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(R E-EEEBMEOEMENOPHELHE, 7T—F 777 kb (artifact) &I
INs. BEEZOEROTIUCDRN D,
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% (Figure 2.1 (a)), FZJEORMNICAFEIET D LM A A & ERA
Ag+Cl™ 2 AgCl+e” (2.1)
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ERROFEHMNG, DERAEMO KN, 2O XD REEOEM S 2o T D,
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LDbdH D (Figure2.1 (b)), I —7R L DK X 2 FEhFRmAe & L BT 2 IR L 7= &
DT, Figure2.1 (b) IXFFKEMEOHEE S N ZHEHT 5 2 & THAEANC X 2 R A KR L 7=
HDOTH D,

(a) (b)

!
|

a3%4%(DIN)

Figure 2.1 Conventional electrodes for Electrocardiogram (ECG). (a) Gel/ Ag/ AgCl
electrode [30] (b) Carbon electrode [31].

Figure 2.1 12/~ L7z, BIfERG R L EMOIREIL, EEMESLCHEENELZ RO TV EMH LT
WHRIZHDENR D, RO ERETICERESOIGLZ BTG, ERmE AR
RO EDOTES Iz, BRMERLTHNTLE D,

ZORDOmREHBETHENPNTFILE->TWVD, I, BEEED T TH D/
Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) (PEDOT/PSS) % FH\ 7= 21 2. 5
¥ Y &7, PEDOT/PSS i3 p B D& ENM R 7710 PEDOT IZ F—,32 F LT PSS 231 %
ONTEEEEORY ~—HEERE LTHbND, N v—RENPZAETHDH729 [32].
FhREFENIE 2, AR E OEfihA VB —H U AEEOL T ENTED & LTEE, HE

DEML, HIFEGRRELE L THRESNTND[8334], ZOT ¥ YDikeociET



IZ PEDOT/PSS (27U Eua— L &HIBRETHZ L TT 7 A N~ EMZ2 BiF, R L CHE
BENELRNE LTS [I5], 77ANRXTHLIDEEMELRWEEZBND,

VA A Vs

(b) ¢ o

Figure 2.2 ECG sensing T-shirt w/ Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate)
(PEDOT/PSS). (a) Electrode on T-shirt (gray part) [35]. (b) Chemical structure of
PEDOT/PSS [36].

—HTZOXI)REMROMBEE LT, METIT 1 KOT 7 A4 "L HE SN EER)N
0.102 S/lcm & HEGH)/NS W ERBHIT LD, Fio, 77 A NBRICESEMZ -0
O, T~ EFHULMT O TWD LIRS 5,
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TUA AN T VAL O SNDT 72 ERE L, 2R TOBHEOREZ A
HRIZ L7 T A A & T 5 [37],
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— A M@ LIERE LS LR, MO R ) ~—2 A7 Lb—a— 52 LT,
WRME L BEAEVEAWSNL LT T2 DORMEIINTND [9], BEIICK DB ENK
TR LD — T, BMEMOMDRLEMENDOREmNEE L TNDLTeH, KFA
— A (e LR L OBERHT) 2335 Hz T3BKQELFEWHDERSTND,



Spray-on-bandage

Electronics on forearm

Figure 2.3 Thin metal skin electrode. (a) EMG sensor array on 1 micron thickness PET film.

(b) Transferred thin gold electrode covered by spray bandage.
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= _ —ZF— 2.4
f RT dx 2F dx @4
INZExCHES LI bOPERIETFRT ¥ L Th D,
U = o + RTInC + zFV (2.5)

TORT UM Lo T, WKRICIEENTZEBDOA T~ b b bbEn s,

2.3.2 EH A A
EBRRIZ DA o 2R 2B M 22 L, &R0 H & SRR ORI ECEERREEN
FIETHEE, BMERABOEROEIZO ED, ZDE X,

M2 M™ +ne” (2.6)
L5,
ZTCEVEHICE L T D EE . (25) RO TIRFHART Vv LR#EI0 &5 729
Hp = Hyn+ + Nite (2.7)

ERTIEDNTED, py. Uyn+ HITNZEN, &F, A4, ETOHLFEHR
TV ILTH D,

£oT (24) £V,
ty = Wy + RTInay, + zy FEg (2.8)
pym+ = tyne + RTINGyn+ + Zynt FEg (2.9)
tte = uQ + RTIna, + z,FEg (2.10)

L EIXIRIE DENL, Ey TR OEN., al3 Sy OIEETH 5,
(2.7-9) Xz¥#EHST 2 L
nF(Ey — Eg) = C + RTIn 2
ay
ZMn+ - ZM = n\ C = I’LI(\)/]n+_l’Ll(\)/I - Tl,ug k I%l/\f:o — — T%E k /ﬁfﬁf@ﬂ:’{i# EM - ES %%
FREENL & MRS, BB ZE, EHRCEE LB X, auPEROIEETHY 1 THDH Z L&l
Fx25L

(2.11)

RT
E = EO + ﬁll’laM'rH (212)

L%, ZFRL X FOREFFTN, BBEPEIRICRIND . TOA 4 DIERIC
Ko TEMENBET DI LARLTWD, ZANRKE 2D | RENC KT EMmZ EUEC
L7, B L@ e LTl Sh 2RBURE|OENMNAEL Table 2.1 12 LT,



Table 2.1 Standard electrode potentials measured by H2 electrode

Oxidant Reractant Standard electrode potential [V]
Ti?* + 2e” Ti -1.63 [38]
2H, + 2e” H, 0
AgCl+ e~ Ag+ ClI- 0.22233 [39]
Pt? + 2e” Pt 1.188 [40]
Au3t + 3e” Au 1.40 [38]

Z DX HITKFEEMmA FUE L U T B A AR ERMREENL & PES,

KREEBMO & 5 72 REMmE L CRBE AW 2561, WIEBM & BRI e i
BNORE S B2 L8R EMEHT 5L, 1T ETHRER TA A2 OIS+ Z 725
B EMEICERATER SIS T OICHERZICA 7'y R HASNLTDaFE L
W, ZHERENET S 720, BRICITFEFEOSREZEH T 50 HESRORTERIZF v /3 ¥
RN LB A W3 2 AL,

2.3.3 ER

W~ LIRS D Z & TEMNAZDORE LI Em-ISE R m o, b Bl 50X % Figure
24 1 RY, T X R AER ZEHE LS,

BRNITBR THLII-OEMD —ETHY ., WEFRE CEMENEL D, EEIZITA L
Y UARICE S TA A VIREDNERT 2T ATV, BR EHE B IROESTE nm
FREE L IERICHVV T & 70 D [41), T O OBR _EEIIRE B REZ O NN T
W5,

® .
Electrode g Solution

Potential
[vl]

ONORORO,

Ag

Figure 2.4 Simple model of electrical double layer. When electrode is into solution, electrical
double layer surface occur (upper side), then electrical potential diverse into 2 levels (Bottom
side).



