 60c moves vertically within its elongate housing 58¢
and moves horizontally as the housing 58c is carried horizontally on
carriages 60a, 60b.

Joints 52 and 56 are active joints, i.e. movement of the

carriages 60a, 60c is effected by means of motors coupled to the
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carriages 60a, 60c. Joint 54 is preferably a passive joint and thus
simply moves in response to movement of joint 52. Lead screws 61
are thus coupled to the carriages 60a, 60c and are driven by
corresponding motors 63 mounted within housing 50.

Each prismatic joint 52, 54, 56 is enclosed within a prismatic
joint jacket 65 formed of a chemically resistant yet flexible material.
The jackets are not shown in Figs. 3 and 4 for purposes of clarity,
but they can be seen in Figs. 6A through 6C. Positive pressure
within the joint jackets substantially prevents chemical vapors from
migrating into the working mechanisms of the working joints 52, 54,
56. Housing 50 forms an exhaust path which substantially prevents
particles generated within the joints from migrating into chamber 10.

Prismatic joint jacket 65 corresponding to prismatic joint 52 is
shown in Figs. 6A and 6B. The joint jackets corresponding to
prismatic joints 54 and 56 are preferably identical to the joint jacket
65. The joint jacket is an elongate enclosure positioned around
elongate housing 58a. A compliant zipper seal 66 extends along the
top of the jacket 65. Bar 59a extends through the zipper seal 66.

The compliant zipper seal 66 is comprised of a pair of zipper
sides, each of which is made from a compliant material.

Each carriage may be additionally provided to have rods 68
such as those shown in Fig. 6B, positioned on opposite sides of the
support bars (e.g. bar 59a). As shown, rods 68 extending from
carriage 60a extend out from the jacket 65 through the zipper seal
66 and hold the zipper seal open in the region immediately
surrounding the bar 59a. The portions of the zipper not being acted
on by the rods are held together by restorative forces between them.
Thus, as the rods 68 slide (together with the bar 59a) through the
zipper seal 66, the zipper automatically opens in the region through

which the bar is about to travel and closes in the region through
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which the bar has just travelled. In this way, the zipper seal permits
only a very small opening around the bar 59a at any given time and
thus minimizes the opening of joint jacket 65. Air pressure is
supplied to the inner side of the jacket and flows out the openings in
the zipper and further prevents chemical vapors from migrating into

the working mechanisms of the working joints 52, 54, 56.

FIRST EMBODIMENT - Operation

Use of the first embodiment of the multiple stage wet process
chamber 10 according to the present invention will next be
described. Processes suitable for use with the first embodiment
include, but are not limited to, etch/clean processes in which a
sulfuric, phosphoric acid, or hydrochloric/ammonia step is followed
by a rinse step.

During use, an object carrier, which may be a wafer cassette
or a carrying device for other types of objects to be cleaned is
loaded with the object(s) to be cleaned. For simplicity in describing
the process, the terms "wafer"” and "cassette" will be used but are
not intended to limit the scope of the invention to wafer processing.

The sealed door 22 is opened and the loaded cassette (Fig. 3)
is placed into first tank 14. The door 22 is then closed and sealed.

Next, a first chemical suitable for the process is pumped into
tank 14 via opening port 30 (Figs. 2A, 2B). After the wafers have
been exposed to the first chemical for the appropriate length of time,
the cassette is elevated from the tank 14 by the intrachamber robot
16, moved horizontally into position above tank 12, and lowered into
tank 12 which has ailready been prepared with a second chemical.
After the wafers have been exposed to the second chemical for the
desired duration, the intrachamber robot lifts the wafers from the
tank 12.
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Depending on the process being carried out, the wafers may
next be removed from the chamber via 22 where they are carried to
other equipment for further processing, or they may be lowered into
tank 14 and treated again using the same chemical or a different
one.

For example, in one process according to the present
invention the initial treatment in tank 14 may utilize a processing
chemical to treat the wafers. In tank 12 the wafers are exposed to
a "coarse rinse" of deionized water or other rinse fluid which rinses
sufficient chemical from the wafers to stop the chemical process on
the wafer surface. After the coarse rinse, the wafers are returned to
tank 14 where they are given a "fine rinse", which removes all of
the remaining chemical from the surface of the wafers. If necessary,
tank 14 may first be rinsed by passing rinse fluid through the tank
before re-introduction of the wafers into the tank, in order to rinse
residual chemical from its walls.

Naturally, if lids such as lid 15 are provided on one or both of
the tanks 12, 14, each lid may be automatically opened prior to
introduction of wafers into its associated tank and closed following
use of the tank.

