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METHOD AND SYSTEM FOR COATING AND DEVELOPING

Background of the Invention

1. Field of the Invention

The present invention relates to a coatmg and developmg treatment
method and a coating and developing treatment system for a substrate.
2. Description of the Related Art

In a photolithogi'aphy process in semiconductor device fabrication

processes, for example, a resist coating treatment for forming a resist film on

the surface of a wafer, a developing treatment for performing developing

- treatment for the wafer after being exposed in a pattern, and a heat treatment,

a cooling treatment, and so on performed before the coating treatment, before
and after an exposure processing, and after the developing treatment, are
performed. These treatments are perfbrmed in respective processing units
disposed independently for respective treatrrients, and these processing units

are integrated as a coating and developing treatment system so that it can

perform a series of the above treatments subsequently. Incidentally,"the

exposure processing is performed in an aligner usually disposed adjacent to.

the coating and developing treatment system.
Conventionally, the coating and developing treatment system has a
load/unload section for carrying a substrate into/out of the coating and

developing treatment system, a coating treatment unit, a developing treatment

" unit, a heat treatment unit, and so on, and is composed of a processing zone

for performing most of the wafer treatments mentioned above and an interface
section for carrying the wafer between the processing zone and the aligner

disposed outside the system.
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When the wafer treatments are performed in the coating and
developing treatment system, air which is cleaned by an air purifier and so on

is supplied as a down flow into the coating and developing treatment system

. in order to prevent impurities such as fine particles from adhering to the

wafers, while an atmosphere inside the coating and developing treatment
syétem is exhausted, so that the wafer can undergo the treatments in a clean
state.

In recent years, however, an exposure technology utilizing light with a
shorter wavelength (157 nm, for example) is being developed in order to form
a finer, more precise circuit pattern. Consequently, when the wave with a
short wavelength is utilized, it is worried that impurities at a molecular level,
for example, oxygen, ozone, vapor, and so on, which do not cause any
problem conventionally, give an adverse effect on the exposure processing so
that a precise circuit pattern may not be formed.

Herein, a method of carrying the substrate into a chamber where
airtightness can be maintained before the exposure processing for the wafer,
and thereafter removing impurities which adhere on the surface of the wafer
by reducing the pressure inside the chamber to a predetermined pressure, are
considered. | In this case, however, when the impurities are to be removed
inside the chamber in which a predetermined condition is set, irrespective of
the amount of the impurities adhering to the wafer, it should be taken into
consideration that an excessive removing process or an insufficient removing

process may be carried out.

Summary of the Invention

The present invention is made in consideration of the above-described
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aspects, and its object is to remove impurities at a molecule level such as
moisture adhering to a substrate such as a wafer and carry out the removing
process of the impurities under a preferable minimum requirement condition
in a coating and developing treatment system. |

A coating and developing treatment method according to the present
invention comprises the steps of: supplying a coating solution to a substrate to
form a coating layer on the substréte; performing a developing treatment for
the substrate in the prbcessing zone after it undergoes an exposure processing
by an aligner not included in the system; and carrying the substrate into the
chamber after the step of forming the coating layer and before the exposure

processing and thereafter reducing the pressure inside the airtightly closed

‘chamber to a predetermined pressure to remove impurities adhering to the

substrate inside the chamber from the substrate for a predetermined time,
wherein the predetermined pressure and the predetermined time are adjusted
based on the density of the impurities measured inside the processing zone.

The impurities mentioned above include not only fine particles such as
dust and dirt but also impur.iti.es at a molecule level such as moisture, Vapor,
oxygen, ozone, and organic substance.

From another viewpoint of the prese.n't invention, the predetermined
pressure and the predetermined time are adjusted based on the density of the

impurities measured inside a clean room where the coating and developing

‘treatment system is placed.

From still another viewpoint of the present invention, pressure-
reducing speed in the step of reducing the pressure inside the chamber to the
predetermined pressure is adjusted based on the density of the impurities

measured inside the processing zone and inside a clean room where the
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coating and developing treatment system is placed.

A coating and developing treatment éystem according to the present
invention comprises: a processing zone having a coating treatment unit for
forming a coating layer on a substrate, a developing treatment unit for
performing a developing treatment for the substrate, and a heat treatment unit
for performing a heat treatment for the substrate; an interface section for
carrying the substrate between the processing zone and an aligner not
included in the system for performing an exposure processing for the-
substrate; a density measuring unit for measuring the density of impurities at
least inside the proceésing zone or the interface séction; a reduced-pressure
impurity removing unit having a chamber which can be closed airtightl.y for
reducing the pressure inside the chamber to a predetermined pressure before
the substrate undergoes the exposure processing to remove the impurities
adhering to the cbating layer on thé substrate inside the chamber for a
predetermined time; and a reduced-pressure éontrol unit for controlling at
least the predetermined pressure or the predetermined time based on the value
measured by the density measuring unit. o

From another aspect of the presenf invention, the density measuring
unit measures the density of impurities' measured inside a clean room in
which the coating and developing treatment system is placed.

From still another aspect of the present invention, the reduced-
pressure control unit controls pressure-reducing speed of the reduced-pressure
impurity removing unit at the time of reducing the pressure inside the
chamber to the predetermined pressure.

Accordihg to the present invention, since the impurities adhering to

the substrate are removed during the period between the step of forming the
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coating layer and the step of exposure processing, there are no impurities
adhering to the substrate when it undergoes the exposure processing.
Therefore, the exposure processing using light with a short wavelength can be
performed in a preferable condition. Moreover, the predetermined reduced
pressure, the predetermined time, and pressure-reducing speed for ‘the

chamber where the aforesaid removing step is carried out are adjusted based

on the density of the impurities inside the processing zone and the clean room.

Thereby, when it is predicted, for example, that not much amount of
impurities adheres to the substrate, or when the density of the impurities
inside the processing zone is low, the predetermined pressure is decreased, the
pressure-reducing time is shortened, or the pressure-reducing speed is lowered
so that excessive removing can be preven_téd. When it is predicted thé.t
much amiount of impurities adheres to the substrate, or the density of the
impurities inside the processing zone is high, the predetermined pressure is
increased, the pressure-reducing time is lengthened, or the pressure-reducing
speed is increased so that the removing process is sufficiently carried out.