2.3.4 B O% A
ER EBOSMEIE E L TAS AL TWD LIz, Figure 2.5 O X 5 2B A
VXU AERALELORH D [42], RATIEMAL = R X —HHL, Zy 1358 B —
B A ZpIEERIRCHIET D5 H DT, BUGA Y E—F o A EMEEITWD, Ry Zys
IR BRI bDET 7 TT—A =L U RALMES, Cli _HEREERT,
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Figure 2.5 Equivalent circuit of electron polarization impedance.

ZO XSO ONOERN B Lo TN D 72010, JEHEK [43]07AIGILEE [44]72 £ D
HRNTA B = 2AOMIBMEICLN T D, O, BIL LTV TERTH T
Lb%\ 5], BROEBICBT HIRHAR,. AEC, & X B SIEE L E L
L& OBER EBOSMIERIL Figure 2.6 (@) DX 5 RWHIET L TH LD IS,

BT L= £ 9 IRy Cpk BICEIKOBHEN B S h, WS & D4 Tk
BRI AT D,

R, LS ER R E B 2 T BEL T Tk X AL T L, BANIE S 5 L ¥
WRDA AL LETORY LY BETH, BEIHIERE S T2, CIEBHOX v/ v s
LIRBRIC, R B B Icon, BREOMIINES < Ro TN,

TSR AT IR EERR AL A N 2 72 A B8 25 Figure 2.6 (b)) O X 512725,

(a) (b)
Rp RI’ V;"es
WA AN —
| : I ] . |
Il
| I

Figure 2.6 Equivalent circuit of electrical double layer. (a) Simple case. (b) With resting

potentials.
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3E T A NROEER L
Tl hr A= SE

RETIIENT ) —~ A7 0 A — VA —F =Dl 7 7 A /310 72 5 FEEK (3.1 €i)
LEOHHR., TLTC 77 A MEREDOEHSTH D, AFETHHA LD L7 ho A=
VI ONWTIRRD (3.2 i),

31 Ty ANROEBER

T/#6747n%~%Wﬁ~ﬁ~@774ﬂ’i@%ﬁéﬂé%%iﬁf\EK
Indium tin oxide (ITO) ZH /BN T HEEM E L TN TOIL TS, ITO 1L
w@%ﬁ(>%%)&ﬁwv~bﬁ%(ﬁ7xiflog)%ﬁotwm<ﬁﬁénfwé
D, —=HTEITIv I THYVBENZOIZHITIZ LIS [46], VT AL THLAL Y
T LERWDTIZD TR NRND, EDTZHT LR TIVIRE %E%m@m31®[mp
R, Z v F im0 (Figure 3.1 (b)) [48]72 & KEFED DK = A MBI E R A4 5 12
DANDERIC, B iﬁﬁanfvynmum®774hi®ﬁﬁ%mmémﬂ%5

(a) (b)

Figure 3.1 Nanowire (NW) transparent conductors. (a) Ag NW electrode used in flexible
polymer light emitting chemicalcells [47]. (b)Cu mesh wires on display panel [48]

3.1.1 SRR
ZDXIRT A NROEED KD 0 OEBUL. L7 OBEAR L [RIRRIC W RE O K
XX, ZOBHIET 7 A NOERIURFT DA, BRI B OBIRIZS 5 b1 Tldzeu,
T OIPUIT L7 OZ T BRI E I L, 2 VEEER i To
H DN K E L 72 DH720TH 508 [49], Dingle 513 Z A & @R~ & A L7 Fik
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BELE [0, ZNHEV T AOARLTICBITDELO Y H BT, & 7Ok
Jtd & DR E | ANV T VREIC L o THRERA T DR E 7T, AEIKFELRND
Kt XZ A —% (angle-independent specular parameter) p® 2 DD/ T A —H |2 L > THE X
L, fBECHLTORSHWLINLS—FH T, IREICLD2|HENR EFHOO0 RV ED
ol

INOEITIC, ORAELRE T 73X A 2EE L Ziman HIIRATH LI D RSN
TA—ZERE LI,

p(0) = exp[—(4mh/2,)? cos? 6] (2.13)

QI NG, hITFR A X O )V H5HR (Root mean square, RMS) | A 18D 7 = /L
SPETHEZI LIS, ZOENPRKEWVIZE, v U T BRI EHUEN EHT 5,
Soffer HIXZDET /ML Y EFEESIORE 7 7 X AMEAFC L D52 L AR L. Sambles &%
Z AR OREIT#EIS LTV D,

T4, Dingle <> Sambles 5 2MEE L72 Z D 8T7 A—X ZHWT, 4, R, #1571 Vi
DN TERRE & DL THiL T 5 [561-53], Figure 3.2 124:F / U A Y Oikht & DR
RIZOWTOREZRT, REFHTHIVTEIO ERIKFET NS <R 2N, &£
R E BEREA D RE—H L TWD Z bbb, £, 77 A ERHHRREKRE
W ERE S ITIRPUEDN R E SN RD T ERDbN D,

1000 A) o d "1 mSmooth surface Au nanowires (NW)

mRough surface Au NWs
A Dingle model

Pentagonal cross-sectional shape

—
o
o
4
—_———

. : eDingle model(inelastic reflection)
- . | eSoffer model (h = 0.055)
v A Experimentally determined

Resistivity /uQ.cm
=
-

o..
"“! vYyy

1 10 100 1000
Diameter /nm

Figure 3.2 Resistivity of gold nanowires versus diameter [51]

—HTZOFERTIIREHE (RMS=03nm) [JERE LTREL, 774 N2BITHH
P oz kg 2-6 (I EEy, Lk _Tn B,

WIZHBARR OBEERIZ OV TR~ D,
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HOHEEDHT ) DT 7 A NORENR—FEBLL T THIUX, 77 A0 7 7 A3 ~DE
BARANDIENERL 7R 0 EEEE RIS/ 2205 2 LITBBICEELS 7o, BALERENS -0
D7 7 ANRNEEOBEELEN,, BRSERXNTOREINDMEEM-EIE, 7 7 A NFELBD7%0
HIOIRE N A Z R T E VW) U a2 b— g VRERBHRE STV D, [54]