Once the steps to be carried within the chamber 10 are
completed, the chamber is unsealed and the wafers are removed
from the chamber. It is important to note that the tanks 12, 14 are
preferably drained of all processing fluids, or drained and then
rinsed, before the chamber is unsealed to substantially prevent

escape of fumes to the exterior environment.

SECOND EMBODIMENT - Structure
A second embodiment of a multiple stage wet processing

chamber is shown in Figs. 7 - 10. In the second embodiment,
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processing tanks are vertically arranged relative to one another to
minimize footprint requirements for the chamber.

Referring to Fig. 7, the second embodiment includes a
chamber 110 having first and second processing tanks 112, 114
disposed therein with tank 114 preferably being suspended above
tank 114. An intrachamber robot 116 is provided for moving wafers
W or other objects to be treated within the chamber 110. The
objects to be cleaned may be in an object carrier such as the wafer
cassette 115 or in another object carrier suitable for the particular
processing operation.

Lower tank 112 is a processing tank preferably having the
type of inner and outer wall sections described with respect to tank
14 of Fig. 2 that permit processing fluids to move upwardly through
the tank and cascade over the inner walls. Tank 112 is fluidly
coupled to one or more supplies 118a, 118b, 118c of processing
fluids. In one embodiment, sources 118a, 118b are holding vessels
for chemicals which are recirculated and reused for sequential
batches of wafers, and source 118c is a deionized water surge tank.

Tank 112 may or may not have a lid as described with respect
to tanks of the first embodiment.

Lower tank 112 is made of a material appropriate for the
chemistries which are to be utilized within the vessel. During use of
the second embodiment, a number of chemicals may be sequentially
used within the tank 112 as will be described below.

Upper tank 114 is positioned above first tank 112. Tank 114
may be a "virtual” processing tank in that it may be formed within
the chamber when needed. In the second embodiment, tank 114
preferably includes side walis 128 and a trap door 130 formed in its
lower section. Trap door 130 is comprised of articulating sections

132 that are pivotable relative to side walls 128 about hinges 134.
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Articulating sections 132 may be pivoted between the closed
position shown in solid lines and the opened position shown in
dashed lines. When in the opened position, the trap door permits
passage of wafers or other objects through the trap door 130 and
thus into or out of the iower tank 112.

Intrachamber robot 116 is designed to move the objects as
needed within the chamber 110, and at the very least between the
tanks 112, 114. Innumerable embodiments of robotics mechanisms
suitable for the present invention (including the first and second
embodiments) are well within the skill of those experienced in the
field of robotics, and in fact many existing wafer processing systems
utilize robotics.

For example, the intrachamber robot 16 described with
respect to Figs. 3 and 4 may be disposed within the chamber 110 of
the second embodiment and used to move wafers within the
chamber 110. Alternatively, the intrachamber robot 16 may be
modified to eliminate prismatic joints 52 and 54, in which case it
would be configured only for movement in the vertical direction in
order to lift and lower the wafers within the chamber 110 and, if
desired, into and out of the chamber 110. A housing similar to
housing 50 is preferably utilized in order to minimize movement of
particles from the prismatic joint(s) into the chamber 110 and
movement of fumes into the prismatic joint(s). Jackets similar to
jackets 65 (Figs. 6A - 6C) may also be utilized to provide further
protection.

As with the first embodiment, chamber 110 includes an
opening 120 and a sealable door 122 which seals the environment
within the chamber 110 against the external environment.

A first modified version of the second embodiment is shown

in Fig. 8. The first modified version differs from the embodiment of
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Fig. 7 in that the upper tank 114a is comprised of a pair of tank
sections 128a each mounted to a rod 140a. Actuators 141 are
connected to the rods 140a to cause rotation of the rods and thus
corresponding rotation of the tank sections 128a. A pair of end
seals 142 is provided, each of which is mounted to a corresponding
actuator rod 144 and motor 146 for producing longitudinal
movement of the end seals 142. Actuators effect movement of the
seals 142 between a closed condition in which the end seals 142
are moved longitudinally towards one another to seal against the
tank sections 128a and to thus form the tank 114, and an opened
condition in which the end seals 142 move away from each other to
disengage from the tank sections 128a.

The intrachamber robot 116a of the first modified second
embodiment includes a pair of vertically extending rods 148 which
support a longitudinally extending bar 150 and end effectors 152
carried by the bar. The end effectors 152 are designed to engage
with the objects to be treated and/or to a carrier which holds the
objects. A motor 154 causes vertical movement of the bar and end
effectors to carry the objects between the first and second tanks
112a, 114a. Naturally, the end seals 142 and tank sections 128a
are in the opened positions during vertical movement of the
intrachamber robot 116a to allow the robot components and objects
to pass between the tanks without obstruction.

