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Study on Correlation Between the Internal Pressure Distribution of
Slit Nozzle and Thickness Uniformity of Slit-coated Thin Films
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Korea University of Technology and Education

ABSTRACT

With an attempt to investigate the correlation between the internal pressure distribution of slit nozzle and the
thickness uniformity of slot-coated thin films, we have performed computational fluid dynamics (CFD) simulations
of slit nozzles and slot coating of high-viscosity (4,800 cPs) polydimethylsiloxane (PDMS) using a gantry slot-die
coater. We have calculated the coefficient of variation (CV) to quantify the pressure and velocity distributions inside
the slit nozzle and the thickness non-uniformity of slot-coated PDMS films. The pressure distribution inside the
cavity and the velocity distribution at the outlet are analyzed by varying the shim thickness and flow rate. We have
shown that the cavity pressure uniformity and film thickness uniformity are enhanced by reducing the shim thickness.
It is addressed that the CV value of the cavity pressure that can ensure the thickness non-uniformity of less than 5% is
equal to and less than 1%, which is achievable with the shim thickness of 150 um. It is also found that as the flow
rate increases, the average cavity pressure is increased with the CV value of the pressure unchanged and the
maximum coating speed is increased. As the shim thickness is reduced, however, the maximum coating speed and
flow rate decrease. The highly uniform PDMS films shows the tensile strain as high as 180%, which can be used as a
stretchable substrate.

Key Words : Slit nozzle, CFD simulation, internal pressure distribution, slot-die coating, thin-film uniformity
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Fig. 1. (a) Components of the slot-die head and (b) the cross-
sectional view of the slot-die assembly.

Fig. 2. Image of gantry slot-die coater used for experiments.
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Fig. 3. CFD simulation result of pressure and velocity dis-
tributions inside the slot-die head.
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Table 1. Summary of simulated average pressure (Pavg), CV
value of cavity pressure (Pcv), average outlet
velocity (Uag), and CV value of outlet velocity

(Ucv) for different Ts.

Ts Pay Pov Unyg Ucv
(um) (Pa) *) mms) (%)
250 2,290 438 042 404
200 4,582 240 0.53 1.80
150 10,957 1.09 0.71 0.78
100 37,163 034 1.06 0.55

50 298,838 0.05 2.13 046
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Fig. 4. Image of PDMS film coated using slot-die head with
100-pum-thick shim at the flow rate of 1 ml/min and
the coating velocity of 1 mm/s.
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Fig. 5. (a) Thickness profile of the coated PDMS film for
different 7s, and (b) simulated Pcv value and
measured Tnu value of the coated PDMS film as a
function of 7s.

Table 2. Summary of measured average thickness (7avg) and
thickness non-uniformity (7wu) of PDMS films
coated at the velocity of 1 mm/s for different 7.

T5 (ym) Tong (pim) T (%)
250 8344 10.79
200 8339 6.60
150 8337 367
100 8267 393
50 Not available
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Table 3. Simulated Pcv values and measured Thu values of
PDMS films coated for different flow rates.

CFD simulation

TS F/R Pavg PCV
(um) (ml/min) (Pa) (%)
1 2,290 4.38
5 11,850 4.23
250 10 23,833 4.22
15 35,793 4.21
20 47,738 4.21
1 37,163 0.34
5 186,182 0.34
100 10 373,146 0.34
15 559,213 0.34
20 745,718 0.34
Coating
Ts F/R Vinax T avg TNu
(um) (ml/min) (mm/s) (um) (%)
1 1 83.44  10.79
3 2.5 96.78 10.33
5 4.5 91.78 9.81
250 7 6 9522 10.50
9 7.5 93.17 10.20
11 10 91.83 9.26
1 1 82.67 3.93
100 3 2.5 99.72 4.14
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Fig. 7. Maximum flow rate as a function of the shim
thickness.

Table 4. Summary of maximum flow rate(F/Rmax), maximum
coating velocity(Vmax), Tavg, and Tiu for different Ts.

Ty F/Rumax Vinax Tae T
(pum) (m/min) (mms)  @m) ()
250 11 10 9183 926
200 7 6 %50 674
150 5 45 B33 482
100 3 25 972 414
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