N;I? =5.71 (2.1)

SF Y, WEMEAE-EL-0I1I2T. ABOBEELE LT3 —EKbT-0 D7 7 A4 ROE
SERVWLDICT HMEND D,

7 7 A NFE L OBEME S OWFLEBH TE L, EWIREDD & ThiuX, HALHEFEY
72V D7 7 A EEEM/ARgm 2], 7 7 A NFEMOEIEDEE Z pyyw (kgm3], BEON
NI TOEIIREp, [Am]ET 5L, — MEHUT

— PPN
S m/A

ELhbobEnsd, "V TOBEEEZDEENNT ET 7 A NRNOEEDL TR LES
DIZZE LY,

L UEBX, 7 7 A ASFEL OB ORPUEIL. 7 7 A4 NEEROEHU A~ TIER
K&V, B/ VA ¥ E2ETa— 52 LT, EMIOOENEZ 1GQE 450 QK
RS Atz 2 E AR ST B [55].

2.1)

312 ZIAME
Ty ANk o TEDbN SIS (Area fraction, AF) 137 7 A NOAAEN, KRS %L, H
BEDEBL L
AF =N XLXD (2.1)
Ehobahs,
HALIHAE B 72 0 i S 5 S0 & (Extinction efficiency, Quy) 13, —ARD 7 7 A THGEL
FIIRI SN DN D EECope ET D &

C
Qext = De_zt (2.1)
S EEIEE (transmittance, %T) LA FORMRIZH 5,
0T = o AF*Qext 2.1)

Figure 3.3 AF L %TOMBAIZOWTOHREF 2~ T, ERUTESEHLTWD Z &R
SNTW5,
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©
(3]
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Transmission %
[(e]
o

o]
(3]
1

80 T
0.0 0.1 0.2

Area Fraction
Figure 3.3 Transmittance versus AF in different diameter of Cu NWs [56,57]

32 =Tl hmRAE=L/

HETLY hr A= 72 AW CEHEBZ(ERT 2 FIESHREIh WD, K
2. = KBV DOT7 7 A NRNODEIDENVZ EBRRETHY, &Y > 7~ PVA ZH-H L
%R EEITO 2L THEWHEMRESEH [271°, =L 7 heAv=v 7T Enk
Polyacrylonitrile (PAN) Z~ 227 & LCHiIlkZ =y F 7352 LT, 77 A 7 NROEER
Z G5 [B8] D3 s ST\ 5,

AHITIH, ORI T /) T7ARNE/LIEDTELTLY FRAE =V ZIZONT,
M & | M HIRFDWR D 52 EVITHOW TR 5,

Figure 3.4 Transparent electrodes by electrospinning. er(a) Au nanofiber electrode deposited
on PVA fibers. (b) Au nanofiber after PVA dissolving [27]. (c) Cu nanofiber by PAN nanofiber
mask. (d) Cu fiber image after etching [58].
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3.2.1 TV 7 ha AV =27 O
Tl haAE=227 LiX, Figure 35 IR T L O, 77 A NNDILERDIERET D
DICFHE L, IO E 7 7 A NHHET L — FORBIT KV A —F —DOEEBEBEZEIINT S 2
ETCHAENIOMM~1um O 7 7 A NEHHT 5 L AORBTH D, [59]

Tayler cone

Jet region

Instability region

Figure 3.5 Electrospinning schematics. Applying high voltage between syringe and ground flat
panel, droplets runs faster and get thinner (Tayler corn and jet region). When electrostatic
force overcomes surface tension energy of droplets, diverse into stripes and dried (Instability

region)

WEIREPREAF A T 2B, RO X 5 ICREREINT L VIR & 7250, KIKIZE
JEZFINLUEEBEIE L 2 L CRIEBHEE~EERT D (T4 T7—a—r), ZOHERS
MEREMEN AT L & BIRITEREIC2 5 TIORRIZRVETET L9125, 2D
BEZFM L, BEICHENLERY v — 2R/ RICE T S8, B FHICEE RS2 2 &
TR ~—RE/HFLIENTE D,

BoND 7 7 A4 RNORCHERIT, MHT 2R Y ~—005 7 ECIEORE, FINT %%
JE, RERHFOKELE, iET 1L — b ToOHEICRE < EEIND [60],

TV A= IR OGONTT 7 A 2SI, B NS WD, FED T 4
IV BZHEAR LHIDD 2 PR E e RFFEZ © 0 [61), T AR Lo Fnas b s ST
W5 [62],

FLT 7 ANMOANNENZ ENEKREBITARER BT EEREE LTl T
5T ENRE SN TR [61], i b R EMCMIaREE OB, AL S 2T L~Dff
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RBIA & 5 [63-65],

Mz C. BIEOSEEME, FRIKEERY v~ — O AN AEETH A A LM TH D, S5
WZiE, R L7 b O Tile <MBWERL L 7RIRO AR Y =~ =2 oW T H RN AIRETH 5 =
EMRE STV B [66],

322 FREEN T TOMWRKD 5D E W

SRR TR DIRIRD 5D 0T E < 2D Taylor H 1T & - THFEN 72 ATz [67],
SR BB AT K S ITHHORBBIXES O TR E PR ORI RE S B IN D, PR
7 7 A NRIZT B IR E electrospray & FEIEIVS . IO 236 R EEAR TR AT S AL DR

REL 72D, Z OB S NTIROIREEIZ S\ T, Jaworek 51, (@) KV v E V7 E—
K (dripping mode) : ERIRDIEH BT A 7 —a— b &Hﬁ%ﬁﬂ“éﬁ”@ (b) A RLE
— | (spindle mode) : & ICHIZET RNV & 2o TiEH S LD IREE (0) REHIY = v
hE— K (oscillating jet mode) : / XA BRI LA LIV, £ 20 BIRE A S5
REE (d) meASEE)E— N (procession mode) : J4T - 7323, W& ICWrzEF ik & n
ZAREE, I LTV (Figure 3.6) [68], FiiE & a%aaéljj BN ARV gk NTD)
BERPRLEICHEFTOZ ETA)D LD gL 72D | Z OREEITEWIGA R L 72 R D/
SWNT 7 A NOMHIZEIIT 5. & 2D Ifiﬁiénfwé

(a) ' (b)

Figure 3.6 Change of droplet shape under strong electrical field (a) dripping mode (b )spindle
mode (c)oscillating jet mode (d)procession mode
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47 A 3 2 R OVERE & G

