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ABSTRACT

I. TITLE

Research on Transparent Actuator and UX Application

II. Purposes of the Research

Smart interface technology becomes a crucial factor for mobile phone
market since smart IT devices have changed user interface with social
and cultural changes after launching iPhone. In order to enhance
competitiveness for our mobile phone industry, development of our own
technology with continuous advances in smart technology that has
been developed so far is required. Haptic technology is one of
promising candidate. Recently, as haptic feedback technology connected
with touch—screen technology is continuously developing, touch-screen
market allowing multi-touch interaction is rapidly growing. However,
haptic technology integrated into current smart phone is not sufficient
to satisfy users’ various demands on functional interface. Therefore we

need novel user—centric haptic interface technologies.

. The contents of the study

[] Research Goal

0 Development of a high performance transparent and flexible

actuator and its application



[1 Research Contents

o We focus on performance enhancement of muscle-type actuator to
improve its output force, transparency, and response speed. After
that, we study on the integration of the actuators to configure an

array can be utilized in various application.

0 By increasing the output of the muscle type actuator significantly,
we can find novel utilization of it and acquire intellectual property
rights in various applications such as optical lenses as well as its

tactile output purpose.
o Applied study on muscle-type actuator

- Over 10% change of length
- Tactile output greater than 15dB
- Localized control which enabled independent operation more

than 2 points
o Applied UX study based on transparent actuator

- Patent applications of new concept devices such as optical,

tactile modules.

IV. Research Results

In this study, we have developed technologies on transparent tactile
output device based on the muscle type actuator which is the core
technology of the next generation tactile interface. We mainly
studied for the improvement of the output and functionality of the

actuator and the film-type haptic feedback test module  using



functional polymer and transparent electrodes.

Muscle-type actuator 1s composed of highly elastic transparent
dielectric polymer and stretchable electrode. We developed the
actuator by designing and applying a structure which can increase
the strain of muscle type actuator using pre-strain technique. When
the circular frame structure inducing 150% or more radial expansion
1s applied, we confirmed the maximum level strain that can be
generated by voltage application at which dielectric breakdown does

not occur is 14.6% in length, 21.3% in area.

A multi-layered tactile output actuator with dielectric elastomer
laminated is developed to realize high output tactile feedback. This
actuator consists of 6 layers of elastic polymer film with no
stiffness change. It can be operated separately at maximum 6
points when voltage is applied. It has not only large vertical
displacements (maximum displacement: 650 pm, 93% of thickness)
but also high output force (Maximum output force: 249 mN), and it
is confirmed that two tactile stimuli (protrusion, vibration) can be
realized due to the output enhancement achieved by application of
multi-layer structure. In particular, the ANOVA analysis based on
a user test showed that the actuator can be used to adjust the
protruding stimulus by the applied voltage, to generate stimuli of
different perceived strength in sixth step. In addition, it can output
about 5.13 times of the perceptual threshold, which corresponds to

17.2 dBSL in maximum.

Functional material was developed to improve the output and



functionality of tactile output actuator. This material has developed
the poly (DEDMS-co-DEMVS) precursor synthesis method and is
PDMS-g-PTBA based on this precursor. This material has both
bistable mechanical property and elasticity property, and it is
confirmed that it has 20% or more higher dielectric constant and
100 ~ 800 times higher wvariability that can control mechanical
property than those of PDMS, which is the conventional dielectric
elastic polymer. We have developed and active device based on this
material by applying the process of forming the high elasticity
driving electrode based on the nanowire embedding method. We
also confirmed that it is possible to realize the large deformation

characteristic that can be reconfigured by thin film type.

A thin—film type haptic feedback test module was developed using
functional polymer and transparent electrode. This module was
fabricated in 10.1 inch size, has 75% light transmittance, and has

maximum output of 5G (free load condition).

