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TITLE OF THE INVENTION
RESIST PROCESSING- SYSTEM
BACKGROUND OF THE INVENTION

The present invention relates to a resist
processing system for processing a substrate such
as a semiconductor wafer with resist.

In the photolithography process employed in the
manufacture of a semiconductor deviee,'the surface of a.
semiconductor wafer is washed, followed by.coating the
washed surface with a resist and subsequently exposing
selectively the coated resist layer to light. Finally,
the light~eXposed pattern is developed. FIG. 1 shows
a conventional resist processing system 101 used for
performing these treatments. The conventional system
101 comprises a load/unload section and.a process
section. As shown in the drawing, a cassette table 102
and a sub-arm mechanism 104 are arranged in the load/
unload section. Wafers W, which are_taken out of a
cassette C arranged in the load/unload'section, are
transferred by main arm mechanisms 103 and 105 into
each of the process1ng devices arranged w1th1n the
process section.

Arranged.side by side within the process section
are a brush wasﬁing device 111, a high pressure jet
water washing device 112, an adhesion devite 113;'a

- cleaning device 114; a resist coating deéicetlys, a .

baking device 116 and a developing device«li?. In each
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of these brush washing device 111, high pressure jet

water washing device 112, resist coating device 115,

" and developing device 117, the wafer W-is processed

" with a processing solution. On the other hand, a

heat treatment for'heating or cooling the wafer W
is performed in each of these adhesion device 113,
cleaning device 114, ahd baking device 116.

In the conventiqnal resist processing system 101,
many prdcessingldevices'are arranged side by side, with
the result that the system 101 occupies a large area
within a clean room. It follows that the total floor
area of the clean room is enlarged, leading to an
excessively heavy load applied to an air conditioner.
Naturally, it is desirable to decrease the floor area
of the resist processing system itself.

It should also be noted that, in the conventional

system 101, the solution processing type devices 111,

112, 115, 117 are_positioned apart from the heat-
treating type devicés 113, 114, 116 so as to suppress
the thermal effect impérted to the processing with a
solution. As a fesult, the moving distance of the
main arm mechénisms 103, 105 is increased in the wafer
transfer step, leading to an increasé in the time
required for the wafer transfer.

Further, each of the main arm mechanisms 103 and
105 is frequently mbved in directions of X-, Y- and

7-axes and is swung about the Z-axis, with the result
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that particles are generated within the fesist
processing system in an amount that cannot be neglected.
Of course, it is of high importance in this technical
field to take appropriate measures for suppressing the
particle generation #ithin tne resisflprocessing system.
BRIEF SUMMARY OF THE INVENTION |

An objecf of the present invention is to provide
a resist processing systém_which permits diminishing
its occupying space, achieving a high fhrough—put,
and suppressing the particle generation.'

Accoxrding to a preferfed embodiment of the present
invention, there is provided a resist processing system,
comprising:

a plurality of processing units each having a
plurality of compartments stacked one upon the other
in a vertical direction;

a solution processing device arranged in a
compartment p051tioned in a lower portion of the

processing unit for applying a process solution to

. a substrate while rotating the substrate;

a heating device arranged in a compartment
positioned in an upper portion of the processing
unit for heating the substrate;

a cooling device érranged in an intermediate
compartment positioned between the compartment
having the heating device arranged therein and

the compartment having the solution_processing device

This Sheet Has Been Reﬂlaced




arranged thereln for coollng the substrate; and
a main arm mechanism arranged in each of the
processing units and provided with a plurality of
holders for transferring the substrate into_énd out
5 | of each compartment, the holder-being mqvable into
and out of each of the compartments included in the
progessing unit, movable in a Z-axis directidn, and
swingable about the Z-axis by an angle 6.
in the present invention, the heat-treating type
10 deviées, i.e., baking device,'adhesion devicé and
cooling device, are stacked on the solution processing
type devices, i.e., resisﬁ coating device, developing
device and washing device, as described above, leading
to a shortened moving distance of the main arm mecha-
15 nism. As a result, the time required'fof moving
the main arm mechanism is shortened in the substrate
transferring step. Also, the main arm mechanism can ne
.moved in directions of X- and Z-axes alone and can be
5wung about the Z-axis.' In other nords} the main arm
20 mechanism need not be moved in a Y-direétion; though
the main arm mechanism in the conventional system is
required to be moved in directions of X— Y- and Z-axes.
It follows that the partlcle generatlon can be sup-
pressed in the present invention, compared with the
25 - conventional systen. Further, the cooling device is
arranged intermediate between ﬁhe solution treating

device and the heating device, with the result that
.//———" .
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a thermal-effecf is hardly given from the heating
device to the solution treating device. Still_further,
it is possible to diminish'the area occupied by the
resist processing system in a clean room.

