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Development of Slit Coating Photoresist with High
Coating Speed Property

Shuichi Takahashi
Shunji Kawato
Junichi Shimakura
Seiji Kurihara
Department of Applied Chemistry & Biochemistry Faculty of
Engineering, Kumamoto University, Kurokami, Kumamoto-shi,
Kumamoto, Japan

The faster coating speed is required to the photoresist for slit coating process. When
the photoresist is coated at high coating speed, the film thickness uniformity
becomes worse. The carboxylic acids and the ester compounds with long alkyl
chain were added into photoresist for the slit coating process. Such photoresist
showed really good film thickness uniformity of photoresist film on the glass sub-
strate at high coating speed condition.

Keywords: carboxylic acid; ester compound; photoresist; slit coating; solid content;
viscosity

INTRODUCTION

The manufacturing of LCD-TFT panels uses very large size of glass
substrates at sixth generation and seventh generation factories. The
size of glass substrates are more than 2� 2 meters. TFT panel makers
want to coat the photoresist on such glass substrates within short
time, because of the shortening production time. When the photoresist
was coated on the glass substrates at high scanning speed of slit
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nozzle, some problems appeared. One of the problems is an uneven-
ness of the coatings.

Lowering of photoresist viscosity was effective to improve the coat-
ing unevenness problem. But such method caused new problems. The
unevenness of photoresist film thickness and the increasing dispense
volume of photoresist were shown. We focused on the density of photo-
resist film after drying process, and we evaluated the matrix com-
pounds to improve the uniformity of photoresist film thickness.

EXPERIMENTAL

We reported that the acrylic copolymers were the effective compounds
as matrix compounds to improve the uniformity of photoresist film
thickness [1]. This time we added the carboxylic acid and the ester
compounds with long alkyl chain into photoresist. Table 1 showed
the photoresist formulation of each sample.

The photoresists were coated by the large size of slit coater made by
Toray engineering. The size of glass substrate was 1100� 1300 mm.
The width of slit nozzle was 1093 mm, and the gap between substrate
and slit nozzle was 150 mm. The film thickness (F.T.) of photoresist
after the vacuum drying process was 1.8 mm. We checked the film
thickness of photoresist film by the Nanospec-6500 made by Nano-
metrics. The observation of coating unevenness in the photoresist film
was done by Teknos-5000 K made by Teknos. The unevenness of
photoresist film thickness was observed by Atomic Force Microscope
(AFM, SPI-3700 made by Seiko Instruments Inc.).

RESULTS AND DISCUSSION

The photoresist added the acrylic copolymer showed very good uni-
formity of photoresist film thickness after drying process, but the
photospeed was slower than normal photoresist. We thought that

TABLE 1 Additives of Each Sample

Sample
name

Kind of
additive

Loading amount
of additive (wt%)

A none
B Lauric acid B1(5), B2(10)
C Oleic acid C1(5), C2(10)
D Methyl stearate D1(5), D2(10)
E Ethyl stearate E1(5), E2(10)
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the acrylic copolymer acted as a matrix compound for novolak resin.
Then we tried to search better compounds as the matrix compounds
without slower photospeed phenomena. We already reported the effect
of compatibilizer for photoactive over coating material [2]. The compa-
tibilizers were evaluated as the matrix compounds at this study. The
viscosities of all samples were adjusted to 4.0cP. Table 2 showed the
test result of the fastest coating speed and the uniformity of photore-
sist film thickness. The calculating equation of film thickness uniform-
ity was as follows;

Uniformity =ðMaximumF:T:�MinimumF:T:Þ=AverageF:T:=2� 100

The test result in Table 2 indicated that there wasn’t much differ-
ence about the fastest coating speed by the change of additives. We
judged that the fastest coating speed depended on the viscosity of
photoresist. Moreover we checked the correlation between additives
and uniformity of film thickness. The uniformity was calculated by
excluding the edge area of substrate. D2 showed the flat surface of
photoresist film at all area, and the uniformity was below 2.0%.