ARETIX, @PVA A v ¥ O REMIERICER L, BIERZAT 5 i OrERYE & 2 DR
IZDW TR B,

£, KL 72 5 Polyvinyl alcohol (PVA) (4.1 £i) & KSR OFHRLZ STk~ (0 i) .
W2 (4.3 i) IC oW T /=, 1FiGiE (44 §) L 2nTnicd 58% (45
#) &179,

4.1 Polyvinyl alcohol (PVA)

ARG TIERL U727 7 A /NIREMOFEM & LCfEH L7z polyvinyl alcohol (PVA) (22>
Tik~5,

PVA O#iER % Figure 4.1 (a) (27”83, PVA [ZKIEEDORY ~—L LTmbn, HEA
HIZBWTHEED Y L LTHEHEINTWAILEM TH D, FEFETIIENIZE N T
L, ABRANEFEE RSO (BRI ZTE0 LTCFER A TH Y | (KN THiE
ENDELEEEOREMOMEEE L ClEA SN D7 EoWmsEsnd 5 [69,70],

PVA OE / ~—"T& % vinyl alcohol |ZRZEERWE T D HARTHRFUTITAATE L2V,
Ol ., Bt =/ (vinyl acetate) ZHE A L TIELLZAR Y FEEE =/ (polyvinyl
acetate, PVAC) M DIIKRZITV, 77— MEEABE S Z L THOND, Bz o
MKGIREOED Z & 22 F AL EFES, 2O X DI L THELAZ PVA L, B Fe il
B S NI EAL ORI UMER R D, ZOEIGZ T ALELFES, 1 ELHIZY O
KFaxo Vv iEofezx, 77— MNEOEEy LB LT ALEAT

X
= 0,
d =5 X 100 [%] (2.1)

LHOLbIND, FFlZd = 1001580 DETERT AL E ), ZNUTO S D AT
AALTL L S,

ZOREBIAMHET D Fax il EIc L0 PVA 13K EABREAZEORLTL, T0D
KEEHEDOR ) ~—L L Tmbnbd, — Tk Rexi VKRR, R ~—8HHTAkFERE
BaRSTCOIKIPE SN HEN D D, FHITET AL ZEEO/ S 2R0K
DHDONBITHMAKRNET OB, TST AR TIL, 787 — NEOEH S B LRRES & 72
52T R ~—HHAEOKREREGZHEFE L. BHITKITET 5L 9127225 (Figure 4.1

(b))

SEA - B R T, BV D 2 L CAR~DIRMAIRET D LN TE D, R ~—8
MOKFE-ESGEZYIWCTE D720 THY, 80°CLLEITMET 5 Z & T, RROEEREI /NS
RIRRED B DTYH, BGITENT ZENTE D, —HTMBEHDMICHAEZITH & 5y
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FINCKRIER <20 Tk T 5 2 L3 d 5 [71], R Y ~—#H R 1 TOKFERE 2 3BT
RoTLEILOTHY, ZnEB<ToDITMBERZITIREE L 22 5D 200 mEId
DWEND D,

NN AP
OH OH

CH,
OH OH OH OH

AN

Figure 4.1 Polyvinyl alcohol (a) Structural formula. (b)Hydrogen bond between polymer
chains. Left shows completely hydrolyzed PVA, right shows partially hydrolyzed PVA.

OH |n

42  PVA KR DO EL

AAFZECHEER L7z PVA X EICERS T A RO b o (7 7 VRS, PVA-217, AL
FE 94%, F¥)5y 1850 70,000) ZEA L, 22T AMLEO L O (7 7 LS L, PVA-117,
T AALEE 98-99%, #4145y 1-E5K) 70,000) % LESHRFET ORI L=,

O FNAILL T OHE Y ,

1. kDR PVA (Figure 4.4 (@) (ZHIKZMA, Ry M T XF v 7 A% —F— LT

35,
2. WHHLAENDLERY h~T 32 F v 7 AH—F—% 100°CHHTITMENL . 1 FFEE#R %
0j—5c)

3. Ay M IRXF v I AZ—TF—%2FRETHEET D, ZOFE HFELLEEEET
% LRI 2 DIREERIMN T AL U E 720 0970, ORI £ TRIEDIT
T E, VAN ORI RESE AT S (Figure 4.4 (b)),

4. BHiTc PVA IRIR & M e CAuBt L, Hia3 5 (Figure4.4 (c)),



Figure 4.2 (a) PVA particle (b) PVA aqueous after mixing with heat (c) PVA aqueous after

ultrasonification

PREEIZEIZ 15wWt% D 6 D& W=, Z D4 PVA OREN M E W=D, REZ1T 9
) BIIEIED—ERNFNALT D bbb, ZOBIIHEMALERTLZ LT Yk
LT EMWTEB,

43 =T L7/ bR SR

B2EC TR L DI, =L 7 b A= FHEEBIIRIEICEBEZEINL 7 7 A4 "%
L, £FTATL—a— b &179 2 LD TE HEETH S, AL TII Figure 4.3 IZ-7
R (72— 2, = A7 LA v— ES-2000S) ZfEAH L7,

HlCTE BT A= L LTI

B 0~30 kV
U ¥ =kt EE R B 0~20 cm
Sedi=— KV£2:0.14~0.52 mm
yUyVL&ﬁﬁ0~mmMs
[ AR E) S 7 —
[Fa) B R T
75%50
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Figure 4.3 Electrospinning machine (a) Outlook (b) inside

44 LV M RAE=VTIZEAT 7 ANRA o OVER

KEITIET 7 A NIREMO FHLE 72D 7 7 A 7NZ Ko Tk b A7 ol OFERIZ- DWW T
KD, 441 fHiCIET L7 hr A= CESHWLND, FHOX A& D OB
DI DN T, 442 HiCTIESLIEIEIR & & DB D OHIEIZ OV T, 443 HiTlX, A0F
JECEA Lo, AT EREMm 2 L72ERIlc W Tk %,

4.4.1 XF A AR D O8] & FFIC X A ER]
WHT L7 b A= TIEFEIROMERT R (27 2L ETng) ~7 7
ANREHEH UHET 5, ZOHEICELDEREZOEEZLLTFIRT,
FEBROFIHIILLTO LB,
1. xAEME 7227 Va0 EICHEER & L CT7 v FAR U ~— (Novec 1700, 3M) % A
vra— kL, FEEHOXZ L LT125um ORY A 2 R7 4V AEHFICH Y
RET NI EA~RET D,
2. EMMEEE 30KV, U OREHEE 10 pl/s, MR 20 cm OS54 TF T 10 4. it
HE1T5,
Figure 4.4 12, PVA Z B EMO T VI fE~ LM LR Z2 7T,
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Polyimide rinig \ - Sy S

Remaine RVK
\]I‘
A

Figure 4.4 PVA mesh sticked to the surface of Al foil coated by smoothing polymer.