. Accordingly, the impurities can be removed under a preferable

minimum requirement condition. Furthermore, by reducing the pressure

inside the chamber, a solvent in the coating solution can be vaporized at the

same time so that this kind of process, which is conventionally performed by
a heat treatment, can be carried out si.multaneously.

Incidentally, the removing of the impurities is performed by reducing
the pressure inside the chamber below the predetermined pressure, for
example, below the saturated vapor pressure of water at a predetermined

temperature, and vaporizing, for example, moisture adhering to the substrate.
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Brief Description of the Drawings:
FIG. 1 is an explanatory plan view of a coating and developing

“treatment system according to the present embodiment;

FIG. 2 is a front view of the coating and developing treatment system

in FIG.1;

FIG. 3 is a rear view of the coating and developing treatment system
in FIG. 1;

FIG. 4 is a schematic view of a horizontal cross section of a heat and
cooling treatment unit inside the coating and developing treatment system in
FIG. 1;

FIG. § is an explanatory view of a vertical cross section showing the
structure of a reduced-pressure impurity removing unit inside a delivery
section; |

FIG. 6 is an explanatory view of a vertical cross section viewed from
an aligner, showing the flow state of inert gas inside the delivery section of
the coating and developing treatment system in FIG. 1;

FIG. 7 is a table showing set pressure and pressure-reducing time for
respective density ranges of impurities which are stored in a controller of the
reduced-pressure impurity removing unit;

FIG. 8 is a table showing the values of pressure-reducing speed set for
respective density ranges of impurities which are stored in the controller for
the reduced-pressure impurity removing unit according to a second
embodiment; _ |

FIG. 9 is an explanatory plan view of the coating and developing
treatment system when the reduced-pressure impurity removing unit is

disposed in an interface section;
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FIG. 10 is an explanatory view of a vertical cross section showing the
flow of inert gas supplied to the interface section of the coating and
developing treatment system in FIG. 9; and |

Fig. 11 is an explanatory view showing a layout example of the heat
and cooling treatment unit inside the coating and developing treatment system
when a vaporizing pfocessing for a solvent in a resist solution is performed in

the reduced-pressure impurity removing unit.

Detailed Description of the Preferred Embodiments
Preferred embodiments of the present invention will be described

below. FIG.1lisa plan view,of a coating and developing treatment system 1
according to the present embodiment, FIG. 2 is a front view of the coating
and developing treatment system 1, and FIG. 3 is a rear view of the coating
and developing treatment systerh 1. |

As shown in FIG. 1, the coating and developing treatment system 1
has a structure in which a cassette station 2 for carrying, for example, 25
wafers W as a unit per cassette from/to the outside to/from the coating and
developing treatment system 1 and for carrying the wafers W to/from a |
cassette C, a processing station 3 serving as a processing zone with various
kinds of processing units: disposed in multi-tiers, for performing
predetermined processing one by one in coating and developing processes, an
interface section 5 provided adjacent to the processing station 3, for serving as

a part of a path where the wafers W are carried from/to an aligner 4 disposed

- outside the coating and developing treatment system 1 to/from the processing

station 3, and a delivery section 6 disposed between the interface section 5

and the aligner 4 for delivering the wafers W to/from the interface section 5
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to/from the aligner 4 are integrally connected in a casing 1a.
In the cassette station 2, a plurality of the cassettes C are mountable at

predetermined positions on a cassette mounting table 7 in a line in an X-

- direction (a perpendicular direction in FIG. 1). Furthermore, a wafer carrier

8, which is transferable in the direction of the alignment of the cassettes (the
X-direction) and in the direction of the alignment of the wafers W housed in
the cassette C (a Z-direction; a perpendicular direction), is provided to be
movable along a carrier path 9 and is selectively accessible to the respective
cassettes C.

The wafer carrier 8 has an alignment function for aligning the wafers
W. The wafer carrier 8 is structured so as to be also accessible to an
extension unit 32 and an adhesion unit 31 included in a third processing unit
group G3 on the processing station 3 side as will be described later. |

In the processing station 3, a main carrier unit 13 is provided in a
center part thereof, and various kinds of processing units are multi-tiered on
the periphery of the main carrier unit 13 to constitute processing unit groups.
In the coating and developing treatment system 1, there are four processing
unit groups G1, G2, G3 and G4, and a first and a second processing unit
groups G1 and G2 are disposed on the front side of the coating and
developing treatment system 1, the third processing unit group G3 is disposed
adjacent to the cassette station 2, and a fourth processing unit group G4 is
disposed adjacent to the interface section 5. Furthermore, as an option, a
fifth processing unit group G5 depicted by broken lines can be additionally
disposed on the rear side. The main carrier unit 13 can carry the wafers W
to/from various kinds of prbcessing units described later disposéd in these

processing unit groups Gl, G2, G3, G4 and G5. In addition, inside the
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processing station 3, a density measuring unit 15, for example, API-MASS"
and so on, for measuring the density of impurities such as moisture, vapor,
oxygen, ozone, and organic substance, is disposed so that the density of the
impurities inside the processing station 3 can be measured on occasion and
the measured value can be transmitted to a controller 79 described later.

In the first processing unit group G1, as shown, for example, in FIG. 2,
a resist coating treatment unit 17 for applying a resist solution on the wafers
W and a developing treatment unit 18 for performing a developing treatment
on the wafers W. after an exposure processing are two-tiered in the order from
the bottom. Similarly, as for the second processing unit group G2, a resist
coating treatment unit 19 and a developing treatment unit 20 are two-tiered in
the order from the bottom.

In the third processing unit group G3, as shown, for example, in FIG.
3, a cooling unit 30 for cooling the wafers W, the adhesion unit 31 for
increasing the fixability between the resist solution and the wafers W, the
extension unit 32 for temporarily keeping the wafers W on standby, cooling
units 33 and 34 for cooling the wafers W after the exposure processing, post-

baking units 35 and 36 for performing a heat treatment for the wafers after the

~ developing treatment and so on are, for example, seven-tiered in the order

from the bottom.

In the fourth processing unit group G4, for example, a cooling unit 40,
extension units 41 and 42 for mounting the wafers thereon after the exposure
processing and temporarily keeping them on standby, heat and cooling
treatment units 43, 44, and 45 (PEB/COL in FIG. 3) for heating the wafers
after the exposure processing and cooling them to a predetermined

temperature the_:‘reafter, heat and cboling treatment units 46 and 47 (PRE/COL
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in FIG. 3) for heating a solvent in the resist solution to evaporate it and
cooling it to a predetenhined temperature thereafter, and so on are, for
example, eight-tiered in the order from the bottom.

