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~an adhesion treatment for‘bringihg a substrate surface

1703897-0
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_ TITLE OF THE INVEﬁTION-
METHOD AﬁD APPARATUS.FOR PROCESSING SUBSTRATE
BACKGROUND OF THE INVENTION
The érésent invention relateé to a method and
apparatus for processing a substrate such és a semi-

conductor wafer or a substrate of a liquid crystal

display (LCD) device, particularly, to a method and

apparatus for procéssing a substrate, which includes

into contact with a gas for modifying the substrate
surface.

Employed in a photolithography process is a resist

processing system in which semiconductor wafers are

successively coated with a resist solution, followed by
developing the resist coating. Such a resist process-

ing system is disclosed in, for example, U.S. Patent

Application No. 08/667,712. 1It is disclosed that many
processing units are arranged on both sides of a hori-

zontal transfer path, and a wafer is transferred '

by a main arm mechanism along the horizontal transfer
path into each of these processing units. In the
resist processing system'éf the horizontal transfer
type, however, the system is expanded in a horizontal
direction with increase in the number of processing
units arranged along the horizontal transfer path,
leadiﬁg to an increased total floor area. Naturally,

the resist processing system occupies a large floor
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area within a clean room, leading to a high manufac-
turing cost and opératiﬁg cost of the clean room.
Particularly, since a down fldw'of a clean.air is
emplojed in the éystem as a méasure against particles,

the initial cost and maintenance cost of the air

conditioner, filter, etc. are increased if the clean-

liness within the system is to be improved.

Another resist processing system is disclosed in,

- for example, U.S} Patent No. 5,664,254 and_dapahese

Patent Disclosure (Kékai) No.l4-85812. It is disclosed
that many processing units are arranged on both sides
of a vertical transfer path, and a wafer is transferred
by a main arm mechanism along the vertical transfer
path into each of these processing units. The resist
processing system of the.vertical transfer type cer-
tainly pepmits diminishing_the floor area of the system
occupied in a Elean room, making it possible to lower
the manufacturing cost and operating cost of the clean
room. 'Also, since the main érm mechanism can obtain
access to the processing units promptly and can trans-
fer the wafer at a higher speed, the through-put is
increased. In the resist processing system of the |
vertical transfer type, however, a plurality of proc-

essing units are stacked one upon the other. 1In

~ ~addition, a heating unit, a cooling unit, a transfer

unit, an adhesion unit, etc. included in the system

are of open type. It follows that these processing
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units mutually affect each other, resulting in failure

for each processing unit to perform its function

appropriately. Particularly, in the case of using
a hexamefhyldisilazane (HMDS) gas as in an adhesion
processing, the HMDS'gas leaking from the adhesion
processing unit tends to enter another processiﬁg
uniﬁ so as tb édversely Affectlthe processing. in séid
processing unit. |

In the conventional adhesion processing, a silicon
wafer is introduced into a process chamber, followed
by exhausting the process chamber and subsequently
introducing an HMDS gas into the process chamber so
as to bring thé'HMDS gas component into contact with
the silicon wafer surface for modifying the wafer
surface. After completion of the processing, the HMDS
gas is forcedly dischargéd from within the process
chamber so as to prevent the HMDS gas.from leaking to
the outside of the process chamber. At the same time,
a purging gas such as a nitrogen gas is introduced

into the process chamber so as to purge the supply

piping and process chamber. In the adhesion processing

of this type, however, a purging gas is supplied at
a relatively high flow rate, with the result that
particles tend to be generated so as to be attached
to the wafer dependent.on the manner of supplying
the purging gas. _Also, the members in the vicinity

of the wafer table disturb the HMDS gas stream within
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the process chamber so és'to pieventlthe HMDS gas
component from being brought into contact uniformly ' é
with the surface of the wafer. It follows that the |
processing is rendered nonuniform, giving rise to
a poséibility that the wafer surface is not modified
sufficiently in some regions.

“ _BRIEF.SUﬁMAﬁY OF TﬁE IﬁVENTION

An object of the present invention is to provide

an apparatus for processing a substrate, in which an

‘atmosphere for processing a substrate with a gas such

as an adhesion processing atmospheie does not adversely
affect another processing atmosphere as in a resist
coatiﬁg process or a developing process.
‘Another object is to provide a method and
apparatﬁs for processing a substrate, which permit
processing the substrate surface uniformly with a gas
while preventing particles from being attached to the | ' i
substrate surface.
In the adhesion processing, a silicon wafer is !

heated, and an HMDS (hexamethyldisilazane) gas is

-brought into contact with the surface of the heated

wafer so as to convert the hydrophilic_wafer surface
info a hydrophobic wafef surface. To be more specific,
the HMDS gas serves to chemicaliy separate the bonding
of the OH group present between the si}icon wafer
surface and a silicon oxide film formed on the wafer

surface so as to remove water from the wafer surface.
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According to a first aspect of the bresent
invention, there is provided an apparatus for'proc-
essing a substrate in which a processing cdnsisting of
a plurality of process steps is appliea to'a substrate
to be processed, comprising a transfer zone extending
in_a vertical direction; a plﬁrality of process groups
arranged to surrouhd the transfer zone for processing
the substrate, each process group consisting of a
plurality of process units stacked one upon the.other,
and each process unit having'an opening communicating
with the transfe:_zone.for tranéferring the substrate
into and out of the process unit} a main arm mechanism
movably mounted in the transfer zone for transferring
the substrate into and out of the process unit through
the opening; and down flow forming means for fdrming
a down flow of a clean éir within the transfer zone,
wherein at least one.of the plural process groups
includes a plurality of thermal units for heating or
cooling the substraté,'a transfer.ﬁnit for transferring
the substrate into And out of the.transfer zone, and
a gas process unit for processing the substrate with
a gas, the opening of the gas procéss unit beihg
positioned lower than the openings of the thermal
units and the transfer unit.