PVA NEMEE A~ (&, ZEFY 725 HITTH 7 7 A4 O BDNVH 245 578
WEER L 7oz, TIVIRANDHD FIZHEH LEESRE S RIFEOREE L o7,

4.4.2 NAREERR O XK B VRS
TLY RRAV=UTTT 7 A NE/{LGE. MEBORZSLIFRIZ L THE LD
7 7 A XOIFEEE IS D FENHRE SN TN [72], ZOHFETHIUE, 7 74 "DH
THMLTWDEHZED ZENTE D,
2T, MNMEMBOTIRE, FLEBIZNRDZENH DI L, B L L7255
{172,

%%®$%i%?@&%@

1. BB EmA 125 mJZDOR Y A I K7 4 LV AOMHNIZ 4% 50 nm HL22 2875 L,
%L%%%Lt%@TW%ﬁé'ﬂ@®ﬂ% 1% 2 FERE, [IEO b O (Figure 4.5 (a))
CTEHKDOLD (Figure 45 (b)) Z{ER4 5,

2. O EM EICE S Som O BRORFEAE S, & EHICT 7 A MREF

DEMERET D, HE LIkt mEMOKHE X4 Figure 4.5 (¢) 1ZR7,

3. EMRTELE 20 kV, U > VLR 10 pl/s, TR 20 cm OS54 T C 1 4. 15wt%

D PVA KB OMHZ21T 9,
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(c) Au coated electrode

Metal support m

Metal
basement

Figure 4.5 Fibure collecting method using electrode shape dependence (a) ring shape Au coated

electrode (b) square shape Au coated electrode (c) counter electrode setup

BoN7 7 A NONFHMEE T E 4, MEOEM LI L7-H 0% Figure 4.6 12, 1E
FIEOEMm Iz L7= b 0% Figure 4.7 127”7,

Figure 4.6 Fibers orientation on ring shape electrode (a) Corner part image. (b) Center part

image.
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(a) (b)

100um| 100um
P - -

Figure 4.7 Fibers orientation on square shape electrode (a) corner (b) center

Mg LICr i L7z b DI RIEENC T U DT 7 A N3 0303 % —F5 T, FLETo
T 7 ANOEENNEN, EFHOLDIE, FTAHDEG~DT 7 A NOEPRELL | 5
FICE D DT PRE,

4.4.3 AT AR BB O I X 5 E
TV buAE = ZEEEERT RSO 20, Kl COEMNES THHET
Hb, AIEOTIEC L DERITEBORE I AESN, TGN 2 EKENRE
Wy ZOREMRET DO, VAT EREMEFEH L7727 7 A N ESFmOER 2347,
EROTFIULLF O L5,
1. ATV A, 8 Oxta B e gl S s 5, A L2 ERERE O
WX % Figure 4.8 (279,
2. FENEE 30 KV, REHHE 5 plfs T 10 2Rk &217 5,

Espinned PVA

Parallel flat panel
electrode

Flat panel ground

Figure 4.8 Electrospinning using parallel flat panel electrodes.
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Figure 4.8 ® X 9 I ATIZEMONE N T-GE . BBOLITICER RN ET T 5720
:\%Méﬂk774ﬂiﬁ¢#éo%@kb\&ﬂénfw5XT~v%@@?:kT\
2 DOBMRHENC K E DN EATITHI - 7T TRl m AT S 415

B DER % Figure 4.9 |2~ BN BMEICIZIFEFEATICY 7 A4 ABTERL S TH
HZENOND,

Figure 4.9 Aligned PVA nanofibers between parallel flat electrodes

ZD Xl 774A%%mbtﬁm\%6%&?VﬁAfﬁ%éﬁ AR AT IS
WNIZT 7 AN RLICHEDIZZETONT- b DONRR UL E L 2D, B E D7 7
A R EIERT 2548, RGN SWVIEIONLEE LY, 20D, S5IRTEII
—ET7 7 A NEBMRENCHH L%, R TEO 7 7 A RN 2T OWERD b O —EE
RN 21T 5 721% 90° [Al#E L 7 CFFEAMR T < WELD Z &2 &L 0 85O 2 3 A
7o

Lift up PI film
flame

g

Rotate 90°

Y
/\
27

Figure 4.10 Collecting method using rotation




HEZDO 7 7 A NPRAMEED L — W —BAMEE (VK-8500, ¥ —x > &) HE % Figure 4.11 |Z
N

measurement by laser microscope

MEFMZED 7 7 ANE BFINZED T 7 A 3D 2JEIZHDITND 2 ER DD,
Flo, T AT W RIFBBRTETIN T 7 A 2D Z LT, P A i ME &
BypZLnTED,

Z O SGRIXEME A LTS 2 & ThHOIREE TRE IOFEHMNATRETH 5,

Figure 41212 6 cm 4 CO 7 7 A /SR OIFRE R 2R3, SRFEMRICHWERY A4 I R
TANLDOHYHLOKRE SOFIRDOTZDIZZDRES LoD, BICKRERT 7 AN
P OER S FRETH D,

Figure 4.12 6 cm square PVA mesh substrate
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45  EER

442 TZOFETT 7 ANEGDLYGE, FRIZT 7 A RSPPNDLTZOITHENES Th
D, AEOLDOTHIUET VX BT 7 AN hinD . IEFEOEmREHHLZSEAE XY
HELTWDHZ ENgnd, —HT, PFOEIZET 7 A HMRERIZRY . —EOEEL L
DTN 25 EEM TELEHNBRONTLE D LW I BENK D,

T ZCARMIZETIE,. 7 7 A NOFEIZ 443 BRI HEE R -T2, KEELT, 77
ANRNPEINSNDTDIT, 77 A NBROMHFENERTE D D LG I N DA, dEmE A &
FEE S35 B o il O g =R 3 L ME T 10%FRFE & DEAL IS )t LS W2 & [73]. 7
T 7 A ANDNEMEHT AT . TOMESERICHO AT 2 L THoRIRETE D L5
2oz, ZoREERA LR,
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5 ST ATF w7 T 4V EIT
y YRR S e il

