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57 ABSTRACT 

A method and apparatus for uniformly spin-coating photo 
resist material on wafers before the wafers are Subjected to 
a photoetching process. The Spin-coating apparatus com 
prises a first rotating device for rotating a rotating connector 
about a first axis and a Second rotating device located on the 
outer portion of the rotating connector. The Second rotating 
device rotates a wafer about a Second axis while the rotating 
connector rotates around the first axis. The first and Second 
axes are parallel to each other but are spaced apart by a 
designated distance. The designated distance can be adjusted 
and a plurality of Second rotating devices may be connected 
to Outer portions of the rotating connector. 

20 Claims, 4 Drawing Sheets 
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Fig. 1 
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Fig. 3A 

Fig. 3B 
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METHOD AND APPARATUS FOR 
UNIFORMLY SPIN-COATING A 
PHOTORESIST MATERIAL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method and apparatus 
for applying photoresist material on a Semiconductor wafer. 
More specifically, the present invention relates to a method 
and apparatus for obtaining a uniform photoresist layer on a 
wafer in preparation for a Subsequent photoetching process. 

2. Description of the Related Art 
Semiconductor devices are manufactured through a Series 

of processes. One Such proceSS is the deposition of a 
photoresist material on the Surface of a Semiconductor wafer 
in preparation for a Subsequent etching process. Many 
methods are available for applying photoresist material to 
wafers but they all have certain drawbacks. 

Available methods include an immersing method, a Spray 
ing method, and a rolling method, which are usually adapted 
for use with liquid photoresist materials. Because the back 
sides of the wafers may be coated with the photoresist 
material during the immersion and Spraying methods, these 
two methods are inappropriate for Semiconductor devices. 
The rolling method is generally used for printed circuit 
boards but it is inappropriate for Semiconductor devices 
because it is difficult to control the thickness of the photo 
resist layer using this method. Accordingly, a spin-coating 
method has been introduced to overcome the deficiencies of 
the above methods. 

The spin-coating method is one of the better methods for 
precisely controlling the thickness of a photoresist layer. For 
example, if the thickness of the photoresist layer is 0.5 tim, 
the thickness variation would be less than about 10% using 
the spin-coating method. A rotating device, also known as a 
Spinner, is usually used in Such a spin-coating method. A 
conventional spin-coating apparatus is shown in FIG. 1. 

Referring to FIG. 1, wafers 10 are fixed on vacuum 
chuckS 7 by a vacuum Suction force and are rotated by a 
spinner 5. A bowl 8 is installed above the vacuum chucks 7 
to protect photoresist dispensed to the wafers 10 from 
Scattering when the waferS 10 are rotated. An exhaust port 
9 is formed at a predetermined position on the side of the 
bowl 8. A catch cup 11 is installed at the bottom of the 
apparatus, where the photoresist material dropping from the 
bowl 8 is collected. 

The operation of the spin-coating apparatus is as follows. 
First, an elevator 12 is operated to elevate a cassette 2 loaded 
with wafers 10 to the level of the vacuum chucks 7. The 
wafers 10 in the cassette 2 are then successively transferred 
to the vacuum chucks 7. Filtered nitrogen 6 is supplied to the 
surface of the wafers 10 via a conduit to blow away the 
particles on the wafers 10. 

Next, a primer 3 is applied to the wafers 10 via conduit to 
enhance the adhesion of the photoresist 4 to the wafers 10. 
The primer 3 may be applied to the wafers 10 by spinning 
or evaporating. An evaporation priming process or a vacuum 
baking evaporation priming proceSS may also be used. 
When the priming process is completed, the photoresist 4 

is dispensed on the waferS 10 via a conduit. Two pumping 
Systems may be used for the dispensing proceSS. In the first 
pumping System, the photoresist contained in a vessel is 
pushed out of the vessel through a tip at the end of the 
conduit by using dry nitrogen gas to increase the preSSure 
inside the vessel. The other pumping System is a diaphragm 
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2 
System in which a bellows is used to compress and push out 
photoresist through the tip of the conduit. The particular 
thickness of the photoresist layer coated on the wafers 10 
does not have much of an influence on the process param 
eters. However, when an insufficient amount of photoresist 
is Supplied, the Surfaces of the waferS 10 cannot be com 
pletely coated with a photoresist layer. On the other hand, if 
too much photoresist is Supplied, the back Sides of the 
waferS may also be coated with the photoresist, which is 
undesirable because it affects wafer alignment. 