In the substrate processing apparatus-of the
present invention, a down flow of cleah air is formed

within the transfer zone. Also, the apparatus
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comprises a process group conéisting of a plurality of.
process units vertically stacked one upon the other and
including a plurality of theimal units for heating or
cooling the substrate,:a gas processing unit, and a
transfer unit for transferring the substrate into and

out of the process unit. It should be noted that the

'gas processing unit is arranged below the thermal units:

and the transfer uﬁit. As a result, the gas leaking
from the gas processing unit flows downward together
with the down flow of the cleaﬁ air.  It'fo1lows that
ﬁhe thermal units and the transfer unit positioned

above the gas processing unit are not affected by

the gas leaking from the gas processing unit.

It should also be noted that the'thérmal units
consist of heating units and cooling units positioned
below the heating units. In addition, the transfer
unit is positioned below the cooling unit. It follows
that it is possible to suppress a thermal interference
among the process units forming the process group.

" According to a second aspect of the preseht inven-
tion, there is provided an apparatus for processing
a substrate in which a substrate to be pfoéessed is
coated with resist, followed by subjectiﬂg a resultant
resist coating to a developing treatment, comprising
a_transfer zone extending in a vertical direction; a
first process group arranged in the vicinity of the

transfer zone and including a resist coating unit and
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a developing unit stacked one ﬁpon thélofher} éacﬁ of
the resist coating unit and the developing unit having
an opening through ﬁhich the substrate is transferred,
and the opening communicating with the_trahsfer zone;

another process group arranged in the ﬁicinity of the

~transfer zone and including a heating unit, a cooling

unit, a transfer unit and an adhesion unit, each of

~the units having an opening through which the substrate

is transferred, and the opening communicating with the

transfer zone; a main arm mechanism movable within the

transfer zone for transferring the substrate into and
out of each process unit through the opening; and down -

flow forming means for-forming a down flow of a clean

air within the transfer zone, wherein the adhesion unit,

transfer unit, cooling unit, and heating unit included
in the anofher process group are stacked in the order
mentioned such that the adhesion unit occupies the
lowermost position. |

In the apparatus of the second aspect, a down
flow of air is formed within the transfer zone. Also,
the adhesion unit occupies the lowermost position in
the procéss units included in the another process group
and communicating with the transfer zone via openings
thereof. It follows that ‘the gas leaking from the
adhesion unit flows further downward together with
the down flow of the air within the transfer zone,

making it possible to prevent the other process units
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from being affected by the léaking gas. Also, since
the adhesion unit, transfer unit, cooling unit, and
heating unit included in the another process group are
stacked in the order mentioned such that the adhesion
unit occupies the lowermost position, it is possible
to suppress a thermal interference among these process
units. | | _

What should also be notéd is that the down flow
forming means includes a gas inlet port formed in an
upper end of the trénsfer zone, an exhaust port formed
in a lower end of the transfer zone, and a filter |
mechanism mounted in the gas inlet port for cleansing
the introduced éir. The particular construction makes
it possible to keep a.dowh flow of clean air formed

within the transfer zone. It follows that a very clean

processing can be performed in the apparatus of the

present invention.

According to a third aspect of the present
invention, there is pro#ided a method for pfocessing
a substrate, comprising the steps of;

(a) transférring.a substrate into a hermetic

process chamber;

(b) introducing a process gas through a first
fluid passageway into the process chamber to permit
the process gas to be blown against a central pdrtion
of the substraﬁe while evacuating the process chamber

through an exhaust passageway to permit the introduced
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process gas to flow upward at a peripheral portion of

the substrate, thereby to bring the process gas into

-contact with the entire region of a surface of the

substrate for modifying the substrate surface; and -
(c) introducing a substituting gas.through a

second fluid passageway to permit the substituting

gas to be blowh against a region somewhat deviant

from the center of the substréte'while evacuating

‘the process chamber through the exhaust passageway,

thereby to éxpel the process gas from within the
process chamber and substitute therefor the substi-
tuting gas within the précess chamber.

According to a fourth aspect of the pfesent
invention, there ié_provided an apparatus for proc-
essing a substrate, comprising a process chamber;

a substrate supporting ﬁechanism for supporting
a substrate substantially horizontal within_the
process chamber; a first gas supply system for
supplying substantially vertically a process gas
onto the substrate within the process chamber; a
second gas supply system for obliquely supplying
a substituting gas onto the substrate within the
process chamber;fand an exhaust mechanism for
evacuating the process chamber. |

Further, according to a fifth aspect of the
present invéntion, there is provided ah appafatus

for processing a substrate, comprising a process



10

15

20

25

chamber; a substrate supporting mechanism for sup-
porting a substrate substantially horizontal within
the process chamber; a first gas supply system for
supplying substantially vertically a process gas onto
the substrate within the process chambér; a second gas
supply system for obliquely supplying a substituting
gas onto the subgtrate within the proceés chamber;
and an exhaust mechanism for evacuating the process
chamber, wherein the substrate supporting mechanism
includes a base plate and a plurality of positioning
members mounted to a peripheral portion of the base
plate in a manner to project upward above the substrate
so as to be brought into contact with a peripheral .
portion of the substrate and to define the position
of the substrate, and wherein the exhaust mechanism
includes an exhaust port positioned above the substrate
supported by the substrate supporting mechanism.

In the present invention, a process gas and
a substituting gas (purge gas) are supplied to the
process chamber through differenf fluid passageways,
making it possible to form the passageway of the
substituting gas not to adversely affect_the substrate.
Also, éince the process gas can be supplied to a
central portion of the substrate in a direction sub-
stantially perpendicular to the substrate surface,
the process gas can be supplied uniformly from the

central portion toward the peripheral portion of
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the substrate so as to achieve a uniform processing

of the substrate with the gas. On the other hand,

the substitﬁting gas is obliquely supplied to the

substréte surface, making it possible to suppress
the impact given by the éubstituting'gas to the sub-
strate surface. Also, particles are prevented from
being attached to the substrate surface.

