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DEVICE FOR COATING SUBSTRATES IN SEMICONDUCTOR
PRODUCTION

The invention relates to a device for coating of

semiconductor substrates in two steps.
first

In the
step the coating medium or lacquer is
applied with an open capillary slot that is filled
with the lacquer and across which the substrate
with the surface to be coated facing downwardly is
guided. In the second step, the lacquef layer
thickness is made more uniform and thinner in a
spinning operation with the surface to be coated

facing downwardly.

In the field of semiconductor production the
object of coating rectangular or round substrates
with .a uniform layer of a lacquer or a coating
medium that is initially liquid is encountered in

order to produce. filters or

this purpose 1in
conventional devices the substrates are connected

color special

protective layers. For
to a turntable in a horizontal position whereby
the surface to be coated faces upwardly. A
certain amount of lacquer or coating medium is
dripped onto the center of the plate from above
via a jet. the turntable is
- rotated. Due to the centrifugal force the liquid
is distributed over the substrate during the
rotational movement.

Subsequently,

A great portion of the

liquid is spun off the plate across its edge. The
uniformness of the layer . thickness that is
achievable with this method depends on the

magnitude of the rotational acceleration and the
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substrates with a uniformlayer of lacquer or other, initially liquid
nedia, e.g. colour filters or special protective |ayers. Wen using
tonventional devices, the substrates are fixed horizontally, with the
surface to be lacquered upwards, onto 2 turnt'able. A certain amount of the
| acquer or liquid i's applied by dropping from above through a nozzl e onto
the centre of the substrate. Then the turntabl e ifhistReeedas BEGRepladtli d i S

di stributed over the substrate during the | IHI““I"H“I' I

The disadvantage of the known method is that
approximately up to 95% of the employed amount of
lacquer is spun off the substrate. This spun off
lacquer cannot be reused and is thus lost.

rotational velocity.

An improvement of this lacquering and coating
method has been achieved by supplying the liquid
via a very narrow open channel so that the liquid
is applied to the surface to be coated which is

facing downwardly by capillary and adhesion
effects.

Such a device is, for example, especially well
suitable for lacquering or coating of relatively
large plates in the thin layer technology, for
example, for LCD monitors etc. However, the
uniformness of the lacquer thickness achievable
with this method is not in all cases satisfactory
for lacquering substrates for manufacturing highly
integrated circuits.

It is therefore an object of the present invention
to improve the known lacquering and coating
processes with respect to the aforementioned
criteria and to achieve for lacquering of semi-
conductor substrates the required high uniformness
of the lacquer layer thickness.

According to the invention the solution to this
object for a device of the aforementioned kind is
comprised of the characterizing features of patent



rotatlng novenent owi ng to the centrlfugal force A large part of "t he

Liquid is thrown off the edge of the plate. The obtainable unifornmity of
t'he coating thickness depends on the paraneters of rotation acceleration
and rotation STmssSh eetHhsBesnmeﬁliceaadvant age that up to 95% of the used vol une

of lacquer is t dge of the substrate. The centrlfuged
substrate can n

d and, thus, is wasted.
claim 1. The lacquer is first applied to the
substrate with a capillary slot. Subsequently, the
substrate, with the lacquered surface facing

downwardly, is spun with a suitable velocity.
During this process the centrifugal force acts on
the lacquer layer, i.e., an outwardly oriented
displacement force. Naturally, within the lacquer
layer an equilibrium between the displacement
force and the adhesion force must be established.
The areas of the lacquer 1layer in which the
adhesion forces to the substrate surface,
respectively, the underlying lacquer layers is too
small, are displaced toward the edge of the
substrate and a portion thereof is spun off across
the edge. Accordingly, the lacquer layer thickness
across the substrate surface is made more uniform
and is reduced. |

It has been proven to be especially advantageous
to apply the lacquer onto the substrate surface
(prelacquering) . With this the optimal conditions
for the effectiveness of the subsequent spinning
process are provided.

It is furthermore especially advantageous, to
fasten the substrates for the prelacquering step
and the subsequent spinning step, with the surface
to be lacquered facing downwardly, to the same
holder, comprised of a turntable with drive shaft:
and corresponding drive motor.

Furthermore, one should preferably proceed such
that this holder is connected to a horizontally



iFron1|BNITechnicaI Di sclosure Bulletin, volunme 32, No. 1, June 1989, pages

811 - 313 it is known to fix the substrate with the—surface to be tacquered
sdownwards on the turntable. For |acquering purpOSﬁﬁ ghi s} de Lii&pitialky

emerged in a tank with resist, then dfopped off i A% i Sition of
5[err] and finally centrifuged in a centrifugal dr I o the

di scl osure of this reference the volune of resist of f can

be reduced by about

arranged linear transport device which provides
for the transport of the substrates from the
loading station to the unloading station and
between the treatment stations as well as the
uniform movement of the substrates across the
capillary slot required during prelacquering.

It is advantageous to arrange a protective ring of
a suitable shape about the rotating substrate.
With it the lacquer, which is spun off across the
edge of the substrate as described above, is
caught and removed in a directed manner.

Another advantageous embodiment of the invention
is characterized in that the protective ring can
be lowered into a lower rest position when the
spinning process is not performed. With this
measure the substrate can be transported in the
horizontal direction from the prelacquering
station to the spinning position without any
impediment. When the substrate reaches this
position, the protective ring is raised to the
level of the substrate in order to perform its
function during the spinning process.