BIPVA A v v 2 REMO A BRI, AREH ETORETHDH, —F TER TOER
BIRPESC, LR XA R E CORMEFM 21T 5 DIXE LV, 207D, KBTI
¥ 4 BORAEZFETE LN FE E~OBMBIEREIC W TR ~7-% (5.1 fi). B
BT TAF I T 4 BT L) 2 TO, BRAEIERIE « LA ERIE &, —
HOWPER R OFELE (511 H) ITOWTIERD,

1T 9 WEE

HA G- AT f OERFUEZ AL (5.2 )
MR R (S 2 IRPT a2k (5.3 £)
FRIG - BRI D44 (5.4, 5.5 i)
B ORI KT DA (5.6 Hi)
FAALEIZ X 2RO (5.7 Fi)
7 7 ARG BT H RO L HIRPUEOZE( (5.8 #i)
4 b A K D E (5.9 #i)
AR ) E ORIE  (5.10 i)
L s,

51  4&/PVA A v > 2 {REM O /EL

443 Fi T~ ETIERENTZ 7 7 A ASFHICH L, B2 (ULVAC, EX-200,
Figure 5.1 (a)) (k2B ZIToT,

FBHEO S —= 2 7121, 125 pm JEOR Y A I R7 4 L L%k 7 U —2 L—F— I TH
(Keyence MD T-1000, Figure 5.1 (b)) TEIV ke~ A7 2 L7,
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Figure 5.1 (a) Tharmal evaporator (ULVAC EX-200) (b) Green laser cutting machine (Keyence
MD T-1000)

Gold evaporation Pl shadow

mask

E-spinned PVA mesh

VO O OO PO IYLYILY 4l

Ve &4 ALCLEILCLY
Ve V4 o o
V O @ A —”Illllllll’— ey & & V4
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Wz NG —= T TE D,

52  ERGAHIROEHUEZAL

AR 2 Z 07 7 A 7 NREBOMEH BANIEE LICBIT 2EMBTH Y | BEEL
BT D, TDD, TITAF v 7 ERE~DET 2TV, FREBIE L | B OEHED
ZALDRE ZAT > T,
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5.2.1 FERTIE

BEHUE DO FIEIC SOV TLLTFISRT,

1.

AUPVA A > 2 B (R 12 mm, #iiE 10 mm) Z/ER L, #5R10O#ESE% LCR
A—H (4284A. Agilent 1) THIET D,

RGO TTAF v 7 HERE LT, 125 mEDRY A L K7 4L hlZar 47 M
DEEBEERE L LbOEHAET D,

TTA=T v 7R (SAMCO, PC-300) (2L T, 50W, 5 BEDORSET 7 X
VAVERATV, SRS ORI A LB 5 Z LTIk BT A,
HAREMAITIR LI, o722 ) = UL R_R—TRERKFEHRET D,

Figure 5.3 12”7 L O ICHRBSE D Fab A . (ER L7 AuPVA A v ¥ 2 @BoH % < <
LEHRG 2TV, BRI E 5,

HE G4 DFEMUC DOV T, 78y RIZLCR A —% OS2 HC, BIUEZHET 5,
e e U— W —BAMEE, EESITE CIEMET (S-4300. A ZRUERT)

#5521 PVA OKEEEFIHT 5, —FHCRIA I ROEIRTTAF VI 7 4 VAT
KICIRT L ZOERMTRNEE L, WiHEELD, KERWRHMND D EEEHIZT 7 A
DB TN T LEY, ERARICEESNTICER L, BT 2580865, T0
TeO 7T ALY 7T AF v 7 OFFANER L2 [7412 & ZFH L B A2 K551

L7,

Fio, BEHRDEL S OLELINEE TG T 5720, BROMBEIL 10 mm ~ & 8E8HE S
LI L 25,

Lift &fansfer mesh electrode

L .,.,.,.2.;%/ E-spinned Au covered
74 774 PVA mesh

Ve L L L L4 TS

Au Pad on PI film, wet

E/ before transferring

Figure 5.3 Transferring method of Au covered PVA mesh electrode

5.2.2 BB D7 7 A INOBIER

FRRHRE L 7= B O G E % Figure 5.4 (27, MRIEEFE (5.4 &) RHIECHERT 572

&b\

RIS TR OWEER L T2,
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Figure 5.4 Transferred Au covered PVA mesh electrode.

Figure 5.4 H.LOEMIL, KA REL E O TITREEZITo7 b D TH D, KiIZE>T
Ay v aPE 2 ET, K EBOBMO L 5 ITEHETRHIENER, K FHOBMmRO L 512
IDIZEUNTZ

HRIE 1 mm, R 2 53 O RO BRI X 29K G 2% Figure 5.5 (a) 12"
GARETHEBINTEHSHMIED . PVA ITEH L TWD Z LR85, WIRIFRIE, 100 C
I ATMBT 2 MELA 8 > 72 PVA DR G OBITSIRRE DK CHEME L2 Z L1250, 2
TUTEEBT T~ A 7 a A= MARBREDT 7 A NLR2 D2 & T, BB ORIFEY
MUT=Z L2 & D, Flo, RERKFEPIED 7 7 A NDBEFEW TS DRk % Figure 5.5 (b)
WORT, 7 7 A SBEH L, HEA TV DR300 5,

Figure 5.5 Microscopic image of PVA mesh electrode transferred on plastic film (a) 1 mm
channel width mesh. Only Au covered region was remained. (b) Mesh floated by water

droplets.

Figure 5.6 (a) (CHEG# D PVA OFEHEDC T H, Figure 5.6 (b) [Fl—f&fTd L —H—
BEMEEIC X 2 @ S ORERB R A TS, BEORS, EREREICAFTET 2K L - THEFEL .
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KDL L R TERDT 7 A NPZET DES TEEL TN D Z ENDND,

1.5 ym

Figure 5.6 Aggregation of PVA after transferring. (a) Optical microscopic image. (b) Laser

microscopic image.

Flo BWE % T T AF v 7T 4 T YL AR BEE (Scanning electrical
microscope, SEM) (285 7 7 A /NDEE% Figure 5.7 (2777,

Au/PVA fiber Au/PVA fiber

34800 5.0kV x50.0k SE(M)

€4800 1.0V x100k SE(M) ' emlle0nm Il 54800 1.0k x50.0k SE(M)

Figure 5.7 SEM image of Au/PVA fibers on polyimide film (a) Cross-sectional image and cut
line image. Cut line crossed. (b) Magnified image. (c) Image of fibers crossing point. (d)
Cross-sectional image of half pipe structure.
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Figure 5.8 Resistance change in transferring on plastic substrate. Red points are deposited in 1
min deposition and Blue are in 10 min.

