JP 2018-153085 A 2018.9.27

(19) BFREREHFT (JP) X M A EA) (1) s A RS
$5882018-153085
(P2018-1530854)
(43 BB FRI04£9H27H (2018.9.27)
(51) Int.CI. F1 F—=a—F (%)
HO2N 11700 {2006.01) HOZN 11/00 Z
HO1L 41/04 {2006.01) HO1L 41/04
HO1L 41/087 (2006.01) HO1L 41/087
HO1L 41/09  (2006.01) HO1L 41/09
HO1L 41/193 {2006.01) HO1L 41/193
SEWR AEX BEO 18 OL HESHE (£ 45
(2l HEES 5 E2018-41400 (P2018-41400) (71) HEEA 500390995
(22) B 3043 8H (2018.3.8) fv—Tay A—Fl—ay
(L) B ETRES 15/454,362 IMMERSION CORPORATI
(32) ®scH SERR29E3H9H (2017.3.9) ON
(32) @ETEE  KE (1S FAYVHERE HVT+ASTH 95
134 H>/# V% voFLAa 50
(ST MT 0 b0 R ERER) (74) (RIBA 100094112
1. KEVLAR #EL+ [EF =B
2. TEFLON (74 1RIEA 100101498
3. BLUETOOTH HELT BE EX
(74 R A 100107401
#B+ BF Wm0
(T4 fCE A 100120064
2B+ B TR

BARRIZA

G4) [READEH] MET 1 —FRv I DO T A )—TFIF1L—x—

(GHoooo
00000000000O00000000000000
000000000000 0000000000000
DoooOoO0oO0O0O0O0O0OO
0000000000000000000000000
000000000000 0000000000000
00000000C0C0C0C0O00O00000000000
000000000O00O0O00O00000000000
0000000000000000000000000
000000000000 0000000000000
DooooO0oO0O0O0O0O0OO

oooooooo




e e e Y Iy

OoOoooooogooobgoo oo ooogooogood

OooocooooooooOooo
Ooooooooooogoao

OooooooooooOoooDoooDooooogooogao
OoooOooooooooooooooooooo0ooO0oQgoabo
Oooooo0oooooOoooD oo oDooooogogoogao

O Ooooo
O OoOgooo

OooooogoQgoao

Ooooogoooogoo

Ooooooo0oooooooooogogQgdg
OO0 o0DooDo40oooo4oggogoooogoggg

OooooogoQgoao

Oooooogogoao
Ooooogogoao
Ooooooogoogoaoo

O 0OooOoooaog
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo

O
O
O
O
O
O

O
OJ
O

OO0 oooodogoao

O

OoOoo0oooogod
OO0Ooo0oooogd
Oo0oo0oooogod
OO0O0Oo0oooogd
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

(2)

O
O
O
O
O
O
O
O

JP 2018-153085 A 2018.9.27

O
O
O
O
O
O
O
O
O
(]
O
(]

gooooooboao

gooboooobobogdad

10

20

30

40

50



s ey e s e e e e e s e [ Iy

e ) A A A |

Oooooooooooo oo oooooDoooQgooao
OO0 o0oooo0U0oooDooUooUUoDoDoUoooDooogogoao
OoooooooooooooDoooooDoooQgooao
OOo0o0oooo0oUoooDoDooUooUoUoDoDooUoooDooogogooao

Ooooooogod
OoOooooogd
Oooo0oood
OoOoo0oooogd
Oooo0oood
OoOoo0oooogd
OooOoo0oood
OoOoo0oooogd
OooOoo0oood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
Oooo0oooogod
A B [

OoooooooooooooDoooogogooooaog
OO0 oODoo40o0U0ooDoDooUggUooDoDoo4gogoooaog
OoooooooooooooDoDoogogooooaog
Oo0OoOoo4o0oU0ooDoDooUogUooDoDoo4gogoooaog
OoooooooooooooDoooogogooooaog

OOo0o0ooogogogao
Ooo0oooQogogao
Oo0ooogogogao
O0Ooo0oood
OOoo0ooog
Oo0Ooo0oood
OoOoo0ooog
O0Ooo0oood
OoOoooodg
O0Ooo0oo0ood

O o0Oooo
O o0Oooo
O oOooo
O o0Ooo
O oOooo
O 0Ooo
O 0Oooo
O o0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo

Oooooooogooog

OO ooo

O Oooo

O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O Oooo

OO ooo

O Oooo

OO oOooo

O 0o oo

O Oooo

O O0ooo

O 0o oo

O Oooo

O 0Oooo

O O0ooo

O 0o oo

O Oooo

O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O 0Oooo

O O0ooo

O 0o oo

O Oooo

O O0ooo

O 0Oooo

O Oooo

O Oooo

O 0o oo

O 0Oooo

O Oooo

O
O
O
O
O
O
O
OJ
O

€))

O 0o oo

O Oooo

O 0o oo

O Oooo

OOoo0oooao

O 0o oo

O 0Oo0oo0ooao

O Oooo

OOoo0oooao

O

O o0ood

OoOoo0o0ogao

O Oooo

OOoo0oooao

JP 2018-153085

goooooao

OJ
O
O
O
O
O
O

O
OJ
O
O

OJ
O
O
O
O
O
O

O O oo
O Oooo
O O oo
O Oooo
O O oo
O Oooo
O 0o oo

OJ
O
OJ
O
O
O
O

O OoO0oooo
OOoo0oooaoo
O Oo0oooo
O0Ooo0oooao
O Ooo0oooao
OOoo0oooao
O Ooo0oooao

O
O
O
O

O Oooo

O
O
O
O
O

OOoo0oooao

2018.9.27

O 0o oo

O Oooooao

O 0Oooo

O0Ooo0oo0ooao

O 0o oo

OOoo0oooao

O 0o oo

O0Ooo0oooao

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

s e e e B
e s e s e e A e e Y o A
s e e

OoooogoQgogoao

Ooooooogogoao
OO0 ooogogoao
Oooooogogoao
Oo0Dooogogoao

OO0 oDoogg4dgooDooUUoUoDoDooggooDooogogoao

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao

O

O 0Oo0oooao
O OoOgooao
O O0Oo0oooao
O Oo0gooo
O 0Ooo0oooao
O Oo0oooao
O 0Oo0oo0ooao
O OooQgoooo
O 0Oo0oo0ooao
O Ooo0oooo
O O0Oo0oo0ooao
O O0Oo0oooo
O 0Oo0oooao
O Oo0oooo
O 0Oo0oooao

O 0Ooo0oooo
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O Ooo0goooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Oo0oo0oo0oao
O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Ooo0oooo
O 0Oo0oo0oo0oao
O 0Ooo0oooo
O 0Oo0ooO0oo0oao
O 0Ooo0oooo
O 0Oo0gooao
O 0Ooo0oooo
O Oo0gooao
O 0Ooo0oooo
O O0Oo0oooao
O 0Ooo0oooo
O O0Oo0ogooao
O 0Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao

O 0Ooo0oooao
O O0Oo0oooao
O 0Ooo0oooao
O O0Oo0oooao

O oOooo

O
O
O
O
O
O
O
O

O 0Oooo

O o0Ooo

O 0Oooo

O oOoooo
O Ooooo
O oOoo0ooo

O o0Ooo

O 0Oooo

O o0Oooo

O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
OO oo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O oOooo

O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

4)

O Ooooo
O 0Oo0ooao
O 0Ooooo
O 0Oo0oo0oao
O 0Ooooo
O 0OoO0ooog
O 0Ooooo
O 0OoOooo
O 0Ooooo
O 0OoOooo
O 0Ooooao
O 0OooOooo
O 0Ooooao
O 0Ooooo
O 0Ooo0ooao
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

|

JP 2018-153085

OJ
O
O
O
O
O
O

O
O
O
O
O

2018.9.27

O oOoo0ooao
O oOoooo
O oOoo0ooao

10

20

30

40

50



oooao
oooao
oooo
oooao
ooono
of "a"0d
oooao
oooao
ooono
such asD 000 D0D0DO0DO0OO0DDODODOO0DDDODOODDODODOODDDOOODDOOO inclu

o
-
>
«Q

O

|
[

Ooooooooooooo0o oo oDooo0D oD oDooooDoooDoooooooDooogQgoao

OO0 oDoogogoooooogdg
OoooooooooooQgg
OO0 oDoogogogooooogogg
OoooooooooogooQgdg
OO0 oDoogogogooooogogg

OoOoooooooooOooobooooogogoogood

OooooogogoQg

OooOocoOoooooboo0ooboOooOooOod
OooOoooDooo oo ogoogoodg

O

OoOo0oo0oogoood

Oooooogogoao
Oo0Dooogogoao

O0Ooo0oooaoo
O 0Oo0oooaog
I o B
OO0Oo0oo0ooog
O0Ooo0o0ooao
O0Ooo0oooaog
I o B
OOoo0oooaog
I o B
O0Ooo0oooaog
O0Ooo0o0ooao.o
O0Ooo0oooaog
O0Ooo0o0ooao.o
O0Ooo0oooao
O0Ooo0Oo0ooao.o
OOoo0oooaoo
O0Oo0Oo0ooa.o
O0Ooo0oooao
O0Oo0Oo0ooa.o
O0Ooo0oooaoo

OO0 oDoooooooooogooao
OO0 oooogogog
O Oooo

OooooogogoQg

O 0Ooo

O
O
O
O
O
]
O
]
O

O
O

O
O

)

oono
oo

O
O
O
O

0
4

t
u

one

0
O
O

O
a
O

JP 2018-153085 A 2018.9.27

gbobobooooboboogodd
gooooooao

gooooooooogd
00000000 The use
or moreJ 0D OOODOOO
Jooooooooogd
gooooooooood
gooooooooooad

000000 o0ooDoDOoOoo0oo0o0O0Odincluding, but not limited to O O
oooogao

O

O O oo

[ O I R |

O Oooo

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

Ooooooogogogooao
OOooooogogooao
Ooooooogoogooao
OOooooogogooao
Ooooooogoogoooo
Oooooogogooao
Ooooooogoogoooo
Oooooogogooao
Oooooooooooo

I Y o Y

O O ogo

O Oooo

O Oooo

O 0o oo

O O oo

O Oooo

O Oooo

O Ooogoo

O O oo

O O0ooo

O 0Oooo

O Oooo

O 0o oo

O 0Oooo

O 0o oo

O 0o oo
O 0o oo

|
O O

O O 0o oo
O O 0o oo

Oo0ooogoQgooao
OoooooogodgQd

O

handbagll 0 0O 0 0 O O O O pursed
OoDoooDooDoooDoooooao

O Oooo

O
O

O
O

O 0o oo

O
O
O
O
O
O
O
O
O
OJ
O

OoooooggQg

O

O 0o oo

O 0o oo

I |
Oo0oooQgooao
Ooo0ooooOooOooao
Oo0oooQgooao
OooOooooOooOooao
Oo0oooQgooao
OooOoooooOooOooao
Oo0oooQogooao
Oo0o0oOoogoQgogoao
Ooo0oooQgooao

O

O Oooo

O Oooo

O 0o oo

O 0o oo

O Oooo

O Oooo

O 0o oo

O 0o oo

O Oooo

O Oooo

O 0o oo

O 0o oo

O Oooo

O Oooo

Ooo0Oood O O Ooo0ood

|

|

O Oooo

O Oooo

O O oo
O Oooo
I Y o [
O Oooo
O O oo
O Oooo
O 0o oo
O O0ooo
O 0o oo
O 0Oooo
O 0o oo
O O0ooo