More advantageously, the inventive lacquering
device is provided with a loading and unloading
device so that the entire lacquering process can
be automated. This is necessary in view of the
manufacturing conditions in semiconductor
production . and allows for a uniform and
reproducible lacquering result for large numbers
of produced pieces.



70% ,However, the device is conplicated since the centrifugal drum nust be
roved in horizontal direction over the tank containing the resist. In the
‘process it cannot be avoided that the resist i's being rendered | mpur e

which, as a result, inpairs the quality of the Lacguen ce@r 0cess of
| acquering and coati ng has been inproved by appl. mmnlﬁﬂ t hrough a

very narrow, open chanfer onto a surface of the |ng
downwar ds, wherein use is

Further details and advantageous embodiments of
the invention will become apparent from the
embodiments, described in the following and
represented in the drawings, which embodiments are
not to be understood as a limitation of the

invention, and from the dependent claims. It is
shown in:

Fig. 1 a side view of the complete design of

the inventive lacquering and coating
device;

Fig. 2 a view of the device for precoating that

is part of the device represented in
Fig. 1; and

Fig. 3 a perspective view of the spinning
device as part of the device according
to Fig. 2.

Fig. 1 shows a first embodiment of an inventive
lacquering device 10. On the frame 11 the channel
12 for the precoating step and the protective ring
22 of the spinning station 13 as well as ‘the
supports 14 and 15 for the linear transport device

16 are connected. At the movable part of the
linear transport device 16 the rotating motor 17
and at its shaft 18 the turntable 19. The

substrate 20 is connected to the plate holding
device 19, for example, by vacuum. For this
purpose, the holding device 19 is provided with
respective vacuum bores, not represented in the
drawing. In the context of the present invention,



‘made ,of capillary and adhesive effects. This process is, e.g. disclosed in
WS 2 046 596, wherein a narrow band of celluloid (for the manufacture of

films) is noved over a capillary gap and thus coated with the |iquid
supplled through the said capillary ggp from beneath.

other holding devices known to a person skilled in
the art can be used.

The open channel 12 with the capillary slot 21 for
the prelacquering step is represented in cross-
section in Fig. 1 and is further represented in
Fig.'z, also in section, in a perspective view.

Adjacent to the prelacquering device the
protective ring 22 for the spinning process is
arranged. It is connected to one or more stands
23 and 24 which can automatically adjust the
height position of the protective ring 22. For
example, they may be pneumatically adjustable
units, but also other devices, known to a person
skilled in the art. For the spinning process the
protective ring 22 is vertically upwardly
displaced with one or more stands 23 and 24, until
the protective ring 22 surrounds the substrate in
a suitable manner. In Fig. 2 the substrate to be
lacquered is shown above the protective ring 22
connected to the turntable 19 and the motor shaft
18. This position is represented in Fig. 1 in a
dash-dotted line and illustrates the situation
before or after the spinning process in which the
substrate is connected to the linear transport
device 16 in a position predetermined for the
spinning process the protective ring 22 however in
this position has not yet been displaced upwardly
or has already been 1lowered. This upward and
downward movement of the protective ring 22 is
necessary so that it does not obstruct the
substrate during its horizontal transport with the
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-2 - .Such devices are appropriate for |lacquering or coating conparably
lrarge plates in thin-filmtechnol ogy, e.g., LCD screens. The uniformty of
Y he | acquer thickness obtained by this nethod is, however, not always
sufficient for lacquering substrates i LSl tircuit manufacture.

linear transport device 16.

Fig. 1 shows the protective ring 22 in cross-
section. Its cross-section has a slanted U-shaped
profile. This embodiment ensures that the lacquer
or coating medium spun across the edge of the
substrate is caught within the annular profile and
is guided downwardly to the inner edge of the
protective riﬁg 22 from where it is removed
completely from the inventive device with a
lacquer removal 25.

For a fully automated version of the coating
device automatic loading and unloading stations
are provided in the areas indicated respectively
at 26 and 27 in Fig. 1. The loading device
removes the substrate 20 to be lacquered from a
magazine connected to the coating device at an
appropriate location and transfers it onto the
plate holding’ device 19. The unloading device
receives the substrate 20 from the holding device

19 and places it into a magazine provided at a
suitable location. '

Mode of operation of the lacguering device:

In a first step a substrate 20 is automatically or
manually connected to the turntable 19. The
turntable at this moment is in the area which is
indicated by reference numeral 26 in Fig. 1.
Subsequently, the linear transport device 16 is
moved in the direction of arrow 28, i.e., in
direction toward the channel 12.

This Sheet Has Been Replaced
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Therefore, it an object of the invention to inprove the known nethods of

| acquering and coating in respect of the above-nentioned criteria.
According to the invention this problemis solved By a device for

| acquering a substrate with a lacquer 8oating, conprising a turntable which
I's associated with a drive notor and to-which the substrate is fastenable
with the surface to be | acquered downwards, a pre-lacquering station

As soon as the leading point of the substrate 20
reaches the upper edge of the capillary slot 21,
prelacquering begins.. Of course, the substrate 20
is moved across the capillary slot 21 of the
channel 12 during the step of prelacquering.