It should also be noted that the gas is discharged
from within the proéess chamber through an exhaust
port positioned above the substrate housed in.the
pfocess'chamber. As a.result, the gas discharge is
not obstructed by the supporting mechanism of the
substrate, making it possible to'perform a more
uniform processing. |

Further, in the substrate processing apparatus
of the present inventioﬁ, the substrate supporting
mechanism includes a plurality of positioning members
projecting upward around the substrate so as to define
the position of the substrate. Also, the exhaust

mechanism -includes an exhaust port positioned above

the substrate supported by the substrate supporting

mechanism. As a result, the discharge of the gas

from within the process chamber is not obstructed by
the positioning members and can be performed throudh
the exhaust port. It follows that the process gas

can be supplied uniformly sb as to achieve a uniform

processing of the substrate with a gaé.
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The substrate supporting mechanism further
includes a spacer for forming a free space between
the base plate and the substrate, making it possible

to prevent particles effectively from being attached

.to the back surface of thé-substrate.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvioué from the.description, or may
be learned by practice of the invention. The objects
and-advantages of_the invention may be realized and
combinations particularly pdinted out in the appended
élaims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying dréwings, which are incorporated
in and constitute a part of the specification, illus-~
trate presently preferred embodiments of the invention,
and together with the general description given above
and the detailed description of the préferred embodi-
ments give below, serve to explain the principles of
the invention.

FIG. 1 is a ﬁlan view schematically showing
a resist Processing system; |

FIG. 2 is a side view schematically showing
a resist processing system;

FIG; 3 is a side view schematically showing
a resist processing system;

FIG. 4 schematically shows the flow of a clean
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air within a resist processing system;

FIG. 5 schematically shows the flow of a clean
air within a resist processing system; |

FIG. 6 is a cross sectional view scheﬁatically
showing én adhesibn pfocessing unit.as a substrate
processing appératus of the present invention;

FIG; 7 is a.plén view'schematically'showing

a wafer supporting mechanism included in the adhesion

processing unit;

FIG. 8 schematically éhowé an HMDS gas generation
apparatus;
| FIGS,-9A and 9B are cross sectional views collec-
tively showing a part'of the adhesion processing unit;
and |
FIG. 10 is a flow chart showing a series of resist
processing steps including a substrate proceésing
method of the present_invention. _
DETAILED DESCRIPTION OF THE INVENTION
Let us describe preferred embodiments of the
present invention with reference to the accompanying
drawings. Specifically; the processing-éystem of
the present invention compriseé a cassette station 10,
a process station 20 including a plurality of process
units, and an interface section 30 for delivering and
receiving é wafer W to and from an exposure device
(not shown) arranged adjacent to the process station 20.

The cassette station 10 receives cassettes 1
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each housing 25 silicon wafers W as an object to be

processed, said cassettes 1 being transferred from

.another system (not shown), and transfers the processed

wafers W, which are housed in the cassettes 1, to said
another system. . |

-As shown in FIG. 1, four projections'B are formed
6n a caésette table 2 within the cassétte station 10
such that these projections 3 are'aligned in a direc-
tion of an X-axis. The cassettes 1 are arranged to
surround the projections 3 such that the opening of
each cassette 1 for-transferfing the wafer'ﬁ faces the
process station 20. The wafers W are held horizontal
within the cassette 1 disposed on the cassette table 2.

The cassette station 10 comprises a sub-arm mecha-
nism 4 having a holder 4a for transfer;ing'the wafer W
to and from the cassette 1. The sub-arm mechanism 4,
which is arranged between the cassette table 2 and
the process station 20, includes an X-axis driving
mechanism (not shown), a %-axis driving mechanism
(not shown), and a swinging mechanism (not shown).
Therefore, the holder 4; of the sub-arm mechanism 4 is
movable in an X-axis direction and Z-axis direction and
swingablelabout the z-aiis by an angle 6. The wafer W
taken out of the cassette 1 by the sub-arm mechanism 4
is transferred by the sub-arm mechanisﬁ 4 into a trans-
fer unit (TR) 46 belonging to a process group G3, shown

in each of FIGS. 3 and 5, of the process station 20.
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A plurality of process units for processing

the wafer W with resist are included in the process

‘'station 20. These process units are divided into 5

process groups Gl, G2, G3, G4, G5. In each of these
prodeés groups, a piurality of process units are
stacked one upon the other. As shown iﬁ_FIGS. 3 and 5,

a transfer zone 22. extending in a Z-axis direction is

formed in a central portion of the process station 20.

A main arm mechanism 21 is arranged in the transfer
éone 22 to transfer the wafer W to each process unit.
The process groups Gl to_GS are positioned to
surround the transfer zone 22, Specifically, the first

and second process groups Gl and G2 are arranged side
by side in a front portion of the process station '20.
The third process group G3 is arranged adjacent to the
cassette station 10. Thé fourth process group G4 is
arranged.adjacent to the interface section 20. Further,
the fifth process group G5 is arranged in a rear
portion of the-proceés station 20.

As shown in FIG. 2, two spinner type process
units, i.e., a .resist coating unit (COT) and a devel-
oping unit (DEV), are arranged in the first process
group Gl. 1In the.embodiment shown in the drawing,
these resist coating unit (COT) and developing unit
(DEV) afe-stacked one upon the other in this order.

As shown in FIG. 5, a spin chuck 23a surrounded by

a cup 23b is arranged within each spinner type proéess
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unit.

Two spinner type process units, i.e., a resist

“coating unit (COT) and a developing unit (DEV), are

also stacked one upon the other in the second process

group G2 as in the first process group Gl. In each of

these process groups Gl and G2, the resist coating unit

(COT) is positioned below the developing unit (DEV).

It should be noted in this connection that the waste
liquid discharged from the resist coating unit'(COT) is
morelcomplex in its components and, thus, more diffi-
cult to handle thén.the waste liquid discharged from
the developing unit (DEV). Therefore, it is necessary
to make the drain line .of the waste liquid discharged
from the resist_doating unit (COT) as short as possible

and, thus, the resist coating unit (COT) is positioned

- below the developing unit (DEV). However, the resist

coating unit (COT) may be poéitioned above the devel-
oping unit (DEV), as required.