The photoresist Spin-coating process is carried out using 
a dynamic dispense cycle. In the dynamic dispense cycle, 
photoresist is applied to wafers 10 while the wafers 10 are 
rotated slowly at about 500 RPM. After applying the 
photoresist, the waferS 10 are rotated at a higher rate So that 
the photoresist can be uniformly spread out on the wafers 10. 

After the deposition of the photoresist, the wafers 10 are 
unloaded from the vacuum chucks 7 and stored in the 
cassette 2 for transfer to an oven for Subsequent processing, 
i.e., a Soft baking process. 
The Spin-coating proceSS using the Spinner 5, however, 

suffers a drawback. Specifically, it is difficult to obtain a 
uniform thickness layer of photoresist on the wafers 10. The 
centrifugal force, which is generated by the rotation of the 
Spinner 5, causes the photoresist to move away from the axis 
of the rotation. Because the magnitude of the centrifugal 
force depends on the distance from the axis of rotation, the 
movement of photoresist material varies with position on the 
wafer. This results in an uneven photoresist coating layer on 
the wafers 10. 

Several approaches and apparatuses have been disclosed 
to overcome Such deficiency. One Such apparatus is dis 
closed in Korean Patent Publication Number 94-10497, and 
includes an inner bowl between a Spinner and an outer bowl 
enclosing the Spinner. The inner bowl is simultaneously 
moved up by an elevating means when the waferS Stop 
rotating. When the inner bowl moves up and encloses the 
wafers, the movement of the air at the center of the wafers 
is the same as at the circumference of the wafers. 

Korean Patent Publication Number 93-8859 discloses a 
spin-coating method for enhancing the uniformity of pho 
toresist thickness on a wafer. The method includes three 
additional Steps that are performed after dispensing photo 
resist on the Surface of the wafers. First, the wafers are 
rotated at a first Velocity for a designated amount of time. 
Then, the wafers are rotated at a Second, faster Velocity for 
another designated amount of time. During the rotation at 
the Second Velocity, the wafers are intermittently rotated for 
1-2 seconds at a third velocity which is faster than the 
second velocity. The third rotation step is preferably 
repeated more than two times during the Second rotation 
Step. As a result, winding Surfaces are formed on the wafers 
in association with the rotations at the different Velocities. 

However, the apparatus and methods described above fail 
to consider that a cause of the uneven photoresist thickness 
is the radially varying centrifugal force, which yields a 
radially varying thickness of photoresist material. In other 
words, the dispensed photoresist material is influenced by 
the varying centrifugal force as the Spinner rotates and the 
material spreads over the whole surface of the wafer. The 
magnitude of the centrifugal force influencing the photore 
sist material is proportional to the Square of the radius at 
which the material is located on the rotated wafer. Therefore 
the level of centrifugal force varies with the position on the 
wafer. For example, the force is almost Zero at the center of 
the waferS and is at a maximum at the circumference of the 
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wafers. Such differences in the centrifugal force result in 
differences in the thickness of the photoresist layer; inevi 
tably the thickness of the photoresist layer at the center of 
the wafer will be different from that at the other areas of the 
wafer. Moreover, a wafer having a larger radius (e.g., 12 
inch wafers which are still under development) will have a 
greater difference in the center-to-edge thickness of a pho 
toresist layer than the 8 inch wafers that are currently used. 
The difference in thickness can be controlled to Some extent 
by adjusting the Spinning Velocity of the Spinner and modi 
fying the process variables in association with the Viscosity 
of the photoresist. However, the difference between the 
thicknesses at the center of the wafer where the centrifugal 
force is Zero compared to the thickneSS at the other areas of 
the same wafer cannot be fundamentally eliminated. 