After completion of the precoating step the
substrate 20 is moved together with the turntable
19, the motor 17, and the drive shaft 18 in the
direction of arrow 28 until it is centered above
the protective ring 22 which is at this moment in
its lowered rest position. When the substrate 20
has reached this position, the protective ring 22
is moved upwardly until the substrate 20 is
surrounded by it in a suitable manner. Then the
spinning process starts with which the lacquer
layer thickness on the substrate is made more
uniform and thinner. The excess lacquer is spun
off into the protective ring 22 and is removed via
the lacquer removal 25.

After completion of the spinning process the
protective ring 22 is again lowered. The
substrate 20 is subsequently transported by the
transport device 16 into the area shown at 27 in
Fig. 1 where it is automatically or manually

removed from the turntable 19. I
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whi ch-has a capillary gap,. across the upper side of which the substrate is
novabl e by its surface.to be | acquered by nmeans of a linear transport unit
Serving for the—+inear—advance of the turntable in order to pre-| acquer
this surface wth. Iacquer ‘fromthe capidlary *gap, _and a centrifuging

station to whi : acedi s novabl e by the linear transport unit
mmmﬂmt);?%nto ke un fo”‘]lmllcl mlﬂ(ln"lﬁllsﬂmlll a’CCIuer

after the pre-
Patent Claims

U)

coati ng thi ckne:

i. Device for lacquering (10) substrates (20) in
two'steps, characterized in that in the first
step the substrate (20) is prelacquered via
a capillary slot (21) and in a second step
the thus applied lacquer layer thickness is
made more uniform and thinner in a spinning
process. '

2. Device according to claim 1, characterized in
that during the prelacquering as well as the
spinning process the surface of the substrate
(20) to be lacquered is facing downwardly.

3.. Device according to at least one of the
preceding claims, characterized in that the
substrate (20) is connected, with the surface
to be coated facing downwardly, during the.
entire lacquering process to a turntable (19)
with motor and motor shaft (18).

4. Device according to at least one of the
preceding claims, characterized in that the
treatment stations for the prelacquering and
the spinning process are arranged adjacent to
one another and that the substrate (20) is
transported between these stations with a
linear transport device (16).

5. Device acéording to at least one of the
preceding claims, characterized in that for
the spinning process a protective ring (22)



of the turntable. Hence, in a first step the lacquer is applied to the
substrate through the capillary gap. Then, the substrate, with the surface
“to be | acquered al so downwards, is centrifuged at an appropriate rotation

speed. In this process a centrifugal figrce, %i.e. a dirgpPSR&GIERLnk
directed towards the outside, is acting upon the Iacqqaq

Nat ural |y, depl acenent force and ad ,l ﬂ""cmﬁﬂ mst
result in thHIITWFMIILHIMﬂlIﬂ " The

with a slanted U-shaped cross-sectional

profile 1is arranged about the rotating

substrate (20) in order to catch the spun-off
lacquer.

Device according to at least one of the
preceding claims, characterized in that the
protective ring (22i is lowered into a lower
rest position below the substrate (20), when
the spinning process is not performed.

Device according to at least one of the
preceding claims, characterized in that the
lacquering device (10) is provided with a
respective loading (26) . and a respective
unloading station (27) and is thus operable
in a fully automated manner.



he | acquer in which the adhesion to the surface of the substrate.
| acquer coating beneath it is too small are displaced towards
f the substrate and part thereof is thfown off the edge. Thus the
lati ng t hickness is nade uniL?%n1and refilced as a whole on the

t he substrate. Support on I near trapsport unit allows thes
fof the substrate between the_processingy

stations and al so the.
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over sthe capillary gap necessary for pre-|lacquering. - 3-
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hdvant age i f, according t 0 A, % foci ng station has a
e ring which surrounds the ’

or lowered to enable the;nb
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‘the I'inear transport unit. Thus, the substrate can be transported w thout
difficulty in horizontal dlrectlon fromthe pre-lacquering station to the
centrifuging station. If the substrate reaches the centrifuging station,

the protective ring is lifted frombelow to tthe | evel of the substrate in

order to fulfil itPEVICEIFOR COKTING SEBOERRKTES UDN NEENY @RHESFCTAW! eover, the
devi ce according to the |nvent|0nIERGEUGEm@meoust provided with an
automatic

Abstract

In a device for lacquering substrates (20) in a
first step the lacquer is applied with a capillary
slot (21) to the substrate (20) and in a second
step the lacquer layer thickness is reduced and
made more uniform by a spinning process.

(In connection with Fig. 1)

-
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| eadi ng and unl oadi ng station which renders it possible to automate the
entire |acquering process. This allows a uniformand reproducible

| acquering of a |arge nunber of pieces. Further details and advant ageous
enbodi nrents of the invention follow fromthe enbodi ments descri bed

herei nafter and shown in the drawing as well as fromthe further subclains
whi ch are, however, not intended to Iinit~the invention in any way. In the
dr awi ng: ' '

DEVICE FOR COATING SUBSTRATES IN SEMICONDUCTOR
MANUFACTURE

Description

When manufacturing semiconductors, often the need arises to coat rectangular or circular
substrates with a uniform layer of lacquer or other, initially liquid media, e.g. colour filters or
special protective layers. When using conventional devices, the substrates are fixed
horizontally, with the surface to be lacquered upwards, onto a turntable. A certain amount of
the lacquer or liquid is applied by dropping from above through a nozzle onto the centre of the
substrate. Then the turntable is moved. The liquid is distributed over the substrate during the
rotating movement owing to the centrifugal force. A large part of the liquid is thrown off the
edge of the plate. The obtainable uniformity of the coating thickness depends on the
parameters of rotation acceleration and rotation speed. It is a disadvantage that up to 95% of
the used volume of lacquer is thrown off the edge of the substraté. The centrifuged substrate
can no longer be used and, thus, is wasted. ' ’