Additional objects and advantages of the invention

will be set forth in the description whlch follows, ‘and

'in part will be obvious from the description, or may

be learned by practice of the invention. The objects
and advantages of the invention may be realized and
obtained by means of the instrumentalities and combina-

tions particularly pointed out in the appended claims.

._BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying diawings, 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.abbve
and the detailed description'of the preferred embodi-
ments given below, serve to explain the principles of
the invention.

FIG. 1 is an oblique view schematically shoﬁing
the outerx appearahee of a.conventional.resist
processing system; |

FIG. 2 is a plan view schematically showing the
construction of the resist processing system according
to a first embodiment of the éresent inventioh;

FIG. 3 is an oblique view showing the construction

of the process section included in the resist
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ﬁrocessing system of the present invention shown in
FIG. 2 (first embodiment); |

FIG. 4 is a side view showing the constfuction of
the resist processing system of the present invention
éhown'in FIG. 2 (first embodiment); |

_FIG. 5 is a plan view schematically showing the
construction of the resist processing system according
to a second embodiment of the present invention;

. FIG. 6 is a side view showinj the construction of
the resist processing system of the present invention
shown in FiGi $ (second embodiment);

FIG. 7 is a plan view schematically showing the
construction of the resist processing system according
to a third embodiment of the present invention; and

FIG. 8 is a side view showing the construction of

the resist processing system of the present invention

shown in FIG. 7 (third embodiment).

DETAILED DESCRIPTION OF THE INVENTION

Let us describe preferred embodiments of the

‘present invention with reference to the acqompahying

drawings. The resist proceséing systeﬁ in eachzof
these embodiﬁents covers the_case where semiconductor
wafers are washed,.coated with fesist, heéted, and
developed.

specifically, FIG. 2 schematically shows the

construction of the resist processing system 1

according to a first embodiment of the present
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invention. As shown in the drawing, the system 1
éomprises a load/unlaad section 2, a process section 3,
and an interface section 4. Wafer cassettes C are
transferred by a transfer robot (not shown) into and
out of the load/unload section 2. Arrénged in the
process section 3 are first, second and third proc-
essing units 30, 40, 50 and first, second and third
main arm transfer mechanisms 37, 47, 57. Further, an
exposure device (nbt'shown) for ekposing light to a
resist-coated wafer W is arranged adjacent to the
interface section 4.

A cassette table 21 and a first sub-arm mechanism
22 are arranged in-the.load/unloadlsection 2. Four
cassettes C each housing a plurality of wafers W are
disposed on the caésette_table 21 such that these
cassettes C are arrangéd side by side in an X-axis
direction. The firét sub-arm mechanism 22 equipped
with a holder for holding the wafer W can be moved
along a passageway.22a extending in the X-axis
direction. The first sub-arm mechanism 22 is also
equipped with an alignment mechaniSm'(not shown) for

aligning the position of the wafer W_rélative to the

process section 3.

A second sub-arm mechanism 23, which is substan-
tially equal to the first sub-arm mechanism 22, and a
wafer table 24 are arranged in the interface section 4.