The heat and cooling treatment unit 43, as shown in FIG. 4, has on a
base 50 inside its casing 43a a disc-shaped heating plate 51 for heating the
substrate and a cooling plate 52 for cooling the wafers W immediately after it
moves onto the heating plate 51 to receive the wafers W from the heating
plate 51. Therefore, heat and cooling treatments for the wafers W can be
performed in sequence in the same unit to constantly keep heat history given
to the wafers W by the heat treatment in a fixed state. Incidentally, the other
heat and cooling treatment units 44 to 47 have the same structure.

In the center part of the interface section 5, as shown in FIG. 1, a

~wafer carrier 55 is provided. The wafer carrier 55 is structured so as to be

movable in the direction X (the perpendicular direction in FIG. 1) and the
direction Z (the perpendicular direction), and to be rotatable in a direction 6

(a rotational direction about an axis Z), so that it can get access and carry the

wafers W to the extension units 41 and 42 included in the fourth processing

unit group G4, a peripheral aligner 56, and the delivery section 6.

The delivery section 6 is surrounded by a tunnel-shaped casing 6a
having a rectangular cross section to prevent another atmosphere from
flowing into the delivery section 6 easily. Furthermore, the delivery section
6 has a first path 60 for allowing the wafers W to pass therethrough when they
are carried from the interface section 5 to the aligner 4, and a second path 61
for allowing the wafers W to pass therethrough when they are carried from
the aligner 4 to the interface section 5. Between the first path 60 and the
second path 61, a partit.ion plate 63 is provided to prevent the atmosphere of



10

15

20

25

11

the first path 60 and the second path. 61 from interfering with each other.
Inside the first path 60, a reduced-pressure impurity removing unit 65

for vaporizing and removing the impurities such as moisture adhering to the

resist film on the wafers W inside a reduced-pressuré chamber S, and a wafer

transfer mechanism 66 for carrying the wafers W to the reduced-pressure

impurity removing unit 65 and the aligner 4 are provided.

Here, the structure of the reduced-pressure impurity reﬁoving unit 65
is explained in detail. The reduced-pressure impurity removing unit 65, as
shown in FIG. 5, has inside its casing 65a a lid. body 70 formed in a
substantially cylindrical shape with its bottom side open and movable up and
down, ahd a mounting table 71 disposed under the lid body' 70 to form a
reduced-pressure chamber S serving as a chamber integrally with the lid body
70. | |

In the center portion of the upper surface of the lid body 70, an
exhaust port 75 for exhausting an atmosphere inside the reduced-pressure
chamber S is provided, and the exhaust port 75 is communicated with a
suction unit 76 for sucking the atmosphere and decreasing the pressure inside
the reduced-pressure chamber S through a first pipe 77. Inside the first pipe
77, a first valve 78 serving as a reduced-pressure controlling unit is provided
for controlling the pressure and the pressure-reducing time for the reduced-
pressure chamber S, so that a predetermined set pressure, whibh the pressure
inside the reduced-pressure chamber S finally reaches, and the pressure-
reducing time can be controlled by changing the opening and closing of the
first valve 78 by a motor not shown; air pressure, and so on.

Furthermore, the first valve 78 itself is controlled by the controller 79

serving as a controller. 'When pressure inside the reduced-pressure chamber
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S is reduced, the controller 79, which can receive data from a pressure sensor
80 disposed inside the lid body 70, controls the first valve 78 based on the
data to reduce the set pressure inside the reduced-pressure chamber S.

The controller 79 can receive the measured value from a density
measuring unit 15 inside the processing station 3 described above on occasion.
The controller 79 has a function for storing the density of the impurities inside
the processing station 3 and the set pressure and the pressure-reducing time
for the reduced-pressure chamber S appropriate for respective density ranges,
so that it can control the first valve 78 based on the measured value of the
impurity density sent from the above-mentioned density measuring unit 15 to
change the set pressure and the pressure-reduciﬁg time for the reduced-
pressure chamber S to equal to the stored appropriate values.

In the first pipe 77, a second pipe 82 is disposed to branch off
therefrom, and the second pipe 82 is communicated with a buffer tank 83
storing inert gas, for example, nitrogen gas. In the second pipe 82, 2 pump

84 for sending the inert gas by pressure into the reduced-pressure chamber S

“and a second valve 85 for adjusting its flow rate are provided to supply. the

inert gas at a predetermined flow rate to the reduced-pressure chamber S
whose pressure is reduced and restore the pressure of the reduced-pressure
chamber S. In the upper inward part of the lid body 70, a current plate 88 is
provided and thereby the atmosphere inside the reduced-pressure chamber S
is uniformly exhausted. |

The mounting table 71 is formed to be a disc shape with some
thickness and the wafers W can be mounted thereon. On the mounting table
71, a temperature controlier 90 not shown, for example, a Peltier element and |

so on, is provided to control the mounting table 71 at a predetermined




10

15

2

13

te;mperature, so that the temperature of the wafers W mounted on the
mounting table 71 can be kept uniform over the surfaces of the wafers W.
Opposite to lower end portions of the 1id body 70 in the mounting table 71, a
plurality of suction ports 91 are disposed, so that when the lower end portions
of the lid body 70 and the fnounting table 71 contact each other, fixability
between the lid body 70 and the mounting t.able, 71 is maintained due to
suction .force from the suction ports 91, and when the pressure inside the

reduced-pressure chamber S is reduced, air current turbulence formed inside

the reduced-pressure chamber S can be prevented. Near the center part of

the mounting table 71, through holes 92 passing through the mounting table
71 in a vertical direction are provided.

Under the mounting table 71, a container 95 having a substantially
cylindrical shape, which forms a negative pressure chamber K integrally with
a bottom surface of the mounting table 71, is disposed. The negative
pressure chamber K is communicated with the reducéd-pressure chamber S
via the through holes 92. On a bottom surface of the container 95, a
ventilation pipe 96 is provided, so that the atmosphere inside the negétiv‘e
pressure chamber K is sucked by a pressure-reducing unit not shown through
the ventilation pipe 96 and the wafers W caﬁ be attached by suction onto the
mounting table 71 via the through holes 92. Inside the container 95, hoisting
and lowering pins 97 for hoisting and lowering the wafers W are provided,
and the hoisting and lowering pins 97 can freely ascend and descend inside
the through holes 92 by a hoisting and lowering drive mechanisr_n..