O O ogo
O Oooo
O O ogo
O Oooo
I [ o [
O Oooo
O O oo
O 0o oo
O 0o oo
O 0o oo
I [ o [
O 0o oo

OJ
O
O
O
O
O
O
O
O
O
O
O

OooooogQg™g
Oo0oOoogQgogoao
Ooooooogogogoooao
OOooooogogooao

Oooooogogdg
Ooooooogooooao

oad

OO0 ooooogogog
Ooooooooogogoo
OO0 ooooogogog
Ooooooooogogoo
OO0 ooooogogoQg
OooooooooQgogoo

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OoOoo0ooog
OOoo0ooodg
OoOoo0ooogd
OOoo0ooog
I B

OO0 o ooooogoQgg
OO0 oooooggg
oo oooooogogoQgog
OO0 oooooggg
oo oooooogogoQgog
OO0 o ooooggog
oo oooooogooQgog
OO0 oooooogogog
oo oooooogooQg-g
OO0 oooooogogog
oo oooooogoog-g

B s [ |

O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O

OoooooooooooooooogQgdg
OO0 oDooo0oooDoogogoooooggdg
OoooooooooooooooogQg™g
Oo0oDooo40oooDoogogoooooggdg
OoooooooooooooooogoQgdg
OooDooooooooogooooooggdg
OoooooooooooooooogQgdg
Oooooooooooooooooggg
OoooooooooooooooogogQg™g
Oooooooooooooooooggdg
OoooooooooooooooogoQgdg
OoooooooDoooooooooggdg
OoooooooooooooooogoQgdg
OoooooooooooooooogQgg
OoooooooDooooooooogoQgdg
OoooooooooooooooogQgg
OooooooooooooooooQgadg
OoooooooooooooooogQgg
OooooooooooooooooQgadg
OoooooooooooooooogQgdg
OO0 O0Dooo0oU0ooDoDooooUoooooggdg
OoooooooooooooooogQgdg
OO0 o0Dooo0o0oooDoo4gogoUoooooggdg
OoooooooooooooooogQgdg
OO0 oDooo0oU0oooDoogogoooooggg
OoooooooooooooooogQgdg
OOo0oDooo0oooDoo4ogooooooggdg
OoooooooooooooooogQgdg
OooDoooo0ooDooogogoooooggdg
OooooooooooooooooogQgdg
Oooooooooooooooooggg

Oooooggdg

OoooooogogaQg

Oooooggdg

OoOoo0ooood
O Ooo0ooood
OoOoo0oood
O Ooo0oooogod
OOoo0oo0oood
OO0Ooo0ooood
OoOoo0ooood
OOoooood
OoOoo0oo0oood
OOoo0ooood
OoOoo0oo0oood
OOoooood
OO0Ooo0oo0oood
OOoo0ooood
O 0Ooo0oo0oood
OoOoo0ooood
O O0Oo0Ooooogod
OoOoo0ooood

O Oooo
O0Ooo0oooand
OoOoo0ooog
I B
OoOoo0ooodg
O0Ooo0oo0ooao
OoOoo0ooog
O0Ooo0oooao
OoOoo0ooog
I B
OoOoo0oooog
O0Oo0Oo0ooao
OoOoo0ooog
O0Ooo0Oo0ooa.o
OoOoo0ooog
OO o0oooog
I o B
OO0oOo0ooog
OoOoo0ooogdg
O0Oo0ooodg
I B
OOoo0ooog
I B
OOoo0ooog
I B
OoOoo0ooog
I B
OoOoo0ooog
I B

Ooooogogoao
Oooo0oooogoao
Ooooogogoao
Oooo0oooogoogooao
Oooooogogooao
Oooo0ooogoogooao
Oooooogogogoao
OooOoo0ooooOoogooao
Oooooogogogoao
OO0 ooogogoao
Ooooooogogoao
Ooooogogoao
Oooooogogoao
Ooooogogoao
Ooooooogogooao
Ooooogogoao
Ooooooogogooao

(6

O

JP 2018-153085

O Ooooooaog
Ooooooogogogooaoo
Ooooogogoao
Ooooooogoogogoao
Ooooogogoao
Ooooooogogogoao

O 0OoOooo
OoOoo0ooood
O O0Oo0oooogod
OoOoo0ooood
O 0Oo0oooogod
OoOoo0ooood
O Ooo0oooogod
OoOoo0ooood
O Ooo0ooood
OoOoo0o0oood
OOoo0ooood
OoOoo0o0oood

O O
O O
O O
O
O
O
O

2018.9.27

Ooooocoooooooooooogdg
Oooooooooooogogoooog
Ooooocoooooooooooondg

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OooOoo0ooooQgod
OoOoo0ooogd
Ooo0o0o0oooQgd
OoOoo0ooogd
Ooo0oo0oooogod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0ooogd
OooOoo0ooood
OoOoo0oooogd
OooOoo0ooood
OoOoo0oooogdg
I [
OoOoo0oooogdg
OooOoo0ooood
Ooooooogdg
OooOoo0ooood
Ooo0oooogd
[
Ooo0ooooogd
OOo0o0oooogd
Ooo0oo0oooogd
OoOoo0ooogd
OooOoo0oooogod
OOoo0ooogd
Ooo0oo0ooooQgod
OO0o0o0ooogd
OooOoo0ooooOodg
OoOoo0ooogd
Ooo0oo0ooooQod
OoOoo0ooogd
Ooo0oo0ooood
OoOoo0oooogd
OooOoo0ooooOgod

O Oooo
O O oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O O0ooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0ooo
O Oooo
O 0ooo

OooooooooooogoQgoo
Oo0DoDooo4dgoooooggogao
OooooooooooooQgoao
OooDooo4ogoooooggogao
OooooooooooooQgoao
Oo0ooooo4gogoooooggogao
OooooooooooooQgoao
Oo0ooooo4gogooooogoggogoao
OooooooooooooQgoao
Oo0ooooo4ogoooooggoao
Ooooooooooooogoao
Ooooocoo0ooooogogoao
Ooooooooooooogoao
Oooooo4o0ooooogoggoao
Ooooooooooooogoao

Oo0oooQoooo
Oo0ooogoQgooao

Oooooooogoogoooo
OO0 oooogogooao
Oooooooogoogooo
Oo0ooooogogooao
Ooooooooogoooao
OOo0ooooogoQgooao
Ooooooooogoooao
Ooooooogogooao
Ooooooooogoooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogoogooao
Ooooooooogooao
Ooooooogoogooao
Ooooooooogooao
Oooooooogogoooao

OoooooogoQgQg
Oooooggdg
OooooogodgoQg
Ooooogg-g
OoooooogoQgQg
OoOoooooggQg
I s [y |
OooooogQgQg
OoooooogoQgao
OoooooggQg
OoOoo0ooooQgaQg
OooooogoQgoQg
OoOooooodgaoQg
OooooogQgQg
I [y |
OooooogQgoQg
OoOoo0oooodgad
OooooogQgQg
Oooooogogdg
OooooogQg™g
Ooooooggdg
OooooogQg™g
Oooooggdg
OoooooogQgoQg
Oooooggdg
OooooogdgoQg
Ooooogg-g
OooooogoQgoQg
OooooggQg
OoooooogoQgaQd
Ooooooggdg
Oooo0ooogoQgaQd

P

OooooooooooQgogoao

OooooooooooOoogoao

OooDoooooooogogQgogoao

OooooooooooOoogoao

Ooooooooogoogoo
OO0 ooooogogoQg
OO0 ooooogogog
oo ooooogogoQg
OO0 ooooogogog
oo ooooogogooQg
OO0 ooooogogog
oo ooooogogooQg
OO0 ooooogogog
oo oooooogogooQg
OO0 ooooogogog
oo oooooogogooQg
OO0 ooooogogog
oo oooooogogo
OO0 ooooogogog
OoooooooogogooQo

O
O
O

OooDooooooooQgogoao

|

Oooooooooooogoogoog

OoooooooooogQgogoao

JP 2018-153085

O
O
O
O
]
O
]

OO0 oDoooooooogogogo
OooooooooooQgogoao
OO0 oDooogoogoooooggogo
OooooooooooQgogoao
OO0 oDoooooooogogogao
OooooooooooQgogoao
OoDoDoooogoooogoggogao

O
O
O
O
O

OooooooooooQgogoao

2018.9.27

OooDoocoogooooogoggogao

OooooooooooQgoogoao

OooDoooooooogogQgogao

OooooooooooQgoogoao

10

20

30

40

50



ey e e e ey e e e sy e s s [ |
e s e e s e e ey e e e == [ [

Iy e e e ey e ) e B sy e s [
e ) s e e e e e ey == s e s = B s [
Iy s e ey ey e e e e I [

O 0Oooo
O 0Oooo
[ e i |
O 0Oooo
O o0Oooo
O oOooo
O o0Oooo
OooOo=T O

OOo0ooood
OT OoOoood
OOoooood
T OO0 Qgogoo
OOoooood
O Ooo0oooodg
OoOooo= og
O Ooooood
OoT Ooo= O

OOoo0ooood
O0Oooooogod
OoOoo= o0ood

O0Ooo0oooaoo
O OooOoooaog
O0Ooo0oooao

e e s e e e e ey e e e e = s [ A R o
O Ooo0oooaog

OO0 ooooooooooQgg
OO0 oooooggogoooooggdg
Oo0oooooooooooogogoQgodg
OO0 ooooogogoooooggdg

O
O
O

Vol.
Oooo
0o
ood
ooo

[
o
O«

O0Ooo0oooogod
OooooT= Ood
O0Ooo0oooogod
OOoo0oood
O0Ooo0oooogod
OoOoo0oood

O Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O O0Oogoao
O Ooooo
O OoOgooao
O Ooooo
O O0Oogoao
O Ooooao
O Ooogoao
O Ooooo
O Ooogooao
O 0Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooao
O 0Ooo0ooao

OO0 ooooooooooQgg
Oo0ooooooooooogogdg
Ooo0ooooooooooogogoQgodg

O

pages
ooao

oon
gon

O 0Oooo
[ i |
O o0Oooo
O 0Oooo
Oo0oox=

OO0 oDoooogoggogoooogg
Ooo0ooooooooooogooQgodg
Oo0oooooogoooooogogdg

20-28
ooao

ooao
ooao

OoOoo0ooodg
O0Ooo0oo0ood
OoOoo0ooodg
O0Ooo0oood
OoOoooodg
Oooo= oodg

O Oooooao
OooT 0Ood
O Ooo0oooao

OO0 ooooooooooQgdg
OO0 ooooogo4ooooogg
Ooo0oooooooooooooQgodg

O

(April 2007)

O

O 0Ooo0ooo0oao

OooOo=T O

OooOoo= oo

OO0 oooooooooogg
Oo0oooooooooooQgdg

O

C))

