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Screen-Printing Process Optimization for Electromagnetic
Wave-Absorbing Frequency Selective Surface (FSS) Films

Sung-Hun Ha*, Jinbong Kim*, Hyeon-Seok Choe*, Jaecheol Oh*,
Seokyoung Park*, Sangkeun Kim**, Hong-Kyu Jang™*’

ABSTRACT: This study proposes an optimization of the screen-printing process to achieve high reproducibility and
precise sheet resistance control in the fabrication of frequency selective surface (FSS) structures. The key process
parameters, including the mesh count and emulsion thickness of the screen mask, squeegee speed, and annealing
temperature, were systematically investigated to analyze their effects on ink transfer behavior and the morphological
and electrical properties of printed electrodes. Pattern stability and reproducibility were achieved down to a minimum
line width of 500 pm depending on the screen mask parameters. The electrode thickness for a line width of 500 um
ranged from 8.85 to 22.81 pum, resulting in a controllable sheet resistance range of 17.09-37.44 Q/sq. In addition, as
the squeegee speed increased, the electrode thickness increased while the sheet resistance decreased. As the annealing
temperature increased, the sheet resistance further decreased due to the enhanced percolation network between
conductive particles. The cross-dipole FSS film fabricated under the optimized process conditions exhibited an average
sheet resistance of 25.04+1.27 Q/sq (target: 25 Q/sq). The measured electromagnetic response closely matched the
simulated results, confirming the validity of the optimized process conditions.
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Table 1. Screen-printing process conditions

Parameter Unit Value/condition
Squeegee speed mm/s 30-140
Squeegee pressure kgf 10+1
Squeegee angle ° 55
Snap-off distance mm 1.06 £ 0.1
Drying condition °C, min 170, 1
Post-annealing condition °C, min 170-260, 60
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Table 2. Screen mask specifications

Parameter Unit Value/condition
Emulsion thickness pm 20/10
mesh count Mesh/inch 400/ 200
wire diameter pm 23 /40
Mesh angle ° 22,5

Table 3. Screen mask conditions

Condition Mesh count Emulsion Thickness
No. (mesh/inch) (um)
A 200 20
B 200 10
C 400 20
D 400 10

(a)

T,

Fig. 1. Screen-printing test patterns for process optimization, (a)
line & space pattern for evaluating minimum printable
line width, (b) dog-bone pattern for sheet resistance
measurement (scale bar: 1 mm)
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Fig. 2. Sheet resistance measurement and validation of contact
resistance effect, (a) schematic illustration of line resis-
tance measurement and conversion to sheet resistance,
(b) effect of contact resistance on measurement (W, =
1mm, L. =10 mm)
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Fig. 3. Schematic illustration of the screen-printing process
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Fig. 5. Spreading behavior of printed electrodes under different
screen mask conditions, (a) optical microscope images of
the printed electrodes(scale bar: 200 um), (b) spreading
ratio of the printed line width relative to the designed
line width
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