101~10% F—%—D, KERIEFEOWBL DR S 7=, MR 0BT 3 L0
KEWNWZ ERSMND,

5.3  MHIFRFRIC RT3 DA

TLY har AT, HERBEZEZ D2 L TEHOND 7 7 A NOBE L SE
HZLEMNTXD, PVA @%bﬂﬁ%ﬁﬁaﬁ’&%@ﬂﬁ L. 77 A NEEOEILOBLE L, BHILOE(LD
HIEZIT> 77,

5.3.1 FEBRFIE

FEROFNaE LLFIZRT,

1. FINEE3I0KV, vV v Uk Z Sul/s & L AUPVA A v ¥ = B (FRE 10 mm,
FRiE 10 mm) ZER 5, rEHRE A 1, 2, 5. 10 3 & & ka5,

33



2. TIARAF I T 4N E~NEEEZITH
3. EHUEA LCR A —% THlET %,
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Figure 5.9 (a)Au/PVA mesh electrode on PEN film (b) Images of samples
ZITRUEEMZ, V=V —BBEIC L 5, BEMOSFE SN TWDHEE STV

W DBER OYLKIX % Figure 5.10 127”77, & PVA OFERAEL T2 T X MBE{LL,
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Figure 5.10 Laser microscopic image of fiber. left side is covered by 70 nm thickness Au.
(a) 1 min. (b) 2 min. (c) 5 min. (d) 10 min.
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Figure 5.11 Resistance change by PVA deposition time. Channel lengh and width are 10 mm.
Deposition time is 1 min (Red), 2 min (Blue), 5 min (Green), 10min(Purple).
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Figure 5.12 Density change by spinning time (a) 1 min. (b) 2 min. (c) 5 min. (d) 10 min.

5.4.2 HITERE R
HE L7 #ptiE o 221k % Figure 5.13 127~ 7,
FRIGIZ IS TP D LT 2 R D, — 7 TRIBO U L 52472 HuBil B4R
(272 <, FREBEEICERI R LT D 2 E b RTHNLD,

36



10° —

——1 min
10° L ——2 min
——5 min
——10 min

Resistance [Q]
3
I
1

100 ] 1 1 1 1

0 2 4 6 8 10 12
Line width[mm)]

Figure 5.13 Resistance change by linewidth of mesh electrode. PVA deposition time was 1
min (Red), 5 min (Blue), or 10 min (Green)
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Figure 5.14 Au covered PVA mesh electrode which has different channel length transferred on
125 pum thickness Polyimide film (a) Upper part channel width is 1 mm, bottom part channel
width is 10 mm. (b) Magnified image of 1 mm channel length electrode.
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Figure 5.15 Resistance change by channel length (a) 2 min PVA deposition time (b) 10 min
PVA deposition
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Figure 5.16 Au covered PVVA mesh electrode, Au thickness is 5, 10, 20 or 50 nm
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Figure 5.17 Optical microscopic image of samples. Au thickness is (a) 5 nm (b) 10 nm (c) 20 nm
(d) 50 nm
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Figure 5.18 Resistance change in thickness of Au
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HFE DR LI IR, 7 A RNOBRICOWTIRRE 2B IT R nE NS,

Figure 5.19 (a) Partially hydrolyzed PVA mesh. (b) Completely hydrolyzed PVA mesh. (c)
Enlarged image of partially hydrolyzed PVA mesh. (d) Enlarged image of partially hydrolyzed
PVA mesh.
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Figure 5.20 Resistance of partially and completely hydrolyzed PVA covered by Au
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Figure 5.21 Laser microscopic image of different fiber direction to the channel. (a)

Perpendicular (b) Horizontal (c) Crossing
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Figure 5.22 Resistances in different direction of collecting PVA mesh. Perpendicular (Red),

Horizontal(Blue) and Crossing(Green) to the channel.
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Figure 5.23 Schematics of impedance measurement system. R, ;34 iS contact resistance
between samples and probes. Zggmpe is sample impedance itself. (a) 4 probe method (b) 2

probe method
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Figure 5.24 Schematics of 4 probe method measurement system using semiconductor

parameter analyzer, applying constant current on each 4 probes, then divide voltage.
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Figure 5.25 (b) Fabricated electrodes (10 min deposition).
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Table 5.1 Comparison resistance measured in 4 probes method with 2 probes method.

Deposition time 1 min 2 min
4 probe | 2probe |Difference| 4 probe | 2 probe [ Difference
[O] [Q] [O] [O] [O] [O]
1 128.7 132.4 3.7 171.3 173.5 2.2
2 823 824 1 507.7 507.8 0.1
Sample No Z -809.7 : 811 13 : :
5 - - - -
6 - - - -
Deposition time 5 min 10 min
4 probe | 2probe |Difference | 4 probe | 2 probe | Difference
[Q] [O] [O] [O] [Q] [O]
1 324.5 333.6 9.1 129.9 136.3 6.4
2 224.3 229.9 5.6 63.5 70.3 6.8
Sample No 3 97.2 103.3 6.1 1315 134.1 2.6
4 103 107.7 4.7 62.4 63.8 14
5 355.7 357.2 15 49.9 51.6 1.7
6 370.5 372.8 23 - -
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2. RIEOH T AEHROY T2 HET D, HHREIIFERRC, EMmEELE 30 kY., &~
U VOS5 ul/s & EE L, OB 228 2 TERLEIT S,
3. T U RA—FIZTHBBEONEEIT I,

FREIZIE, PEN B CTOMEDFREREZZIT, T AEBROLDODT7 7 A NEEZ LR
< T H7=dlzm s %2 K< L7z (Figure 5.26)

5min 10min 20 min 30 min

Figure 5.26 Au covered PVA mesh on glass substrate. PVA deposition time is 5, 10, 20, 30
min.
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Figure 5.27 (a) Transparency of Au covered PVA mesh electrode, which resistance is 62.4

