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Abstract

People’s interest in wearable devices has increased, and pressure sensors
applied to them are being actively developed. In this study, we proposed a
novel porous dielectric fabrication method in order to overcome the
reproducibility of the conventional porous dielectric fabrication method applied
to pressure sensors. In the conventional porous dielectric fabrication method,
the sensitivity and accuracy of the pressure sensor are decreased, because the
size and spacing of pores are not constant.

Therefore, we proposed the dielectric fabrication method which controlled
the porous structure through mold and needles. The dielectric has pore sizes
of 300 pm, 400 pm, and 500 pm with intervals of 1 mm, 1.5 mm and 2 mm,
respectively. The pressure sensors were made using the fabricated dielectrics
and the metal thin film, and then -characteristics evaluation such as
sensitivity, sensing limit, and response time was performed.

We confirmed that the larger the pore size and the narrower the gap, the
higher the sensitivity. When the pore size is 500 pym and the spacing is
1 mm, the sensitivity is 1.277 kPa! in the range of 0.5 kPa or less, which is
11 times higher than that of the bulk dielectric-based pressure sensor. The
response time was 100 ms with similar result when compared to conventional
pressure sensors. This 1is significantly lower in pore size than the
conventional pressure sensor, but it seems to have a similar performance by
improving the sensitivity at a constant size and spacing of pores.

Therefore, the precision pore—aligned dielectric-based pressure sensors
resulting in this study are expected to have sufficient potential for use in

wearable and healthcare devices.
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Fig. 9. Images of the fabricated dielectrics.

3.3 8= A&

A= T Eo] (65 ym) e PETHEE(200 yim)& o] &ate] A %ah 1k,

@O A Apolz=ol St FAAe AdeE= =9 A7l= 20 mm x
20 mm= AAsta, rEjH o] e PETE &S Ato]=ol st dastsitt

@ A< PETEF FelH o2& F-&353.

@ 9dd d52 19 103 Zrh

Fig. 10. Images of the fabricated electrodes.

_12_



3.4 MA A=

e

)

S FRAAE AFetel GPAAE Ak AFH FAANE A

Aol AH&-E Ecoflexs AF&3te] ZH3sdnh

i

@O A=l Ecoflexs efAl =xstal, v T2 FdA9 sy ofgindd
747k Zolal 70 T2 LENA 1A 759 A 3kA 71t}

=
@ 4" A2 71e A8 T2 FA4A 71 bHAM = 29 119 2o

PET Film «—___

CuTape “‘_
|I':% i
* Dielectric

| ]

Fig. 11. Images of the fabricated sensor.

_13_



Aol AsAIE 2 Wt A 224 7] (B1500A,
KEYSIGHT)E Atgdtom, AMAEAE 460 I7ES Festch 44
o AALE=AFH 7 (ESM303 Mark-10, USA)E o] &3, 1

@
o’
=
Q
2
m
>~
>
ofo
e
io
t
rob
r__>‘._2

]
Schematicillustration
of the experimental setup

" P7-based pressure sensor

i

Semiconductor Device Analyzer Tensile Compression Tester

Fig. 12. Schematic illustration of the experimental setup.

_14_



A4 dn 2 uF

4.1 dAe £4 gJt

(1) AAMe +% ¥ 7%

a9 138 tFA Fx 719k Ecoflex FAAIe] W Al S RojFErh o
& gAY wlolm g2 A3 (AM7115MZTL, Dino-Lite, Taiwan)< ©]&3dto]

st Th (a), (b), (o) 71&<2 wWE F4o] 1 mm¥ wWel 300 pm, 400 um, 500
ume] 71 A7)e] mE fFHAe] dHola (d), (e), (D& 1.5 mmd =] 300
um, 400 pm, 500 yme] 71& Z7]d W& FAAe @A (g), (h), HE 2 mmY
o] 300 pym, 400 pm, 500 pme] 7]& A7]o wWE f{FH A Tt T

A g ase AW = %5 imdER AAsm, e oA T

7ol AT Wk A1Ee Are gaste Ae qAT 5 A

3t
zel z2sleh Zel we ey Tz ue] Ecoflex fAAel 7EE

p ity (%) =(1 Solid Ecoflex specific volume )% 100
orosity(70)= Ecoflex Foam specific volume (4.1)

o714 Ecoflex Foam specific volumes EX=9¢ W{ ¥y} #i1, Solid
Ecoflex specific volume =X=9] Ul FIjo|A ztzte] 7]|go] Hu& wl A3}
2o A e tyA FE 719 Ecoflex f-AAE 7189 =77 A 1A 9]

]_

F25% V3Rt B A9e nah wed ) FE7



Fig. 13. Cross-sectional images of the dielectrics. (a), (b) and (c) are images

at 1 mm distance. (d), (e) and (f) are images at 1.5 mm distance. (g), (h)

and (i) are images at 2 mm distance.

1T mm 1.5 mm 2 mm
300 pm 6.715 % 4595 % 3.534 %
400 pm 11.938 % 8.168 % 6.283 %
500 pm 18.653 % 12.763 % 9.818 %

Table. 1. Porosity of the dielectrics.
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AH oz PTS FAAR At Ay FHEF2 dHAA = 05 kPa> HelolA = WEsF 1.277 kPa ‘o1, 0.5 kPa

< P < 15 kPa ¥ 9ol A= 0.045 kPa'o]ar, 15 kPa < P < 100 kPa ¥ ¢lol A= 0.022 kPa 'o]t}. ol 2 Qo4 714

o
i
rlo

NAEE BoFH, Bulk 44 7|9 A& dgAaAET A 118 =& IAEE 7Y, £33 7]&E9 o34 Fd4 7
dho] ot AlA A A e} Hluste] 3 2 o Bibei=
Transduction ; Sensitivity Response/ Minimum
) Material/structure ] ) References
mechanism (Pressure range) Recover time detection
Capacitive Porous PDMS 0.18 kPa” *(0-400 kPa) 100 ms 10 Pa (4]
0.068 kPa”'(0.01-0.05 kPa) 110 1P
Capacitive PDMS/DIW “ 4 s 4 [11]
0.095 kPa”*(0.1-0.5 kPa)
. porous PDMS/ -
Capacitive 5 kPa (8 kPa) 16 ms 0.21g [17]
cone—shaped patterns
Capacitive PVA/KOH(porous) 20.83 kPa '(0-5 kPa) 50 ms - [26]
Capacitive Porous PDMS 0.813 kPa (< 0.2 kPa) 70 ms 0118 g [27]
Capacitive micro-arrayed PDMS 2.04 kPa “(0-2000 Pa) < 100 ms < 7 Pa [28]
Capacitive Porous PDMS 0.63 kPa (< 1 KPa) 40 ms 242 Pa [29]
Capacitive Pore alignment Ecoflex 1.277 kPa (< 05 kPa) 100 ms 20 Pa This work

Table. 2. Comparison of sensitivity and measurement range of previous studies.
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Fig. 24. Capacitance variation of the pressure sensor(P7) as stepwise
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Fig. 25. Capacitance variation of the P7-based pressure sensor
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