The second sub-arm mechanism 23 can be moved'along
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a passageway 23a extending in an X-axis direction so as
to transfer and receive the wafer W onto and.from the
third main arm mechanism 57, respectivély. The wafer W
is transferred into and out of the eprsure device (not
shown) via the interface sécfion 4. The operation of
each of these main arm mechaniéms 37, 47, 57 and sub-
arm mechanisms 22, 23 is controlled by # controller 20.
As shown in FIG. 3, three processing unifs 30, 40,
50 are arrahged éide.by side within the process sec-
tion 3. Each of these proCessing units 30, 40, 50
includes six compartments verticélly stacked one upon
the other. Housed in these'compartments are various
processing devices such as a washing device 31, a
resist coating device 41, a developing device 51, bak-
ing devices 35,'36, 45, 46, 55, 56, cleanihg devices 32,
33, 42, 43, 44, 52, 53, 54, and an adhesion device 34;
In the first processing unit 30, the washing
device 31 is housed in the lowerﬁost cémpartment of the
stacked structure.. Also, the compartments housing the
coolihg devices 32, 33, the adhesion device 34 and the
baking devices 35,'36 are stacked_iﬁ this order on the
lowermost compartment. Transfer windows 31la to 36a are
formed in the front wall of each of these compartments
such that the-wafers W can be transfer into and taken
out of these compartments by.the first main arm
mechanism 37 through these transfer windows 3la to 36a.

The main arm mechanism 37 comprises three holders,
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i. e., uppermost holder 37a, lntermedlate holder 37b,
and lowermost holder 37c, for directly holding the
wafers W. Each of these holders 37a, 37b, 37c is
supported by a-driVing mechanism (not shown), and is
slidable along a base plate 37d such that these holders
are indepehdently movable forward and backward within
én X-Y plane. The base plate 374 is supported by a
vertical shaft 38 connected to a lift mechanism 39 and,
thus, is movable in a Z-axis directiqn. Further, the
main arm mechanism 37 is supportéd by a swing mechanism
(not shown) so as to be swingable about the vertical
shaft 38.

In the second pfocessing unit 40, the resist

coating devibe_41'is housed in the lowermost compart-

ment of the stacked structure, as shown in FIG. 4.

Aiso, the compartments housing the cooling devices 42,
43, 44, and the baking devices 45, 46 are stacked in
fhis order on the lowermost compartment. Transfer
windows 4la to 46a are formedlin the front wall of each
of these compartments as shown in FIG. 3 such that the
wafers W can be £ransfer into and taken out of these
compartments by the sécond_main arm mebhahism,47,.which

is substantially equal to the first main arm mechanism

.37, through these transfer wihdows 4la to 46a.

A first relay section 11 is interposed between

- the first and second main arm mechanisms-37 and 47.

A wafer table 12 for supporting the wafer W is arranged
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on the upper surface of the first relay section 11.
Three supporting pins 13 project upward from the wafer
table 12 for supporting the wafer W.

in thé third_processing unit 50, the developing
device 51 is housed in the lowermost compartment of the
stacked structure. - Also,'the-compartments hdusing the
cooling devices 52, 53, 54, and the baking devices 55,
56  are stacked in this order on the lowermost compart-
ment. Transfer windows 5la to 56a are formed in the
front wall of each_of these cbmpartments such that
the wafers W can be transfer into and taken out of
these compartments by the third main arm mechanism 57,
which is substantially equal to the first main arm
mechénism 37, through these transfer windows 5la to 56a.

A second relay section 14 is interposed between
the éecond and third main arm mechanisms 47 and 57.
The second relay section 14 is substantially equal to
the first relay section 11. Specifically, a wafer
table 15 for éupporting the wafer W is arrénged on the
upper surface of the second relay section 14. Also,
three supporting:pinS-IG project upward from the wafer
table 15 for supporting the wafer W. |

The resist processing system 1 of the construction
described above is OPerated as follows. Specifically,
the wafers W are taken out of the casseﬁte C by the
first sub-arﬁ mechanism 22. On the other hand; the.

first main arm mechanism 37 is swung about the shaft 38
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and, at the same time, the hoider portion of the
mechanism 37 is moved in the Z-axis direction. As
a result, the lowermost holder 37c of the first main
arm mechanism 37 is moved forward so as to receive the
wafers W from the fist sub-arm mechanism 22. It should
be noted that the first main arm mechanism 37 is moved
in the ZFaxis direction while being swung so as to
sherten the time required for the wafer transfer.