V. Proposition

In this R&D environment, it is not only empathy based on the
experience of the researchers, but also the fact that the researchers
who attained the global research achievement level such as Nobel
Prize commonly mention the fact that the establishment of a
long-term and stable R&D environment is the most important thing
for a basic fundamental research project. If short-term performance

is required, we will have to rely on our results for short-term



performance, rather than high-level results. We ask for your
long-term and stable R & D environment to support your research
and management environment every year so that you can obtain
highly sophisticated research results and original research results
through long-term continuous research. We promise not to neglect
our efforts as a researcher to continuously achieve the level of
technology that is at the global reading level, while maintaining the

originality of the developed technology.
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2.

Electric actuation
Cooling down

<AL >

AL 43t

O poly(DEDMS-co-DEMVS) A4 g4

afd "gA 822 polydimethylsiloxane (PDMS)el]  poly(t-butyl
acrylate) 2 3}8t2 o2 ZAgA7l PDMS-g-PTBA A2AE A%k 1@ 19
EAEE mpel Fo] B4 FA4S fs WA AR uE dZFAd
diethoxy—dimethylsilane (DEDMS)¢} diethoxy-methylvinylsilane (DEMVS)
E A3t AFARJ] poly(DEDMS-co-DEMVS)E 7ldst 2 AFA=

DEDMS¢} DEMVS @& 29% H|&S 80:20 T+ 60400 = &, A4
97194 ZH4 (1 mo)¥ HCL (0.04 mol)S ZwjA|2 A}g3Fo] 70°Co



2% 3-1. diethoxy-dimethylsilane (DEDMS)$} diethoxy-methylvinylsilane
(DEMVS)Z 23 2742 poly(DEDMS-co-DEMVS) %3 744

vty PDMS-g-PTBA & A%+
Aol Ae RS T3 LE poly(DEDMS-co-DEMVS) 74 o}
t-butyl acrylate (tBA) 9 photo-initiator (2,

2-dimethoxy-2-phenylacetophenone) S £33 Zen fd8 2AH g
S ol&3te] 100 um HAES 7R F OS] A
lamp (¥ 1 kW, 3} 365 nm)E ©] &3t
StAI AT o] &, A3te A5 E e PDMS-g-
5, IEES AAG] s SRTFE ol&dte] AAS
T B9 Axste] vy PDMS-g-PTBA &5 A A%
3k PDMS-g-PTBA Z &2 tBA¢ poly(DEDMS-co-DEMVS)2] ZAIH] =
(95:5, 90:10, 80:20, 70:30)= ] ste] 4F o= A =e}sd

B 23A 9 etz A4S dolry] YA NMR £4<S Bruker 500 MHz
NMR spectrometerES ©]-&3te] AAstdon EARZEFL  tetrahydrofuran

(THF)E ©o]%54 (flow rate: 0.6 mL/min) 2.2 Al&3dla, #d4E #A HAE



gAs  aZuE (Waters 2690  Alliance gel permeation
chromatograph) 2 S48tk 'H NMR &y (CDCl;, 500MHz), *C NMR §
c(CDCI3,500MHz) B 245 4] A= ol oF o

DEDMS/DEMVS=80:20¢! 7%, Yield: 340 g (8 %); 'H NMR &

1(CDCl3,500MHz):  0.09-0.15  (-CHsm,methyl);  5.77-5.83(-CH=,m,vinyl);
5.92-6.04 (CHo=,m,vinyl).

BCONMR  8c(CDCls,500MHz):0.60-1.39(-CHymethyl);  132.8-132.9(-CH=,vinyl);
137.0-137.1(CHy=vinyl). M,:6.0x10"mol/g. M,:11.8x10'mol/g.
DEDMS/DEMVS=60:4021 7%, Yield: 200 g (4 %); 'H NMR &x(CDCls, 500MHz):

0.08-0.18 (-CH;mmethyl); 578-5.83(-CH=mvinyl); 592-6.04(CH,=mvinyl).

BC NMR  6(CDC500MHz):  068-1.03  (-CHgmethyl);  132.7-133.0(-CH=,vinyl);
136.7-137.0(CH,=vinyl). M,7.94x10'mol/g. My:156x10'mol/g.