SUMMARY OF THE INVENTION 

The present invention provides a method and apparatus 
for uniformly spin-coating a photoresist layer on the whole 
Surface area of a wafer by causing the centrifugal force at the 
center of the wafer to be greater than Zero. 

Generally, the centrifugal force is increased at the center 
of the wafer by an arrangement whereby the center of the 
wafer revolves around a different axis at the same time that 
the wafer rotates on its own central axis. A wafer's central 
axis is defined as an axis of rotation that is close to the 
geometric center of the wafer and is perpendicular to the 
plane of the wafer. 
More Specifically, a uniform photoresist layer on a wafer 

can be obtained by combining two different profiles-one 
profile associated with the rotation of a wafer on its central 
axis, and the other profile associated with the revolution of 
the wafer around an axis different from but parallel to the 
wafer's central axis. 

To achieve these and other advantages, the present inven 
tion provides a spin-coating apparatus, for uniformly apply 
ing a layer of photoresist material to wafers, including a first 
rotating device for rotating a rotating connector about a first 
axis and a Second rotating device, connected to an outer 
portion of that rotating connector, for rotating a wafer about 
a Second axis while that rotating connector rotates about the 
first axis. The first and Second axes are Substantially parallel 
and are spaced apart by a designated distance. 

In other aspects of this invention, the rotating devices 
comprise Spinners and the rotating connector comprises a 
rotating disk, a rotating beam, a rotating ring-shaped 
member, or rotating crossed beams. The first and Second 
rotating devices can rotate in the same or in opposite 
directions. There may also be a plurality of Second rotating 
devices connected to the outer portions of the rotating 
COnnectOr. 

The designated distance between the first axis and a 
Second axis can be varied by an adjusting member, Such as 
a Screw, connected to the rotating connector and mechani 
cally communicating with the Second rotating device. 

In another aspect of the present invention, there is pro 
Vided a spin-coating method for uniformly applying a layer 
of photoresist material to a wafer. The method generally 
includes the Steps of rotating a rotating connector about a 
first axis with a first rotating device at a first predetermined 
Velocity and rotating a wafer about a Second axis with a 
Second rotating device located at an outer portion of that 
rotating connector. The Second rotating device rotates at a 
Second predetermined Velocity while rotating with the rotat 
ing connector about the first axis. 

According to the methods and apparatuses of the present 
invention, the rotations of the wafer about the two axes are 
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4 
performed Simultaneously to eliminate the fundamental 
problems caused by positions on the wafer where the 
centrifugal force is near Zero. Thus, the present invention 
provides for the formation of photoresist layers with uniform 
thickness on Semiconductor wafers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a Schematic diagram of a conventional spin 
coating apparatus, 

FIG.2 is a side view of an embodiment of the spin-coating 
apparatus according to the present invention; 

FIG. 3A and FIG. 3B are top views of modified rotating 
connectors according to the present invention; 

FIGS. 4A, 4B and FIG. 4C are cross-sectional profiles of 
photoresist layers associated with various axes of rotation in 
accordance with the present invention; 

FIG. 5 is a side view of another embodiment of the 
spin-coating apparatus according to the present invention; 
and 

FIG. 6 is a side view of still another embodiment of the 
spin-coating apparatus according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

One embodiment of the Spin-coating apparatus in accor 
dance with the present invention is Schematically depicted in 
FIG. 2. In this embodiment, a shaft 22 of a first spinner 20 
is connected to the center of a rotating connector 24. On the 
edge of the rotating connector 24 a Second Spinner 30 is 
installed, having a Shaft 32 for mounting a vacuum chuck 34. 
The vacuum chuck 34 holds a wafer 40 by a vacuum suction 
force. The rotating connector 24 transmits the rotary power 
of the first spinner 20 to the second spinner 30. The rotating 
connector may be round in shape like the disk shown in FIG. 
3A. It is understood, however, that the rotating connector 
may be of various shapes within the Scope of the present 
invention, Such as, for example, a rotating beam 24 as 
illustrated in FIG. 3B, or crossed beams. The first spinner 20 
and the Second Spinner 30 may be ordinary Step motors. 
The operation of the spin-coating apparatus is described 

with reference to FIG. 2 and FIG. 3. 