The first main arm mechanism 37 is moved again
in the Z%-axis direction while being swung so as to be
positioned to face the compartment housing the washing
device 31. Then, the lowermost holder.37c is moved
forward so as to transfer the wafers W into the washing
device 31 through the transfer window 3la. After the

washing treatment within the washing device 31, the

‘wafers W are taken out of the washing device 31 by the

first main arm mechanism 37. Then, the wafers W are
moved upward in the Z-axis direction by the”first main
arm mechanism 37, followed by transferring the wafefs W
into the baking device 35 for the baking treatment.
After the baking treatment, the-wefers W are taken
out of the baking device 35 by the uppermost holder 37a
or intermediate hoider 37b of the first main arm mecha-
nism 37 so as to be transferred into the coeling device
34 for the cooling purpose. After the cooling, the
wafers W are taken out of the cooling device 34 by the

lowermost holder 37c of the first main arm mechanism 37



10

15

20

25

- 12 -

‘so as to be-transferred_onto.the'first'relay section 11

such that the transferred wafers W are supported by the
supporting pins 13 projecting-upward from the wafer
table 12.

| In the next step, the second main arm mechanism 47
picks up the wafers W from the first feléy section 11
so as to transfer'these wafers W into the resist coat-
ing device 41 included in the second processing unit 40.
After the resist céating treatment, the wafers W are
taken out of the resist coating device 41 by the second
main arm mechanism 47 and, then, transferred into the
baking device 46 for the baking treatment. After the
baking treatment,lthe wafers W are taken out of the
baking device 46 by the second main arm mechanism 47
and, then, transferred into the cooling device 44 for
the cooling treatment. After the cooling, the wafers W
are taken out of the cooling device 44 by the lowermost
holder 47c of the second arm mechanism 47 so as to be
transferred onto the second relay section 14 such that -
these wafers W are sﬁpported by the supporting pins 16
projecting upward from the wafer table 15.

Further, the third main arm mechanism 57 picks

up the wafers W from the second rélay section 14 so

as to transfer these wafers W onto the second sub-arm

mechanism 23. Then, the second sub-arm mechanism 23
puts these wafers W on the wafer table 24 of the

interface section 4. Further, a transfer mechanism
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(not shown) picks up the wafer W from Fhe'wafer table
24 and, then, transfers the wafer W into the exposure
device (not shown) for the.light-exposure treatment.
After the light-equsure treatment, the transfer
mechénism (not shown) puts again the wafer W on the
wafer table 24 of the interface section 4. Still_
furthér, the second sub-arm mechanism 23 picks up
the wafer W from the wafer table 24 of the interface
section 4 and, then, transfers the wafer W oﬁto the
third main arm mechanism 57. The wafer W is further
transferred by the.third main arm mechanism 57 into the
developing device 51 included in the third processing
unit 50. In the developing device 51,-a developing
solution is applied to coated resist on the wafer W,
which.is kept rotaﬁed, for the developin§ purpose.
~ After the developing treatment, the third main

arm mechanism 57 transférs the wafer W into the baking
device 56'for the baking treatment. After the béking
treathent; the third main arm mechanism 57'transfers
the wafer W into the'codling device 54 for the cooling
purpose. After the cooling, the third main arm mecha-
nism 57 transfers the wafer W onto the second relay
section 14 such that the wafer W is supported by the
supporting piﬁs 16 projecting upward from the wafer
table 15. |

Then, the second main arm mechanism 47 picks

up the wafer W from the second relay section 14 for
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transfer of the wafer W .onto the supporting pins 13
projecting upward from the wafer table'12 in the first
relay section 11. Further, the first main arm mecha-
nism 37 picks up the wafer W from the first relay
section 11 for transfer of the wafer W intb the first
sub-arm mechanism 22. Finally, the wafer W is housed
in the cassette C by the first sub-arm mechanism 22.

The series 6f the resist processing treatments
described above are performed in parallel simultane-
ously, with the result fhat a piurality of wafers W
are kept processed in.parallel within the system 1.