A second modified second embodiment is shown in Fig. 9.
The second modified second embodiment utilizes a different actuator
mechanism for creating the "virtual" tank 114b than that used with
the embodiments of Figs. 7 and 8. For clarity, only the tank 114b
and its actuator mechanism are shown within the chamber 110b in
Fig. 9.
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As with the embodiment of Fig. 8, the embodiment of Fig. 9
includes a pair of tank sections 128b mounted on longitudinally
extending rods 140b. Rotation of rods 140b to open and close the
tank sections 128b is effected by linkages 158 driven by motor 160.
Positioning of the end seals 142b (one shown) may be carried out as

described with respect to Fig. 8.

SECOND EMBODIMENT - Operation

Use of the second embodiment according to the present
invention will next be described.

First, objects to be treated within the muitiple stage wet
processing chamber 110 (the term "wafers" will be used for
simplicity) are loaded onto the intrachamber robot 116 and lowered
into the chamber 110. Door 122 is closed and sealed.

Next, lower tank 112 is rapidly filled with a first processing
chemical from chemical source 118a. Once the wafers are
immersed in the tank 112, chemical from vessel 118a continues to
flow into tank 112, but at a slower rate, causing the chemical to
cascade over the tank walls (as described with respect to tank 14)
and to be collected by vessel 118a for recirculation and reuse. Once
the wafers have been exposed to the chemical for the required
period of time, the chemical in tank 112 is quickly drained back into
the vessel 118a.

Lower tank 112 is next rapidly filled with deionized water
from surge vessel 118c to carry out a coarse rinse of the wafers.
The DI is allowed to flow through the tank and cascade over the
tank walls as needed to promote the optimum rinse. The deionized
water is then rapidly drained from the tank 112.

If the process being carried out is one which requires

sequential treatment by two or more chemicals, a second chemical is
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caused to flow into the tank 112 from second chemical source 118b
and used to treat the wafers as described above. The coarse rinse
process is repeated and any subsequent chemical steps are repeated
in the same manner as needed for the particular surface preparation
process being carried out.

For certain processes, process performance mandates quick
transitions between the chemical exposure steps and the coarse
rinse steps used to stop the chemical reaction. In such processes,
which include etch processes in which the wafers are first immersed
in an HF or BOE solution and then rinsed with deionized water or
other rinse solution, it may be desirable to utilize the intrachamber
robot 116 to control this critical interaction within the lower tank
112.

Referring to Fig. 10, in step 1 the material is delivered to the
intra-chamber robot (not shown), the tank 112 is rapidly filled with
chemical (e.g. HF or SC-1 or rinse fluids), and the wafers are
introduced into the tank 112. In step 2, at the end of the chemical
process dwell time (e.g., which may be approximately 5 - 10
minutes for certain procedures), the material is removed from the
tank 112. In step 3, with the wafers suspended above the tank
112, the chemical is rapidly drained back into the appropriate
chemical source (e.g. vessel 118a). In step 4, the tank 112 is
rapidly filled with DI water and in step 5, the wafers are relowered
into the tank 112.

The intra-chamber robot performs all material handling
operations within the chamber and is precisely controlled through
parameters that provide the optimum performance. A number of
performance reasons, such as etch rate uniformity and particle
performance make it desirable to keep the transition time between

chemical exposure and the rinse stop as short as possible. With the
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wafers vacated from the tank 112 via the intra-chamber robot during
this transition, the DI can be introduced into the tank using an
extremely high flow rate burst. This technique avoids the complex
fluid dynamic issues, chemical and rinse water mixing issues
associated with plug flow techniques and material breakage
problems introduced by the very high rinse fluid flows.

After the wafers have been treated in tank 112, they are
elevated within the chamber 110 by the intrachamber robot 116.
Tank 112 is drained of processing fluids and may be rinsed using a
rinse fluid. Robot 116 carries the wafers through the trap door 130
and positions them between the walls 128 of tank 114. Trap door
130 is next closed to close the bottom section of tank 114. Seals
136 seal against one another to seal the tank bottom against
excessive leakage, although it is not necessary for tank 114 to be
liquid tight.

With the wafers in the upper tank 114, the tank 114 is
flooded with deionized water from surge vessel 118¢ in order to
complete a fine rinse of the wafers. Any leakage of deionized water
from the tank 114 serves to further rinse lower tank 112. Because
the walls of tank 112 may absorb reactive chemicals during the
chemical exposure steps, the fine rinse carried out in upper tank 114
eliminates the risk that such chemicals will leach out of the walls
and back onto the wafers during the final rinse. Since the upper
tank 114 is never directly exposed to the reactive chemicals, the
desired level of purity is reached more quickly and with much less
deionized water than would be possible using lower tank 112.