From IBM Technical Disclosure Bulletin, volume 32, No. 1, Jux;e 1989, pages 311 -313 it is
known to fix the substrate with the surface to be lacquered downwards on the turntable. For
lacquering purposes this side is initially emerged in a tank with resist, then dropped offin a
chamfered position of 5° and finally centrifuged in a centrifugal drum. According to the
disclosure of this reference the volume of resist which is thrown off can be reduced by about
70%. However, the device is complicated since the centrifugal drum must be moved in
horizontal direction over the tank containing the resist. In the process it cannot be avoided that
the resist is being rendered impure which, as a result, impairs the quality of the lacquering.

The process of lacquering and coating has been improved by applying the liquid through a very
narrow, open chamfer onto a surface of the substrate pointing downwards, wherein use is
made of capillary and adhesive effects. This process is, e.g. disclosed in US 2 046 596, wherein
a narrow band of celluloid (for_ the manufacture of films) is moved over a capillary gap and

thus coated with the liquid supplied through the said capillary gap from beneath.

This is the reptacement sheet This Sheet Has Been Rerlaced
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-4 - Fig. 1 shows the entire |layout of the |acquering and coating device
according to the invention

Such devices are appropriate for lacquering or coating comparably large plates in thin-film
technology, e.g., LCD screens. The uniformity of the lacquer thickness obtained by this

method is, however, not always sufficient for lacquering substrates in LSI circuit manufacture,

Therefore, it an object of the invention to improve the known methods of lacquering and

coating in respect of the above-mentioned criteria.

According to the invention this problém is solved by a device for lacquering a substrate with a
lacquer coating, comprising a turntable which is associated with a drive motor and to which the
substrate is fastenable with the surface to be lacquered downwards, a pre-lacquering station
which has a capillary gap, across the upper side of which the substrate is movable by its surface
to be lacquered by means of a linear transport unit serving for the linear advance of the
turntable in order to pre-lacquer this surface with lacquer from the capillary gap, and a
. centrifuging station to which the tumntable is movable by the linear transport unit after the pre-
lacquering in order to make uniform and reduce the lacquer coating thickness there by rotation
of the turntable. Hence, in a first step the lacquer is applied to the substrate through the
| capillary gap. Then, the substrate, with the surface to b_e lacquered élso downwards, is
centrifuged at an appropriate rotation speed. In this process a centrifugal force, i.e. 2
displacement force directed towards the outside, is acting upon the lacquer coating. Naturally,
an equilibrium of deplacement force and adhesion force must result in the lacquer coating. The
areas of ¢e lacquer in which the adhesion to the surface of the substrate and/or the lacquer
coating beneath it is too small are displaced towards the edge of the substrate and part thereof
is thrown off the edge. Thus the lacquer coating thickness is made uniform and reduced as a
whole on the surface of the substrate. Support on a linear transport unit allows the transport of
the substrate between the processing stations and also the regular movement of the substrate

| over the cap:llary gap necessary for pre-lacquering.

) Thxs Sheet Has Been Rerl ace
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Fig. 2 shows the pre-lacquering station as a part of the device according

to Fig. | Fig. 3 shows the centrifuging station as a part of the device
according to Fig. 2. Fig. | shows a first enbodi nent of the coating device
10 according to the invention. On the structure 11 the chanfer for
pre-lacquering 12 and the protective ring of the centrifuging station 13 as

wel | as the stands 14 and 15 for the | +dear transport unit 16 are nount ed.
To the

It is an advantage if, according to claim 3, the centrifuging station has a protective ring which
surrounds the rotating substrate. The lacquer which is thrown off the edge of the substrate is

collected therein and let off in a targeted manner.

A further advantageous embodiment of the invention is characterised in that the protective ring
is constructed such that it can be lifted or lowered to enable the movement of the substrate by
the linear transport unit. Thus, the substrate can be transported without difficulty in horizontal
direction from the pre-lacquering station to the centrifuging station. If the substrate reaches the
centrifuging station, the protective ring is lifted from below to the level of the substrate in
order to fulfil its function during the centrifuging process.

Moréover, the d_evice according to-the invertion is advantageously provided with an automatic
leading and unloading station which renders it possible to automate the entire lacquering
_ process. This allows'a uniform and reproducible lacquering of a large number of pieces.

Further details and advantagebus embodiments of the invention follow from the embodiments
described Hereinafter and shown in the drawing as well as from the further subclaims which
are, however, not intended to limit the invention in any way. In the drawing:

\-
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novabl e .part of the linear transport unit 16 the drive notor 17 is fixed
and*to the notor shaft 18 the turntable 19 is fixed. The substrate 20
adheres to the turntable 19 by nmeans of vacuum To this end the holding
device 19 is provided with respective vacuum bores which are not
illustrated. O her holding devices known to the man skilled in the art can
al so be used within the franework of t#e invention.

Fig. | shows the entire layout of the lacquering and coating device according to the invention
Fig. 2 shows the pre-lacquering station as a part of the device according to Fig. |
Fig. 3 shows the centrifuging station as a part of the device according to Fig. 2.