O 0Oooo
O 0Oooo
[ o |

O 0Ooo0ooOoo0oao

O

gooooao

OoOoooodg
O0Ooo0oood
OoOooox

O Ooo0oooao

g
u
O
g
g
O
g
g
u
O
g
g
O
g
g
O

gooooooao
goooooao

ooT 0Ood
O Ooo0oooao

Oo0ooooooooooogoOooao

O
O

Oooooooooooogooao

O0Ooo0oood
OoOooood

Ooo=T odg
T OoOoOogxE

O 0Oo0ooOoo0oao

Oo0ooooooooooogoOooao

O
=
O

O Ooo0oooao
O Oo0ooogoaog
O Ooo0oooao

OO0 oDoooooooooQgg
OO0 oDooogog4ooooogdg

O
OO0 ooDoooooooog-g

OO0 O0DoDoogog4gooooogg

[2)
0
QD
o

()

ooao

ooo
ooao

JP 2018-153085

O
O

OO0oOo0ooodg
OoOoo0oood
OOoo0ooodg
OoOoo0oood
OoOooo<T d

O Ooog=E oo
I e I B
O Ooo0oooao

OoooooooooooQgdg
OO0 oDooo4gogoooogdg
OO0 ooooooooooQgg

O

Memory Polymers,

O
O
O

-

O

O Ooo0oooao

O Ooo0ooogoao

OoDoDooogo4ogoooogdg
OooooooooooQgdg
OoDoDooo4gogoooogdg
OO0 ooooooooooQgg
OO0 ooooogo4ogooooogg

O

O

I = B
T Oo0Ooggog

O Ooo0oooao

O

O
O

O OooOo= oo

O

Oo0Ooo0oood
OoOoo0ooodg
O0Ooo0oood
OoOooo=T d

O 0Ooo0oooao

gooooooao

goooooooao
gooooooao

2018.9.27

O
O

OoOo=T oOooo
O 0Ooo0oooao

OooooooooooQgodg
Ooooooooooogdg
Ooooooooooogodg

O

Materia

O
O

O Ooo0oooao

O

O0Ooo0oood

O 0Ooo0oo0oo0oao

O

gooao

oooao
gooao

10

20

30

40



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

OOoo0ooooo
O 0O0ooooaog

OoooooooooooQgoao
Oo0oDooo4dgoooooggogog
OoooooooooooQgoao
Oo0DoDooo4gogoooooggogaog
OooooocoooooooQgoao
Oo0oooo4ogooooogoggogaog

O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

Oo0ooooQgoooaoo
Oo0oooog4Qgoooao
Oo0ooooQgoooao
Oo0oooogQgoooao
Oo0ooooOoogooooaoo

Oooooogodgdg

OOoooooggdg

I B
OOooooaog
O0Ooo0oooao
OOoo0oooog
O0Ooo0oooao
OoOooooaog
O0Ooo0oooao
OOoo0oooaog
I B
OoOooooaog
O0Ooo0oooao
OoOooooaog
I B
OoOoo0oooog
O0Oo0oo0ooao
OoOoo0oooaog
O0Oo0Ooo0ooa.o
OoOoo0oooogo
OO0Oo0oooog
OoOoo0oooao
OO0Oo0oooog
OoOoo0oooao
O0Oo0oooog
O0Ooo0oooo
OOoo0oooog
Oo0Ooo0oooao
OOoo0oooaog
I B
OOooooaog
O0Ooo0oooao
OoOooooaog
I B

Ooo0ooogoQgdg

OOoooooggdg

OoooooogoQgodg

Oooooooggogoao
Oooo0oooogoogoo
OoooooogoQgoao
Oooo0oooogoogoo
OoooooogoQgoao
Oooo0oooogoogoao
OoooooogoQgoao
OOoo0oooooQgoo
Ooooooogogoao
OOooo0ooooQgoao
Oo0ooooogoQgoao
OoOoo0o0oooogoao
OoooooogoQgoao
OoOo0oo0oo0oooOgoOoao
OoooooogQgoo
OO0 ooooggogao
OoooooogQgoo
OO0 oooogogogao
OoooooogoQgoo
OO0 ooooggogao
OoooooogogoQgoo
OOooooogogogao
OoooooogooQgoo

O OoOooo

OOoooooggdg

OooooooooooQgoogoao

Oooo0oooQgQg

OooDoooooooogogao

OOoooooggdg

OoooooooooooOgoogoao

I [y |

OooDoooooooogogao

O
O
O
O
O
O
O
O
O
O
O
O
O

OooooogQgdg

OooooooooooOgoogao

OoOoo0ooodgdg

OooDoooooooogogao

OooooogQgdg

OooooooooooOgoogoao

OoOoo0oooodgdg

OooDoooooooogogoao

Oooooogogdg

€))

OooooooooooogooOgao

OoOoo0oooodgdg

OooDoooooooogogao

OooooogQgdg

OooooooooooOgoogoao

OOoo0ooood
OoOoooood
OOoo0ooooad
OoOooooodg
O 0O0oOooood
OoOooooodg
O 0O0oOoooodg
OoOoooood
O 0OooOooood
OoOoooood
O OooOooood
Oooooood
O Ooo0ooood
Oooooood
O Ooo0ooood
OoOoo0ooood
O Ooo0ooood
OoOoo0ooood

Ooooooooooogogao

OoooooooooooOoogao

Ooooooooooogogao

Oooooooooooogooodg

]

O

Ooooooooooogogao

JP 2018-153085

OO0 oDoooooooogogaog
OooooooooooQgogoao
OO0 oDoooogooooogogaog
OooooooooooQgogoao
OOooDoooooooogogaog
OooooooooooQgogoao
OooDoooooooogogao

O
O
[
O
O
O
O

O 0Oooo

OoooocooooooQgoogao

O
O
O
O
O

OoooooogooQgoao
OOoooooogoQgoao
Oooo0oooogoogoao
Oooooogogoao
Oooo0oooogooQgoao

2018.9.27

OooDoooooooogogao

OooooooooooQgoogao

OooDoooooooogogao

OoooocooooooOgoogoao

10

20

30

40

50



e e e Y Iy

OO0 oDooogodgoooao
Oo0ooooQgoooao
OO0 oOooogodoooao
OoooooQgoooao
OO0 oooogodQgoooao

I [y

O Ooo0oooao
O Oo0ooogoaog
O Ooo0oooo
O Oo0ooogoao
O Ooooo
O Oogoo
O Ooooo
O Ooogoo
O 0Ooooo
O Ooooo
O 0Ooo0ooo
O Ooogooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O O0Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O O0OoOgoo
O Ooooo
O O oOooo
O Ooooo
O OoOgoo
O Ooooo
O Oogoo
O Ooooo
O Ooogooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O Ooooo
O Ooo0ooo

Oo0oooooo0 oo oo o0 oo oooo0DoDoDoDoo4o0oooooog
e e e e e e e e e sy e e s B
I ey e e e sy e s o B |
e e e e e sy e e s |

OOoo0oooodg
O 0O0o0ooood
OOo0ooood
O Oooooodg
OOoo0ooood
O O0Oo0ooood
OOoooood
O0Ooo0ooood
OOoo0ooood
OOoooood
OOoo0ooood
OOoo0oooodg
OOo0oo0ooood
OOoooood
OOoo0ooood
OOo0oooodg
OOoo0ooood
OOoo0oooodg
OO0Ooo0ooood
OOo0o0oooodg
O 0O0oOooood
OOoooood
O 0O0o0oooodg
OOo0ooood
O 0O0o0oooodg
OOooooodg
O O0Oooood
OOoo0ooood
O O0Oo0oooodg
OOoo0ooood
OO0Oo0ooood
OOoo0ooood
OOoo0ooood
OOoo0ooood

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg
OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg
OoOoo0oooQgdg

Oo0oooooogdg
OO0 oooogd
Ooooooogdg
O Oo0oooogdg
Ooooooogdg
O Oo0ooooogdg
Ooooooogodg
O Oo0oooogdg
Ooooooogodg
O Oo0oooogd
Ooooooodg
O Oo0ooooogdg
Ooooooogodg

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao

Ooo0oooQgogoao

OO0 oooodogoao

OooooooQgooao

Oo0oooodgogoao

OooooooQgooao

Oooooodgogoao

OooooooQgooao

Oo0oooodgogooao

OooooooQgooao

O Ooo0ooooaog
OOoo0ooooao
O Ooooooaog
O Ooo0oo0oooao
OOoo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
OOoooooao
O O0Ooo0ooOoooao
OOoo0ooooaog
O 0O0oOooooaog
OOoooooao
O 0O0o0ooooaog
OOoo0ooooao
O 0O0ooooaog
OOoo0ooooo
O O0Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoo0ooooao

Oooooodgogooao

Ooooooogogooao

Oooooodgogooao

OooooooQgooao

(10)

Ooo0oooogod
OooOoo0ooood
Oooooogd
OooOoo0ooood
Oooooogd
Oo0Ooo0Ooood
OoOooooogod
OOoo0oooogd
OoOoo0oooogod
OOoo0oooogd
Oooooogod
OoOoo0oooogd
Ooo0oo0ooogod
OO0o0oo0oooogd
Oooooood
OoOoo0oooogd
OooOoo0oood
OoOoo0oooogd
OooOoo0oood
OOoo0oooogd
OooOoo0ooood

Oooooodgooao

OoooooogoOooao

Oooooodgooao

Ooooooodgogooao

O 0Oooo
O 0Ooo
O 0Oooo
O 0Ooo
O 0Oooo
O Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo
O 0Oooo
O O0ooo
O 0Oooo
O O0ooo

OoooooQgooao

OooOooooogoOooao

OooooooQgooao

OoOo0oogooogoo

OooooooQgooao

JP 2018-153085

OO0 oooodogoao
OoooooQgooao
Oo0oooodgogoao
Oo0ooooQgooao
Oo0oooodgogooao
Oo0ooooQgooao
Oo0oooodgogooao

OooooooQgooao

2018.9.27

Oo0oooogogooao

OoooooQgooao

Oooooodgogooao

OoooooQgooao

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

s e e sy e I R
e s s e ) e e e e s e e e e I A
s s [y e e v I
e s s ) e e e e s s e e e Y A

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O O0OoOooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

OoooooQgg
OO0 oooogoogdg
OooooooQgdg
OOooooogoogdg

O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0ooogoao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Oooooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Ooo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooao
O 0Oo0oo0oo0oao
O Ooo0oooaoo
O O0Oo0oooao
O Ooo0oooao
O Oo0ooogoao
O Ooo0oooao
O Oo0oooao
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O Ooo0oooao
O0Ooo0oooao
O Ooo0oooao
O 0Ooo0oo0ooao
O Ooo0oooao
O 0Ooo0oo0ooao

OoooooooQgdg
Oooooogogdg
Oooo0ooooQgdg
OOooooogogdg
OooooT= oOoo0godg

O o0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O o0Oooo
O oOooo
O o0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O o0Oooo
O oOooo

OO0 oo oooooooog
OO0 oo oDoogogogooog
OO0 oooooogooooog
OO0 oo oDoogogoooog
OO0 ooooo4gooooog
OO0 oo oDoogogoooodg
OO0 oooooooooog
OO0 oo oDoogogooodg
OO0 oooooooooog
OO0 oo ooogoooodg
OO0 oooooooooogdg
OO0 oo ooogogogooog
OO0 oooooooooog
OO0 oo ooogogoooog
OO0 oooooooooofdg
OO0 oooooogooooog
Oooooooooooondo
OO0 oo ooooOooooog
Oo0oooooooooood
OO0 oo oooogooooog
OO0 0o oDoogogoooog
OO0 oo oooooooog
OO0 0o oDoogogooodg
OO0 oo oooogooooog
OO0 oo oDoogogooog
OO0 oo ooooOooooog
OO0 oo oDoogogogooodg
oo oo oooooooog
OO0 oo oDoogogoooodg
OO0 oooooooooog
OO0 oo oDoogogoooodg
OO0 oooooooooog
OO0 oo ooogoooodg
oo ooooooOooooog