On the interface section 5 side and the aligner 4 side in the casing 65a,

transfer ports 105 and 106 for transferring the wafers W thereto/therefrom are

provided respectively, and in the respective transfer ports 105 and 106,
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shutters 107 and 108 are provided.
In the second path 61, as shown in FIG. 1, a rest portion 110 for

temporarily resting the wafers W thereon after the exposure processing when

~ they are carried to the interface section 5, and a wafer transfer mechanism 111

for transferring the wafers W inside the aligner 4 to the rest portion 110 are
provided.

The rest portion 110 is formed to be a disc shape, and around the
center thereof, a hoisting and lowering mechanism 112 for hoisting and
lowering the wafers W rested thereon is provided. By the hoisting and

lowering mechanism 112, the wafers W can be delivered to/from the rest

portion 110 to/from the wafer transfer mechanism 111 aﬁd the wafer carrier

55.
Between the delivery section 6 and the interface section 5, a partition
plate 115 for insulating the atmosphere inside the delivery section 6 from the

atmosphere inside the interface section 5 is provided. In the position

opposite to the reduced-pressure impurity removing unit 65 in the partition

plate 115, a passage port 116 is provided so that the wafers W can be carried

therethrough from the interface section 5 to the reduced-pressure impurity

removing unit 65 by the wafer carrier 55. Inthe passage port 116, a shutter

117 for allowing the passage port 116 to open and close freely is provided, .

and the shutter 117 is opened only when the wafers W pass through the
passage port 116, and is closed in other cases.

In the position opposite to the rest portion 110 in the partition plate
115, a passage port 118 is provided so that the wafers W can be carried
therethrough from the rest portion 110 into the interface section 5 by the

wafer carrier 55. Furthermore, in the passage Iport 118, a shutter 119 for
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allowing the passage port 118 to open and close freely is provided, and the
shutter 119 is opened only when the wafers W pass through the passage port
118. '

On the upper side of the délivery section 6 as structured above, as
shown in FIG. 6, a gas supply unit 121 for supplying inert gas to the first path
60 and the second path 61 and for purging impurities, and an exhaust duct 122
for exhausting the atmosphere inside the first path 60 and the second path 61
are provided to constantly keep the atmosphere inside the first path 60 and the
second path 61 in a purified state. In addition, the pressufe inside the

delivery section 6 can be controlled by controlling the supply amount of the

*inert gas.

The aligner 4 for performing the exposure processing for the wafers
W is disposed adjacent to the delivery section 6 as shown in FIG. 6. The
aligner 4 is tightly closed with a casing 4a of the aligner 4 to strictly control
the atmosphere inside the aligner 4. On the delivery section 6 side in the
casing 4a, a passage port 125 for carrying thereto the wafers W from the first
path 60 and a passage port 126 for carrying therefrom the wafers W tb the
second path 61 are provided, and to the respective passage ports 125 and 126,

shutters 127 and 128 for allowing the respective passage ports 125 and 126 to

open and close freely are provided. . _

Next, the processes of photolithography performed in the coating and
developing treatment system 1 as structured above is explained.

First, before the treatments for the wafers W are started, the density of
the impurities inside the processing station 3 obtained beforehand by
experiments and so on, and the set pressure and the pressure-reducing time for

the reduced-pressure chamber S necessary for removing the impurities
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| adhering to the wafers W when the wafers W undergo the treatments in that

density are stored in the controller 79 for respective predetermined density
ranges, for example, for every 20 percent density ranges as shown in FIG. 7.
Then, when the coating and developing treatment system 1 is operated,

the density measuring unit 15 starts its measuring operation, the measured

value is sent to the controller 79, and the set pressure and the pressure-

reducing time for the reduced-pressure chamber S corresponding to the
measured value are determined. When the density of the impurities is, for
example, 30 percent, they are set at 2.3 kPa and 120 sec respectively.
Thereafter, the density of the impurities is measured all the time, the
measured values are sent to the controller 79 consecutively, and the sét
pressure and the pressure-reducing time for the reduced-pressure chamber S
are consecutively changed based on the measured values.

When the inert gas is then supplied into the delivery section 6, the
atmosphere inside the delivery section 6 is replaced by a purified one, and

thereafter such a state is' maintained. At this time, it is preferred that the

- pressure inside the delivery section 6 is set lower than the pressure inside the

aligner 410 prevent the atmosphere inside the delivery section 6 from flowing
into the aligner 4 which is strictly purified.

Then, when the treatments for the wafers W are started, the wafer
carrier 8 first takes one unpfocessed wafer W out of the cassette C in the
cassette station 2 and carries it to the adhesion unit 31 in the processing
station 3.

Next, the wafer W coated in the adhesion unit 31 with an adhesion
promoter such as HMDS which enhances adhesion to the resist solution is

carried to the cooling unit 30 by the main carrier unit 13 and cooled to a
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predetermined temperature. Thereafier, the wafer W is carried to the resist
coating treatment unit 17 or 19 to undergo the resist coating treatment. Then,
the wafer W on which the resist film is formed is carried to the heat and
cooling treatment unit 46 or 47 (PRE/COL in FIG. 3) to undergo the heat and
cooling treatment. At this time, the heat treatment and the cooling treatment
are not performed in subsequence in respective units disposed independently
for the respective treatments, but the heat and cooling treatment is performed
inside a single unit such as the heat and cooling treatment Units 46 and 47, so
that the time length from the heat treatment to the cooling treatment for the
wafer W can be kept constantly the same, which allows the heat history given
to the wafers by the heat treatment to be the same among the wafers W.