Our first target of the fastest slit coating speed was over 200 mm=s.
We evaluated the photoresist with lower viscosity as the next step.
Sample A and sample D2 were diluted to 3.0cP. The test result was
shown in Table 3. Sample A and sample D2 could be coated on the
glass substrate without any coating unevenness at 200 mm=s. When
sample A was diluted to 3.0cP, the uniformity of film thickness was
worse than 4.0cP of sample. The change of uniformity was 5.2%.
But sample D2 diluted to 3.0cP could keep the film thickness uniform-
ity of 4.0cP of sample. The change of uniformity between 3.0cP and
4.0cP sample was 0.44%.

TABLE 2 Fastest Slit Coating Speed and Uniformity of F.T. of Each Sample

Sample

Fastest
coating

speed (mm=s)

Uniformity of film thickness (%)

w=o 10 mm w=o 15 mm w=o 20 mm w=o 50 mm

A 140 2.77 2.56 2.13 1.58
B1 130 2.96 1.83 1.67 0.84
B2 130 4.55 2.83 1.29 0.63
C1 130 3.79 2.28 1.54 0.90
C2 140 2.92 2.16 1.19 0.48
D1 150 4.42 3.42 1.78 1.15
D2 130 1.87 1.79 1.79 1.78
E1 140 2.70 2.18 0.82 0.97
E2 130 2.39 1.63 1.28 0.75
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We thought that the difference of the change of uniformity by the
dilution caused from the density of photoresist film after drying pro-
cess. When the matrix compound was added into photoresist, the den-
sity of photoresist film after drying process increased. As the result,
the uniformity of film thickness became good. The AFM was used for
observation of the surface of photoresist film. The surfaces of sample
A (3cP) and D2 (3cP) were observed. Figures 1 and 2 were shown
the AFM picture of each sample.

The observation area was 1000� 1000 nm. The vertical scale of
Figure 1 was 20 nm, and the scale of Figure 2 was 2 nm. The film sur-
face of sample D2 was very flat and fine pitch compared with sample

FIGURE 1 AFM picture of sample A (3cP).

TABLE 3 Fastest Slit Coating Speed and Uniformity of F.T. of Each Sample

Sample

Fastest
coating

speed (mm=s)

Uniformity of film thickness (%)

w=o 10 mm w=o 15 mm w=o 20 mm w=o 50 mm

A (4cP) 140 2.77 2.56 2.13 1.58
A (3cP) 210 7.97 6.61 6.34 1.24
D2 (4cP) 130 1.87 1.79 1.79 1.78
D2 (3cP) 220 2.31 1.96 1.55 0.87
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A. This observation result indicated that methyl stearate increased
the density of photoresist film. As the result, the uniformity of film
thickness was better than sample without methyl stearate.

Moreover methyl stearate has another effect for Slit coating per-
formance. The higher solid content of photoresist is good for manufac-
turing of LCD-TFT panels. If panel makers use lower solid content of
photoresist to decrease the viscosity, the dispense volume of photore-
sist increases. The sample D2 (4cP) showed higher solid content com-
pared with sample A (4cP). The solid content ratio of sample A (4cP)
was 14.20%, and the ratio of sample D2 (4cP) was 15.28%.

We calculated the effect of saving the dispense volume of photore-
sist by adding methyl stearate into photoresist. If 100 cm3 of sample
A needs to coat on one glass substrate, the dispense volume of sample
D2 is 93 cm3. 7% of dispense volume of photoresist are saved by using
methyl stearate.

CONCLUSIONS

The decrease of viscosity of photoresist was effective to increase the
fastest slit coating speed, but the uniformity of film thickness became
worse. The adding methyl stearate showed good performance to

FIGURE 2 AFM picture of sample D2 (3cP).
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improve the uniformity of film thickness at high coating speed and to
save the dispense volume of photoresist. We thought that such effect
caused from increasing the density of photoresist film by the obser-
vation of the film surface by AFM.

REFERENCES

[1] Kawato, S. & Takahashi, S. (2001). 47th Meeting for presenting research papers
about polymer, p. 86.

[2] Takahashi, S., Zhang, Y., Mochida, K., Ogata, T., & Kurihara, S. (2005). IDW=AD
2005, 1295–1298.

62 S. Takahashi et al.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
H

ai
fa

 L
ib

ra
ry

] 
at

 1
4:

46
 0

9 
A

ug
us

t 2
01

2 


