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In this study, we developed a process technology to fabricate RFID tag antennas

Received 2 February 2017 using a one-sheet inlay micro-pattern forming process by press-molding RFID
Revised 22 Mar.ch 2017 tag antennas on insulation sheet layers, such as polymer films, using ultrasonic
Accepted 24 April 2017 longitudinal vibration. In addition, a fine pattern applicable for RFID tag
antennas was manufactured using a 25 pm thick thin-plate square wire; this is in
Keywords: contrast to the method that uses a conventional round wire. The developed
Fa.br1cat1on ultrasonic indentation process can be used to fabricate fine pattern of the RFID
Micro-pattern antenna using one piece of equipment. The simplified manufacturing process
RFID T‘.’g . technology has a shorter manufacturing time and is more economical. The
Ultrasonic forming developed RFID tag antenna forming technique involves pressing the 25 pm
Ultrasonic vibration square wire directly on the thin sheet insulation sheet of maximum thickness 200
um, using a 60 kHz ultrasonic tool horn.
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Ultrasonic energy is propagated
into the polymer material as wave
and geat is taken place by visco-
elastic dissipation

Ultrasonic vibrations take place
on a surface of a polymer
material

3. 4,

Finally, the holding pressure is
maintained for 2~3 seconds to
form full shape of the micro
pattern

Melted polymer material flows
into cavities of sonotrode due
to certain forming load

Fig. 1 Ultrasonic fine pattern forming process
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Table 1 The material properties of the ultrasonic tool horn

Material STD-11 (60 kHz)
Density (kg/m’) 7,700
Modulus of Elasticity (GPa) 190
Poisson’s Ratio 0.27
D1 D1
R9
Dz
A t,
Y|l es ¥ 25
28 28
Dim(mm) | L1 | L2 | DI | D2 | R
Output 8 mm| 28 | 25 15 8 9

Fig. 2 Step horm design dimensions
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Fig. 3 Ultrasonic horn for FEM model
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Table 2 Resonant frequency of the tool horn

Mode Homn 60 kHz tool horn Vibration mode
1 30,132 Longitudinal
2 32,641 Twist
3 33,532 Twist
4 35,873 Transverse
5 51,548 Twist
6 52,252 Twist
7 60,811 Longitudinal
8 76,494 Transverse

(a) 1st mode: 30,132 Hz

(b) 2nd mode:32,641 Hz

(c) 3th mode: 33,532 Hz

(g) 7th mode: 60,811 Hz

(h) 8th mode: 76,494 Hz
Fig. 5 Vibration mode shape of tool horn
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Fig. 6 Harmonic vibration response curve of tool horn
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X = 495.00 nm
Y = 43 .06 um
D = 43 .06 um

YONSEIL WDI‘I 5 mm

*400 100 um

Fig. 10 Cross-sectional SEM micrographs of deposited layer
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(b) Microforming pattern by ultrasonic vibration

Fig. 11 Microforming pattern
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