As shown in FIGS. 3 and 5, seven oven type process
units 41 to 47 are stacked one upon the other in the
third process group G3. To be more specific, arranged
in the third process group G3 are an adhesion unit

(AD) 47, a transfer unit (TR) 46, two chilling plate

units (CP) 44, 45, and three hot plate units (HP) 41, -

42, 43. These process units 47 to 41 are stacked one
upon the other in the order mentioned. As shown in

FIG. 1, a plate-like wafer table 24 is mounted in each
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process unit included in the third process group G3
such that the wafer W disposed on the wafer table 24 is
heated, cooled, or subjected to an adhesion processing.

A heat treatment such as a pre-baking or post-

baking is applied to the wafér W in these hot plate

units (HP) 41, 42, 43. On the other hand, the wafer W

'is cooled in these chilling plate units (CP) 44, 45.

Further, the transfer unit (TR) 46 is for transfer of

the wafer W between the cassette station 10 and the
process station 20. Still furthér, an adhesion proc-
essing using an HMDS gas for making the surface of
the wafer W hydrophdbic is carried out in the adhesion
unit (AD) 47.

As shown in FIG..3, seven oven type process
units 48 to 54 are also stacked one upon the other in
the fourth process group G4 as in the third process
group G3. To be more_specific, arranged in the fourth
process group G4 are a trénsferring—chilling plate unit .
(TR-CP) 54, a chilling plate unit (CP) 53, and five hot
plate units (HP) 52, 51, 50, 49, 48. These process
units 54 to 48 are stacked one upon the other in the
order mentioned. As shown in FIG. 1, a plate-like
wafer table 24 is also mounted in each process unit
included in the fourth process group G4 such that
the wafer W disposed on the wafer table 24 is heated
or cooled.

Seven oven type process units are also stacked
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- one upon the other in the fifth proceSs_groﬁp G5 as

" in the third and fourth process groups G3 and G4.

The fifth process group G5 is movable along a guide
rail 67 in a Y-axis direction. Since é'fiée space can .
be formed behind the main arm mechanism 21 by sliding -
the fifth process group G5 in the Y-axis direction,
a.maintenance operation can be_applied easily to the:.
main arm mechanism 21 from behind the mechanism 21.

The interface section 30 is eQual in length in
the X-axis direction to the process station 20. As
shown in FIGS; 1 and 2, a stationary buffer cassette 32
and a flexible pick-up cassette 31 are stacked one
upoh the.other in this,oider in a front;portion of
the interface section 30. On the other hand, a
peripheral light-exposure device 33 is arranged in
a rear portion of the ihterface secfion 30. Further,

a second sub-arm mechanism 34 having a holder 34a

is mounted in a central portioh of the interface
section 30. The second sub-arm mechanism 34 is movable
both in an x-axis'direction and in_a Z-axis direction
so as to transfer the wafer W into the cassettes 31, 32
and thé periphéral light-exposure device 33. Further,
the second sub-arm mechanism 34 is swingable about the
Z-axis by an angle 0 so as to transfer the wafer W
into theltfansfer-chiiling-plate unit (TR-CP) 54
included in the foﬁrth process group G4 and onto

a wafer relaying plate (not shown) on the side of



10

15

20

25

the light-exposure device.

Incidentally, the resist processing system is

-arranged within an air-conditioned clean room. In

addition, a down flow of clean air is effectively
supplied within the system so as to further improve.
the cleanliness in éach part of the system.

FIGS. 4 and 5 séhémaﬁically show the flow of clean
air within the reéist processing_system;_ As.shown.in
FIG. 4, air supply chambers 10a, 20a; 30a are formed
above the cassette station 10, the process station 20
and the interface section 30, respectively. A filter
effective removing dust, e.g.; a ULPA filter 55; ié

mounted to extend below the air supply chambers 10a,

20a, 30a. Air is introduced through pipes (not shown)

into the air supply chambers 10a and 30a. Then, a
clean air passing throuéh the ULPA filter 55 is sup-
plied as a down flow into thé cassette station 10 and
the interface section 30.

As shown in FIG. 5, a porous plate 57 having air
supply ports 25 formed therethrough is used as the
ceiling plate of the transfer zone 22 of the main arm
mechanism 21. Also,_énother porous plate 57 having air
discharge ports 26 formed therethrough is used as the
bottom plate of the transfer zone 22. The air supply
chamber 20a communicates with both the air supply ports
25 and an air supply pipe 98. As described previously,

the ULPA filter 55 is mounted below the air éupply
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chamber 20a. On the other hand; a chemical filter 56

for removing organic substances such as amines is

‘mounted above the air supply chamber 20a.

An exhaust chamber 20b is formed below the trans-
fer zone 22 of the main arm mechanism 21.in a manner-
to communicate with both the air discharge ports 26
and an overall air discharge pipe 99'for collectively
discharging the waste air from within the entire system.
An exhaust fan 58 is arranged within the exhaust
chamber 20b. Furfher, a.pressure adjugting means such

as a slit damper 59 is mounted between the exhaust

-chamber 20b and the air discharge pipe 99. During

the process bf_supplying air from an air supply device
(not shown) into the process station 20 through the
pipe 98, the air is cleansed by the filters 56 and 55.
Then, the clean air flows downward within the transfer
zone 22 from the air supply ports 25 toward the air
discharge ports 26.

As shown in FIG. 4, a free space above the
cassette table 2 within the cassette station 10
is partitioned from a moving space of the sub-arm
mechanism 4 by a vertical partition plgte 5.

As shown in FIGS. 4 and 5, a ULPA filter 55a is

mounted in the ceiling plate of the resist coating

- unit (COT) arranged in the lower portion of each of

the process groups Gl and G2 included in the process

station 20. The air supplied from the air supply
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chamber 20a flows through the ULPA filter 55a and,

"then, into a process space 27 of the resist coating

unit (COT) to form a down flow.

An opening 64 is formed in the side wall, which
faces the transfer zone 22,.of each of the spinner the
process units (COT) and (DEV). The wafer W and an arm
holder 2la are transferred info éndgdut of each of .
these procesé units through the opening 64. A shutter
(not shown) is mountedlto each of these openings 64.