Fig. [ shows a first embodiment of the coating device 10 according to the invention. On the
structure 11 the chamfer for pre-lacquering 12 and the protective ring of the centrifuging
station 13 as well as the stands 14 and 15 for the linear transport unit 16 are mounted. To the
movable part of the linear transport unit 16 the drive motor 17 is fixed and to the motor shaft
18 the tumtable 19 is fixed. The substrate 20 adheres to the umntable 19 by means of vacuum.
To this end the holding device 19 is provided with respective vacuum bores which are not
tlustrated. Other holding devices known to the man skilled in the art can also be used within
the framework of the invention.

The open chamfer 12 with the capillary gap 21 for pre-lacquering is shown in Fig. 1 in cross-

section and 2 perspective view thereof is shown in Fig. 2 in cross-section as well.

The protective ring 22 for the centrifuging process is arranged next to the pre-lacquering
station. It is fixed to one or several stands 23 ;nd 24 which can self-actingly adjust the level of
height of_ the protective ring. These can be, for instance, pneumatically adjustable units or other
devices known to the man skilled in the art. For the centrifuging process the protective ring 2
is lifted vertically over the stand(s) 23 and 24 in upward direction until surrounding the
substrate in an appropriate manner. Fig. 3 shows the substrate to be lacquered on the turntable
19 and the motor shaft 18 above the protective ring 22. The same illustration is shown in Fig. 1

by the dotted lines. It corresponds to the situation before or after the centrifuging process,
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The open-chanfer 12 with the capillary gap 21 for pre-lacquering is shown
in Fig. 1 in cross- section and a perspective view thereof is shown in Fig.
2 in cross-section as well. The protective ring 22 for the centrifuging
process is arranged next to the pre-lacquering station. It is fixed to one
or several stands 23 and 24 which can self-actingly adjust the |evel of

hei ght of the protective ring. These cah-be, for instance, pneumatically
adj ustabl e units or other

while the substrate is positioned on the linear transport unit 16 such as to be centrifuged, but
the protective ring has not yet been lifted or has already been lowered again, respectively. This
lifing and lowering of the protective ring 22 is necessary to avoid that the substrate is

obstructed during transport along the linear unit 16 in horizontal direction.

Fig. 1 shows a cross-sectional view of the protective ring 22. The protective ring has a
chamfered U-profile cross-section. This ensures that the lacquer thrown off the edge of the
substrate is safely collected in the ring profile and let off towards the lower internal edge of the .
protective ring from which it can be fully disposed over the lacquer outlet (25).

In order to realise an all-automatic version of the lacquering device, in the area marked 26 in
Fig. 1 an automatic loading station is mounted and in the area marked 27 an automatic
unloading station is mounted. The loading station takes the substrate 20 to be lacquered from a
magazine mounted in'a certain place and leads it to the turntable 19. The unloading station
takes the substrate 20 from the turntable 19 and again disposes it in a magazine mounted in a
certain place. ' ' '
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devi ces .known to the man skilled in the art. For the centrifuging process
the‘protective ring 22 is lifted vertically over the stand(s) 23 and 24 in
upward direction until surrounding the substrate in an appropriate nmanner.
Fig. 3 shows the substrate to be |lacquered on the turntable 19 and the
notor shaft 18 above the protective ring 22. The sane illustration is shown
in Fig. 1 by the dotted lines. It corr&Sponds to the situation before or
after the centrifugi ng process,

Mode of operation of the lacquering device:

In a first step a substrate 20 is fixed on the turntable 19 either automatically or manually. At
this moment the turntable is positioned in the area marked 26 in Fig. 1. Then, the lit}ear'
transport unit 16 starts moving in the direction of the arrow marked 28, i.e. in the direction of
the chamfer 12.

As soon as the foremost tip of the substrate reaches the upper edge of the caqillary gap 21, the
pre-lacquering commences. Naturally, the substrate 20 is moved over the capillary gap 21 in
the chamfer 12 during pre-lacquering.

When the pre-lacquering is completed, the substrate 20 is transported by the turntable 19 and
motor 17 comprising the shaft 18 in the direction of the arrow 28 until it is positioned exactly
above the protective ring 22 in waiting position. Once this position is reached, the protective
ring 22 is lifted until surrounding the substrate 20 in an appropriate manner. Then the
centrifuging process starts through which the lacquer coating thickness on the substrate is
thade uniform and reduced. The excess lacquer is centrifuged into the protective ring 22 and is
let off from there through the lacquer outlet 25.

After completion of the centrifuging process the protective ring 22 is lowered agam ‘then, the
substrate 20 is again transported via the transport unit 16 to the area marked 27 in Fig. 1
where it is removed from the turntable 19 either automatically or manually.
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CLAIMS

L. Device for lacquering a substrate with a lacquer coating, comprising a turntable (19) which
is associated with a drive motor (18) and to which the substrate (20) is fastenable with the
surface to be lacquered downwards, a pre-lacquering station (12) which has a capillary gap
(21), across the upper side of which the substrate (20) is movable by its surface to be lacquered
by means of a linear transport unit serving for the linear advance of the turntable (19) in order
to pre-lacquer this surface with lacquer from the capillary gap (21), and a centrifuging station
(22) to which the turntable (19) is movable by the linear transport unit (16) after the pre-
lacquering in order to make uniform and reduce the lacquer coatirig thickness there by rotatior
of the turntable (19).