E NMR AlE A= &3l 343 poly(DEDMS-co-DEMVS) A4 ¢] ZA 8=

skl

=

- 7IAH B L A BEA B
S 3 e vlety PDMS-g-PTBA ZE9 71414 245 TA

instruments RSA-G2 Al2="lS o] &3lo] A48 om, AH2 ASTM Tf
7 (D882 standard test method for thin plastic sheeting)ol w2} A 2}F3}43

o 2 7AH B4 T $Y-H18E (5-S) =4 F storage modulusE A
7] 93k a9 AL ZHzF odA<EE 1.8 mm/min®t 2% W3E (1 Hz)olth
d-71A B4 AW StellA 5 °C/mine] 2AoR JtEEE B WakeE
storage modulus Z =

% 3-29F 3-3& PDMS-g-PTBA Z&EE9 Fis5 9 Azte we
storage modulus (G) W3} Fojolt}y, &4 A Fygo FIAge] BE

ZdEo] dA3 storage modulusES HIF oW, L2Ae] HA EAo 23 oY

b

A Ede duse st W we @e Rt sAw,



PDMS-g-PTBA &4 Wl PDMS % (wt%)e] 5 wt%oll A 30 wt%= <
7}t 2 storage modulus® FE B A FAE AT £ U o=
2 PDMS-g-PTBA 2 EdA 7}a A (cross-linking agent) 9&& 3f
Poly(tBA) 543} w2 frEjde]2® (200008 ®f3sta gl PDMSe &

go] ZIMEFE A2 B &

[kl

e 548 e oved

500
‘ PDMS:tBA=5:95 e
400_ ..' L ] 3 ._‘_. .
;_rﬁ‘ . PDMS:tBA=10:90 °
= h’o. o fo o —* ¢ ¢
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o 200 4
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“=-Storage modulus



| = Poly(tBA)
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S Btk o= PDMS 82 %3l #otd 545 7 Poly(tBA)2] 7]

rr

2 B4 ZHo] 7hed, PDMS T ol wet vAAA uial £ A

nEAR Aol e HelE

7] —— Poly(tBA)
2:5x10 ——— PDMS:tBA=5:95
PDMS:tBA=10:90
2.0x107 4 PDMS:tBA=20:80
—— PDMS:tBA=30:70

Strain (%)
a9 3-4. A2 ©E PDMS $ %S 717 PDMS-g-PTBA #E 9]

$-H-WdE (stress—strain)

PDMS S%&°] Poly(tBA)S] A<t EA mAEs s 487 flst

PDMS %o =® ZF3%3 PDMS-g-PTBA ZE9 4-7]7

2
>
fru
kv
flt

EAS SAHAY. 29 3-5 2 F 3-19 =A% vle} o] Poly(tBA)+
Ao A 800 MPa® storage modulusE 7FA & @ kst R Aol %7}
2 aAe] el 2®E (Ty F9A 50°C 7 60°CE F5atH, 1 MPad
storage modulus& 7HA& Wl$ £2ZES DEXAZ FAS A vtH = gt
4 (bistable) 5745 W3 LiAtolrt 5720 wt% & @] PDMS® F33%
PDMS-g-PTBA Z &9 74§, PolytBA)9 #A%A 54& FAs

PDMS F &l S7hstel wel AZERoz 27] 7|A4 Z4] A4



o7 oA F33 PDMS F #ol w2l PDMS-g-PTBA Z &9 ¢

AT debdA wm esd FAsE 4%e Rk AW

PDMS-g-PTBA &2 93] A1&3 PDMS S 3o 30 wt%7F HH,

PDMS®] F&o] tBAdl Hld] ez v3ox &E+3t3, PDMSo] &
Aol AujH ol A Hol Aetyd EAo] AlgtdS & F AT F, Tl

AH&E PDMSe] F kel whebA PDMS-g-PTBA 259 #4by 54 o

Tgol 4o 7he @ HolEth

: = Poly(tBA) '

] ' ¢ PDMS:tBA=5:95
100 - e PDMS:tBA=10:90

3 [ ] ] B - .