O 0Oo0oooo
O Oo0gooao
O 0Oo0oooo
O OoQgooo
O 0Ooo0oooo
O OoQgooo
O O0Oo0oooao
O OooQgooo

OoOoooooggg
Oooo0oooQgodg
Oooooogoogdg

O Ooo0oo0oooao
O Ooo0ooooaog
oo oT oOogo

O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0oo0oao
O Ooooo
O 0Oo0oo0oao
O 0Ooooo
O 0OoOooog
O Ooooo
O 0OoOooo
O 0Ooooo
O 0OooOooo
O Ooooao
O 0OooOooo
O 0Ooooao
O 0Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao

O Ooooooaog
O Ooo0ooooao
O O0Ooo0ooooaog
O Ooo0ooooao
OOooo= oo
O O0Oo0oo0oo0ooao
O Oo0o0ooooaog
O O0Oo0oo0oo0ooao
O Ooo= ooogo

1)

O
O
O
O
O
O
O
O

O 0O0o0ooooog
O OoOo0ooooao
O Oo0ooooaog
O Oo0o0ooooao
Y = I o A

|

[

JP 2018-153085

O O0O0Oo0ooooao
O 0O0o0ooooaog
O OoOo0ooooao
O O0Oo0ooooaog
O Ooo0ooooao
O O0Oo0ooooaog
O Ooo0oo0oooao
O Ooo0ooooaog
oo oQooT >»oog

O
O
O
O
O
O
O

O
O
O
O
O

2018.9.27

10

20

30

40

50



OooooooooooooooOoooOoooOoooOhoooDoDoooOooooooDoooooooooooOoooOod
e ) e A A

oo oooooogoQgog

s s e e e ) [ Iy

e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
OoOoooo
O oOoooo
O oOoo0ooo
O oOoooo
O oOoo0ooao

OooooooQgdg
OOooooogogdg
Oooo0oooQgdg
OOoo0oooogogg
Oooo0oooQgdg
OOooooogogg
Oooo0oooQgdg
Oooooogogdg
OoOoo0oooQgdg
OOooooogoogg
OoOoo0oooQgdg

Oooooooooooogdg
OO0 oDooo4gogoooogd
Oooooooooooogdg
OoDooooogoooogdg
Oooooooooooogodg
OooDooo4gogoooogd
Ooooocooooooogodg
Ooooooogooooogdg
Ooooocooooooogodg
OooDoooogooooogdg

O Ooooo
O OooOgoao
O 0Ooooo
O Ooogooao
O Ooo0ooo
O Ooogooao
O 0Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooo
O Ooooao
O Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O O0Oogoao
O Ooooo
O OoOgooao
O Ooooo
O O0Oogoao
O Ooooao
O Ooogoao
O Ooooo
O Ooogooao
O 0Ooo0ooo

Oo0ooooQgoooaoo
Oo0oooog4Qgoooao
Oo0ooooQgoooao
Oo0oooogQgoooao
Oo0ooooOoogooooaoo
Oo0oooogogQgoooao
Oo0oooogogoooaoo
Oo0oooogogQgoooao
Oo0oooogogoooaoo
OooooogoQgoooao
Oooooogooooaoo
Oo0oooogoQgoooao
Oooooogogoooaoo
Oo0oooogoQgoooao
Oo0ooooogogoooaobo
OoooooQgoooaoo
OooooogooOoooOoaoo
OoooooQgoooaoo
Oooooo0gooOoooOoaoo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
O
O
O
O
O
O
O
]
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O

Ooooooooogooooao

O
O
O
O
O
O
O
O
O
O
O
O

O o0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0ooao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O 0Ooo0oo0oao
O oOoooo
O O0OoOooo
O oOoooo
O 0Ooooo
O oOoooo
O 0Ooooo
O oOoooo
O Ooooo
O o0oooo
O Ooooo
O oOoooo
O Ooooo
O oOoo0ooao
O oOoooo
O o0Ooo0ooao

O Ooooooaog
O Ooo0oo0oooao
OOoo0ooooaog
O Ooo0ooooao
O Ooooooaog
O Ooo0ooooao
OOoooooao
O O0Ooo0ooOoooao
OOoo0ooooaog
O 0O0oOooooaog
OOoooooao
O 0O0o0ooooaog
OOoo0ooooao
O 0O0ooooaog
OOoo0ooooo
O O0Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoooooao
O Ooooooaog
OOoo0ooooao

oo ooooogQgooooo

Ooooooooogooooao

(12)

OoooooogogQogoooo

Ooooooooogoooao

OoooooogogQgooooo

Ooooooooogooooao

OoooooogogQogoooo

OoooooooooOoooao

OoooooogoQgoooo

N Iy

O 0Oooo

B R |

OO0 oooogogogao
oo oooooQgoooo

OO0 oDooogodQgoooao
OoooooQgoooao
OO0 oooog4Qgoooao
OoooooQgoooaoo
OO0 oooogogQgoooao
Oo0ooooQgoooao
Oo0ooogQgoooao

JP 2018-153085

OO0 ooooog4Qgoooao
OooooooogoQogoooo
OO0 ooooggoooao
oo oooooQgooooo
OO0 ooooggoooo
oo oooooogooooo
OO0 oooogQgoooao

OoooooogooQgoo
OOoooooggoao
OoooooogooQgoao
OOoooooogoQgoao
Oooo0oooogoogoao
Oooooogogoao
Oooo0oooogooQgoao

[ O R |
[ B R |
[ O R |
[ I |
[ o R |
[ I B R |
[ o R |

OooooooQgooooao

O
O
O

O
O
O

2018.9.27

oo ooooogogQgoooo

O 0o oo

Oooooooooooao

O 0o oo

OO0 ooooogogQgoooo

I [ o [

Ooooooooogooooao

O 0o oo

10

20

30

40

50



e e e Y Iy
e s e e s e e e e ) e ) e e e e s e s Y Y Y
v e Y Iy
e s e R e e ) e ) e e e s e s Y Y Y
e ey I
e s e e e R e ) e ) e e s e s Y Y

O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooooo
O OooOooo
O 0Ooooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooog
O Ooooo
O OooOooo
O Ooo0ooo
O OooOooo
O 0Ooo0ooo.o
O Ooooo
O 0Ooo0ooo

OoooooogoQgdg
Ooooooggdg
OoooooogoQgdg
OOoooooggdg
OoooooogoQgdg
OOooooogogdg

O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
OJ
O

O
O
O
(]
O
O
O
O
(]
O
O
O
O
O
O
O
O
O
O
O
OJ
O

Ooooooogoogoao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Oooo0ooogoogogoao

Ooooooogoogoao
OOoooogogoao
Ooooooogoogoao
Ooooogogoao
Ooooooogoogoao
Ooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao
Oooooogogoao
Oooo0ooogoogoao

O0Ooo0oooaoo
O 0OooOoooaog
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oo0ooaoo
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Ooo0oo0ooao
O0Ooo0oooao
O0Oo0Oo0ooao
OOoo0oooao
O0Oo0Oo0ooao
O0Ooo0oooaoo
O0Oo0Oooo
OOoo0oooao
O0Oo0oooao
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooaoo
O0Ooo0oooaog
O0Ooo0oooaoo
O 0Ooo0oooao
O0Ooo0oooao
O 0Ooo0oooaog
O0Ooo0oooao
OOooooao
O0Ooo0oo0ooao

OOoooood
O Ooooood
OOoooood
OOoooood
OOooOooood
OOooooodg
OOooOooood
OOo0ooood
OOoo0ooood
OOooooodg
OOooOooood
OOooooodg
O Ooo0ooo0ood
OOooooodg
O 0O0oooodg
OOooooodg
O 0O0oooodg
OOo0ooood
O 0O0ooood
OOoooood
O O0Oooood
OOoooood
O O0oOoooodg
OOoooood
O Ooo0ooood
OOoooood
OOoooood
OoOooOooood

Ooooooogdg
OooooooQgdg
Oooooogdg
Oooo0ooooQgodg
Ooooooogg
OooooooQgodg
Ooooooogg
OoOooooogadg
Oooooooogg
OoOooo0oooogoadg
Oooooooogg
OoOoooooogoadg
OooooooQgg
OO0 ooooogdg
OooooooQgdg
OO0 oooogg
Ooooooogdg
OOooooogg
OoooooooQgdg
OOooooogg
OooooooQgdg
OOooooogg
OooooooQgdg
Oooooogdg
OooooooQgdg
Oooooogg
Ooooooogodg

(13)

Oooooooogdg
Ooooooodgadg
Ooooooogdg
OoOoooooogodg
Oooooooogdg
OoOoooooogoadg
Ooooooogdg
Oo0Doooogdg
Oooooooogdg
OO0 oooogdg
OooooooQgdg
OOo0oooogdg
Oooooooogdg
OOooooogdg
Ooooooogdg
OOooooogdg
OooooooQgodg
Oooooogdg
Oooo0oooQgodg
OoOoooooogdg
OoooooQgdg

O

[

JP 2018-153085

O O
O O
O O
O O
O O
O O
O O

O
O
O
O

O
O
O
O

2018.9.27

10

20

30

40

50



e e e Y Iy

e s s e e e e e s e e e Y o A
[ s v e ey v v e s
e s s e e ) e e s e s e e s e o B
[ s e e ey e s v e
e s s e e ) e e e e s e e e

O

OJ
O
O
O
[

O

OoooooQgooo
Oo0ooogoQgogoao
Ooo0oooQogooo
Oo0ooogoQgogoao
Ooo0oooQogooo
OoooogoQgogooao
Ooo0oooOoooo
OoooogoQgooao
Ooo0ooooOooOooo
Ooooogoogooao
Ooo0oooOoooao
OoooogoQgooao
Ooo0ooooOoooao
OooooQgooao
OoooooOoooao
Ooo0oooQgooao
OoooooOooOooao
Oo0oooQgooao
OooOoo0oooOooOooao
Ooo0oooQgooao
OO0 oOoogoQgogoao
Oo0oooQgooo
OO0 ooogoQgogoao

OooDoooo0ooooo4o0ooDooogogQgooao Oo0Oo0ood

O Ooooo
O OoOooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooo
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooao
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
O 0Oo0ooOoo
O Ooooo
OO oOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OoOooo
O Ooooo
O OooOooo
O Ooo0ooo
O Ooooo
O Ooo0ooo
O Ooooo
O 0Ooo0ooo