2. Device according to claim 1, in which the processing station for the pre-lacquering and for
the centriﬂging procedure are arranged adjacent to one another.

3. Device according to claim 1 or 2, in which the centrifuging station has a protective ring (22)
with a chamfered U-profile cross-section, which surrounds the rotating substrate (20) duﬁng
the centrifuging.

4. Device according to claim 3, in which the protective ring (22) is constructed such that it can
b_e lifted or lowered to enable the movement of the substrate (20) by the linear transport unit
(16). |

3. Device according to one or more of the preceding claims, in which a loadmg station (26) for
the automatic loadmg of the turntable (19) is provided.

6. Device according to one or more of the preceding claims, in which an unloading station (27)

for the automatic unloading of the turntable (19) is provided.
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while the substrate is positioned on the linear transport unit 16 such as
to be centrifuged, but the protective ring has not yet been lifted or has
al ready been |owered again, respectively. This lifing and | owering of the
protective ring 22 is necessary to avoid that the substrate is obstructed
during transport along the linear unit 16 in horizontal direction. Fig. |

shows a cross- sectlonal vi ew of the pr‘cﬁ'{ective ring 22. The protective ring
has a '

DEVICE FOR COATING SUBSTRATES IN SEMICONDUCTOR
MANUFACTURE

ABSTRACT

In a device for lacquering substrates (20) in a first step the lacquer is applied
with a capillary slot (21) to the substrate (20) and in a second step the lacquer
layer thickness is reduced and made more uniform by a spinning process.

Figure 1
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chanfered U-profile cross-section. This ensures that the |acquer thrown off
t he ‘edge’ of the substrate is safely collected in the ring profile and | et
of f towards the lower internal edge of the protectiive ring fromwhich it
can be fully disposed over the lacquer outlet (25). In order to realise an
all-automatic version of the lacquering device, in the area marked 26 in
Fig. 1 an automatic Ioadlng statlon IS nppnted andin the area marked 27 an
autonatlc
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unl oadi ng station is nounted. The |oading station takes the substrate 20 to
be lfacquered from a magazi ne nounted in a certain place and leads it to the
turntable 19. The unloading station takes the substrate 20 fromthe
turntabl e 19 and agai n di sposes |t in a magazine nmounted in a certain

pl ace. '
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-6- Mode of operation of the lacquering device: In a first step a substrate
20 i's fixed on the turntable 19 either automaticall y or nmanually. At

-3-
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this noment the turntable is positioned-in the areZhigds tieaslréilaceméntghedt
Then, the |inear transport unit 16 starts noving in the direction of the
arrow marked 28, i.e. in the direction of the chanfer %qr)gfl $£9on as t he
forenost tip of the substrate reaches the upper ed i T capillary gap
21, the pre-lacquering commences. Naturajly, the substrate 20 is noved over
the capillary gap 21 in '

DEVICE FOR COATING SUBSTRATES IN SEMICONDUCTOR
MANUFACTURE

Description

" When manufacturing semiconductors, often the need arises to coat rectangular or circular
substrates with a uniform layer of lacquer or other, initially liquid media, e.g. colour filters or
special protective layers. When using conventional devices, the substrates are fixed

o horizontally, with the surface to be lacquered upwards, onto a turntable. A certain amount of
the lacquer or liquid is applied by dropping from above through a nozzle onto the centre of the
substrate. Then the turntable is moved. The liquid is distributed over the substrate during the
rotating movement owing to the centrifugal force. A large part of the liquid is thrown off the
edge of the plate. The obtainable uniformity of the coating thickness depends on the
parameters of rotation acceleration and rotation speed. Itis a disadvamage that up to 95% of
the used volume of lacquer is thrown off the edge of the substrate. The centnﬁ;ged substrate
can no longer be used and, thus is wasted.

From IBM Technical Disclosure Bulletin, volume 32, No. 1, June 1989, pages 311 -313 it is
known to fix the substrate with the surface to be lacquered downwards on the turntable. For

\_ lacquering purposes this side is initially emerged in a tank with resist, thext dropped offina
chamfered position of 5° and finally centrifuged in a centrifugal drum. Accotding to the
disclosure of this reference the volume of resist whictt is thrown off can be reduced by about
70%. However, the device is complicated since the centrifugal drum must be moved in
horizontal direction over the tank containing the resist. In the process it cannot be avoided that
the resist is being rendered impure which, as a result, impairs the quality of the lacquering.

The process of lacquering and coating has been improved by applying the liquid through a very
narrow, open chamfer onto a surface of the substrate pointing downwards, wherein use is
made of capillary and adhesivé effects. This process is, e.g. disclosed in US 2 046 596, wherein
a narrow band of celluloid (for the manufacture of ﬁlms) is moved over a capillary gap and
thus coated with the liquid supplied through the said capillary gap from beneath.



t he chanfer 12 duri ng pre-lacquering. \Wen the pre-| dbisusrthageplacerepl shasd,
the substrate 20 i's transported by the turntable 19 and notor 17 conprising

the shaft 18 in the direction of the arrow 28 until if.is Lt hgned
exactly above the protective ring 22 in waiting posiFF%h. %ﬁﬁ%f? S
position is reached, the protective ring 22 is lifted until surrounding the
substrate 20 in an appropriate manner.-2Zhen the

Such devices are appropriate for lacquering or coating comparably large plates in thin-film
technology, e.g., LCD screens. The uniformity of the lacquer thickness obtained by this

method is, however, not always sufficient for lacquering substrates in LSI circuit manufacture.