Moreover, according to the present embodiment, all of the heat and
cooling treatments performed in the Steps from the resist coating treatment to
the developing treatment are performed in the heat and cooling treatment
units 43 to 47, so that the time required for the steps from the resist coating
treatment to the developing treatment is allowed to be the same among all the
wafers W,

Thereafter, the wafer W is carried to the extension unit 41 and carried
by the wafer carrier 55 from the extension unit 41 to the peripheral aligner 56
inside the interface section 5. Then, the wafer W which has undergone the
exposure processing at its peripheral portion by the peripheral aligner 56 is
again‘ held by the wafer carrier 55, and carried from the passage port 116 to
the reduced-pressure impurity removing unit 65 inside the first path 60 of the
delivery section 6. At this time, the shutter 117 is opened, and when the
wafer W is carried into the reduced-pressure impurity removing unit 65, the.

shutter 117 is closed again.
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Here, the steps of the impurity removing process performed in the
reduced-pressure unit 65 are explained in detail. First, the shutter 107 on the
interface section 5 side of the casing 65a as shown in FIG. 5 is opened and the
wafer W is carried into the casing 65a by the aforesaid wafer carrier 55. The
wafer W is then delivered to the hoisting and lowering pin 97 and thereafter,
by the descent of the hoisting and lowering pin 97, mounted on the mounting
table 71 which is maintained at the set temperature of, for example, 23° C.
Then, the wafer W is held by suction on the mounting table 71 due to the
suction from the ventilation pipe 96.

Thereafter, the lid body 70 lowers, and the end portions of the lid body
70 contact the mounting table 71 to form the reduced-pressure chamber S.
At this time, suction from the suction ports 91 is started and the suction force
causes the lid body 70 to contact the mounting table 71 closely.

Next, the suction unit 76 starts to operate, the atmosphere inside the
reduced-pressure chamber S starts to be exhausted through the first pipe 77
from the exhaust port 75, and the pressure of the reduced-pressure chamber S
begins to be reduced. The set pressure at this time is a set pressure
determined based on the measured value of the impurity density inside the
processing station 3 as described above, for example, 2.3 kPa, and based on
this value the controller 79 controls the opening and closing of the valve to
achieve it. |

| When the pressure inside the reduced-pressure chamber S continues to
be reduced to reach the saturated vapor pressure of, for example, moisture,
which is an impurity, the moisture adhering on the wafer W is vaporized to be
detached from the wafer W and discharged from the exhaust port 75. Then,

this state is maintained for some length of pressure-reducing time, for
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. example, 120 sec, and this process is performed until the moisture on the

wafer W is complétely removed. In this way, the impurities such as
moisture adhering on the wafers W are | removed -and thereby a desired
reduced-pressure removing process is carried out.

Incidentally, when the impurity density of the processing station 3. is
decreased, for example, from 30 percent to 15 percent, the set pressure and
the pressure-reducing time are changed to 2.4 kPa and 110 sec respectively
according to the data shown in FIG. 7, and the pressure-reduced removing
process is performed under this condition. In this case, since the set pressure
is increased and the pressure-reducing time is shortened compared with those
in case of the 30 percent density to lower the impurity removing ability, the
removing process corresponding to the impurity amount adhering to the wafer
W, which is expected to be smaller than that in case of the 30 percent density,
is performed. On the other hand, when the impurity density of the
processing station 3 alters from 30 percent to 25 percent, the set pressure and
the pressure-reducfng time are not changed to maintain the set pressure and
the pressure-reducing time as they are. -

Then, when the aforesaid pressure-reducing time elapses, the first

valve 78 is closed to stop reducing the pressure inside the reduced-pressure

‘chamber S. Thereafter, when the pump 84 is put into operation and the

second valve 85 is opened, inert gas inside the buffer tank 83 is supplied into
the reduced-pressure chamber S through the second pipe 82 to restore the
pressure inside the reduced-pressure chamber S.

Subsequently, after the suction from the suction port 91 is stopped, the
lid body 70 rises to open the reduced-pressure chamber S. The attachment

of the wafer W by suction to the mounting table 71 is then released and the
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hoisting and lowering pin 92 hoists the wafer W to deliver it to the wafer

transfér mechanism 66 disposed on the aligner 4 side. Then, when the wafer

W passes through the passage port 106 of the casing 65a and is carried out

from the reduc'ed-p'ressure impurity removing unit 65, the removing process
of the impurities on the wafer W is completed. .

Thereafter, the shutter 127 in the casing 4a of the aligner 4 is opened,
and the wafer W is carried into the aligner 4 from the passage port 125 by the
wafer transfer mechanism 66.

Subsequently, the wafer W is exposed in a predetermined pattern in
the aligner 4. The wafer W after the exposure processing is then carried out
of the aligner 4 into the second path 61 through the passage port 126 by the
wafer transfer mechanism 111 inside the second path 61. At this time, the
shutter 128 is opened, and when the wafer W passes through it, it is closed
again.

The wafer W carried into the second path 61 is then moved onto the
rest portion 110, delivered to the hoisting and lowering mechanism 112 of the
rest portion 110, and thereafter, temporarily rested on the rest portion 110.

Thereafter, the wafer W, passing through the passage port 118 with the
shutter 119 opened and through the interface section 5, are carried by the
wafer carrier 55 into the extension unit 42 in the processing station 3. The
wafer W is then carried to the heat and cooling treatment unit 43, 44, or 45 by
the main carrier unit 13 and undergoes the heat treatment and the cooling
treatment in sequence after the exposure processing.

Thereafter, the wafer W is carried to the developing treatment unit 18
or 20 to lindergo the developing treatment. The wafer W after undergoing

the developing treatment is then carried to the post-baking unit 35 or 36 to be
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heated, and thereafter carried to the cooling unit 33 or 34 to be cooled to a

predetermined temperature. The wafer W is then carried to the extension

unit 32 included in the third processing unit group G3 and from there returned
to the cassette C in the_ cassette station 2 by the wafer carrier 55. Through
the processes described above, a series of photolithography procésses are
completed.

According to the embodiment described above, the impurities such as
moisture adhering on the wafer W can be removed by the reduced-pres’sure
impurity removing unit 65 so that the exposure processing to be performed
subsequently is performed in a preferable condition.

Furthermore, since the density of the impurities in the processing
station 3 is measured and the set pressure and the pressure-reducing time for
the reduced-pressure impurity removing unit 65 aré adjusted based on the

measured value, the minimum necessary processes for removing the

impurities can be performed cori'esponding to the amount of the impurities

adhering on the wafer W which has a close correlation with the density of the

impurities.