In the processing system 1 of the embodiment
described above, the waférs W immediately after treat-
ment in the solution processing tyée devices 31, 41, 51
are promptly transferred in a very short time into the
heat-treating tyée devices 32-36, 42-46, 52-56, leading
to a marked improvement in through-put. Also, since |
the transfer distance of the wafer W is very short, the
coated resist is less likely to be affected by the
enfironment during transfer of the wafer, making it
possible to perform a stable resist processing. Fur-
ther, since any of the main arm mechanisms_37, 47, 57,
which is required to be driven in the directions of
X- and Z-axes and to be swingable about the Z-axis,
is not driven in the Y—axi§ direction, the paﬁticle
generation from these main arm mechanisms can be

markedly suppressed, compared with the conventional
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‘main arm mechanism which is required to be driven in

the Y-axis direction as well as in the directions of X-
and Z-axes and to be swingable about the Z-axis.
It should also be noted that the solution proc-
essing type_devices 31, 41, 51 are positioned below
the heat-treating type devices 32-36, 42-46, 52-56,
with the result that the solution processiﬁg type
devices 31, 41, 51 are hardly affected thermally by the
heat-treating type devices 32-36, 42-46, 52-56. As a
result, a resist film of a uniform thickness can be
coated with a high stability. In addition, the cooling
devices 32, 33, 42-44, 52-54 included in the heat-
treating type devices are positioned below the baking

devices 35, 36, 45, 46, 55, 56 and the adhesion device

" 34, with the result that the transfer of the heat

energy to the solution processing type devices 31, 41,
51 is inhibited. To be more specific, since the solu-
tion processing type devices 31, etc. are thermally
insulated from the baking device 35, etc. by the
cooiing device 32, etc., the resist processing which
is sensitive to temperatures can be performed satis-
factorily. |

Further, since the relay sections 11, 14 are
interposed between the adjacent ﬁain arm mechanisms 37
and 47 and between the adjacent main arm mechanisms 47
and 57, respectively; for facilitating the wafer

transfer, the wafers in each of the processing
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units 30, 40, 50 can be transferred smoothly into the
adjacent procéssing unit for the next treatment so as
to apply effectivély the series of the treatments to
the wafers W. Further, the relay sections 11 and 14
also act as interim waiting sections of the wafer W.

It follows that the processing units 30, 40, 50 and the
main arm mechanisms 37, 47, 57 can be 6perated effi-
ciently so as to improve the through-put as a whole.

In the embodiment described above, each processing
unit includes only one solution processing type device.
However, each processing unit.may be constructed to
include two or three solution processing type devices
which are stacked one upon the other. It should be
noted in this éonﬁection that the solution processing
type'devices differ from each other in the time re-
quired for the processing depending on the kind of the

solution processing type device. Therefore, it is

'important to consider the balance in the number of

different solution processing type devices included in
each processing unit. Where a plurality of different
sbluﬁion processing type devices are included in a good
balance in each processing unit, a high working rate

of each processing device can be ensured, leading to a

'higher through-put.

FIGS. 5 and 6 collectively show a resist process-

ing system 61 according to a second embodiment of the

present invention. In the following description of the
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second embodiment, the overlapping portion with the
fifst embodiment is omitted. |

As shown in FIG. 5, the resist processing System
61 comprises proceSsing units of two groups, i.e.,
processing units 30,'40, 50 forming a first group, and
processing units 70, 80, 90 forming a second grouﬁ.
These processing units 70, 80, 90 are arranged to
face the processing units 30, 40, 50 with main arm
mechanisms 37A, 47A, 57A interposed therebetween,
respectively. These processing units 70, 80, 90 are
substantially equal_in éonstruction to the processing
units 30, 40, 50, respectively. | |

The main arm mechanisms 37A, 47A, 57A interposed
between the proCessing units of the first group and
those of the-seéond group are substantially equal in
construction to the main arm mechanisms 37, 47, 57
described previously in conjunction with the first
embodiment, except that the main arm mechanisms 374,

472, 57A include heat insulating plates 371, 471, 571

which are interposed between the uppermost holders 37a,

47a, 57a and the intermediate holders 37b, 47b, 57b,

respectively.

