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ABSTRACT : Slot coating has been widely spread in photo resist coating on glass for flat display monitor. High quality
of coating is required as high quality of image in display is needed. Coating quality in the slot coating is divided into
nozzle direction quality and machine direction quality. Nozzle direction quality is related to flow uniformity inside the
die whereas machine direction quality is related to die lip design and operational conditions. In this study coating uniformity
in the machine direction of slot coating has been investigated through computer simulation. Die lip angle and die lip length
were considered as outside die geometry and coating speed was considered as operational condition. Coating behavior has
been analyzed and coating quality has been evaluated through computer simulation. Coating thickness decreased and coating
uniformity increased as coating speed increased. However, the stability of meniscus formation was reduced and subsequently
coating stability was reduced as coating speed increased. Coating thickness deviation decreased as die lip angle increased
in down stream die. Coating thickness decreased and time to reaching steady state increased as increased die lip length
in down stream die.
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Table 1. Material Data for Photo Resist Used in This Study

Density (g/cm’) 1.003
Viscosity (cp) 3.8
Surface Tension (N/m) 0.025
Contact Angle ( °) 18.8

Coating Direction
—

Up Stream own Stream/ . T Rt
Die Lip Angle Die Lip Die Lip 1e 1;)} ngle
A
> Coated Thickness

\Substrate (Glass)

Figure 1. Outside geometry of slot coater die.
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Figure 2. Boundary conditions for coating simulation.
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Table 2. Basic Conditions for Coater Die Dimension and Coating
Speed

Variable Value

Coating Speed (mm/s) 150

L A(° 45
Die Lip Angle B () 45
Die Lip Up Stream (£ m) 180
Length Down Stream ( 1£m) 60

Table 3. Variable for Computer Simulation of Coating
Variable Value
Coating Speed 100 150 200 250

(mm/s)
A | 300 45 60| 30| 45| 45| 60
B | 30/ 45| 60| 45| 30| 60| 45

Die Lip Angle( °)

o UP 130 | 180 | 180 | 180 | 230
Die Lip Length Stream

() Down |6 1 40 | 60 | 80 | 60
Stream
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Table 4. Coating Thickness for Coating Speed (Unit: /2 m)
Speed . Standard
(mm/s) Min Max Mean Deviation
100 15.78 18.53 16.77 7.23E-04
150 10.47 10.51 10.48 1.21E-05
200 7.76 7.76 7.77 7.72E-08
250 6.22 6.23 6.22 1.75E-09
\ Time to Steady State
100 mm/s Y =0.160s
1
Time to Steady State
150 mm/s : t=0.084s
1 Time to Steady State
200 mmy/s g =0.078s
Time to Steady State
t=0.110s

100mm/s

Figure 5. Velocity vector of photo resist for coating speed.
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Table 5. Coating Thickness for Die Lip Angle (Unit: z£m)
Angle[® . Standard
(Ag,B[) : Min Max Mean Deviation
45,30 10.26 10.35 10.28 2.02E-05
45,45 10.47 10.51 10.48 1.21E-05
45,60 10.40 10.44 10.41 8.63E-06
30,45 9.97 10.00 9.99 9.40E-06
45,45 10.47 10.51 10.48 1.21E-05
60,45 10.16 10.19 10.17 8.15E-06
30,30 10.39 1047 10.40 2.08E-05
45,45 10.47 10.51 10.48 1.21E-05
60,60 10.38 1042 10.39 8.35E-06
(A:B) : K Time to Steady State
45°:30° <N =0.064s
(A:B) Time to Steady State
45°:45° ! =0.084s
(AB) :1 Time to Steady State
45°:60° ' t=0.114s

Figure 6. Distribution of photo resist for downstream die lip angle.
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30°:45° t=0.128s

Time to Steady State

(A:B)

45°:45° i : t=0.084s
(A:B) ' Time to Steady State
60°:45° 3 i =0.074s

Figure 7. Distribution of photo resist for upstream die lip angle.
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Figure 8. Distribution of photo resist for same die lip angles of
downstream and up stream.

Figure 9. Velocity vector of photo resist for same die lip angle
of downstream and up stream.
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Table 6. Coating Thickness for Die Lip Length  (Unit: xm)
Up, Down Min Max Mean Star.ldgrd
Deviation
180,40 10.49 10.54 10.51 1.16E-05
180,60 10.47 10.51 10.48 1.21E-05
180,80 10.08 10.11 10.09 6.88E-06
130,60 10.33 10.37 10.34 1.03E-05
180,60 10.47 10.51 10.48 1.21E-05
230,60 10.41 10.45 10.42 1.10E-05
i ﬂ E Time to Steady State
180pm:40m ' & =0.084s
S Time to Steady State
ISEID)u;n:Wum i 3 =0.084s
Time to Steady State
(Up : Down)
180pm:80um E t=0.102s

Figure 10. Distribution of photo resist for downstream die lip
length.
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Figure 11. Velocity vector of photo resist for downstream die
lip length.
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Figure 12. Distribution of photo resist for upstream die lip length.
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