In addition, as shown in FIG. 7, the density of the impurities is
classified into predetermined density ranges and the set pressure and the
pressure-reducing time are determined for each of the respective density
ranges. - Therefore, when the density is changed to an extent which does not
influence the amount of the impurities adhering on the wafer W, the set
pressure and so on are not altered, thereby eliminating unnecessary adjﬁsting
processes. '

In the above-described embodiment, the set pressure and the pressure-

reducing time for the reduced-pressure chamber S in the reduced-pressure -



10

15

20

22

impurity removing unit 65 are adjusted based on the impurity density inside
the processing station 3, which serves as a processing zone, but pressure-
reducing speed at the time of reducing pressure may be adjusted instead of the
set pressure and the pressure—reducing time. An example of this is explained
below as a second embodiment. | |

In this case, the pressure-reducing speed necessary for removing the
impurities adhering on the wafer W, corresponding to the impurity density
inside the processing station 3 as shown in FIG. 8 is stored beforehand for the
respective impurity density ranges by the controller 79 of the coating and
developing treatment system 1 which has the same structure as that in the
above described embodiment. When the impurities adhering onto the wafer
W are removed inside the reduced-pressure impurity removing unit 65, the
opening and closing of the first valve 78 are set and adjusted in the similar
manner to the first embodiment so that the pressure is reduced at a pressure-
reducing speed determined based on the result measured by the density
measuring unit 15 inside the processing station 3.

By adjusting the pressure-reducing speed according to the impurity
density inside the processing station 3 as described above, the time required
for reducihg the pressure to the set pressure is adjusted. For example, when
the impurity denSity is high and a large amount of impurities are adhering

onto the wafer W, the pressure-reducing speed is decreased and thereby the

pressure is allowed to reach the set pressure little by little so that an elapsing

time for urging the impurities to be exhausted is allowed to last. Conversely,
when the impurity density is low and a small amount of the impurities are
adhering onto the wafer W, the pressure-reducing speed is increased, so that

the pressure reaches the set pressure quickly.
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In this way, the impurities on the wafer can be removed in a length of

time according to the amount of the impurities adhering on the wafer W,

which prevents an excessive process and insufficient process of removing the
impurities. Incidentally, in this second embodiment, the set pressure and the
pressure-reducing time may also be adjusted as described in the first
embbdiment. |

In the above described embodiments, the density measuring unit 15 is
provided in the processing station 3 to measure the impurity density inside the
processing station 3, but the dehsity measuring unit 15 may alternatively be
provided in a clean room not included in the coating and developing tréatment_
system 1 or the interface section 5 to measure the impurity density inside the
clean room or the interface section 5. There is such an advantage in
providing the density measuring unit 15 in the clean room in this way that the
density measuring unit 15 can be mounted more easily because a l'arger space
than the inside space of the processing station 3 is utilized. Providing the

density measuring unit 15 in the interface section 5 has an advantage that it is

positioned closer to the reduced-pressure impurity removing unit 65 than .

when it is provided in the processing station 3 and thereby the measured value
of the impurity density is obtained which is most closely correlated with the
amount of the impurities adhering on the wafers W. |

In the above described embodiments, the delivery section 6 is
provided between the interface section 5 and the aligner 4, and in the delivery
section 6 the reduced-pressure impurity removing unit 65 is provided, but the
reduced-pressure impurity removing unit 65 may alternatively be provided in
the interface section 5. In this case, as shown, for example, in FIG. 9, a

reduced-pressure impurity removing unit 142 is disposed in the front side of
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an interface section 141 in a coating and developing treatment system 140 and
in the position to which the wafer carrier 55 can get access. An aligner 143
is disposed adjacent to the interface section 141, and in its casing 143a, a
single passage port 145 and a shutter 146 for allowing the passage port 145 to
open and close freely are provided. _ |

As shown in FIG. 10, on the top side of the interface section 141, a
gas supply unit 150 is provided, and on the bottom side of the interface
section 141, an exhaust duct 151 for exhausting the atmosphere inside the
interface section 141 is provided, so that a purified inert gas is supplied into
the interface section 141 and the impurities are purged to keep the atmosphere
inside the interface 141 clean. |

" Furthermore, between the interface section 141 and the processing

station 3, a partition plate 155 for insulating the atmosphere inside the
interface section 141 from that inside the processing station 3 is provided.
In the'p'osition in the partition plate 155 opposite to the extension units 41 and
42 included in the fourth processing unit group G4, a passage port 156 and a
shutter 1'57 for allowing the passage port 156.'to open and close freely‘ are
provided to prevent the atmosphere inside the processing station 3 from
flowing into the interface section 141. |

In the coating and developing treatment system 140 as structured
above, the set pressure and the pressure-reducing time for the reduced-
pressure chamber S of the reduced-pressure impurity removing unit 142 may
be adjusted based on the impurity density measured by the density measuring
unit 15, in a similar manner as in the above described first embodiment.

Disposing the reduced-pressure impurity removing unit 142 in the

interface section 141 makes it possible to make a coating and developing
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treatment system smaller compared with that in the above described
embodiment since a unit for removing impurities from the wafer W can be
mounted in a coating and developing treatment system which. is the same in
size as a conventional one. )

Furthermore, in the coating and developing treatment system 1 or 140
in the above described embodiments, the process of vaporizing a solvent in a
resist solution carried out in the heat and cooling treatment units 46 and 47

may be performed simultaneously with the process of removing impurities

carried out in the reduced-pressure impurity removing unit 65 or 142. Inthis

case, as shown, for example, in FIG. 11, instead of the heat and cooling
treatment units 46 and 47 (PRE/CQOL), a heat and cooling treatment unit 160
(PEB/COL) for performing a heat and cooling treatment after the exposure

processing and a heat treatment unit 161 for performing the heat treatment

- after the developing treatment are provided in the fourth processing unit

group-G4 of the processing station 3, and a cooling treatment unit 162 for

performing the cooling treatment for the wafer W after the heat treatment
after the exposure treatment is provided in the third processing group G3. -

When the impurities adhering onto the wafer W are removed in the
reduced-pressure impurity removing unit 65, the pressure of the reduced-
pressure chamber S is reduced to a predetermined pressure, for example, 133
Pa, at which moisture and the solvent in the resist solution are both vaporized,
to simultaneously vaporize the solvent in the resist solution and the moisture,
which is an impurity. Thereby, a solvent vaporizing process and an impurity
removing process can be both carried out at the same time.