FIG. 6 exemplifies how the second main arm
mechanism 47A is operated. As pointed out above, the
uppermost holder 47a is thermally insu}ated from the'
intermediaté holder 47b by the heat insulating plate

471. The uppermost holder 47a is used exclusively for
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transferring the wafer W into and out of the solution

processihg type devices 41 and 81. On the other
hand, the intermediate holder 47b and Fhe lowermost

holder 47c are used exclusively for putting the wafer W

into and out of the heat-treating type devices 42-46

and 82-86. 1In general, the intermediate holdef 47b is
allocated to the baking devices 45, 46, 85, 86, with
the lowermost holder 47c being alloeated'to the coeling
devices 42-44 and 82-84.

Also, the load/unlead section 65 and the interface
section 66 are enlarged in the resist.processing system
61 according to the second embodiment of the present
invention. It follows that the resist processing
system 61 permits processing a larger number of wafers
W per unit time, compared with the resist processing
system-l of the first embodiment.

FIGS. 7 ahd 8 eollectiﬁely show a resiet process-
ing system 1A according to a third embodiment of the
present invention. In the following description of
the third embodiment, the overlapping.portion with the
first and second eﬁbodiﬁents is omitted.

As shown'in FIG. 7, the resist processing system
1A of the third embediment comprises processing units
30A, 40A, 50A and the main arm mechanisms 37, 47, 57.

In addition, each of these processing units 303, 40A,

50A is equipped with a sub-arm mechanism 99. The sub-

arm mechanism 99 is substantiélly equal to the arm
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mechanism for the wafer.transfer, which is disclosed in
U.S. Patent No. 5,620,560. Specifically, the sub-arm
mechanism 99 comprises an.upper'holder 99a and a lower
holder 99b, as shown in FIG. 8, as well as a holder
driving mecﬁanism (not.shown) for horizontally driving
these holders 99a, 99b and a lift mechaniém (not shown)
for vertically driving these holders 99a, 99b. As
apparent from FIG. 8, the two holders 99a and 99b of
the sub-arm mechanism 99 serve to transfér the wafer W
into ahd out of the-heat—treating type devices-42A to
46A alone.

Transfer windows 42a-46a, $2a-56a, 62a-66a are
formed through the front walls of the compartments
constituting the processing units 40A, 50A, 60A. Like;
wise, transfef ﬁindows 42b-46b, 52b-56b, 62b-66b are
formed through the back walls of these compartments.
Whenhit comes to, fof example, the processing unit 403,
the compartments housing the cooling devices 42a, 437,
44n and the baking devices.45A; 46A, which are stacked
on the resist coating device 41, are provided with the
wafer.tranéfér windows 42a, 43a; 44a, 45a, 46a formed
through the front walls_facing the main arm mechanism
47A and with the wafer transfer windows 42b, 43b, 44b,
45b, 46b formed through the back walls.

Ih general, a device utilizihg a rotary mechanism
for supplying a process solution éuch as the resist

coating device 41 is sized larger than the cooling
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device or the heating device. In view of the
particular situation, the front walls of the compart-
ments housing the cooling deﬁices 42A, 434, 44A and the
baking devices 45A, 46A are aligned wiFh the front wall
of the compartment housing the resiét coating device 41
in the processing system 1A of the third embodiment.
In other words, the transfer windows 42a; 43a, 44a, 45a,
46a for the compartments noted above are aligned with
the transfer window 4la for the compartment housing the
resiét coating.device 41. As a result, a free space is
provided above the resist coating device 41 and behind
the compartments housing the cooling devices 42A, 43A,
44A and the bakingsdevices 457, 46A. In the resist
processing system 1A of the third embodiment, the sub-
arm mechanism 99 is arranged in the free space noted
above so as to effedtively.utilize the.free space.

As shown in FIG. 8, the sub—arm mechanism 99 is
arranged behind the processing unit 40A and is provided
with an upper holder 99a and a lower hélder 99b which

are exclusively used for transferring the wafer W into

and out of the compartments stacked on the compartment

housing the resist coating device 41. . The sub-arm
mechanism 99 is movable in the Z-axis direction to
cover the stacked compartments including the uppermost

compartment housing the baking device 46A and the com-

' partment disposed directly on the compartment housing

the resist coating device 41, i.e., the compartment
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housing the cooling de&icé 42A. .Also, the two holders
99a and 99b of the sub-arm mechanism 99 can be moved
forward or backward aiternately or simultaneously.

