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Liquid-state electronics utilizing functional liquids confined in soft
templates as the sensing and actuating component present the ideal platform for enabling conformal
coverage of electronic systems on curved and soft surfaces. However, to date, optoelectronic devices

based on functional liquid materials as represented by photodetectors and optical memories still
have not been proposed; this advancement is crucial to scaling up current liquid-state devices to a
system level. Here, this study proposes optoelectronic devices based on liquid metal and
photo-switchable ionic liquid with liquid-liquid heterojunction technology. The sensing and memory
schemes we present are generic for different liquid-state devices, enabling different functionality
to be added to the liquid-state electronics. As a proof of concept, we demonstrate a light sensor
composed of the ionic liquid, and an optical memory using a composite of the ionic liquid and
polypropylene glycol.



B X F—19—1

1. BFZEBRAAS WD 5t

EEREZ X7 VXV T AMEZFIA LI A~— h AT A0 LK NRISEEZFIH Lz
T« ARy F ¥ 7t HBI%, Liquid-state electronics DR JEIZHED > TE 7=, WiIKkEE%E
HA LIz o OBFZEIE, 100 %z 2 5 @ O iiEvE & . BEXUCFHRIGEZFIHAT 5 Z L2k b
K Yo 10 B EORWVBREDORILTE 5(& 1), AVFFEREIIMIETEL YV ORETH
LGN L IREOWNL TE D H - iea s T N Th D, HIENESTORE REREET T
ORBERIT, i b B R ETH 5D 2 EFHF MOV AT AFHFICLER AT
DEBNTETCWRNI EThDLH, KFEDOZ—5 >y P LTWDH T LY hr=7 A, Xk
DGR BHI R D 0 IRIAEM B 2 D TESIE P TFE TEILT 2, RIS, AFFRIER T D
F#kME % &> Liquid-state electronics % 2 A7 A L-ULE THESE 50O CHEREHZFMT
o,

F1 MOMFEL g L= L & OAIZEOR L1525 A

#h | 20% {8 1K100% FREE KT B

Bk T/814 R x X x ©
FLESTLTNARM O | % x @)

— T ERERRE T/ SR P | O | O A x
FHZED Liquid-state T34 R B4 O @) * 7 Yo

[1] C. Wang et al. Nat. Mater.(2013), [2] J. C. Yeo et al. Lab. Chip (2016), [%] Y. Gao et al.
Ady. Mater. (2017),;;1] H. Ota et al. Nat. Commun. (2014)[1] *¥%fE BAZIZEI L CTIX[4][5]
DYWL LY NEBEITLTND,

2. WREOHBY Liquid-state electronics
APRHRIWETE Tl Bric ZeFsEss B (% = mm%ax@?
& L TR (Liquid-state) e = L 7 k& P/ ,. e
=0 AT B, EROERENE N
¥Rk & J& dh 1T U 72 7Solid-state” - *
electronics TlL 7 4 k& A A4 — R i | B :Liquid-state £ TL& hO= ZRDORIE |
(kAR Y 72 EHTE LY bm= 2 A7, e =1 IF
TP InD VAT MCRESES ET o |5 ey
BEERERTH oz, RHF%ETIX 7N
Liquid-state electronics (23311 %7 /31 % l‘\5"/-7\ﬁ§ *fy)}l:;(— |
AR T IR R % S T & T [ FR | Lowd

RFEH L, A A VIRIKCTHE 2 Fb %
HLTWASHENHGE TS Z L TH

FARERET LY b o= R R '““\\§%
B35 ( 1), Ao Ly | Liquid-state ¥E> 4 Liquid-state XEY

o 3 Zer g2y S N
0 =7 ATIERD o ToA F IR ED K ;fﬂﬂf%ﬁ?é Liquidsstate Jex 177 b

LDV AR T RABMLENIBRE N L7 br=J RTHAT L2 T 1 Hk), B
O Y o OETH D SR & RER 2 WL S8, 295 - B00REZ 22054 5, Rk
2R IR (Liquid-state) et >, HAEY W09 R TH E THEICTENT A 22 EBLT 5,