Thereforé, the processes conventionally carried out in the heat and

cooling treatment units 46 and 47 can be performed in the reduced-pressure
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impurity removing'unit 65. Since another _heat treatment unit can be added
instead of a unit for the solvent vaporizing process as described above,
processing performance in the processing station 3 is enhanced. Incidentally,
when the heat and cooling treatment units 46 and 47 are omitted without
adding another heat treatment unit, the number of heat treatrﬁent units can
also be decreased, which makes it possible to make the processing station 3
small as a whole. ,

_ The embodiments described above relates to the coating and
developing treatment system for the wafer W in the photolithography
processes in semiconductor wafer device fabrication processes, but the
present invention can also be appliéable to a coating and developing treatment
system for a substrate other than a semiconductor wafer, for example, an LCD
substrate. |

According to the present invention, impurities at a molecule level such
as moisture, vapor, oxygen, ozome, organic substance, and so on and
impurities such as fine paﬁicles adhering to a coating layer of the substrate
can be removed before the exposure processing, the exposure processing can
be performed in a preferable condition without being influenced by these
impurities, thereby improving yields. Moreover, the solvent in the coating
solution can be vaporized at the same time with the impurity removing
process, thereby improving a throughput.

Furthermore, since the predetermined pressﬁre- énd the predetermined
time for reducing pressure, or the speed for reducing pressure are adjusted
based on the impurity density measured at a predetermined position,
impurities such as moisture, oxygen, and so on adhering on the substrate can

be removed under a preferable minimum requirement condition according to
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the amount of the adhering impurities. Therefore, impurities giving adverse
effect on treatments can be removed from the substrate in a preferable

condition, and thereby the improvement in yields can be realized.
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_What is claimed is:

1. A coating and developing treatment method for performing a coating
and developing treatment for a substrate in a processing zone of a coating and
developing treatment system, comprising the steps of:

supplying a coating solution to the substrate to form a coating layer on
the substrate; _

performing a developing treatment for the substrate in the processing

zone after it undergoes an exposure processing by an aligner not included in

~ the system; and

carrying the substrate into the chamber after said step of forming the
coating layer and before the exposuré processing, and thereafter reducing the
pressure inside the airtightly closed chamber to a predetermined pfessure to
remove ffom the substrate impurities adhering to the substrate inside the
chamber for a predetermined time,

wherein the predetermined pressure and the predetermined time are
adjusted based on the density of the impurities measured inside the processing

zone.

2. A coating and developing treatment method according to claim 1,

further comprising the step of:

classifying the density of the impurities into predetermined density
ranges and storing the aforesaid predetermined pressure and the aforesaid
predetermined time corresponding to the respective density ranges,

wherein the predetermined pressure and the predetermined time are

‘adjusted based on the measured density of the impurities to equal to the stored

predetermined pressure and predetermined time corresponding to the

predetermined density range to which the measured density belongs.
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A coating and developing treatment method according to claim 1,

wherein pressure-reducing speed in said step of reducing the pressure
inside the chamber to the predetermined pressure is adjusted based on the
density of the impurities.
4, A coating and developing treatment method for performing a coating
and developing treatment for a substrate in a processing zone of a coating and
developing treatment system, comprising the steps of:

supplying a coating solution to the substrate to form a coating layer on
the substrate;

performing a developing treatment for the substrate in the processing

 zone after it undergoes an exposure processing by an aligner not included in

the system; and.
carrying the substrate into the chamber after said step of forming the
coating layer and before the exposure processing, and thereafter reducing the
pressure inside the airtightly closed chamber to_a predetermined pressure to
remove from the substrate impurities adhering to the substrate inside the
chamber for a predetermined time, |
wherein the predetermined pressure and the predetermined time are
adjusted based on the density of the impurities measured inside a clean room
where the coating and developing treatment system is placed.
5. A coating and developing treatment method according to claim 4,
further comprising the step of:
| classifying the density of the impurities into predétermined density
ranges and storing the aforesaid predetermined pressure and the aforesaid
predetermined time corresponding to the respective density ranges,

wherein the predetermined pressure and the predetermined time are
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adjusted based on the measured density of the impurities to equal to the stored
predetermined pressure and predetermined time corresponding to the
predetermined dens-itjr range to which the measured density belongs.
6. A coating and developing treatment method according to claim 4,

wherein the pressure-reducing speed in said step of reducing the
pressure inside the chamber to the predetermined pressure is adjusted based
on the density of the impurities. '
7. A coating and developing treatment method for performing a coating
and developing treatment for a substrate in a processing zone of a coating and
developing treatment systein, comprising the steps of:

supplying a coating solution to the substrate to form a coating layer on
the substrate; |

performing a developing treatment for the substrate in the processing
zone after it undergoes an exposure processing by an aligner not included in
the system; and

carrying the substrate into the chamber after said step of forming the

- coating layer and before the exposure processing, and thereafter reducing the
pressure inside the airtightly closed chamber to a predetennined' pressure to

remove from the substrate impurities adhering to the substrate inside the

chamber for a predetermined time, |

wherein pressure-reducing speed in said step of reducing the pressure
is adjusted based on the density of the impurities measured inside the
processing zone.
8. A coating and developing treatment method according to claim 7,
further comprising the step oft

classifying the density of the impurities into predetermined density

* c L M ] *
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ranges and storing the aforesaid predetermined pressure-reducing speed
corresponding to the respecﬁve density ranges,

wherein the predetermined pressure-reducing speed is adjusted based
on the measured density of the impurities to equal to the stored predetermined
pressdre-reducing speed corresponding to the predetermined density range to
which the measured density belongs.
9. A coating and developing treatment method for performing a coating
and developing treatment for a substrate in a processing zone of a coating and
'developing treatment system, comprising the steps of:

supplying a coating solution to the substrate to form a coating layer on .
the substrate;

performing a deveioping treatment for the substrate in the processing
zone after it uhdergoes an expesure processing by an aligner not included in
the system; and |

carrying the substrate into the chamber after said step of forming the

| coating layer and before the exposure processing, and thereafter reducing

pressure inside the airtightly closed chamber to a predeterfnined pressufe to
refnove"from the substrate impurities adhering to the substrate inside the
chamber for a predetermined time,

wherein pressure-reducing speed in said step of reducing the pressure

is adjusted based on the density of the impurities measured inside a clean

- room where the coating and developing treatment system is placed.