The wafer W after the heat treatment in, for
examplé, the baking devices 45A, 46A is transferred by
the sub-arm mechanism 99 into the éooling devices 42A,
43A, 44A for the subseqﬁent cooling treatment. As
a result, the load of the main arm mechanism 47A is
lessened, making it possible to utilize the main arm
mechanism 47A for another transfer process. It follows
that the throﬁgh—but is increased. In addition, the
function performed by the sub-arm mechanism 99 permits
simplifying the operation of the main arm mechanism 47A
so as to suppress the particle generation. On the

other hand, the sub-arm mechanism 99 need not be swung'

"about the Z-axis, leading to a further simplified

operation and, thus, to a markedly suppressed particle
generation. It follows that the particle generatiqn
in the entife system 1A can be further suppressed.

The sub-arm meéhanism_99 is also arranged behind
each of the processing units 30A and SOA}.making it
possible to operate'efficiéntly the main arm mechanisms
37 and 57 for these processing units 30A and 503,
respectively. As a result, the through-put of the
entire system 1A can be markedly iﬁproved.

Needless to say, the sub-arm mechanism 39 of the

particular construction can also be used in the resist
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processing system 61 shown in FIG. 5. Incidentally, it
is possible for the sub-arm mechanism 99 to be provided
with a single holder. |

In any of the embodiments deséribed above, various
.treatments are applied to a semiconductor wafer.
However, other substrates sﬁch as a glass substrate
for an LCD device can also be processed by the resist
processing system of.the present invention.

As described above in detail, the resist

processing system of the present invention permits

- improving the through-put in, particularly, the heat-

treating steps, compared with the conventional system;
Also, the particle generation can be much suppressed,

compared with the conventional system. Further, the

‘processing system including both solution processing

type devices and heat-treating type devices can be
formed without difficulty. 1In this case, the_solution
processing ﬁype devices are prevented from being
thermally affected by.the heat-treating type devices
so as to carry out the desired solution processing
satisfactorily and with a high safety. |

Various solutidh processing type devices can
be incorporated in the resist processing system of
the present invention. Also, a series of solution
processing and heat treatments can be consecutively
applied effectively to the substrate transferred from

the load/unload section and, after completion of these
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treatmente, the substrate can be brought back to the
load/unload. section.
Further, the substrates having various treatments

applied thereto in a processing unit can be transferred

~smoothly to another-processing unit so as to carry out

a series of treatments effectively. 1In addition, the

relay section included in the resist processing system

of the present invention can be used as an interim

waiting position. Still further, the load of the main
arm mechanism can be lessened so as to improve the
through-put.

It should be noted that a resist solution is
likely to be affected by temperatures, with the result

that the thickness of the resist film tends to be

promptly affected by tempefatures. It follows that

it is difficult to obtain a desired film thickness by
simply disposing a heat-treating type device at an end
and stacking solution processing type devices such as
a resist coating device one upon the other. In the
present invention, however, the heating devices and
solution processing devices are arranged in the upper
and lower stages, respectively, with the cooling
devices arranged in the intermediate stage. It follows
that the cooling devices arranged in the intermediate
stage serve to prevent the solution processing devices
from being thermally affected by the heating devices.

Also, a series of solution processing and heat



10

15

20

- 24 -

treatments can be consecutively applied effectively to

the substrate and, after completion of these treatments,

'the substrate can be brought back to the load/unload.

section. Further, a sub-arm mechanism is used for

- simply transferting the substrate within the heat-

treating device to a cooling device so as to lessen
the load of the main arm mechanism and to.iﬁprove

the through-put. Still further, since the'éub-arm
mechanism is exclusively used for the simple transfer
operation noted above, it is possible to suppress
contamination of the substrate caused by, for example,
attachment of the procéss solution to the substrate,
compared with the conventiohal system.