3. MRk

BB s AR VEME LTRY P AF L a XY (PDMS)Z W, Bk & LTkl
B (U Ry BV, RIS Z R THERERIK L LTA A Rk, 1-butyl-3-
phenylazobenzylimidazolium bis(trifluoromethane sulfonyl)amide ([Azo][NT2) = H W7, Z @
[Azo][NTR)IL, 4 & A D RIZ K > THFNOEMREDONENENT H, EOREHR, 7T
BATIZ R T U AERETER L, AN TS AR E TR T 24 A RIKTH D, oI TiE IR
JE 100 % D[Azo][NT£:]% V>, A Y TiE. Polypropylene Glycol 3000 (PPG)Z% H\V > THESE 10%
(AR L 72[Azo][NTH:] & Fv 7=

I T AFERIZZ + B P A M (SU-8) &
L, 74+ U YT T77 o iz ANTE—IL
REVERL LT, ZDF—/L RIC7 v EN LA
L. #AfRo PDMS it LT, Bvilifb S H 7z,
Fo, BOH T AT I AZ 2B L, '
Z @ [z PDMS %< @i L. # PDMS % \\t\
ERL LU 7=, (L X7 PDMS & iEfE PDMS % i
fbFFEA S EDH LT, T3, REMEER L f&m :

oo MEICHIARIE, A A WIRDIRIZEAL L

T — '
oo WBISH Y VR E v DENISHER %1 2 mm |
L.EARZYY a—rTHES I ETT NS M2 TN, ADFE

AEER LT, T ADFBEB IO L HEEZK 2 BIOK 3IZRT, Brdid, 785 2D
THERIZEESE(370 nm) & FTHDG(H)(470 nm)D LED 2% L7z, AEVICB L TiE, o ¥ &
BRICE—/ L RE/ERLL | bit [ICBER 3D 7V o #—CIERIL, NV L a— h&{To 70, IR
@ PDMS %t L C, LED Z##§ 28y \—%2Fd, B S8, UTOFEL D
L RRRITAT o T2,

FBR [BoY - AEVNRE A 25 °)CITfRo 2 HIRIEIZ T /S A 2% Adv, LED & HW\CTEAME
(370 nm) & AIHEIE(F)E70 nm) & R L7z, 734 A2 1 MHz 225 10 Hz O EEE 52, A
VE—H AT T IAFEHNTTA XA NIy hERDIZ, TOFTAFANTry b,
WE 2R JE A R F DB ORIEIL A2 52, T/3M ADA B —X U ADKRIZE % 5

ML=,
A B C D
Glass SU-8 mold /Cured PDMS Micro channels Cured PDMS
z — —> -—
—> >§j\\, , N
Molded PDMS
E F G H
LM L POHS\ IL

Micro channels

3 MT7ak&=x



4. WRFERCR

[Pt ORI Z X 4 (2”7, UV &
4V -6V -8V 10V ORI THST L, [E4RIZ BLUE
THHMF LTz, TOBREOA v E—F v 2ADEE
BT DL, H2DHOBEIZE > T—EMDE
1b%&7R L, UVIZBLUE £V K& <Z&fbLiz, Bk
no, BEEoOREEERIITE BT &
LCIEHTE 2 Z BRIz,
[(AFEVIAEY OFMEFHIZ K 5 12733, UV G
% 10V T 60 74+, BLUE % 8V T 60 foH 4
Z10EHRYIEL, L& DA v E—F 2 ZELD R
BIMEOMEGRE Lz, MWEOEIZL>TA v E—
B AERRKR 1S %L LT HRIZE > TA

@ UV (370 nm)
L ®Blue (470 nm) b

©
~

o
w

Resistance change (M ohm)
o
N

e
s

(Y
0

100 200 300 400 500 600 700 800
Electric power (mW)