OOoo0oood

OO0 oDooo40doooooo4ggooDooogoggooao

Oo0Oo0ood

Ooooooo0oooooo0ooooogoQgooao

OOoo0oodg

OOo0oDooo40o0oooooo4QgooDooogoggooao

Oo0Ooo0ood

Ooooooo0oooooo0ooDooogogooao

Oo0Oo0ood

OOo0DoDooo4o0ooooo4dooooogoggooao

A

Ooooooo0oooooooooooogoogooao

Oo0Oo0ood

OOo0ooDooo4o0ooooo4ogoooooggooao

I R

Oooooooooooooooooogogoao
Oo0ooooooooooooogoooogogaoQg
Ooooooooooooooooooogogoao
Oo0oooooooooooogoooogogaoQg
Oooooooooooooooooogogao
Ooooooooooooooooooogogaog
Oo0oooooooooooooooooogogao
OooooooooooooooooogogaoQg
Oo0oooooooooooooooooogogoao
OoooooooooooooooooogogaoQg
Ooo0oooooooooooooooooogooOgoao
Oooooooooooooooooogogao
OO0 o0oDooggUoooDoDooggUggoooogogog
Oo0ooooooooooooooooogogao
OO0 oDooggUoooDoDoo4ogUgogoooogogog
OooooooooooooooooogoQgaoQg
OO0 ooDooggUooooDoogoggogoooogogaog
OooooooooooooooooogoQgaoQo
OO0 ooDoogogUoooDooogogogoooogogaog
OooooooooooooooooogoQgaoQo
OOo0ooDooogUooooooogogoooogogaog
Ooooooooooooooooooogogo
OOo0oDoDoooooDoooogogoooogogaoQg
Oooooooooooooooooogogao
OOo0oooooooooogogogoooogogaoQg
Oooooooooooooooooogogao

OoOoo0oood

O0Ooo0ood

OoOoo0oood

O0Ooo0oood

(14)

oono
oo

Oo0Oo0ood

O0Oo0ood

Oo0Oo0ood

O0Oo0ood

OoOoo0oood

O0Oo0ood

Oo0Oo0oood

O

OOoo0oo0oogao

OoOoo0ood

JP 2018-153085

gooooad

oad

OooooogQg-g
OOooooggdg
OooooogQgQg
OOooooggdg
OooooogoQgoQg
OOooooggo-g
OoooooogoQgaoQg
OOooooggdg
I s [y [y |
OooooggQg
Oooo0ooogoQgaQd

OO0Oo0ood
OoOoo0oood

O

OO0Oo0ood

O

I B B

O

Oo0Oo0ood

O

Oo0Oo0ood

O OooOooo
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooo
O OooOooo
O 0Oo0ooao

2018.9.27

gooano

O

O

O

O

10

20

30

40

50



Iy e e ey e e s [ I O

OO0 oDoooogogoooooogdg
Oo0ooooooooooooQgodg
OO0 Do ooogogogooooogoogdg
Ooo0ooooooooooogooQgodg
OO0 oo ooogogoooooogdg

O0o0ooodUooooodUoDooUodUoooDooDooUUooooogogdg
Ooooooo0oooooo00 oo oooo0ooDooooooooogoQgg
e R s e e e e e e A s [ s [
Oooooooo0oooooo0 oo oooo0ooDooooooDooogoQgdg
Oo0o0oooodo0ooooodUooDooUoUUoooDoDoooUooooogogdg

Ooooooogoogooo
OO0 ooooggooao
Ooooooogoogooo
Oooooogogooao
Ooooooooogoooo
Ooooooogogooao
Ooooooooogoooo
Ooooooogogooao
Oooooooogoooo
Ooooooogogooao
Ooooooooogooo
Ooooooogogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogooao
Ooooooogogogooao
Ooooooooogoooao
Ooooooogogogooao
OoOo0ooooooogogooOoao
OoooooogogoQogooo
OO0 oooogogooao
Ooooooogogoooao
OO0 ooDoogogooao
Oooooooogoogoooo
OO0 ooDoogogooao
Ooooooogoogoooo
Oooooogogooao
Ooooooooogoooo
Oooooogogooao
Oooooooooooao
Oooooogogooao
Oooooooooooo
Oooooogogooao
Ooooooooogoooao

O o0 oooogogo
O oD oooogogog
oo oooogogo
O oD ooooggog
oo oooogogo
O oo ooogogog
oo ooooogogo
O oo ooogogoQg

Oo0oooQoooo
Oo0o0ooogQgogoao
Ooo0oooQgooo
Oo0ooogQgooao
Ooo0oooogooo
Oo0ooogoQgooao
Ooo0oooOoooo
Oo0ooogoQgooao
Ooo0oooOoooao
Oo0ooogoQgooao
Ooo0oooOooOooao
Oo0ooogoQgooao
Ooo0oooOooOooao

O Ooooo
OO oOooog
O Ooooo
O OooOooo
O 0Ooooao
O OooOooog
O 0Ooo0ooo
O OooOooo
O 0Ooo0ooao
O OooOooo
O 0Ooo0ooao
O Ooooo
O 0Ooo0ooOoao
O OooOooo
O 0Oo0ooOoao
O OooOooo
O 0Oo0ooOoo

O Ooooo
O Ooogoo

O
O

O Oooo

O O ogo

O Oooo

O O ogo

O 0o oo

O O oo

Ooooooogoogao
OoooogogaoQg
Ooooooogoogao
Oooooogogao
OooOoooooogao
Ooooogogao
OooOoo0oooogoogao
Oooooogogao
OooOoo0oooogooOgao
Oooooogogao
OooOoo0oooogoogao
Oooooogogo
OOo0ooogogaog
Oooooogogao
OOo0ooogogaog
Oooooogogao
OOo0ooogogaog
Ooooooogogao
OoOoooogogaoQg
Ooooooogogao
OOo0ooogogaog
OooooooOgoogao
OoooogogaoQg
Ooooooogogao
OoooogogaoQg
Ooooooogoogao

O 0o oo

O Oooo

O 0o oo

O Oooo

O 0o oo

(15)

OoooogogaoQg

O Oooo

I [ Oy |

O 0o oo

OoooooggoQg

O Oooo

I B Iy |

O 0o oo

OooooogogQg

O Oooo
O 0Oo o
O Oooo
O 0OoOoo
O Oooo
O 0Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O Oooo
O 0Oooo

O Oooo

I |

O 0o oo

Ooooooggadg

O Oooo

Ooooo0oogoood

O oOood

|

OooooogogQg

O Oooo

JP 2018-153085

OOo0ooogogdg
Oooooogg™g
OOooooggdg
OooooogoQgQg
Oooooggdg
B [ [y |
OOooooggo-g

O O ogo
O Oooo
O O oo
O 0o oo
O O oo
O Oooo
O O oo

[ |

O 0Oooo

2018.9.27

Ooooooggdg

O O oo

I s [ |

O 0o oo

Ooooooggdg

O 0o oo

I B |

O Oooo

10

20

30

40



goooano

gogooano

206

JP 2018-153085 A 2018.9.27

ggooano




17 JP 2018-153085 A 2018.9.27

gooooooaoo

(74000 100154162
0Doooooooo

(74000 100182257
0Doooooooo

(74000 100202119
0Doooooooo

(72000 0OOO0O0O000O0O0O0
00000000000000000000000000000000000000000000
0000000000000

(7000 0O0O0O000000O0O0000000O0000
00000000000000000000000000000000000000000000
00000



(18) JP 2018-153085 A 2018.9.27

gooooooanb

[Title of the Invention]

FIBER ACTUATOR FOR HAPTIC FEEDBACK

[Technical Field]

[0001] The present invention relates to fiber actuators for providing haptic feedback, and haptic
actuation resulting from mechanical and/or electrostatic (non-mechanical) feedback. Such fiber
actuators are useful in structural materials, including as elements of wearables or accessories.
[Background Art]

[0062] Haptic feedback for use in wearables or accessories has traditionally been based on the
use of eccentric rotating mass (ERM) motors and linear resonant actuators (LRA). However,
these types of actuators are typically bulky and often require large amounts of power, making
them difficult to integrate into clothing or other wearables or accessories {i.e., jewelry, etc.).
Shape memory alloys have also been used in wearables, but again, power consumption often
limits their applicability and ease of integration.

[0003] What is needed is a simple mechanism for providing haptic feedback to a user that can
readily be implemented in wearable and accessory goods.

{Summary of the Invention]

[0004] This disclosure relates to fiber actuators for providing haptic feedback, wherein the fiber
actuator may be used in various applications, such as wearables and accessory goods.

[0005] In exemplary embodiments, provided herein are fiber actuators for providing haptic
feedback to a user. Fiber actuators include, for example, a first conductive element, a polymeric
layer concentrically disposed about the first conductive element and configured to deform so as

to provide haptic feedback, and a second conductive element concentrically disposed about the
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polymeric layer. In embodiments, the fiber actuator has a substantially circular cross-section for
substantially an entire length thereof.

{0006} Also provided herein are smart materials for providing haptic feedback, which include, a
structural material, and a fiber actuator associated with the structural material, which includes a
first conductive element, a polymeric layer concentrically disposed about the first conductive
element and configured to deform so as to provide haptic feedback, and a second conductive
element concentrically disposed about the polymeric layer. Suitably, the fiber actuator has a
substantially circular cross-section for substantially an entire length thereof.

[0607] Also provided herein are methods for providing haptic feedback to a user via a fiber
actuator. The methods suitably include providing a fiber actuator as described herein,
transmitting an actuation signal to a power source electrically coupled to the fiber actuator, and
generating haptic feedback via the fiber actuator.

[Brief Description of the Drawings}

[06008] FIG. 1A shows a fiber actuator in accordance with an embodiment hereof.

[0009] FIG. 1B shows a sectional view of an exemplary fiber actuator of FIG. 1A, taken through
line B-B, in accordance with an embodiment hereof.

[0010] FIG. 1C shows a section view of an alterative fiber actuator of FIG. 1A, taken through
line B-B, in accordance with an embodiment hereof.

[0011] FIGs. 2A-2B show a smart material for providing haptic feedback in accordance with an
embodiment hereof.

[Configuration to Work the Invention]

[0012] The foregoing and other features and aspects of the present technology can be better

understood from the following description of embodiments and as illustrated in the
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accompanying drawings. The accompanying drawings, which are incorporated herein and form
a part of the specification, further serve to illustrate the principles of the present technology. The
components in the drawings are not necessarily to scale.

{0013] Various embodiments will be described in detail, some with reference to the drawings.
Reference to various embodiments does not limit the scope of the claims attached hereto.
Additionally, any embodiments set forth in this specification are not intended to be limiting and
merely set forth some of the many possible embodiments for the appended claims.

[0014] Whenever appropriate, terms used in the singular also will include the plural and vice
versa. The use of “a” herein means “one or more” unless stated otherwise or where the use of

“one or more” is clearly inappropriate. The use of “or” means “and/or” unless stated otherwise.

¥ L ¥ i k& 21 e Y Liy

The use of “comprise,” “comprises,” “comprising,” “include,” “includes,” “including,” “has,”
and “having” are interchangeable and not intended to be limiting. The term “such as™ also is not
intended to be limiting. For example, the term “including” shall mean “including, but not limited
to.”

[0015] In embodiments, provided herein are fiber actuators for providing haptic feedback, which
include a first conductive element, a polymeric layer concentrically disposed about the first
conductive element and configured to deform so as to provide haptic feedback, and a second
conductive element concentrically disposed about the polymeric layer.

[0016] In further embodiments, provided herein are smart materials for providing haptic
feedback to a user, which include a structural material and a fiber actuator, as described herein.

[0017] As used herein “fiber actuator(s)” refers to a material having a cross-section that is

substantially circular, and a length that is at least 2 or more times greater than its cross-section. In
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embodiments, the fiber actuators contain an inner or core material, which is surrounded,
concentrically, by one or more layers of additional materials.

[0018] As used herein “smart material(s)” refers to a material that is capable of being controtled
such that the response and properties of the material change under the influence of an external
stimulus.