10. A coating and developing treatment method according to claim 9,
further comprising the step of: |
classifying the density of the impurities into predetermined density

ranges and storing the aforesaid predetermined pressure-reducing speed
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corresponding to the respective density ranges,
wherein the predetermined pressure-reducing speed is adjusted based
on the measured density of the impurities to equal to the stored predetermined

pressure-reducing speed corresponding to the predetermined density range to

 which the measured density belongs.

11. A coating and developing -treatment system for performing a coating
and developing treatment for a substrate, comprising: |

a processing zone. having a coating treatment unit for forming a
coating layer on the substrate, a developing treatment unit for performing a
developing treatment for the substraté, and a heat treatment unit for
performing a heat treatment for the substrate;

an interface section for carrying the substrate between said processing
zone and an aligner not included in the system for performing an exposure
processing for the substrate; | ..

a density measuring unit for measuring the density of impurities at
least inside said processing zone or said interface section;

a reduced-pressure impurity removing unit having a chamber which
can be closed airtightly for reducing the pressure inside the chamber to a
predetermined pressure before the substrate undergoes the exposure
processing to remove the impurities adhering to the coating layer on the
substrate inside the chamber for a predetermined time; and

a reduced-pressure control unit for controlling at least the
predetermined pi'essure or'pred_etermined time based on the value measured
by said density measuring unit.
12, A coating and developing treatment system according to claim 11,

further comprising:
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a controller for classifying the density of the impurities into
predetermined density ranges, storing the predetermined pressure and the
predetermined time corresponding to the respective density ranges, and
controlling said reduced-pressure control unit. to adjust the predetermined
pressure and the predetermined time to equal to the stored predetermined
pressure and predetermined time corresponding to the predetennined-densify
range to which the measured value belongs. |
13. A coating and developing treatment system according to claim 11,

wherein said reduced-pressure control unit also controls pressure-
reducing speed at the time of reducing the pressure of the chamber to the
predetermined pressure, also based on the value measured by said density
measuring unit. | _

14. A coating and developing treatment system for performing a coating
and developing treatment for a substrate, comprising:

a processing zone héving a coating treatment unit for forming a
coating layer on the substrate, a developing treatment unit for performing a
developing treatment for the substrate, and a heat treatment unit for
performing a heat treatment for the substrate;

an interface section for carrying the substrate between said processing
zone and an alignef not included in the system for performing an exposure
processing for the substrate;

a casing for accommodating said processing zone and said interface
section; |

a density measuring unit for measuring the density of impurities inside
a clean room which is disposed outside said casing and in which the system is

placed;
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a reduced-pressure impurity removing unit having a chamber which
can be closed airtightly for reducing the pressure inside the chamber to a
predetermined pressure before the substrate undergoes the exposure
processing to remove the impurities adhering to the coating layer on the
substrate inside the chamber for a predetermined time; and’

a reduced-pressure control unit for controlling at least the

- predetermined pressure or the predetermined time of said reduced-pressure

impurity removing unit based on the value measured by said density
measuring unit. |
15. A coating and developing treatment system according to claim 14,
further comprising: |

a controller for classifying the density of the impurities into
predetermined density ranges, storing the 'predetermiried pressure and the
predetermined time corresponding to the respective density ranges, and
controlling- said reduced-pressure control unit to adjust the predetermihed
pressure and the predetermined time to equal to the stored predetermined
pressuré and predetermined time corresponding to the predetermined density
range to which the measured value belongs.
16. A coating and developing treatment system aécording to claim 14,

wherein said reduced-pressure control unit also controls pressure-
reducing speed at the time of reducing the pressure of the chamber to the:
predetermined pressure, also based on the value measured by said density
measuring unit. |
17. A coating and developing treatment system for performing a coating
and developing treatment for a substrate, comprising:

a processing zone having a coating treatment unit for forming a
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coating layer on the substrate, a developing treatment unit for performing a

developing treatment for the substrate, and a heat treatment unit for
performing a heat treatment for the substrate;

an interface section for carrying the substrate between said processing

zone and an aligner not included in the system for performing an exposure

processing for the substrate;

a density measuring unit for measuring the density of impurities at

least inside said processing zone or said interface section;

a reduced-pressure impurity removing unit having a chamber which

can be closed airtightly for reducing the pressure inside the chamber to a |

predetermined pressure “before the substrate undergoes the exposure

processing to remove the impurities adhering to the coating layer on the

 substrate inside the chamber for a predetermined time; and

a reduced-pressure control unit for controlling pressure-red_ucing
speed of the reduced-pressure impurity removmg unit based on the value
measured by said density measuring unit.

18. A coating and developing treatment system for performing a coating

and developing treatment for a substrate, comprising:

a processing zone having a coating treatment unit for forming a

coating layer on the substrate, a developing treatment unit for performing a
developing treatment for the substrate, and a heat treatment unit for

performing a heat treatment for the substrate;

an interface section for carrying the substrate between said processing

zone and an aligner not included in the system for performing an exposure
processing for the substrate;

a casing for accommodating said processing zone and said interface
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section; |

a density measuring unit for measuring the density of impurities inside
a clean room which is disposed outside said casing and in which the system is
placed; |

a reduced-pressure impurity removing unit having a chamber which
can be closed airtightly for reducing the pressure inside the chamber to a
predetermined pressure before the substrate imdergoes the exposure
processing to remove the impurities adhering to the coating layer on the

substrate inside the chamber for a predetermined time; and

a reduced-pressure control unit for controlling pressure-reducing.

speed of said reduced-pressure impurity removing unit based on the value

measured by said density measuring unit.

19. A coating and developing treatment system according to claim 11,

wherein said interface section and the aligner are connected with each
other via a delivery section and said reduced-pressure impurity removing unit
is disposed in the delivery section.
20. A coating and developing treatment system according to claim 16,
wherein the delivery section has a first path along which the substrate

passes when carried from said interface section to the aligner, and a second

- path along which the substrate passes when carried from the aligner to said

interface section, and

said reduced-pressure impurity removing unit is disposed in the first
path. '
21. A coating and developing treatment system according to claim 11,

wherein said reduced-pressure impurity removing unit is disposed in

said interface section.