As shown in FIG. 5, openings 4la to 47a.are formed
in the process units 41 to 47, respectively,.included
in the third process group G3. The wafer W and the
holder arm 21& are transferred into and out of these
process units_41 to 47 through these openings 4la
to 47a. Incidentally, the 6pening 47a of the adhesion
unit 47 is positioned lower than the openings 64 of
the spinner type process units (COT) and (DEV). Also,
a shutter (not shown) is mounted-té the opening 47a
of the adhesion unit 47. Furthef, the cup 23b_of
the spinnef type process unit (COT) communicates with
an exhaust passageway 28b. Likewise, the cup 23b of
the spinner type process unit - (DEV) communicates with
another exhaust passageway 28b. These exhaust pas-
sageways 28b are combined to form a main exhaust
passageway 28a, which further communicates with the

overall air discharge pipe 99. As described previousiy,

-all the waste gas generated within the clean room is
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collectively discharged.to the outside through.the
discharge pipe 99.

The adhesion uhit (AD).47 included in the thifd
prbcess‘group G3 is shown in detail in FIGS. 6 io 9.
As shown in FIG. 6, the adhésidn unit 47'has a small
process chamber 71 in which the wafer W to be processed
is supported sﬁbstantially horizontal bj a substrate

supporting mechanism 72. JThe substrate supporting

* . mechanism 72 comprises a base plate 73, a spacer 74,

and a positioning hember 75. Employéd_in the adhesion
unit 47 is a so-called "proximity process_system“.in
whicﬁ the wafer W is held such that the both surfaces
of the wafer W are positioned close to the inner wélls
of the process chamber 71, and a gas is circulated
through a narrow space defined bétween the wafer W and
the inner wall of the pfocess chamber 71...

As shown in FIG. 7, four spacers 74 are mounted

-on the base plate 73 and arranged along the outer

periphery. Also, the positioning members 75 are

mounted to the spacers 74. Each of these spacer 74

'and positioning member 75 is screwed to the base

plate 72. The positioning membef 75 i§ upwardly
tapered from the periphery toward the center. If

the wafer W is Qisposed on the substrate supporting
mechénism 72, the outer periphery of the wafer W is
guided by the weight of the wafer W along the tapeted

surface of the positioning member 75, with the result



10

15

20

25

that the wafer W is positioned stably, as desired.
Incidentally, a heater (not shown) is embedded in

the base plate 72. The power source (not shown) of

the heater is connected to an output terminal of

a.controller 101, With_the result that the heating

temperature of the wafer W is controlled by the

contrdller 101.

A plate 76 iS'detaghably:mounted-in an upper
portion of the process chambér 71. _Alsé}_a_gas supply
portion 77 and a gas di&charge portion 78 are mounted
above the plaﬁe 76. An inner_fluid passageway 80,
whbse inner diameter is kept substantiélly cohstant
by a plurality of spacers 79, is formed within the
plate 76. Also, a hole 81 communicating with the
process chamber 71 is formed through an'outer periph-
eral portion of the bottom of ﬁhe plate 76. The waste
gas generated in the process chamber 71 flows through
the hole 81 into the inner fluid passageway 80.

Two gas supply pipes 82a, 82b are mounted to the
gas supply portion 77. The pipe 82a is connected via
a flow rate éontrol-valve 83a to an HMDS gas supply
source 90, with the other pipe 82b being connected via
a_flow rate control_vaive 83b to a nitrogen gas supply
source 100. The operations of these flow control
valves 83a, 83b are controlled by the controller 101.

First and second horizontal fluid passageways 84a,

84b communicating with the pipes 82, 82b, respectively,
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are formed within the gas supply portion_77,' The first
horizontal fluid passagéway 84a communicates with a
vertical fluid passageway'85 which is opeh right'above
a central portion of the base platé 73. On the other
hand, the second horizontal fluid péssageway 84b com-
municates with a plurality 6f.radia11y branchéd fluid
passagéways 86 which afe dpén at pottionélsomewhéf |
deviant from the cénter.of the base plate 73. To be
more specific, the HMDS gas is blown perpendicuiarly
against the wafer w.throﬁgh the vertical fluid pas-
sageway 85. On the othef hand, the nitfogen gas passes
through the radially branched fluid passageways 86 so
as to be obliquely blown against the wafer W. It is
desirable for the first horizontal fluid passageway 84a
to have a diameter larger than that of the second
horizontal fluid passageway 84b, because it is nec-
essary for the flow rate of the nitrogen gas (purging
gas) to be higher than that of the HMDS gas..

A gas exhaust passageway 87 is formed in the gas
discharge portion 78, which communicates with both
an inner passageway 80 of the plate 76 and the fluid
passageway of an exhaust pipe 88. An ejeétor (exhaust
pump) 89 is mounted to the exhaust pipe 88. Also,
the exhaust pipe 88 communicétes with the collective
discharge pipe 99. 1If the ejéctor 89 is operated by
the controller 101, the gas within the process chamber

71 flows through the inner passageway 80, the gas
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exhaust passageway 87, the exhaust pipe 88 and the

discharge pipe 99 in the order mentioned so as to

‘be discharged to the .outside.

FIG. 8 shows in detail the HMDS gas supply

source 90. As shown in the drawing, the HMDS gas

supply source 90 includes a hermetic 5ar.94 for storing
a liquid HMDS 91. The upper open end of the jar 94
is covered with aﬁ upper lid 96. Also, an HMDS supply
pipe 92 extends through the upper lid.96_such that
the open end of the pipe 92 is positioned in the vicin-
ity of the bottom of the jar 94. The suppiy pipe 92
communicates with an HMDS liquid supply source (not
éhown) so as to permit the HMDS liquid'to be supplied
into the jar 94. 1Incidentally, a heat insulating
material (not shown) is wound about the jar 94.