[0019] As used herein “haptic feedback”™ or “haptic feedback signal” refer to information such as
vibration, texture, and/or heat, etc., that are transferred, via the sense of touch, from a fiber
actuator and/or smart material as described herein, to a user.

[0020] As used herein, “structural material”™ means a material used in constructing a wearable,
personal accessory, luggage, etc. Examples of structural materials include: fabrics and textiles,
such as cotton, silk, wool, nylon, rayon, synthetics, flannel, linen, polyester, woven or blends of
such fabrics, etc.; leather; suede: pliable metallic such as foil; Kevlar, etc. Examples of
wearables include: clothing; footwear; prosthetics such as artificial limbs; headwear such as hats
and helmets; athletic equipment worn on the body; protective equipment such as ballistic vests,
helmets, and other body armor. Personal accessories include: eyeglasses; neckties and scarfs;
belts and suspenders; jewelry such as bracelets, necklaces, and watches (including watch bands
and straps); and wallets, billfolds, luggage tags, etc. Luggage includes: handbags, purses, travel
bags, suitcases, backpacks, and including handles for such articles, etc.

{0021] FIG. 1A illustrates an exemplary fiber actuator 100 as described herein. FIG. 1B shows a
section through line B-B of fiber actuator 100, in which a hollow core fiber is utilized or employed.
FIG. 1C shows a cross-section through line B-B of fiber actuator 100, in which a solid core fiber is
utilized or employed. in embodiments, as shown in FIG. 1B, fiber actuator 100 includes a first

conductive element 102, In such embodiments, first conductive element 102 forms a hollow core of
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fiber actuator 100, forming a substantially circular cross-section of the fiber actuator. In FIG. 1C,
first conductive element 102" is a solid core of fiber actuator 100, forming a substantially circular
cross-section of the fiber actuator.

[0022] As shown in FIG. 1B, fiber actuator 100 further includes a polymeric layer 104
concentrically disposed about first conductive element 102 and configured to deform so as to
provide haptic feedback. In fiber actuator 100 of FIG. 1B, first conductive element 102 essentially
forms a coating or inner lining of polymeric layer 104, thereby providing the hollow core structure
of fiber actuator 100. In FIG. 1C, polymeric layer 104 is concentrically disposed about the solid
core of first conductive element 102’, forming a coating surrounding the solid core structure of fiber
actuator 100.

[0023] Fiber actuator 100 further includes a second conductive element 106, concentrically
disposed about polymeric layer 104. In FIG. 1A and 1B, second conductive element 106 is
represented as a coating or layer surrounding polymeric layer 104.

8024} As described herein, fiber actuator 100, whether including a solid or hollow core structure,
has a substantially uniform cross-section for substantially an entire length of the fiber actuator, and
in certain embodiments, has a substantially circular cross-section for substantially an entire length of
the fiber actuator. It is this substantially uniform cross-section {and in embodiments the
substantially circular cross-section) that provides fiber actuator 100 with one of its characteristics to
allow for use or integration in structural materials, including wearables, as described herein,
“Substantially uniform cross-section” means that a section taken through the fiber has a cross-
section that is uniform, i.e., within about 5-10% throughout “substantially an entire length” of the
fiber actuator. “Substantially circular cross-section” means that a section taken through the fiber

has a diameter that is uniform, i.e., within about 5-10% throughout “substantially an entire length”
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of the fiber actuator. “Substantially an entire length™ means at least 80-90% of the entire length of
the fiber actuator. In embodiments, the fiber actuator has a cross-section, and suitably a diameter,
that is uniform within about 1-5% (suitably within about 4%, about 3%, about 2% about 1% or
about 0.5%) over at least about 90-95%, and suitably 95% or more {e.g., 96%, 97%, 98%, 99% or
100%) of the entire length of the fiber actuator. In further embodiments, other cross-sections (i.e.,
square, rectangular, triangular, oval, etc.), can also be used that are also substantially uniform, as
described herein.

[0025] Exemplary conductive elements for use in fiber actuator 100 include, but are not limited to,
silver, gold, various conductive metals or polymers, including, Al, Cr, poly(3,4-
ethylenedioxythiophene), polystyrene sulfonate (PEDOT:PSS), etc.). In embodiments where the
first conductive element forms a solid core, as FIG., 1C, first conductive element 102’ can be a
solid wire or filament of a conductive element, including a gold or silver wire, etc. Polymeric
layer 104 can then be disposed, coated or otherwise associated with the solid core to form the
concentrically disposed structure. As used herein “concentrically disposed” refers to a layer(s)
of material that is applied or coated on a structure, such that the layers have the same circular
center when viewed in cross-section.

[0626] In embodiments where the first conductive element forms a hollow core, as in FIG. 1B,
the inner surface of polymeric layer 104 can be coated or covered with a film or coating of a
metal or other material, to form first conductive element 102. Similarly, second conductive
element 106 can also be coated or disposed on polymeric layer 104, thereby forming the
structure shown in FIG. 1B. For example, a hollow polymeric fiber or filament can be prepared,
using for example, a fiber spinning method wherein concentric cylinders are used, and a polymer

fills in the gaps between the cylinders to form a hollow fiber, such as polymeric layer 104. First
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conductive element 102 can then be applied to the inner surface of polymeric layer 104 to form
the hollow fiber structure. Similarly, second conductive element 106 can be applied to the outer
surface of the hollow fiber, polymeric layer 104, to form the structure shown in FIG. 1B.
Methods of applying first and second conductive elements can include sputtering, dip-coating,
spraying, electro-plating, painting, etc. In embodiments, surface patterning can be used to
selectively etch the surface of polymeric layer 104 to increase the surface area or create a desired
structure which can then be coated or covered with a thin fiim of conductive material to create
the first and/or second conductive elements described herein.

{0027] In further embodiments, first 102 and/or second 106 conductive elements can be
positioned over certain sections of the fiber actuator, with sections between the conductive
elements in a non-active state (i.e., lacking one or more of the conductive elements). Fiber
actuator 100 can be prepared with repeated sections of “active” — containing electrode(s} and
“inactive,” — lacking electrode(s) to provide a patterned fiber. Such patterning can occur, for
example, over a stretch of about 1-5 cm with electrodes, about 1-5 cm without electrodes, and
then repeated, ete.

{0028] Polymeric layer 104 suitably includes an electroactive polymer. Electroactive polymers
include polymers such as, but not limited to, poly(vinylidene fluoride}, poly(pyrrole),
poly(thiophene), poly(aniline) and mixtures, co-polymers, and derivatives thercof. Exemplary
classes of electroactive polymers include dielectric and ionic polymers. A dielectric polymer (or
dielectric elastomer) may be made to change shape in response to an electric field being
generated between two electrodes that then squeezes the polymer. Dielectric éelymers are
capable of very high strains and are fundamentally a capacitor that changes its capacitance when

a voltage is applied by allowing the polymer to compress in thickness and expand in area due to
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the electric field. An ionic polymer may undergo a change in shape or size due to displacement
of ions inside the polymer. In addition, some ionic polymers require the presence of an agueous
environment to maintain an ionic flow.

[0029] Methods of preparing electroactive polymers are known in the art, and can suitably
include dissolving a desired polymer in a suitable solvent, and then casting the polymer in the
desired shape (i.e., fiber or filament). Alternatively, the polymer may be drawn, or subjected to
fiber spinning techniques, so as to be prepared with the desired filament (core or hollow
structure) dimensions, as described herein. Additional methods include melt mixing, in which
the polymer is heated above the softening/melting point, and then the polymer film is processed
using film processing (casting or blowing) techniques.

[0030] Polymer layer 104 will suitably have a thickness on the order of about 5 um to millimeters,
e.g., about | pm to 5 mm, about I um to 1 mm, about 1 um to 500 um, or about 5 um to about

500 pm, or about 10 pm to 500 pm, or about 1 um to about 100 pum, though thicker or thinner
polymer layers can also be utilized.

[0031]} First conductive element 102, in the form of a solid core structure, can have a diameter on
the order of 5 um to millimeters, e.g.. about 1 pm to 10 mm, about 1 um to 5 mm, about 1 umto 1
mm, about 1 um to 500 um, or about 5 pm to about 500 um, or about 10 um to 500 wm, or about 1
pm to about 100 pm. When first conductive element is in the form of a coating or layer, as in FIG.,
1B, the thickness of the conductive element will generally be on the order of microns, suitably about
0.5 pum to about 500 pm, more suitably about 0.5 um to about 100 pm, or about 0.5 pm to about 50
pm.

[0032} Overall, the diameter of the fiber actuators 100 described herein is suitably on the order of

10’s to 100’s of microns, or up to millimeters, for example, on the order of about 1 um to 10 mm,
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about 1 pm to 5 mm, about 1 pm to I mm, about 1 pm to 500 pm, or about 5 pm to about 500 pm,
or about 10 um to 500 pum, or about T um to about 100 um. The length of fiber actuators 100 can
be on the order of microns to millimeters to centimeters to meters, depending on the ultimate
application and use of the fiber actuator.

[0033] Additional examples of compositions useful as polymer layer 104 include piezoelectric
polymers and shape memory polymers. Exemplary piezoelectric materials include, but are not
limited to, barium titanate, hydroxyapatite, apatite, lithium sulfate monohydrate, sodium
potassium niobate, quartz, lead zirconium titanate (PZT), tartaric acid and polyvinylidene
difluoride fibers. Other piezoeleciric materials known in the art can also be used in the
embodiments described herein.

[0834] Shape memory polymers (SMP) allow for programing of the polymer providing it with
the ability to change shape from a first to a second shape. The shape-memory effect is not an
intrinsic property, meaning that polymers do not display this effect by themselves, Shape
memory results from a combination of polymer morphology and specific processing and can be
understood as a polymer functionalization. By conventional processing, e.g. extruding or
injection molding, the polymer is formed into its initial, permanent shape B. Afterwards, in a
process called programming, the polymer sample is deformed and fixed into the temporary shape
A. Upon application of an external stimulus {e.g., heat or electric field}, the polymer recovers its
initial permanent shape B. This cycle of programming and recovery can be repeated several
times, with different temporary shapes in subsequent cycles. Shape-memory polymers can be
elastic polymer networks that are equipped with suitable stimuli-sensitive switches. The polymer
network consists of molecular switches and net points. The net points determine the permanent

shape of the polymer network and can be a chemical (covalent bonds) or physical
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(intermolecular interactions) nature. Physical cross-linking is obtained in a polymer whose
morphology consists of at least two segregated domains, as found for example in block
copolymers. Additional information and examples of SMPs can be found in Shape Memory
Polymers, MaterialsToday, Vol. 10, pages 20-28 (April 2007), the disclosure of which is
incorporated by reference herein in its entirety.

[0035] Transformation of SMPs from one or a first configuration to another or a second
configuration is suitably controlled by controlling the temperature of the SMP in relation to its
glass transition temperature (Tg). Raising the temperature of the SMP by heating it above its Tg,
will cause the SMP actuator to transition to its second (memorized or original) configuration,
resulting in activation or actuation of the multi-stable material and moving or transforming from
a first stable configuration to a second stable configuration, and suitably to a third (and fourth,
fifth etc., if desired) stable configuration. Exemplary shape memory polymers include various
block copolymers, such as various poly(urethanes), poly(isoprene) and poly(ether esters), which
have been programmed to have the required shape memory characteristics.