Once the fine rinse step is completed and processing
chemicals are drained from the chamber, the chamber is unsealed

and the wafers removed.
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THIRD EMBODIMENT

A third embodiment according to the present invention is
shown in Fig. 11 and comprises a sealable processing chamber 310,
a single tank 312 within the chamber, and an intrachamber robot
316 for moving objects to be treated within the chamber. The third
embodiment is similar to the second, except that the upper tank 114
is eliminated.

The third embodiment may used, for example, for processes
requiring critical treatment/rinse transition times as described above
with respect to Fig. 10. In other words, the intrachamber robot 316
is used to lift the wafers from the treatment tank 312 between the
chemical and rinse steps so that the processing fluids can be moved

quickly in and out of the tank 312 without damaging the wafers.

FOURTH EMBODIMENT

The embodiments shown herein may alternatively be provided
without the intrachamber robots. In other words, movement of the
wafers in and out of the tanks of the first, second and third
embodiments may alternatively be carried out using external means
such as robotics positioned outside of the chamber. For example, as
shown in Fig. 12, a chamber 410 may be provided to have one or
more tanks 412 inside, and a robot 416 may be positioned externally
of the chamber. Tank 412 preferably includes a lid of the type
described above. As with each of the previously described
embodiments, the tank is fluidly coupled to a plurality of supply
tanks 418 for processing fluids, including treatment and rinse fluids,
that are selectively circulated through the tanks and subsequently

recycled for reuse.
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What is claimed is:

1. A method of performing wet processing steps on an object or
objects placed within a sealed chamber, comprising the steps of:

(a) providing a sealable chamber, a processing tank within the
chamber, and an intrachamber robot;

(b) placing at least one object to be treated within the
chamber;

(c) sealing the chamber to create an interior environment
within the chamber which is isolated from an exterior environment
outside the chamber to substantially prevent passage of fumes from
the interior to the exterior environment;

(d) at least partially filling the processing tank with a first
processing fiuid;

(e) immersing the object in the first processing fluid in the
tank;

(f) using the intrachamber robot, removing the object from the
processing tank; and

(g) unsealing the chamber and removing the object from the

chamber.

2. The method of ciaim 1, further comprising the step of draining
the first processing fluid from the tank prior to unsealing the

chamber.

3. The method of claim 2 wherein the draining step is performed

after the object has been removed from the tank.

4, The method of claim 1 wherein the method further includes

the steps of, prior to unsealing the chamber:
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draining the first processing fluid from the processing tank;

at least partially filling the processing tank with a second
processing fluid;

immersing the object in the second processing fluid; and

using the intrachamber robot, removing the object from the

second processing fluid.

5, The method of claim 4 further comprising the step of draining
the second processing fluid from the tank prior to unsealing the

chamber.

6. The method of claim 4 further including the step of rinsing the
processing tank prior to immersing the object in the second

processing fluid.

7. A method of performing wet processing steps on an object
placed within a sealed chamber, comprising the steps of:

(a) providing a sealable chamber, at least two processing
tanks within the chamber, and an intrachamber robot;

(b) placing at least one object to be treated within the
chamber;

(c) sealing the chamber to create an interior environment
within the chamber which is isolated from an exterior environment
outside the chamber to substantially prevent passage of fumes from
the interior to the exterior environment;

(d) at least partially filling a first one of the processing tanks
with a first processing fluid;

(e) immersing the object in the first processing fluid in the first
tank;
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(f) at least partially filling a second one of the processing
tanks with a second processing fluid;

(g) using the intrachamber robot, removing the object from the
first processing tank and immersing it in the second processing fluid
in the second processing tank;

(h) unsealing the chamber; and

(i) removing the object from the chamber.

8. The method of ciaim 7 further comprising the step of draining
at least one of the first and second tanks before the chamber is

unsealed.

9. The method of claim 7 wherein in step (e) the object is moved

into the first tank using the intrachamber robot.

10.  The method of claim 7 further comprising the steps of:

draining at least one of the tanks and at least partially filling
said tank with a third processing fluid;

using the intrachamber robot, moving the object into said tank
to immerse the object in the third processing fluid; and

using the intrachamber robot to remove the object from said
tank containing the third processing fiuid, wherein the unsealing step
is performed at a time after the object has been removed from said

tank containing the third processing fluid.

11. The method of claim 10 further comprising the step of draining

the third processing fluid prior to unsealing the chamber.