Therefore, it an object of the invention to improve the known methods of lacquering and

coating in respect of the above-mentioned criteria.

According to the invention this problem is solved by a device for lacquering a substrate with a
lacquer coating, comprising a turntable which is associated with a drive motor and to which the
substrate is fastenable with the surface to be lacquered downwards, a pre-lacquering station
which has a capillary gap, across the upper side of which the substrate is movable by its surface
to be lacquered by means of a linear transport unit serving for the linear advance of the
turntable in order to pre-lacquer this surface with lacquer from the capillary gap, and a

. centrifuging station to which the tumtable is movable by the linear transport unit after the pre-
lacquering in order to make uniform and reduce the lacquer coating thickness there by rotation
of the turntable. Hence, in a first step the lacquer is applied to the substrate throu:lgh the
capillary gap. Then, the substrate, with the surface to be lacquered also downwards, is
centrifuged at an appropriate rotation speed. In this process a centrifugal force, i.e. a
displacement force directed towards the outside, is acting upon the lacquer coating. Naturally,
an equilibrium of deplacgnt force and adhesion force must result in the lacquer coating. The
areas of the lacquer in which the adhesion to the surface of the substrate and/or the lacquer
coating beneath it is too small are displaced towards the edge of the substrate and part thereof
is thrown off the edge. Thus the lacquer coating thickness is made uniform and reduced as a
whole on the surface of the substrate. Support on a linear transport unit allows the transport of
the substrate between the processing stations and also the regular movement of the substrate
over the capillary gap necessary for pre-lacquering.



centrifuging process .starts through whi-ch the | acquefmrg)qgtmglgemmmwwn
the substrate is nade uni form and reduced. The excess Tacquer is
centrifuged into the protective ring 22 and is let off fromjth t hr ough
the |l acquer outlet 25. After conpletion of the centr Datgi n’@ &Eﬁgss t he
protective ring 22 is |owered again. then, the substrate 20 'is again
transported via the transport unit 16 T the area marked 27 in Fig. 1

It is an advantage if, according to claim 3, the centrifuging station has a protective ring which
surrounds the rotating substrate. The lacquer which is thrown off the edge of the substrate is

collected therein and let off in a targeted manner.

A further advantageous embodiment of the invention is characterised in that the protective ring
is constructed such that it can be lifted or lowered to enable the movement of the substrate by
the linear transport unit. Thus, the substrate can be transported without difficulty in horizontal
direction from the pre-lacquering station to the centrifuging station. If the substrate reaches the
centrifuging station, the protective ring is lifted from below to the level of the substrate in
order to fulfil its function during the centrifuging process.

Moreover, the d_evice according to-the inverition is advantageously provided with an automatic
leading and unloading station which renders it possible to automate the entire lacquering

_process. This allows"a uniform and reproducible lacquering of a large number of pieces.

Further details and advantageous embodiments of the invention follow from the embodiments
described hiereinafter and shown in the drawing as well as from the further subclaims which
are, however, not intended to limit the invention in any way. In the dréwing:



V\/nere it is rermved fromthe turntable .19 either au mail g or manu
N sist re lagement she:
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Fig. | shows the entire layout of the lacquering and coating device according to the invention
Fig. 2 shows the pre-lacquering station as a part of the device according to Fig. | .
Fig. 3 shows the centrifuging station as a part of the device according to Fig. 2.

N\ Fig. | shows a first embodiment of the coating device 10 according to the invention. On the
structure 11 the chamfer for pre-lacquering 12 and the protective ring of the ceatrifuging
station 13 as well as the stands 14 and 15 for the linear transport unit 16 are mounted. To the

-movable part of the linear transport unit 16 the drive motor 17 is fixed and to the motor shaft
18 the turntable 19 is fixed. The substrate 20 adheres to the turntable 19 by means of vacuum.
To this end the holding device 19 is provided with respective vacuum bores which are not
illustrated. Other holding devices known to the man skilled in the art can also be used within
the framework of the invention. |

The open chamfer 12 with the capillary gap 21 for pre-lacquering is shown in Fig. 1 in cross-

section and a perspective view thereof is shown ir Fig. 2 in cross-section as well.

The protective ring 22 for the centrifuging process is arranged next to the pre-lacquering
station. It is fixed to one or several stands 23 ;nd 24 which can self-actingly adjust the level of
height of the protective ring. These can be, for instance, pneumatically adjustable units or other
devices known to the man skilled in the art. For the centrifuging process the protective ring 2
is lifted vertically over the stand(s) 23 and 24 in upward direction until surrounding the
substrate in an appropriate manner. Fig. 3 shows the substrate to be lacquered on the turntable
19 and the motor shaft 18 above the protective ring 22. The same illustration is shown in Fig. 1
by the dotted lines. It corresponds to the situation before or after the centrifuging process,



CLAIMB 1. .Device for Lacquering a substrate with H¥$ it Higcreplasgmang sheet
conprising a turntable (19) which is associated with a drive notor (18) and
to which the substrate (20) is fastenable with trﬁtﬁyrf]qc{@;’ﬂbe | acquer ed
downwards, a pre-lacquering station (12) which has a-capill lary gap (21),
across the upper side of which the sulg%t_rate (20) is novable by its surface
to be |l acquered .

while the substrate is positioned on the linear transport unit 16 such as to be centrifuged, but
the protective ring has not yet been lifted or has already been lowered again, respectively. This
lifing and lowering of the protective ring 22 is necessary to avoid that the substrate is

obstructed during transport along the linear unit 16 in horizontal direction.