[0036] In the fiber actuators described herein, polymeric layer 104 is suitably a soft polymer,
including for example an electroactive polymer, or a shape memory polymer, configured to
deform so as to provide haptic feedback. As used herein “configured to deform” means that he
polymer is shaped, formed, oriented or otherwise structured in the fiber actuator so as to be able
to move, change shape, vibrate, elongate, contract, etc., so as to provide haptic feedback as the
fiber actuator moves, changes shape, vibrates, elongates, contracts, etc. The malleability or
flexibility of the polymer layer allows for it to deform or change shape in response to an electric
field (and heating if required) applied between the first and second conductive elements. For

example, polymeric layer 104 can contract, causing the fiber actuator to shrink or deform in
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shape, or can expand, causing the fiber actuator to extend, contract or otherwise deforrm in shape.
in general, the amount of movement or deformation of fiber actuators in response to an electric
field will be on the order of a few percent (0.5-5%) of the total diameter and/or iength of the
fiber actuator.

{0037} In exemplary embodiments, as shown in FIG. 2A, fiber actuator 100 can be associated
with a structural material 210, so as to form a smart material 200. In exemplary embodiments,
structural material 210 can be a textile, including part of a wearable, as described herein.

[0038] Thus, in embodiments, provided herein are smart materials for providing haptic feedback
to a user. Exemplary smart materials 200 include, for example, structural material 210 and fiber
actuator 100 associated with the structural material. As described herein, fiber actuator 100 can
include first conductive element (102 if hollow fiber or 102" if solid core fiber) polymeric layer
104 concentrically disposed about the first conductive element and configured to deform so as to
provide haptic feedback, and second conductive element 106 concentrically disposed about the
polymeric layer. As described through, the fiber actuator has a substantially uniform cross-
section, and in embodiments, a substantially circular cross-section, for substantially an entire
length of the fiber. Exemplary materials for use as the conductive elements and the polymeric
layers are described herein.

{0039] Various mechanisms for associating or attaching fiber actuator 100 to structural material
210 can be used. For example, fiber actuator 100 can be integrated into structural material 210,
Fiber actuator 100 can be made part of structural material 210 during formation of structural
material 210, such as during weaving or sewing of a textile, etc. That is, fiber actuator 100 can

be directly sewn or weaved into a textile or fabric, for example, between two pieces of a textile,
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or as part of the structure of a structural material, including a textile, thereby integrating the fiber
actuator into the structural material.

[0640] In additional embodiments, fiber actuator 100 can be fixedly attached to structural
material 210. In such embodiments, fiber actuator 100 can be glued, taped, stitched, adhered,
stapled, tacked, or otherwise attached to structural material 210. Fiber actuator 100 can also be
integrated into, or on, various substrates, e.g., polymers such as rubbers, silicones, silicone
elastomers, Teflon, or poly(ethylene terephthalate), etc., in the form of patches, ribbons or tapes
that can then be attached to structural material 210 {c.g., adhered or sewn).

[0041} In integrating fiber actuators into structural material 210, it is generally desirable to orient
the fiber actuators in a parallel or other orientation such that when activated, their movement in
concert results in movement of the structural material, rather than cancelling out their changes in
shape or size. In other embodiments, two sets of two-dimensional fiber sections can be prepared,
hoxa;'ever, and oriented in a perpendicular manner. In such embodiments, a first set of fibers (or a
mesh of fibers) can be actuated to provide actuation in a desired direction, followed by actuating
the fibers in a second direction (inctuding a perpendicular direction), and still provide the
desired actuation.

[0042] The number and concentration of fiber actuators 100 in structural material 210 will vary
depending on the application and type of structural material 210 or smart material 200, but is in
general on the order of one fiber actuator per square centimeter or one fiber actuator per square
inch, but can be included at a higher density, e.g., on the order of 10’s of fibers per square
centimeter or square inch.

[0043] As described herein, power source 208 can be connected to fiber actuator 100, and

suitably to one or both of the first and second conductive elements. In embodiments, power
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source 208 can be permanently connected to fiber actuator 100, or in other embodiments, can be
separate from the fiber actuator, and later connected. In embodiments where the fiber actuator is
part of a structural material, i.e., a wearable, the power source can be physically associated with
the wearable, and attached as desired or required, to fiber actuator 100.

{0044] The amount of power provided by power source 208 is suitably on the order of about 0.1
Watts (W) to about 16 W, or more suitably about 0.5 W to about 5 W, or about | W to about 5
W, or about 0.5 W, about 1 W, about 2 W, about 3 W, about 4 W or about 5 W. Exemplary
power sources 208 including various battery packs as well as solar energy sources. Power source
208 can also include a re-chargeable system, for example, a system capable of recharging
through the use of a piezoelectric material.

[0045] As described herein, in embodiments, polymeric layer 104 deforms in response fo an
electric field between first conductive element 102/102 and second conductive element 106.
This can result in compression or expansion of polymeric layer 104, depending on the type of
polymer selected, thereby providing motion or deformation of the fiber actuator. For example,
as shown in FIG. 2A, fiber actuator 100 can move or deform in a lateral direction 204 (i.e.,
across the width or diameter of the fiber actuator), and/or a longitudinal direction 202 (i.e., along
the length of the fiber actuator). The deformation of fiber actuator 100 can result in movement
or deformation of structural material 210, for example, as shown in FIG. 2B, as the structural
material changes shape, moves, or otherwise deforms, thereby providing haptic feedback to a
user {(mechanical haptic feedback).

[0846] As shown in FIG. 1B and FIG. 1C, fiber actuator 100 can further include an insulator
layer 108, concentrically disposed about the second conductive element 106. As shown in FIG.

1A, insulator layer 108 can cover over at least a segment of the length of fiber actuator 100.
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Thus, as shown in FI1G. 1A, fiber actuator 100 can include portions of the fiber, where the outer
most layer is insulator layer 108, and other sections, where the outer most layer is second
conductive element 106.

[6047] Examples of material useful in forming insulator layer 108 include for example,
polymeric materials, rubbers, plastics, ceramics etc.. In ernbodiments, the materials selected for
insulator layer 108 are suitably thin materials, on the order of 0.5 pm to 10 mm in thickness,
more suitably about 0.5 pum to 1 mm, about 0.5 um to 100 pum, or about 0.5 pm to 10 pum, and
are selected so as to be flexible such that when fiber actuator 100 is part of a textile or fabric,
including as a wearable, the materials can bend and conform to the various shapes necessary
during wearing by a user, while still providing the desired haptic feedback.

[0048] In embodiments where fiber actuator 100 comprises insulator 108, the fiber actuator can
provide electrostatic feedback or an electrostatic interaction (i.e., non-mechanical haptic
feedback) to a user, over the section or length of the fiber actuator that includes the insulator.
[0049] Upon interaction with fiber actuator 100 that includes insulator 108, and/or smart
material 200 which includes fiber actuator 100 that includes insulator 108, for example via a user
touch, haptic feedback can be provided via an electrostatic interaction or electrostatic feedback to
the user. The electrostatic feedback can be in the form of a short vibration or pulse, or an
extended vibration to the user. The frequency of the electrostatic feedback or interaction can be
on the order of about 1 Hz to about 1000 Hz, more suitably about 1 Hz to about 500 Hz, about 1
Hz to about 200 Hz, about 10 Hz to about 200 Hz, about 10 Hz to about 100 Hz, or about 10 Hz,
about 20 Hz, about 30 Hz, about 40 Hz, about 50 Hz, about 60 Hz, about 70 Hz, about 80 Hz,
about 90 Hz or about 100 Hz. Haptic feedback can also be provided by the electrostatic

interaction if a user simply approaches, or is near, the smart material or the fiber actuator,
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signaling a close proximity to the smart material, which may result in the electrostatic interaction
and the haptic feedback therefrom.

[6050] In embodiments, for example as shown in FIG. 1A, fiber actuator 100 can include both
sections that have insulator 108, and sections that do not have insulator 108. Fiber actuators that
have both sections can thus provide both an electrostatic interaction or electrostatic feedback
(non-mechanical), as weil as haptic feedback resulting from the deformation, movement or
change in shape {mechanical) of fiber actuator 100.

[8051] In additional embodiments, smart material 200 can include fiber actuators that include
insulator 108, and fiber actuators that lack insulator 108, in the same smart material. In such
embodiments, the smart material can provide feedback via both electrostatic interaction or
electrostatic feedback and haptic feedback resulting from the deformation, movement or change
in shape of fiber actuator 100. Smart material 200 can comprise sections that include primarily
one type of fiber actuator {e.g., lacking insulator 108) and sections that include primarily another
type of fiber actuator (e.g., including insulator 108), thereby providing distinct sections of smart
material 200 that provide different types of haptic feedback. In further embodiments, the fiber
actuators can be distributed throughout the smart material so that both movement/deformation-
based haptic feedback and electrostatic-based haptic feedback can be provided in the same area
of the smart material.

[0652] In embodiments in which electrostatic interactions are produced or provided, power
source 208, which is connected to first (102 or 102") and/or second conductive element 106, is
also suitably connected to ground. In embodiments, first conductive element 102/102' can act as
ground, with second conductive element being connected to power source 208 to provide

electrostatic feedback to a user when the user contacts insulator layer 108. In additional
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embodiments, a user’s body (e.g., arm, leg, torso, head, neck, etc.) can act as a ground for the
electrostatic interaction, whereby the haptic feedbaqk is provided or felt via the user’s touch (or
close approach). In further embodiments, a user’s touch can act as ground for the electrostatic
interaction, whereby the haptic feedback is provided or felt via the user’s body, rather than
through user’s touch (or close approach). In still further embodiments, the haptic feedback in the
form of an electrostatic interaction can be felt by either, or both, user’s body and/or user’s touch.
[0053] As described herein, in embodiments, smart material 200, and thus structural material
210, can be incorporated into or be part of wearable articles, such as, textiles, including shirts,
blouses, hats, jackets, coats and pants/shorts, resulting in a wearable smart material. The
structural materials can also be integrated into accessories, including various leather goods,
including wallets and purses, handbags (including handles of such), backpacks, and jewelry, etc.
{0054] In additional embodiments, provided herein are methods for providing haptic feedback to
a user via fiber actuator 100. Exemplary methods include providing fiber actuator 100, which
includes providing smart material 200, including fiber actuator 100 associated with or integrated
into structural material 210, for example, as part of a wearable, accessory good, etc. As
described herein, fiber actuator 100 can include first conductive element {102 if hollow fiber or
102" if solid core fiber) polymeric layer 104 concentrically disposed about the first conductive
element, and second conductive element 106 concentrically disposed about the polymeric layer.
As described through, the fiber actuator has a substantially circular cross-section over
substantially an entire length of the fiber. Exemplary materials for use as the conductive

elements and polymeric layers are described herein.
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[0055] The methods further comprise transmitting an actuation signal 206, for example, as
illustrated in FIG. 2A, to power source 208, which is electrically coupled to fiber actuator 100.
The methods further comprise generating haptic feedback via the fiber actuator.

[0056] As described through, in embodiments, generating haptic feedback includes generating an
electric field between first conductive element (102 or 102" and second conductive element 106,
resulting in deformation of polymeric layer 104. In exemplary embodiments, polymeric layer
104, which can be an electroactive polymer or a smart polymer, deforms, moves, changes shape,
or otherwise reacts to the electric field causing movement of the fiber actuator, and in
embodiments, movement of structural material 210, thereby providing haptic feedback to a user.
The polymeric layer 104 can also deform or change shape in response to a change in temperature
which results from the generation of the electric field. Such movement and haptic feedback is
“mechanical” in nature, in that it is felt by the user as a movement, vibration or deformation of
the fiber actuator, and thus the smart material/structural material.