Additional advanﬁages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broéder 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 or scope of the general inventive concept as

defined by the appended claims and their equivalents.



| AR ARY R 11

10

15

20

25

CLAIMS -

1. A_resist prbcessing system, comprising:

a plurality of processing units each having a
plurality of compartments stacked-one upon the other
in a vertical direction;

a solution processing device arranged in a
compartment positioned in a lower portion of said
processing unit for applying a process solution to
a substrate while rotating said substrate;

a heating device arranged in a compartment
poéitioned in an upper portion of the procéssing
unit for heating the'substrate;.

a cooling device arranged in an intermediate
positioned compartment between the compartment having
said'heating device ariaﬁged therein and the compart-
ment having said solution procesSing devicé arranged-:
therein for cooling the substrate; and

a main arm mechanism arranged in each of said
processing units and provided with a plurality of

holders for transferring the substrate into and out

of each compartment, said holder being movable into

~and out of each of the compartments included in the

procéssing unit, movéble in a Z-axis direction, and
swingable about the Z-axis by an angle 6.

2. The resist processing system according to
claim 1, further comprising a relay section arranged

between adjacent main arm mechanisms for transfer of .
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the substrate from one_main arm mechanism to the other
main arm mechanism.

3. The resist processing sYstem according to
claim 1, further cbnérising a sub-arm mechanism
arranged for each of the processing units, movable
toward and away from the heating device and the cooling
dévice included in the same processing unit, movable in

a Z-axis direction, and being equipped with a plurality

‘of holders for transferring the substrate from the

heating device to the cooling device within the same
processing unit.

4. The resist processing system according to
claim 3, wherein said sub-arm mechanism differs from
the main arm mechanism in the direction in which the
substrate is transferred into and out of the heating
device and the cooling device.

5. The resist processing system according to
claim 3, wherein the compartment housing the heating
device has two substrate transfer openings, and the
compartment housing the cooling device also has two
substrate transfer openings.

6. The resist processing system according to
claim 1, whersin said plural processing units are
arranged in series;

7. A resist processing system, comprising;

a process section for applying'a resist treatment

to a substrate; and

=
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a load/unload section for loading/unloading
the substrate into/out.of said process section;

said procesé section including:

a plurality of processing units each having a

5  plurality of compaftments stacked one upon the other
in a vertical direction; |

a solution proceSsing device arranged in a
compartment pbsitioned in a lower portion of said
processing unit for applying a process solution to

10 the substrate while rotating said substrate;

a heating device arranged in a coﬁpartment
positioned in an upper portion of the processing
unit for heating the substrate;

a cooling device arranged in an intermediate

15 compartment positioned between the compartment having
said heating dévice'arranged therein and the compart-
ment having said solution.prdcessing devicé arranged
therein for cooling.the substrate; and

a main arm mechanism arranged in each 6f said

20 procéssing units and provided with a'plurality of
holders for transferring the substrate into and out
of each compartment, said holder'being'movable into
and out of each of the compartments included in the
processing unit, movable in a Z—axis.direction, and

25 sﬁingabie about the Z—akis by an angle 6, at least one
of said main arm mechanisms serving to transfer the

substrate between the load/unload section and the

_— sw
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processing unit.

8. The resist proce551ng system according to
claim 7, further compr151ng a relay section arranged
between adjacent main arm mechanlsms for transfer of

5 the substréte from one main arm mechanism to the othér
main arm mechanism. - |

9. The resist procéssing systém_according to
claim 7,. further comprising'a sub-arm mechanism
arranged for each of the processing units, movable

10 toward and away from the heating device and the cooling
device included in the samé processing unit, mo&able in
a Z—éxis direction, and being equipped with a plurality
‘of holders for transferring the substrate from the
heating device to the ¢ooling device within the same

15 processing unit.

10. The resist processing system according to
claim 9, wherein said sub-arm mechanism differs from
the main arm meéhanism in the directioh in which the
substrate is transferred into and out of the heating

20 device.and the.coo;ing device.

11. The resist processing systém according to
claim.9, wherein the compartment housing the heating
device has two_substraté transfer.openingé, and the
compartment housing the cooling device also has two

25 substrate transfer openings.
12. The résist-proéessing sjstem according to

claim 7, wherein said plural processing units are

e
G
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arranged in series.

13. A reSLSt processing system, substantlally as
hereinbefore described with reference to FIGS. 2 to

FIG. 8 of the accompanying drawings.
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