A nitrogen gas supply pipe 93 and the HMDS gas
supply pipe 82a referred to previously also_inserted

into the jar 94 through the upper 1id 96. The open

"end of the nitrogen gas supply pipe 93 is positioned

above the liquid surface within the jar 94. Further,
the open end of the HMDS gas supply pipe 82a is
positioned within the jar 94 above the open end of
the nitrogen gas supplj pipe 93. ‘An overflow pipe 95
is also mounted to the uppér lid 96 for releasing the
overflow to the outside. If a nitrogen gas is blown
through the gas supply pipe 93 against the surface of

the liquid HMDS 91 within the jar 94, the liquid
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HMDS 91 is partly evaporated to form an HMDS gas, which

is supplied through the HMDS gas supply pipe 82a to

-the.process chamber 71. It is possible to blow a

pressurized nitrogen gas or a heated nitrogen gas
into the jar 94.

FIG. 10 is a flow chart showing how to process

.a wafer W. In the first step, the cassette 1 houéing

a plurality of wafers W before processing is disposed

on the'caSSette table 2. Then, the first sub-arm
mechanism 4 obtains acceés to the cassette 1 and takes
a éingle wafef W out of the cassette 1 (stép S1).
Further, the first sub-afm mechanism 4 obtains access
from_the front side to.the transfer-alignment unit
(TR) 46 included in the third proceés grdup G3 so as
to deliver the wafer W onto the wafer table 24. 1In
the transfer-alignment unit (TR) 46, the orientation
flat of the wafer W is aligned in a desired direction,
and the wafer W is centered. As a result, the wafer W
is positionedlas desired relative to the process
station 20 and the main arm mechanism 21 (step S2).
After the positioning of the wafer W, the main arm
mechanism 21 obtainé access frém the back side to

the transfer-alignment unit (TR) 46 so as to allow

fhe holder 4a to take up the wafer W from the wafer
table 24. Then, the main arm mechanism 21 transfers
wafer W first into the adhesion unit (AD);47 (Step s3).

'In the adhesion unit (AD) 47, the process
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chamber 71 having the plate 76 set therein is evacuated

by the ejector 89. Then, the flow rate control valve

83a is opened so as to introduce an HMDS gas into the

process chamber 71 (step S4).

As shown in FIG. 9A, the HMDS gas is blown through
the vertical fiuid-paésageway 85 perpendiculafly
agaihst the wafer W and flows radially outward along
the.surface of the wafer W and, then, flows upward so
as to be discharged to the outside through the hole 81,
the innér passageway 87, the exhaust passageway 87,.
the discharge pipe 88 and the collective discharge |
pipe 99 (step S5). Since the HMDS.gas flows upward of
the process chamber 71, turbulence or convection of
the gas stream does nOf occur in the péripheral portion
of the wafer W. As a result, the adhesion treatment is
applied uniformly oﬁer fhe entire region of the wafer W.
It follows that nonuniformity in the hydrophobic prop-
erties is unlikely to take place between the peripheral
portion and the central portion of the wafer W. Inci-
dentally, the HMDS gas is discharged downward of the
process chamber 71 in the prior art. As a result,
the gas stream is obstructed by the peripheral members
such as the positioning member 75, giving rise to
turbulence or convection of the gas stream in the
peripheral portion of the wafer W so aé to make the
adhesion treatment nonuniform.

In the next step, the process chamber 71 is
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forcedly e#acuated so as to prevent the HMDS gas from
leaking into the transfer zone 22. “At-the same time,
a nitrogen_gas is introduCed through the_secbnd supply'
pipe 82b into the process chamber 71 so as'tb sub-
stitute the nitrogen gas within the process chamber 71

(step S6). The nitrogen gas is blown_bbliquely against

‘the wafer W through the radially branched fluid pas- .

sageways 86 and, then, flows_radially outward along
the sﬁrface of the wafer W. Further, the nitrogen
gas flowé upward through the hole 81 and, theﬁ, is
discharged to the outside through the inner passage-
way 80, the exhaust passageway 87, the exhaust pipe 88,
and the collective discharge pipe 99. As.a result, the
HMbS gas is expelled from within the process chamber 71,
and the nitrogen gas is substituted in the process
chamber 71. |

In order to expel the HMDS gas promptly from
within the process chamber 71, it is necessary for the
flow rate of the nitrogen gas to be higher than that qf
the HMDS gas in the adhesion step. It should be-noted.
in this connection that, if a nitrogen gas introduced
into the process chamber 71 at a high floﬁ rate strikes
perpendicularly against the wafer W, particles are
likely to be generated by the impact of the striking.
In the present inventioﬁ, however, the. nitrogen gas
is blown through the radially brgnched fluid passage-

ways 86 obliquely against the wafer W. As a result,
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the im?act given by the nitrogen gas to the wafer W is
diminished so as to suppress the particle generation.
Incidéntally, the inclining angle of the radially
branched fluid.passageway 86 relative to the Z;axis
should desirably fall within a range of 30 to 60°.

| In the present invention, the adhesion treatment

is carried out within a semi-opén unit 47, which is

not completely hermetic, with the result that the HMDS

gasitends to leak to the outside. 1f thé leaking gas
enters the process atmosphefes of thé other open type
process units 41 to 46 and the process space 27 of
the solution process type units such as the resist
coating unit (COT) and.the developing unit (DEV),
the précessing in these units tends to be adversely
affected. ‘

'In the present invention, however, the adhesion
unit (AD) 47 in the third process group G3 is posi-
tioned lower than the hot plate units (HP) 41 to 43,

the chilling plate units (CP) 44, 45, and the transfer

unit (TR) 46. In addition, a down flown of clean air

is formed within the transfer zone 22. It follows that

the HMDS gas leaking from the adhesion unit (AD) 47
flows downward promptly together with the down flow
of the clean air so as to be released to the outside
through the air discharge port 26, making it substan-

tially impossible for the leaking gas fo_enter another

process unit. Naturally, the HMDS gas can be prevented
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from adversely affecting the wafer W in another process

‘unit.