: WAL v PDMS:tBA=20:80
] » —+— PDMS:tBA=30:70
I s

Storage modulus (MPa)

T N T v T M T M T

30 40 50 60 70 80

Temperature (°C)
Z1¥ 3-5. PDMS-g-PTBA 4§ Wl PDMS F @l wt& @-71414 &4 2



7} %0 @2 A4 storage modulus® W3} Fo] FA

¥ 3-1. Poly(tBA) (reference) ¥ PDMS-g-PTBA ZEE9 7|44, 4-7]
AX &4 ¥l (+ A 7 D: PDMS F#°] A2 ©YE PDMS-g-PTBA 2 &)

Content Gi , ,
of Oy €n G (T, G (60°C
PDMS (Troom) ( g) ( )
[Wt%] [MPa] [%0] [MPa] [MPa] [MPa]
Reference 0 22.1 111.2 596.7 10.73 0.49
A 5 194 131.2 456.4 14.4 0.33
B 10 16.7 135.5 3373 8.4 0.31
C 20 8.93 347.6 76.6 5.8 0.28
D 30 - 525.5 27.84 - 0.53

PDMS-g-PTBA 259 714 54 #rtstr] s, Sl Aed

i

PDMS el m& PDMS-g-PTBA #HE° #Fx A4 (¢ dielectric

constant)E® SAsAT. ¥ 36 L ¥ 3-29] =AEH upe} o]

o~

Poly(tBA)¢] #x3<7F 3.773.8%1dl wrél PDMS-g-PTBA Z&9 #4d A

o] 30 wt%<Ql Aol 315347 HS & 4 AU AN o= 7]E

-
o
o
ku
N
=)
rot

PDMS ZF¢ #Fd85 (=27 v ==
oh

¥ 3-2. PDMS-g-PTBA €& U PDMS =] @& 4 EA4 v

g g tané tané
@ 20 Hz @ 100 Hz @ 20 Hz @ 100 Hz
Reference 3.8 3.76 8.3310~ 7.2510”
A 3.63 3.51 8.1110° 6.8410°
B 3.41 3.4 19.31107 14.77107
C 3.39 3.32 8.0210° 7.1710°
D 3.39 3.33 8.65107 8.82107




4.0

| —=— Poly(tBA)

3.9 4 e PDMS:PTBA=5:95
Sy ] PDMS:PTBA=10:90
“; 3.8 v PDMS:PTBA=20:80
ﬂg : l ¢ PDMS:PTBA=30:70
= 3.7 e g g
E [ . e g s 5 @@ . -
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L 354
_§ _k....-.--. * o - —— e
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gl SN p .

v T T T T T ¥ T y I
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Frequency (Hz)

% 3-6. PDMS-g-PTBA 2 & W PDMS F &l W& HA7-7|A4 EA:

Forgel e 2A f41 54 Fol FA

d

¥ PDMS-g-PTBA IEL A2dAMs ddsdt 7[AH 5SS /A ez o
S QA7tske AA e S QA7tsto &AAle] EES &

T 2
ZESA HEAS o FEel s, & PDMS-g-PTBA Z& 7|4k o9l

lo

Y dFooly FE& A= WP A FE AT ExTF H5H o
thoolel 1§ 3-7(a)ell =Ag wkel o] PDMS-g-PTBA A& 7ol W3
of A ASE A7 98 FEldel 2uectole]  (Silver
nanowire, AgNWs)E 2~ 2 go] IEHO T =¥l EH AT

713 Abole] PDMS-g-PTBA &d& RA#H dE ol&ste] sH~"stal
UV (wavelength: 3656 nm)Z 3F ZAsAZIY, 2 A= A4 7|HS
PDMS-g-PTBA &9¢] HESA FxE5 7bd Suvwofolo] d5 iz

2

AEF ez 228t Al7l22 PDMS-g-PTBA 2 dHtj=4d 3



2 A5 YAo] 7heste HHel ASE FAAAIIE Wl v&) WwE 2
Aol stk a2y 3-7bek ox A7l AF g4 Jgewm
PDMS-g-PTBA & ZW % ulFe FAFd 2vxefolo] =9 HAF
AFgHE olmAloln, 1§ 8 2uiksfolo] o] duy=dE  FA

