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Slot-die coating is a method of coating a wide layer of thin film on a substrate. It has the advantages of large-area coating
with high reproducibility and uniform thickness. For this reason, it has been widely applied in various industrial
manufacturing fields. To secure higher coating uniformity under various coating conditions, estimating and controlling the
flow rate of the coating solution discharged to the substrate is crucial. In this study, a practical gravimetric flow rate
measurement method for slot-die coating uniformity evaluation has been introduced. The gravimetric method is a technique
for accurately and quickly estimating the flow rate through the mass change over time using a precision weighing balance.
We analyzed the measurement principle and errors caused by fluid mechanics such as hydrodynamic force or capillary
force. The dynamic properties based on fluid viscosity were also evaluated for flow rates from 5 to 50 ulL/s. The
repeatability of the fabricated measurement system was ~1.5 ul/s. Finally, it was confirmed that the settling time for high-
viscosity fluid could be advanced by 56.4% through multi-step feedforward control.
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NOMENCLATURE m. = Mass from the Capillary Force Effect
my = Mass from the Hydrodynamic Force Effect

D = Outer Diameter of the Nozzle .

D; = Inner Diameter of the Nozzle i = Mass Flow Rate

F, = Gravitational Force of the Weighing Object Q; = Volume Flow Rate

g = Gravitational Acceleration t = Measured Time

h; = Impact Height V; = Volume of the Fluid

I = Current Applied to Voice Coil Motor y = Surface Tension

K; = Force Constant of the Voice Coil Motor 6 = Contact Angle between the Fluid and the Nozzle
L = [Insertion Depth of the Nozzle

p = Density of the Fluid
my = Mass from the Buoyancy Effect u; = Normal Impact Velocity of the Fluid

my, = Liquid Mass inside the Nozzle below the Atmospheric up = Initial Velocity of the Falling Fluid
Pressure Level Am;= Measurement Error of the Fluid Mass

m; = Fluid Mass
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Fig. 1 Schematics of slot-die coating system
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2. Gravimetric Flow Meter
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Fig. 2 Schematics of a gravimetric flowmeter for coating nozzles
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Fig. 3 A photograph of the fabricated gravimetric flowmeter
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Fig. 5 Nozzle setup for (a) Fluid drop (b) Immersed discharge, the
measured flow rate in case of (c) Fluid drop, and (d)
Immersed discharge
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Fig. 6 Nozzle gap effects on the uncertainty of the flow rate
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Table 1 Test fluid properties

Water Glycerol  Silicone resin
Density [g/cm’] 1 1.28 0.98
Dynamic viscosity [cPs] 1 1,069 5,100
| R2=0.9997
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Fig. 8 Measured flow rates of (a) Water, (b) Glycerol, and (c)
Silicone resin in case of 50 pL/s pump command

Table 2 Measured flow rate, repeatability and settling time

Fluid Mean flowrate Repeatability  Settling time
(Viscosity) [uL/s] (1o) [uL/s] (5%) [s]
(\;V;esr) 457 0.18 225
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