12. The method of claim 7 wherein step (a) further provides a lid

for at least one of the tanks and wherein the method includes the
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steps of closing and opening the said one of the tanks using the lid,

the closing and opening steps occurring while the chamber is sealed.

13. The method of claim 7 wherein the first and second tanks are

vertically arranged relative to one another.

14. The method of claim 7 wherein:

the second tank provided in step (a) is positioned above the
first tank and includes a tank bottom, an opening in the tank bottom,
and tank bottom portions that are moveable between opened and
closed positions to open and close the opening in the tank bottom:
and

the opening in the tank bottom is in the opened position
during movement of the object between the first and second tanks

and in the closed position closed during step (f).

15. The method of claim 7 wherein the first and second tanks are

positioned in side by side relation.

16.  The method of claim 7 wherein the first processing fluid is a
chemical treatment fluid and wherein the second processing fluid is a

rinse fluid.

17.  The method of claim 10 wherein the first processing fluid is a
chemical treatment fluid and wherein the second and third

processing fluids are rinse fluids.

18. A method of processing an object placed within a sealed

chamber, comprising the steps of:
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(a) providing a sealable chamber and a processing tank within
the chamber;

(b) placing at least one object to be treated within the
chamber;

(c) sealing the chamber to create an interior environment
within the chamber which is isolated from an exterior environment
outside the chamber to substantially prevent passage of fumes from
the interior to the exterior environment;

(d) at least partially filling the processing tank with a first
processing fluid;

(e) immersing the object in the first processing fluid in the
tank;

(f) removing the object from the first processing fluid;

(g} draining the first processing fluid from the processing tank;
and

(h} after draining the processing tank, unsealing the chamber

and removing the object from the chamber.

19.  The method of claim 18 wherein step (a) further provides a
robot within the chamber and wherein steps (e) and (f) are

performed by the robot.

20. The method of claim 18 wherein the method further includes
the steps of, after step (g):

at least partially filling the processing tank with a second
processing fluid;

immersing the object in the second processing fluid:

removing the object from the second processing fluid.
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21. The method of claim 20 wherein the method includes the step
of draining the second processing fluid from the processing tank
before unsealing the chamber and removing the object from the

chamber.

22. The method of claim 18 wherein step (a) further provides a lid
for the tank and wherein the method includes the steps of closing
the tank with the lid after step (e) and opening the tank using the lid
prior to step (f).

23. The method of claim 18 wherein step (g) is performed after

the object has been removed from the first processing fluid.

24. A system for use in chemically treating objects, comprising:

a chamber isolating an interior environment from an exterior
environment, the chamber including a sealable opening having a
sealed condition in which the chamber is sealed against passage of
fumes to the exterior environment, and an unsealed condition in
which the interior of the chamber is exposed to the exterior
environment to permit movement of objects into and out of the
chamber;

a processing tank positioned within the chamber; and

an intrachamber robot engageable with an object to be
treated, the robot moveable between a first position in which the
object is at least partially immersed within processing fluids in the
tank and a second position in which the object is removed from the
processing fluids in the tank, the sealable opening being in the
sealed condition at least during movement of the robot between the

first and second positions.
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25. The system of claim 24 further including lid on the processing
tank, the lid including an opened condition in which objects may be
moved into and out of the tank and a closed condition in which the

lid seals the tank against passage of fumes out of the tank.

26. A system for use in chemically treating objects, comprising:

a chamber isolating an interior environment from an exterior
environment, the chamber including a sealable opening having a
sealed condition in which the chamber is sealed against passage of
fumes to the exterior environment, and an unsealed condition in
which the interior of the chamber is exposed to the exterior
environment to permit movement of object into and out of the
chamber;

at least two processing tanks positioned within the chamber;
and

an intrachamber robot engageabie with an object to be
treated, the robot moveable between a first position in which the
object is at least partially immersed within one of the tanks and a
second position in which the object is at least partially immersed
within the other of the tanks, the sealable opening being in the
sealed condition at least during movement of the robot between the

first and second positions.

27. The system of claim 26 wherein the first and second tanks are

positioned in side by side relation.

28. The system of claim 26 wherein the second tank is positioned

above the first tank.
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29. The system of claim 28 wherein the second tank includes a
tank bottom, an opening in the tank bottom, and tank bottom
portions that are moveable between opened and closed positions to
open and close the opening in the tank bottom, the tank bottom
positions being positionable in the opened position during movement

of the object between the first and second tanks.

30. The system of claim 26 wherein at least one of the tanks
includes a tank lid, the lid having an opened position permitting
passage of objects into the tank and a closed position sealing the

tank against passage of fumes out of the tank.
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