As the first spinner 20 rotates about a first axis A at a 
predetermined Velocity, the rotating connector 24, 24', on 
which the second spinner 30 is installed, is rotated at the 
Same time about axis A. Thus, the rotation of the connector 
24, 24' results in the revolution of the second spinner 30 
about axis A. Simultaneously, the Second Spinner 30 rotates 
on its own axis B at the central axis of the wafer. Note that 
the axes A and B are parallel but Separated by a certain 
distance. The spinners 20 and 30 may rotate in the same 
direction or in opposite directions relative to each other. 

If only the rotation of the second spinner 30 is considered, 
the centrifugal force is near Zero at axis B near the center of 
the wafer 40, which is held by the vacuum chuck 34. 
However, the rotation of the first spinner 20 makes the entire 
wafer 40 revolve around the axis A of the rotating connector 
24, 24. As a result, the centrifugal force at the center of the 
wafer 40 is greater than Zero. 

There was a fundamental limit to obtaining a photoresist 
layer having a uniform thickneSS using the conventional 
spin-coating process Since the central area of the wafer 
experienced little or no centrifugal force as it rotated about 
its own central axis. The present invention provides a 
method for increasing the centrifugal force at the center of 
the wafer 40 by revolving the wafer 40 about a parallel, but 
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displaced, axis A at the same time as rotating the wafer 40 
about the wafer's own central axis B. 

FIGS. 4A, 4B and 4C are cross-sectional profiles of 
photoresist layer thicknesses on a wafer. The coordinate axes 
T and R represent the thicknesses and the radii of the 
photoresist layers, respectively. For description purposes, 
the dimensions of the thicknesses relative to the radii are 
exaggerated. 

First, when the second spinner 30 rotates the wafer 40 
about its own central axis B (indicated by the dashed vertical 
line), the photoresist thickness profile in FIG. 4A can be 
obtained. The profile shows essentially two symmetrical 
parts with the axis of Symmetry corresponding to the Vertical 
dashed line, axis B, shown in the drawing. The thickness of 
the photoresist layer decreases as the distance from the 
dashed line increases, i.e., from the central axis B of the 
wafer 40 towards the edge area of the wafer 40. At the edge 
area, the thickness increases again. In the case of 8 inch 
wafers, the reference thickness of the photoresist layer, 
marked by the horizontal dashed line H, is approximately 1 
tim. The variation from the reference thickneSS is approxi 
mately +15A in FIG. 4A. Specifically, the photoresist thick 
ness at the center and the edge of the wafer 40 may be up to 
15A thicker than the reference thickness, while between the 
center and the edge the photoresist layer may be up to 15A 
thinner than the reference thickness. 

FIG. 4B shows the profile of the photoresist layer that 
theoretically could be obtained on the rotating connector 24, 
24' if it is assumed that photoresist material is applied 
directly to the rotating connector 24, 24 when it is rotated 
by the first spinner 20 about axis A. In FIG. 4B axis A is 
shown as the vertical dashed line to the right of the profile. 
Thus the profile in FIG. 4B represents just one of the two 
symmetrical sides which would be formed about the axis A. 
The shape of the profile in FIG. 4B is similar to the shape 
of the left symmetrical part of the profile in FIG. 4A. 

Since the edge of a wafer is not generally used, a variation 
in thickness at the edge area has a negligible impact on the 
Semiconductor manufacturing process. Therefore, the inven 
tion focuses on the control of the thickness at the center area 
of a wafer 40 near its central axis B. According to the 
invention, the first Spinner 20 rotates at a predetermined 
Velocity about axis A, and at the Same time, the Second 
spinner 30 rotates about the axis B. The second spinner 30 
is installed at a position near the edge area of the rotating 
connector 24, 24', and is rotated as well by the rotation of the 
first spinner 20. By simultaneous rotation of the first and the 
second spinners 20 and 30, the wafer 40 loaded on the 
second spinner 30 rotates about the shaft 32 (axis B) of the 
Second Spinner 30 and, at the same time, revolves around the 
shaft 22 (axis A) of the first spinner 20. Therefore, the wafer 
40 is influenced by the centrifugal forces caused by the 
rotation about axis B as well as the revolution about axis A. 
As depicted in FIG. 4C, the profile of the photoresist layer 