Also, in.the third process group G3; the_adhesion
unit (AD) 47, the transfer unit (TR) 46, the two
chilling plate units.(CP)'45, 44, and the three hot
plate units (HP) 43, 42, 41 are.staéked one upon the

other in the order mentioned,.as already pointed out.

. It follows that it is possible to avoid thermal inter-

ference among these units.

After completion of the -adhesion process, the

main arm mechanism 21 transfers the wafer W out of

the adhesion unit 47 (step S7), followed by cooling
the wafer W in any of the chilling plate units (CP)
(step S8). Then, the main é;m mechanism 21 transfers
the wafer W into the éoating unit'(COT) and dispose the
wafer W on the spin chuck 23a. Further, the wafer W is
rotated about its own axis while evacuﬁting the cup 23b

for coating the adhesion-treated surface of the wafer W

‘with a resist (step S9).

In the next step, the main arm mechaﬁiSm 21
transfers the wafer W into any of the hot plate units
(HP) for pre-baking the resist coating to a prede-
termined temperature range (step S10). Then, the main
arm mechanism 21 transfers the wafer W into the chill-
ing plate unit (CP) 53 included in the fourth process
group G4 for_coéling the wafer W (step. S11). After

the cooling step, the sub-arm mechanism 34 takes
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‘the wafer W out of the chiiling plate unit (CP) 53 for

transferring the wafer W into the peripheral light-

'exposure'devicé'33 for exposing the'peripheral region

of the resist film to light (step 512):

Further, the sub-arm mechanism 34 takes the
wafér W out of the peripheral light-exposuré device 33 |
and transfers the wafer W”into the trahsfér-chillihg
plate unit (TR-CP) 54. The wafer W is held within
the transfer-chilling plate unit (TR-CP) 54 until the
light-exposure device (nof shown) becomes usable. When
the light-exposure device becomes usable, the sub-arm
mechanism 34 delivers the wafer W to an arm mechanism
(not shoWn) of the light-exposure mechanism (ndt shown)
(step S13). Then, the wafer W is disposed on a table
(not shown) within the light-exposure device for selec-
tively exposing the entire region of tﬁe resist film
to light to form an exposing pattern (step S14).

| Upon completion of the light-exposure treatment

over the entire region, the sub-arm mechanism 34
receives the wafer W from the arﬁ mechanism of

the light-exposure device. Futther, the wafer W .

is delivered to the main arm mechanism 21 via the

transfer-chilling plate unit (TR-CP) 54 (step 515)..

Then, the main arm mechanism 21 transfers the wafer W
into the developing unit (DEV) and puts the wafer W on
the spin'chuck 23a. Under this condition, the cup 23b

is evacuated. At the same time, the wéfer W is rotated
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about its own axis, and a developing solution is

applied to the wafer W during its rotation so as to

develop the light-exposed resist film (step S16).

Upon completion of the developing.treatmént,
the main arm mechanism 21 takes.the wafer W out of -
the developind ﬁnit (DEV) and transfers the wafer W
into anf of-the hof plate.units (HP) for post-baking

the resist film to a predetermined temperature range

(step S17). Further, the main arm mechanism 21 takes

the wafer W out of the hot plate unit (HP) and trans-

- fers the wafer W into any of the chilling platé'units

(CP) for the cooling purpose (step S18). After the
cooling step, the main arm mechaniém 21 takes the
wafer W out of the chilling plate unit (CP) and trans-
fers the wafer W into the transfer unit (TR) 46. Then,
the sub-arm mechanism 4a.takes the wafer W out of |
the transfer unit (TR) 46 and puts the wafer W in
the cassette 1 disposed on the cassette table 2 so as
to finish a series of the processing of the wafer W
with resist.

The present invention is not limited to the
embodiments described above, and can be ﬁodified
in various fashions. For example, the embodiments

described above cover an adhesion process as a gas

~process. However, the technical idea of the'present

invention can also be applied to another gas process.

Since the technical idea of the present invention can
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be appliéd'to a gas pfocess other than an adhesion

process, the object to be processed is not limited

to a semiconductor wafer. Specifically, the present'

invention can be applied to the processing of various

substrates such as an LCD substrate, a glass substrate,

'a CD substrate, a photo mask, and a substrate for a

printed circuit. |
| As described above in detail, the adhesion-uﬁit
is positioned lower than the other units in the present
invention, with the résult that a gas processing unit
does not affect other process ﬁnits. Also, the present
invention permits eliminating particle attachment,
nonuniform processing, .etc. so as to carry out a satis-
factory gas processing.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to

"the specific details and representative embodiments

shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit of scope of the general inventive concept as

defined by the appended claims and their equivalents.
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CLAIMS

1. _An apparatus for processing a substrate in
which a processing consisting of a plurality of process
steps is applied to a substrate to be processed,
comprising:

a transfer zone extending in a vertical direction;

a plurality of process groups afranged to surround
said transfer zone for procéssing said substrate, each
process group consisting of.a plurality of process
units stacked one upon the 6£her, and each process unit
having an opening COmmﬁnicating with the transfer zone
for ttansferring the substrate into and out of said
procesé unit; |

‘a main arm mechanism movably mounted in the
transfer zbne for transferring the substrate into and
out of the process unit through said opening; and

down flow forming means for forming a down flow
of a clean air within the transfer zone, _

wherein at ;east one of the plural process groups
includes a plurality of thermal units for heating or
cooling the substrate, a transfef unit for transferring
the substrate into and out of the transfer zone, and
a gas process unit for processing the suBStrate with
a gas, the opening of said gas process unit being
positioned lower than the-oﬁenings of the thermal units
ahd the transfer unit. | |

2. The apparatus according.to-ciaim 1, wherein

* c L M S *
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said transfer unit is positioned lower than said plurél
thermél units.
3. The apparatus according to claim 2, wherein
said plural thermal units include a héating unit for
5 heating the substrate and a cooling unit for_cooliné
the sﬁﬁstrate, énd said cooling unit is_bositioned
lower than said heating unit.
4, The épparatus according to claim 1, wherein
said down flow forming means includes an air supply
10 means for supplying a clean air from above said
transfer zone into the transfer zone and an exhaust
portion having an exhaust port commnnicating with the
transfer zone for evacuating the trénsfer zone, and
said exhaust port is positioned lower than the opening
15 of_the gas process unit.
-5, The apparatus according to claim 1, wherein
a shutter is mounted in the opening of each of the
process units other than the thermal unit, the transfer
unit and the gas process unit for isolating the inner
20 atmospheres of said other process units from said
transfer zone. | |
6. The apparatus according to claim 1, wherein
the opening of each of said thermal unit, the transfer
unit and the gas process unit communicates directly
25 with said transfer zone.
7. The apparatus aécording to claim 1, wherein

said gas process unit is an adhesion unit for making

* € L M S x -
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the substrate surface hydrophobic using an HMDS gas.

