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Abstract: Nozzle-printing dispensers, which utilize air pulsation as a dispensing principle, operate by transmitting air pressure
to the liquid to push a constant amount of liquid. Nozzle printers have the advantage of precisely controlling energy based on
liquid properties, such as viscosity and surface tension, enabling the precise application of liquid at specific locations and
quantities. This study introduces a printing process sequence using a nozzle printer equipped with a high-resolution vision
alignment system. It compares printing patterns according to key process variables (jet pressure, tip height, and travel speed)
that affect coating quality. Experimental results showed that a coating standard deviation of 2.14 um was achieved at a moving
speed of 20 mm/s and a nozzle height of 0.2 mm, resulting in the most stable and uniform coating quality. Through these
experiments, optimal conditions were identified based on factors such as coating width, uniformity, and presence of discontinuity,
and the effects of these conditions on the precision manufacturing process are discussed.
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Main Robot

Air Controller

Table 1. System specification.

Features Specifications

XY Movement Accuracy +2 pm or less

Stage Repeatability +1.0 um

Repeat Positioning Accuracy 5 um

Recipe Storage Capacity Max. 1,000 units

Syringe Specifications 3-30 cc, Barrel Type Supported

Material Viscosity Range 50-100,000 cps
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Fig. 1. Photography of (a) 350PC configuration with main robot and air controller and (b) theory of height alignment by slope tracking.
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Fig. 4. Description of (a) special functions on the main monitor screen and (b) dimensional measurement images.
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Fig. 8. Dispensing preparation (syringe setup, Z-axis zeroing, and

nozzle alignment).
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Fig. 9. Operational phase of cycle regulation and cycle tree regulation.
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Table 2. Line-width values with various printing conditions.
Movement Speed Nozzle Height Average Line-Width  Standard Deviation Minimum Maximum Range
(mm/s) (mm) (pm) (pm) (pum) (pm) (pm)
10 0.2 363.37 10.58 351.22 370.51 19.29
10 0.4 335.31 1.44 334.13 336.91 2.78
10 0.6 294.44 1.71 292.48 295.61 3.13
20 0.2 212.80 0.25 212.52 212.99 0.47
20 0.4 183.73 0.41 183.26 183.97 0.71
20 0.6 133.43 0.66 132.87 134.15 1.28
30 0.2 185.46 0.75 184.89 186.38 1.49
30 0.4 166.63 3.07 162.95 168.49 5.54
30 0.6 143.02 2.35 140.14 144.54 4.40
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Fig. 10. Line width according to height changes of (a) 0.2, (b) 0.4, and (c) 0.6 mm at 10 mm/s speed.
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Fig. 11. Line width according to height changes of (a) 0.2, (b) 0.4, and (c) 0.6 mm at 20 mm/s speed.

oo P —

144 54pm 144.39um 140.14pm
169.54pum 168.46um 162.95um

184.89um 185.12um 186.38um

I 200um I I 200um I I 200pm I

5X 5X 5X

Fig. 12. Line width according to height changes of (a) 0.2, (b) 0.4, and (c) 0.6 mm at 30 mm/s speed.

Fig. 13. Photography of (a) a PTFE printing using a 30 G nozzle and (b) PEDOT:PSS printing using a 31 G nozzle for the organic
electrochemical transistor device fabrication.
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