resulting from the combined centrifugal forces is the same as 
the combination of the profiles of FIG. 4A and FIG. 4B. Note 
that the photoresist layer becomes uniform over the whole 
Surface of the wafer, except for the Severely increased 
thickness at the edge area which is not used. Moreover, it 
would be apparent to those skilled in this art that the 
photoresist layer shown in FIG. 4C does not have a double 
thickness equal to the sum of the layers in FIG. 4A and FIG. 
4B, even though it is described as a combination of the 
profiles. This is because FIG. 4B refers to a hypothetical 
deposition of photoresist on the rotating connector 24, 24. 

FIG. 5 illustrates another embodiment of the spin-coating 
apparatus, which includes a plurality of the Second Spinners 
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6 
30 and 50 rotating about respective axes B and C, thereby 
allowing for coating of Several waferS Simultaneously. 
Another embodiment of the Spin-coating apparatus is 

depicted in FIG. 6. In this embodiment, a plurality of screw 
arms 45 are radially engaged with the rotating connector 24, 
24 from the center towards the circumference thereof. One 
end of the screw arm 45 is rotatably fixed to a projection part 
46 of the rotating connector 24, 24. Accordingly, the Second 
Spinner 30 can be moved in association with the Screwing 
movement of the screw arm 45. As a result, it is possible to 
adjust the distance between the axis of the rotating connector 
24, 24 (axis A) and the axis of the second spinner 30 (axis 
B), i.e., the revolving radius of the second spinner 30, by 
adjusting the Screw arm 45. The particular distance is 
determined based on the evaluation of the uniformity of 
layer thickness obtained by combining the thickneSS profiles 
as described with reference to FIGS. 4A, 4B, and 4.C. 
The present invention thus eliminates the area having 

essentially no centrifugal force on a wafer when photoresist 
material is applied thereto, by making the wafer rotate on its 
central axis and revolve around a different but parallel axis 
at the same time. 
While the invention has been particularly shown and 

described with reference to several embodiments thereof, 
those skilled in the art should understand that various 
changes in form and details may be made without departing 
from the spirit and scope of the invention as defined by the 
appended claims and their equivalents. For example, a bowl 
to enclose the Second spinner may be installed along the 
edge area of the rotating connector, Such that the other 
wafers are protected from the Scattered photoresist material. 
The rotating connector may be modified to form a ring 
shape, whereby the Scattered photoresist material can be 
more easily discharged through the central opening area of 
the ring-shaped rotating connector. 
What is claimed is: 
1. Aspin-coating apparatus for uniformly applying a layer 

of photoresist material to a wafer, comprising: 
a first rotating device for rotating a rotating connector 

about a first axis, and 
a Second rotating device, connected to an outer portion of 

Said rotating connector, for rotating the wafer about a 
Second axis while Said rotating connector rotates about 
Said first axis, Said first and Second axes being Substan 
tially parallel to each other and Spaced apart by a 
designated distance, which said designated distance is 
variable. 

2. A spin-coating apparatus as recited in claim 1, wherein 
Said first rotating device comprises a first Spinner with a 
rotating axis coincident with Said first axis, Said first Spinner 
rotating at a predetermined Velocity. 

3. A spin-coating apparatus as recited in claim 1, wherein 
the rotating connector comprises a rotating disk. 

4. A spin-coating apparatus as recited in claim 1, wherein 
the rotating connector comprises a rotating beam. 

5. A spin-coating apparatus as recited in claim 1, wherein 
the rotating connector comprises rotating crossed beams. 

6. A spin-coating apparatus as recited in claim 1, wherein 
the rotating connector comprises a rotating ring-shaped 
member. 