[0057] In still further embodiments where fiber actuator 100 includes insulator layer 108
disposed about second conductive 106 element over at least a segment of the length of the fiber
actuator, the generating haptic feedback includes generating an electrostatic feedback to the user.
This electrostatic feedback can occur as a user interacts with the fiber actuator or the structural
material, including both direct contact and close contact with the fiber actuator or the structural
material. This electrostatic feedback is non-mechanical in nature as it results from electrostatic
forces, rather than physical movement or deformation.

[0058] Exemplary actuation signals 206 can be from a cellular phone, tablet, computer, car
interface, smart device, game console, etc., and can indicate for example the receipt of a text

message or e-mail, phone call, appointment, etc.
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{0059] In further embodiments, a controller is also suitably included to provide an interface
between a device, including an external device, and smart materials 200 and/or fiber actuators
100, as described herein. Components of a controller are well known in the art, and suitably
include a bus, a processor, an input/output (/O) controller and a memory, for example. A bus
couples the various components of controller, including the /O controlier and memory, to the
processor. The bus typically comprises a control bus, address bus, and data bus. However, the
bus can be any bus or combination of busses suitable to transfer data between components in the
controller.

[0060] A processor can comprise any circuit configured to process information and can include
any suitable analog or digital circuit. The processor can also include a programmable circuit that
executes instructions. Examples of programmable circuits include microprocessors,
microcontrollers, application specific integrated circuits (ASICs), programmable gate arrays
(PGAs), field programmable gate arrays (FPGAS), or any other processor or hardware suitable
for executing instructions. In the various embodiments, the processor can comprise a single unit,
or a combination of two or more units, with the units physically located in a single controller or
in separate devices.

[0861] An /O controlier comprises circuitry that monitors the operation of the controiler and
peripheral or external devices. The [/O controller also manages data flow between the controiler
and peripherals or external devices. Examples of peripheral or external devices with the which
170 controller can interface include switches, sensors, external storage devices, monitors, input
devices such as keyboards, mice or pushbuttons, external computing devices, mobile devices,

and transmitters/receivers.
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[0062] The memory can comprise volatile memory such as random access memory (RAM),
read only memory (ROM), electrically erasable programmable read only memory (EEPROM},
flash memory, magnetic memory, optical memory or any other suitable memory technology.
Memory can also comprise a combination of volatile and nonvolatile memory.

[0063] The memory is configured to store a number of program modules for execution by the
processor. The modules can, for example, include an event detection module, an effect
determination module, and an effect control module. Each program module is a collection of
data, routines, objects, calls and other instructions that perform one or more particular task.
Although certain program modules are disclosed herein, the various instructions and tasks
described for each module can, in various embodiments, be performed by a single program
module, a different combination of modules, modules other than those disclosed herein, or
modules executed by remote devices that are in communication with the controller.

[0064] In embodiments described herein, the controller, which can include a wireless transceiver
(including a Bluetooth or infrared transceiver), can be integrated into structural material 210 or
can be separate from the structural material. In further embodiments, the controtler can be on a
separate device from the structural material, but is suitably connected via a wired or more
suitably a wireless signal, so as to provide actuation signal 206 to the fiber actuators, power
sources, and smart materials described herein.

[0065] For example, the controller can provide actuation signal 206 to an actuator drive circuit,
which in turn communicates with power supply 208, of the smart materials or fiber actuators
described herein, so as to provide haptic feedback to a user of a smart material or system as
described herein. For example, desired haptic feedback can occur, for example, when a mobile

phone or other device to which a controller is paired via wireless connection receives a message
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or email. Additional examples include a controller being associated with devices such as game
controllers, systems or consoles, computers, tablets, car or truck interfaces or computers, a health
monitoring device, automated payment machines or kiosks, various keypad devices, televisions,
various machinery, eic. In such embodiments, the controller suitably provides actuation signal
206 to an actuator drive circuit, to provide haptic feedback to a user in response to a signal
originated by or from an external device. The device can also be a part of the wearable on which
the various components of the haptic feedback systems described herein are contained. For
example, the fiber actuators described herein can be made part of a watch band, where the face
of the watch is a smart watch, for example, and the user sets the watch to provide haptic
feedback via the fiber actuators integrated into the band (i.e., vibrate, motion, contraction etc.,
based on a received e-mail, alarm, other notification). Exemplary feedback or signals that can be
provided by a device, include, for example, indications of incoming messages or communication
from a third party, warning signals, health status updates (i.c., blood pressure or heart
palpitations), gaming interaction, driver awareness signals, computer prompts, etc.

[0066] In further embodiments, the smart materials and components described herein can be
integrated with or be part of a virtual reality or augmented reality system. In such embodiments,
the smart materials can provide haptic feedback to a user as he or she interacts with a virtual or
augmented reality system, providing responses or feedback initiated by the virtual reality or
augmented reality components and devices.

{0067] In further embodiments, the interaction between the user, fiber actuator 100 and an
external device can occur via direct interaction between the user and fiber actuator 100 or smart
material 200, which in turn provides a signal to an external device. For example, a user can

interact with a smart material in the form of a wearable on the user’s body, by touching, swiping,
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pressing or otherwise touching the structural material of the wearable, which suitably includes
the fiber actuators described herein. This interaction can result in a signal being transferred to an
external device, demonstrating or confirming a user interaction has taken place.

[0068] In embodiments of the methods described herein, the actuation signal(s) described herein
is transmitted to the power source. Movement is then generated in the fiber actuator, resulting in
actuation of the structural material. In addition, an electrostatic interaction can also be generated
upon user interaction, in embodiments where the fiber actuator is designed to provide
electrostatic feedback. The combination of the movement of the fiber actuator, and/or the
electrostatic interaction, provides haptic feedback to the user. In various embodiments, the
order, sequence, frequency, and intensity of both the movement of the fiber actuator and
electrostatic interaction can be varied, depending on the type of interaction or the type of desired
feedback.

[0069] For example, in embodiments, a user may experience haptic feedback from the
movement of the fiber actuator, upon which the user may interact with the fiber actuator, or other
fiber actuators in the smart material, creating an electrostatic interaction which provides
additional, further haptic feedback. In further embodiments, the user may interact with the
structural material, which in turn provides an electrostatic interaction, and the structural material
may further provide movement from the fiber actuator to provide the haptic feedback. In further
embodiments, the user can interact with a first fiber actuator, which provides a motion-based or
mechanical haptic feedback indicating that the interaction has been successful, followed by an
electrostatic interaction (hon-mechanical feedback) from a second fiber actuator, indicating that,

for example, a desired task has been completed.



(39) JP 2018-153085 A 2018.9.27

[0670] Examples of intensity, frequency and timing of the various haptic feedback are provided
herein, and can be tailored as desired by the user or the device with which the user is interacting.
Examples of devices and methods for activating or actuating the combined smart materials are
described herein, and include various computers, mobile devices, gaming systems, automobiles,
etc.

[0071} The various embodimenis described above are provided by way of illustration only and
should not be construed to limit the claims attached hereto. Those skilled in the art will readily
recognize various modifications and changes that may be made without following the example
embodiments and applications illustrated and described herein, and without departing from the
true spirit and scope of the following claims.

[0072] The present application claims benefit of U.S. Patent application No.15/454,362, filed on

March 9, 2017, the disclosure of which is incorporated by reference in its entirely.
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. A fiber actuator for providing haptic feedback, comprising:

a first conductive element;

a polymeric layer concentrically disposed about the first conductive element and
configured to deform so as to provide haptic feedback; and

a second conductive element concentrically disposed about the polymeric layer,
wherein the fiber actuator has a substantially uniform cross-section for substantially an

entire length thereof.

. The fiber actuator of claim 1, wherein the first conductive element forms a solid core of

the fiber actuator, or wherein the first conductive element forms a hollow core of the fiber
actuator.

The fiber actuator of claim 1, wherein the polymeric layer comprises an electroactive
polymer selected from the group comprising poly(vinylidene fluoride), poly(pyrrole),
poly(thiophene), poly(aniline) and mixtures, co-polymers, and derivatives thereof.

The fiber actuator of claim 1, wherein the polymeric layer comprises a shape memory
polymer.

The fiber actuator of claim 1, wherein the fiber actuator is associated with a structural
material.

The fiber actuator of claim 5, wherein the structural material is part of a wearable.

. The fiber actuator of ¢claim 1, wherein the polymeric layer deforms in response to an
electric field between the first conductive element and the second conductive element, to

provide haptic feedback.
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8. The fiber actuator of claim 1, further comprising an insulator layer concentrically
disposed about the second conductive element over at least a segment of the length of the
fiber actuator.

9. The fiber actuator of claim 8, wherein the fiber actuator provides an electrostatic
feedback over at least the portion of the length comprising the insulator layer.

10. A smart material for providing haptic feedback, comprising:

a structural material; and
a fiber actuator associated with the structural material, comprising:
a first conductive element;
a polymeric layer concentrically disposed about the first conductive
element and configured to deform so as to provide haptic feedback; and
a second conductive element concentrically disposed about the polymeric
layer,
wherein the fiber actuator has a substantially circular cross-section for substantially an
entire length thereof,

11. The smart material of claim 10, wherein the structural material is part of a wearable.

12. The smart material of claim 10, wherein the first conductive element forms a solid core of
the fiber actuator, or wherein the first conductive element forma s hollow core of the fiber
actuator,

13. The smart material of claim 10, wherein the polymeric layer comprises an electroactive
polymer, selected from the group comprising poly(vinylidene fluoride), poly{pyrrole},

poly(thiophene), poly(aniline) and mixtures, co-polymers, and derivatives thereof.
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The smart material of claim 10, wherein the polymeric layer comprises a shape memory
polymer.
The smart material of claim 10, further comprising a power source electrically coupled to
the fiber actuator.
A method for providing haptic feedback via a fiber actuator, the method comprising:
providing a fiber actuator, comprising:
a first conductive element;
a polymeric layer concentrically disposed about the first conductive element
and configured to deform so as to provide haptic feedback; and
a second conductive element concentrically disposed about the polymeric
layer,
wherein the fiber actuator has a substantially circular cross-section for substantially an
entire length thereof,
transmitting an actuation signal to a power source electrically coupled to the fiber
actuator; and
generating haptic feedback via the fiber actuator,
The method of claim 16, wherein the generating comprises generating an electric field
between the first conductive element and the second conductive element, resulting in a
deformation of the polymeric layer.
The method of claim 16, wherein the fiber actuator further comprises an insulator layer
concentrically disposed about the second conductive element over at least a segment of
the length of the fiber actuator, and the generating results in an electrostatic feedback to

the user over at least the segment of the length comprising the insulator layer.
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{Abstract}

Problem tc be solved: To provide a simple mechanism for providing haptic feedback to a user
that can readily be implemented in wearable and accessory goods.

Solution:  The fiber actuators include a first conductive element, a polymeric layer
concentrically disposed about the first conductive element and configured to deform so as to
provide haptic feedback, and a second conductive element concentrically disposed about the
polymeric layer. The fiber actuators are useful in structural materials, including as elements of

wearables or accessories.

{Representative Drawing]

Fig. 1B

FIG. 2B

FIG. 2A
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