8. An apparéﬁﬁé fdffbrocessing a substrate in

.which a substrate to be processed is coated with resist,

followed by subjecting a resultant resist coating to
a developing treatment, comprising:

a transfer zone extending in a vertical direction;

'é firét process grbup arranged in the viciniﬁy of
said transfer zone and indluding a resist coating unit
and a developing unit stacked one upon the other, each
of said resist coating unit_and said'developinﬁ unif
having an opening through which éaid substrate is
transferred, and said opening communicating with said
transfer zone;

a second process group arranged in the viéinity
of the transfer zone and including a heating unit,

a cooling unit, a transfer unit and an adhesion unit,
each of said units having an opening through which
the substrate is transferred, and said opening com-
municating with the trahsfer zone;

a main arm mechanism movable within the transfer
zone for transferring'the substrate into and out of
each process unit through said opening; and

down flow forming means for forming a down flow
of a clean air within the transfer zone,

whe;einlsaid édhesion-unit, transfer unit; cooling
unit, and heating unit-included in séid a second proc-

ess group are stacked in the order mentioned such that .

NER ) )
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the adhesion unit occupies the lowermost position.

9. The apparatus according to claim 8, wherein

.said down flow forming means includes a gas inlet port

formed in an upper end of the transfer zone, an exhaust

port formed in a lower end of the transfer zone, and

a fiiter mechanism mounted in said gas inlet port for

cleansing the ihtroduced air,.said exhaust port being

positioned lower than the openihg-of said adhesion unit.
10. The apparatus according to claim.8, wherein

a shutter is mounted in the opening of each of said

resist coating unit and the developing unif.included'

in said first process group so as to isolate the inner

atmospheres of these resist coating unit and developing

unit from the transfer zone.

11. The apparatus according to claim 8, wherein
the opening of each of said heating unit, cooling unit,
transfer unit and adhesion unit communicates directly
with rhe transfer zone.

12. A method for processing a substrate, compris-
ing the steps of: |

(a) transferring a substrate into a hermetic
process chamber;

(b) introducing a process gas thrqugh a first'
fluid passageway into said process chamber to permit
said process gas to be blown against a central pbrtidn
of said substrate while_evacuating fheiprocess chaﬁber

through an exhaust passageway to permit the introduced

* c L M -] *
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process gas to flow upward at a peripheral portion of
the substrate, thereby to bring the process gas into

contact with the entire region of a surface of the

substrate for modifying said substrate surface; and

(c) introducing a substitutihg gas thrdugh a
second fluid passageway td permit said substituting gas
to be blown againét a'region-sbmewhat deviant from the
center of the substrate ﬁhile evacuafing the process
chamber through said exhaust passageway, thereby to
expel said pfocess gas from within the process chamber
and substitute therefor said substituting gas within
the process chamber. |

13. The method according to claim 12, wherein said
process gas is blown perpendicularly against the sub-
strate in said step (b), and said subspituting gas is
blown obliquely against the substrate in said step (c).

14, .The method according to claim 12, wherein said
fifst fluid passageway has a single gas outlet port,
and said second fluid passageway has a plurality of gas
outlet ports. |

15. The method'according to claim 12, wherein said
exhaust passageﬁay'includes a space formed above the
process chamber.

16. An apparatus for processing a substrate,
comprisings |

a process chamber;

a substrate supporting mechanism for supporting

_—
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a substrate substantially horizontal within said
process chamber;
a first gas supply system for supplying.substan-

tially vertically a process gas onto said substrate

- within the process chamber;
a second gas supply system for 6bliquely supplying
a substituting gas onto the substrate within the
process chamber; and
an exhaust mechanis@ for evacuating thé process
10 - chamber. |
17. The épparatﬁs according to claim 16, wherein
éaid exhaust mechanism iﬁcludes an exhaust poﬁt pqsi;
tioned above the substrate supported by said substrate
supporting mechanism. |
15 18. The apparatus according to claim 16, wherein
said first gas supply system has only one discharge
port, and said second gas supply system has a plurality
of discharge ports.
19. An apparatus for processing a'substrate,
20 comprising: | |
a process.chamber;
a.substrate supporting mechanism for supporting
a substrate substantially horizontal within said
process chamber; |
25 a first gas supply syétem for supplying substan-
tially verﬁically a process gas'onto said substrate
within the process chamber;
_— .

=I

Ay




THIS SHEET HAS BEEN |

~This. Shect Has Been Req I ' - o REPLACED

Hllllll Mk

a second gas supply system for obliquely supplying

a subétituting gas onto the substrate within the

process chamber; and

an exhaust mechanism for evacuating the process

- chamber,

wherein said substrate sdpporting mechanism

includes a base plate and a plurality of_positioniﬁg

- members mounted to a peripheral portion of said base
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plate in a manner to project upward above the substraté
so as to be brought into contact with a periphefal |
portion of the substrate and to define the ?osition
of the substrate, and |

wherein said exhaust mechanism includes an exhaust

port positioned above the substrate supported by the

' substrate supporting mechanism.

20. The apparatus according to.claim 19, wherein
said substrate supporting mechanism fu;ther includes
a spacer for forming a free space between said base
plate and the substrate.
| 21. A method and apparatus for processing
substrate, substantially hereinbefore described with

reference to the accompanying drawings.
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