7. A spin-coating apparatus as recited in claim 1, wherein 
Said Second rotating device comprises: 

a Second Spinner attached to Said rotating connector, and 
with a rotating axis coincident with Said Second axis 
and Substantially coincident with a central axis of a 
wafer, Said Second Spinner rotating at a Second prede 
termined Velocity; and 
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a vacuum chuck rotatably connected to Said Second spin 
ner for holding Said wafer by a vacuum Suction force. 

8. A spin-coating apparatus as recited in claim 7, wherein 
Said vacuum chuck is of a Size Sufficient to adhere an 8 inch 
wafer. 

9. A spin-coating apparatus as recited in claim 7, wherein 
Said vacuum chuck is of a Size Sufficient to adhere a 12 inch 
wafer. 

10. Aspin-coating apparatus as recited in claim 1, wherein 
Said first rotating device and Said Second rotating device 
rotate in the same direction. 

11. Aspin-coating apparatus as recited in claim 1, wherein 
Said first rotating device and Said Second rotating device 
rotate in opposite directions. 

12. A spin-coating apparatus as recited in claim 1, further 
comprising a plurality of Second rotating devices, connected 
to the outer portions of Said rotating connector. 

13. A spin-coating apparatus as recited in claim 1, further 
comprising an adjusting member for varying Said designated 
distance. 

14. A spin-coating apparatus as recited in claim 13, 
wherein Said adjusting member comprises a Screw, wherein 
one end of Said Screw is connected to Said rotating connector 
and Said Screw mechanically communicates with Said Sec 
ond rotating device via operation of threads of Said Screw. 

15. A spin-coating apparatus for uniformly applying a 
layer of photoresist material to a wafer, comprising: 

a first rotating Spinner for rotating a disk about a first axis 
at a predetermined Velocity; 

a Second rotating Spinner, connected to an outer portion of 
Said disk, for rotating the wafer about a Second axis 
Substantially coincident with a center axis of Said 
wafer, said spinner rotating at a second predetermined 
Velocity while Said disk rotates about Said first axis, 
Said first and Second axes being Substantially parallel 
and Spaced apart by a designated distance; 

a vacuum chuck rotatably connected to Said Second spin 
ner for holding Said wafer by a vacuum Suction force; 
and 

an adjusting member for varying Said designated distance, 
Said adjusting member comprising a Screw wherein one 
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end of Said Screw is connected to Said rotating disk and 
Said Screw mechanically communicates with Said Sec 
ond Spinner Via operation of threads of Said Screw. 

16. A spin-coating method for uniformly applying a layer 
of photoresist material to a wafer, comprising: 

rotating a rotating connector about a first axis with a first 
rotating device at a first predetermined Velocity; and 

rotating the wafer about a Second axis with a Second 
rotating device located at an Outer portion of Said 
rotating connector, Said Second rotating device rotating 
at a Second predetermined Velocity while rotating Said 
connector about Said first axis, Said Second axis being 
Substantially coincident with a center axis of Said 
wafer, and Said first and Second axes being Substantially 
parallel and Spaced apart by a designated distance, 
which Said designated distance is variable. 

17. A spin-coating method as recited in claim 16, wherein 
Said rotating connector and Said wafer rotate in the same 
direction relative to each other. 

18. A spin-coating method as recited in claim 16, wherein 
Said rotating connector and Said wafer rotate in opposite 
directions relative to each other. 

19. A spin-coating method as recited in claim 16, further 
comprising a step of adjusting Said designated distance prior 
to Said rotating StepS. 

20. A spin-coating apparatus for uniformly applying a 
layer of photoresist material to a wafer, comprising: 

a first rotating device for rotating a rotating connector 
about a first axis, and 

a Second rotating device, connected to an outer portion of 
Said rotating connector, for rotating the wafer about a 
Second axis while Said rotating connector rotates about 
Said first axis, 

wherein Said first and Second axes are Substantially par 
allel to each other and Spaced apart by a designated 
distance, 

and wherein Said Second axis is Substantially coincident 
with a center axis of said wafer, whereby the wafer is 
Substantially parallel to the rotating connector. 
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