Fig. 1 shows a cross-sectional view of the protective ring 22. The protective ring has a
chamfered U-profile cross-section. This ensures that the lacquer thrown off the edge of the

N\ substrate is safely collected in the ring profile and let off towards the lower internal edge of the -
protective ring from which it can be fully disposed over ;he lacquer outlet (25).

In order to realise an all-automatic version of the lacquering device, in the area marked 26 in
Fig. 1 an automatic loading station is mounted and in the area marked 27 an automatic
unloading station is mounted. The loading station takes the substrate 20 to be lacquered from a
magazine mounted in'a certain place and leads it to the turntable 19. The unloading station
takes the substrate 20 from the turntable 19 and again disposes it in a magazine mounted in a
certain place. ' '



by neans of a linear transport unit’serving for the [ Thisas thedveplacemént siecet
turntable (19) inorder to pre-lacquer this surface wwth |acquer fromthe
capillary gap (21), and a centrifuging station (22) tg) w_i cp, ?Qe;murnt abl e
(19) is novable by the linear transport unit (16) aft A% he J - lacquering
in order to make uniform and reduce theglacquer coating thickness there by
rotation of the turntable (19). ;

Mode of operation of the lacquering device:

In a first step a substrate 20 is fixed on the turntable 19 either automatically or ma{xually. At
this moment the turntable is positioned in the area marked 26 in Fig. 1. Then, the linear
transport unit 16 starts moving in the direction of the arrow marked 28, i.e. in the direction of
the chamfer 12.

As soon as the foremost tip of the substrate reaches the upper edge of the cagillary gap 21, the
pre-lacquering commences. Naturally, the substrate 20 is moved over the capillary gap 21 in
-'\_/ the chamfer 12 during pre-lacquering.

When the pre-lacquering is completed, the substrate 20 is transported by the turntable 19 and
motor 17 comprising the shaft 18 in the direction of the arrow 28 until it is positioned exaf:tly
above the protective ring 22 in waiting position. Once this position is reached, the protective
ring 22 is lifted until surrounding the substrate 20 in an appropriate manner. Then the
centrifuging process starts through which the lacquer coating thickness on the substrate is
made uniform and reduced. The excess lacquer is centrifuged into the protective ring 22 and is
let off from there through the lacquer outlet 25.

After completion of the centrifuging process the protective ring 22 is lowered again. then, the
substrate 20 is again transported via the transport unit 16 to the area marked 27 in Fig. 1
where it is removed from the turntable 19 either automatically or manually.



2. Device according to claim1, in which the processi rTé“sslsa't“Fo’ﬁpP8P"‘t3HE"‘°e‘

pre-lacquering and for the centrifuging procedure are arrange dj acent to

one another. 3. Device-according to claim1 or 2, in \Ddieh lﬂ;E;lérﬂri f ugi ng

station has a protective ring (22) with a chanfered U-profile

cross-section, which surrounds the rotating substrate (20) during the
centrifuging. _ -7-

LR

1. Device for lacquering a substrate with a lacquer coating, comprising a turntable (19) which

CLAIMS

is associated with a drive motor (18) and to which the substrate (20) is fastenable with the
surface to be lacquered downwards, a pre-lacquering station (12) which has a capillary gap
(21), across the upper side of which the substrate (20) is movable by its surface to be lacquered
by means of a linear transport unit serving for the linear advance of the turntable (19) in order
to pre-lacquer this surface with lacquer from the capillary gap (21), and a centrifuging station

(22) to which the turntable (19) is movable by the linear transport unit (16) after the pre-
lacquering in order to make uniform and reduce the lacquer coating thickness there by rotation
of the turntable (19).

2. Device according to claim 1, in which the processing station for the pre-lacquering and for
the cenniﬁxging procedure are arranged adjacent to one another.

3. Device according to claim 1 or 2, in which the centrifuging station has a protective ring (22)
with a chamfered U-profile cross-section, which surrounds the rotating substrate (20) during
the centrifuging.

4. Device according to claim 3, in which the protective ring (22) is constructed such that it can
be lifted or lowered to enable the movement of the substrate (20) by the linear transport umt
(16).

5. Device according to one or more of the preceding claims, in which 2 loading station (26) for
the automatic loading of the turntable (19) is provided.

6. Device according to one or mdre of the preceding claims, in which an unloading station (27)
for the automatic unloading of the turntable (19) is provided.



: - : : This is th
4. Device according to claim3, in whigh the protective ri nge %l?cement sheet

-constructed such that it can be lifted.or |owered to enable {thg novenent of
the substrate (20) by the linear transport unit (16).DBK:DE??5§ cordi ng
to one or nore of the preceding clains, in which a |oading station (26) for
the automatic |oading of the turntableg19) is provided.

- DEVICE FOR COATING SUBSTRATES IN SEMICONDUCTOR
MANUFACTURE

ABSTRACT
In a device for lacquering substrates (20) in a first step the lacquer is applied

with a capillary slot (21) to the substrate (20) and in a second step the lacquer
layer thickness is reduced and made more uniform by a spinning process.

Figure 1
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