PDMS-g-PTBA Z &2 Apxlo|t},

0 e

o

Silver nanowires (AgNW) AgNW composite
TBA monomer/AA l
. — S peel-off e
Glass substrate E—
Drop casting Photo cross-linking PDMS-g-PTBA

a9 3-7. PDMS-g-PTBA " Eo] 2uyw9lolo] A= A4 FTH (a) 2
PDMS-g-PTBA Z & Ao dvit=d A9 ¥y dw FAAAA A
olu]#] (b%} ¢)



Aol A5 g vpef o] FHARl Joule heating B thWd 55 A=

PDMS-g-PTBA % o ¥49 A3¢ Wy 244 #ns dasnz
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Se,
o
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ge)
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wm

= o] g3l %3 PDMS-g-PTBA 2

el B8 A=e] W wE AVAY WskE #rkskdd 19 3-9

il

of =AJBE wpe} o] X HIIE ¢ TA Instruments RSA G229 A% H|

2E EE3 4 71 A # Keysight Technology digital multimeterE <1
ot S A2"S FEHSF o, kst e wheA dolHdr WY

Al A=e] A7 AR wEtE SAsAr 1" 3-102 PDMS-g-PTBA Z &
o T, LE7HA 4L S7bsle] 222 obAs A7l F Atztal e Wy
A7F =4 (AUAE: 20%)3tel A1 PDMS-g-PTBA Z &l A3 21}w-9}
olo] =9 A7 Ao WsE FA4g Ayjo|rh ¥ 1gle] EAIG nie}

o], A7AZe] Wsks (dMd A d7] A/

B

71 A7 AF: R/R)
PDMS-g-PTBA Z& Tl #&3 PDMS <ol wet 2etxv, PDMS
T@ol 5 wt%ol A 20 wt% = Z7Fetd, $4d WPz A AP E: 0720%)3h
oAl 10W 9] WA Wy & AW Ae] Rstgo] 14oA 42 HA} WolA

B
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	     변형을 이용하는 유연 액추에이터에는 유전성 탄성체 (Dielectric Elastomer, DE)가 주로 사용된다. 유전성 고분자는 전기 전압을 가하면 정전기력에 의해 변형을 일으키는 특성을 가지고 있으며, 일반적으로 유전성이 높을수록 큰 변형을 발생한다. 고분자가 변형을 발생시키고 다시 원 상태로 돌아오는 특성을 탄성체라 한다. 본 연구에서는 유전성이 뛰어나고 탄성 특성이 좋은 유전성 탄성체 중 하나인 PDMS (polydimethylsiloxane) 계열의 Elastosil® P7670를 사용하였다. 고분자들은 대부분 연성을 지니고 있기 때문에 변형이 크며 탄성 성질이 가질 수 있다. 유전성 탄성체도 연성 특성을 가지고 있으며, 이러한 특성으로 큰 변형을 발생시키더라도 낮은 강성으로 인간에게 제공하는 촉각이 충분하지 않아 촉각용 액추에이터로 사용하기에 어려움이 있다. 이러한 단점을 극복하는 연구가 필요하며, 본 연구팀은 유전성 탄성체를 여러 층을 적층하는 방법으로 해결하고자 하였다. 적층된 유전성 탄성 고분자는 전기 전압 인가 시, 각각의 층이 같은 변형을 보이며 촉각을 제공하기 때문에, 같은 연성이라도 두께의 증대로 더 강한 촉감을 제공할 수 있다. 그러므로, 얇은 박막형태의 유전성 탄성 고분자를 여러 개의 층으로 적층하게 되면, 상대적으로 낮은 전압에 큰 변형을 일으켜 강한 촉감을 제공 가능한 뛰어난 성능의 액추에이터를 제조할 수 있게 된다. 그림 2-1은 실제로 개발된 촉각 모듈의 개념그림 및 프로토타입을 보여준다. 손가락으로 촉감을 제공할 수 있는 모듈은 글러브 형태로 제작되었으며, 암밴드 형태로 제작된 모듈은 전완에 장착되어 6개의 동작점을 개별적으로 가질 수 있도록 설계되었다.
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