X 4 St oI oGE . EID RS
ERAY AN - |

YE—HUADENRDH Y Y 340
oo TWRWIREETA v E— X R Eam-
ERFLTND72D, HFUWWto L & gsm
EOMIDLEE L LTBAEY g og0]
BT S LRTE S, UV kL § 260
BLUE JEi & bICH T omExE% & 0|
2AHZELET, A E—F U ADEL gzm

BICEANH D Z LNy hoT-, 10 0
[ UV 3t & BLUE YGRS OV R
LIZEsTA v E—F U ABEBE D

5 10

15 20 25 30 35
Time (min)

X 5 A Y OREFHE

A
Mold
SU-8 mold
4 mm 3D printed mold
Device
' Ll N
" Micro channel ‘ ‘. 3 L 3 !‘
e filled with LM
C (0.0) (0.1) (1.0) (1.1)
Multi-dimensional fabrication 1
a) b) o] l 7
Glass, SU-8 mold 3D printed mold 3D printed mold
st [ 0
\ bit /-'H_L\
AN - . .
Cured PDMS
d) e) L
Space for light source PDOMS 1
Molded PDMS | 2nd I
bit _‘-\ fr,.l—l 0
Micro channels IL-PPG 0 10 20Time (argin) 40 50

X 62bit DIEAEY, A T/NAZHNE, B. AEFVDOFEH, C. MLFuekx, D. T4 A7 1A

%ﬁ_\.o



RN BEMENSH S Z LR TE 2, I HIZ2bit D AE Y OIERAZLT - 72 (1% 6A),
FEFRIZIL, BLUE & UV @ LED F v 7% 7 /34 AR DIARZ, 2bit BB AT LRV X
N, 3RSV T 4 7Ly, "R ERLL7-(X 6B,C), £D 5 X T, 2bit D AEVIZL
LT 4 AT VA FREITo72, BLUE TiZ 0, UV ClL 1 & LT, 7Y”, "N”, “U’D =305 % il )
L7z, ZOREHR, Rrzafilifl$ 252 LA TE, WIEMEHZ L5 A€V 238 L72(H 6D),
LLEDRRIC, ISR EA U RIEERAN O LAV 2 EB LT LY br=
J AERRETE T,



Ken Matsubara, Daiki Tachibana, Ryosuke Matsuda, Hiroaki Onoe, Ohmi Fuchiwaki, and Hiroki Ota -

Hydrogel Actuator with a Built-In Stimulator Using Liquid Metal for Local Control 2020

Advanced Intelligent Systems 2000008

DOl
10.1002/aisy.202000008

Takashi Kozaki, Satoshi Saito, Yota Otsuki, Ryosuke Matsuda, Yutaka Isoda, Takuma Endo, Fumika NA
Nakamura, Takuto Araki, Taichi Furukawa, Shoji Maruo, Masayoshi Watanabe, Kazuhide Ueno, and

Hiroki Ota

Liquid-State Optoelectronics Using Liquid Metal 2020

Advanced Electronic Materials 1901135
DOI

10.1002/aelm.201901135

3 1 3

T. Kozaki, S. Saito, Y. Otsuki, R. Matsuda, Y. Isoda, T. Endo, F. Nakamura, T. Araki, T. Furukawa, S. Maruo, M. Watanabe, K.
Ueno, H. Ota

Highly deformable optoelectronics using liquid metal.

2020 IEEE 33nd International Conference on Micro Electro Mechanical Systems (MEMS)

2020

K. Matsubara, Y. Tanaka, 0. Fuchiwaki, H. Ota

Electrically controlled gel actuator using liquid metal electrode.

2020 IEEE 33nd International Conference on Micro Electro Mechanical Systems (MEMS)

2020




H. Ota

Wearable Devices for Vital Sensing with Advanced Organic and Liquid Materials.”

2019 IEEE International Symposium on Micro-NanoMechatronics and Human Science

2019

(Ueno Kazuhide)

(30637377) (12701)