Q (b) Resistance versus transparency on PEN film, integrated by 500-780 nm wavelength
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Figure 5.28 (a)Transparency of different time deposition PVA mesh electrode covered by Au.
(b) Resistance versus transparecy of Au cover. Transparency is culcurated by averaging
380-780 nm transparency (c) Double-Y graph of conductance and transparency depends on
deposition times.
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Figure 5.29 Contact area increasing between fiber and contact pad or another fiber.
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Figure 5.30 Transmittance of gold thin film evaporated in 5 A/s speed. More than 100 A ( 10
nm ) thickness film has peak in around 500 nm [77].
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Figure 6.1 Equivalent circuit model for bio signals measurement
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Figure 6.2 Equivalent circuit of skin impedance measurement
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Fr e NIV 502072 5 B i % TRk Z L 810 B (Figure 6.3 (b)),
3. UIVW-fFAERMBEKTHEL, BRIREZ V—2&RELEEZ, 7V —
YIANR—TTERRE AR E IR, RESGZBEICHRERIES,

Figure 6.3 (a) Rat shaved and coat by hair remover (b) Rat skin with subcutaneous tissue

W, PIEAICHER L2 BmOERIC SN TR 5,
R U7 MO % Figure 6.4 12787,
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(a)

PVA
Au 70 nm

Supporting substrate A (Parylene 1 um)

Supporting substrate B
(Polyimide 125 pm)

Figure 6.4 Stracture of impedance measurement electrode (a) Cross sectional image (b)

Overview (c) Au coverd PVA mesh electrode on rat’s skin
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HAELET vy NG ETOREA v v —% v AJEDEE % Figure 6.5 (2777,

Measurement
* Au mesh
+  Gel/AgCl

Reference (Gel/AgCl) PI film insulating alligator clip

Figure 6.5 Skin impedance measurement on rat skin
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VABIEKL . ALV EEEBOLNDRRKOBEEEEZH/ TN D T-OICRE L-HIES
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Figure 6.6 Gel/Ag/AgCl electorode
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T V=2 UAR—=C LV IMMZ DI & TKDENMNE LT 7 A SOWRE L R JE~DEE
ZATW, WAZ VU AHOT7 v —TU—T 5 p7n— LI, BEtofEIFiE5 1 &
R G D 2 JE Lz,

1. Initial 2. Transferred
et paper
PVA Gold
Blower
06080680 25,000

|
Skin Parylene

Figure 6.7 Transferring method of Au coverd PVA mesh electrode

6.1.3 HIE Dk R
FNENOREDOFER% Figure 6.8 12, Z/VISEALEREM & D FEH2ERECBIT S
A L E—F o ZHEO H# % Table 6.1 12777,

10° — T 10° . Initial
— —PVA mesh 107 L —Impedance
S —Gel/Ag/AgClI S
Q (O] 6
3] o 10" -
4
510° - - 5 .
k5 B 10" ]
(o} o
g g 104 _\_:
10° 1 1 1 1 10° I I I I
10 100 10° 10* 10° 10° 10 100 10° 10* 10° 10°
Frequency [Hz] Frequency [Hz]

Figure 6.8 (a)Skin impedance of Au covered PVA mesh electrode, compared with Gel/Ag/AgCl

electrode (b) Skin impedance of initial and transferred electrode
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Table 6.1 Skin impedance of Au covered PVA mesh electrode, compared with Gel/Ag/AgCl

electrode

Au mesh [kQ ] Gel/Ag/AgCl [kQ ]
20 Hz 23.1 10.1
1 MHz 4.26 242

Foyre A TR AR E | BAHERINE SN D LIETE 5, D0, @mERK &K
AR v E—H o ADEEE DI T, AT IOKQREED, AuPVA A v 2
iR & &P NVERIEALSRD B RA v B —F U A L 72D, [RERIZ 7 VISR SRR A £23 7.5k
QLD T, AUPVA A v v 2 BURD A & — 4% o A1 16 KQRREE L HEHI S 41 5,

BB OBLE S I XBARR 22 B Cd 5 7 VIBRIALSRER & e, &< 13H 5 b DRIA
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W25,

F o, EBE R EREA~FHE L2720 TIRIRIEEZRIREETH 0 . JIEBLARE PVA 12K 5y
ZWINSELMENH D Z LB 5,
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77 A NREMORFTE 72D KIZFEPEDERIZON TR D,
PRIRME, WK PEZR &L &b, BRMEITAMER EDOMUCHEET D b DIT & - T S 12
DOLEERIEE TH D [81], A v & —X  AREDEHIA LT 7 VIR EREmIT, &
NEMHT S Z L TEEE SRR ZEZR L TODER, KERFET2 7200 IERR S
NTEY, BXRMEIZIZERNE NS TR,

F ZTABIE TR, 7 7 A 2NREBROBEIEDOH I OV T HEE 21T - 72,

6.2.1 EERFNE
FBROET )L % Figure 6.9 |27~ 7,

1. A7 Va—FORZ1imL OfiKEAI, A7 2—FDN%
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2. I 3 FEICOWT, IRE, BEN-EIRIENTE RTA F ¥ o/ —NO[E—ET
WZErE L, BRI EOEEEEE L, RI7A4 F ¥ o —HNOREIT 20C, %
FE1L 25% & 95,

3. [fklceron%z, Bk HEEHE (5, 10, 20, 30 43) @ PVA 7 7 A 7 REMT
<

(a) Cover

* PVA mesh w/ Au

* 1 ym PET film w/ Au

* Opened

Epoxy glue

Glass bottle

Pure water

(b) (c)

e —

Open 5 min 10 min 20 min 30 min

Figure 6.9 (a) models of vapor transmittance measurement (b) Comparison w/ 1 micron
thickness electrode image (left: opend, center: Covered by 1um thickness PET film coated
by 50 nm thickness Au, right: Covered by PVA mesh w/ Au (c)Comparison in PVA

deposition time.
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Al H B 2RV REE & LB LB B IL T 2 LE DD 0D, 7 7 A KRB E KKK 0N 8
WLTWDZERbND, ZRAD L um PET 7 4 VAT, &%2RELTVWHIELHDY,
KRAER WL TNWD T ERbNd, BEOFENT, 74 VLAOWMREIZICLS DT
b,

61
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Figure 6.10 Vapor transmission test by measuring weight of water. (a) Comparison w/ 1 micron
thickness electrode. (b) Comparison in PVA deposition time.
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(c) (d)

10 mm 10 mm

(e) A (f)

Figure 6.11 (a) Au/PVA mesh electrode using in this experiment (b) Rat skin sample in saline

(c) Mesh electrode on a rat skin (d) Rat skin after removing by wet clean paper (e) Rat skin

after washing in soap (f) Removed fiber aggregates on a clean peper.
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Figure 6.12 (b) Ti%, 77 A NP EEITEE L TWDHERFA R TERN D, FEEEIZZ Ok
RECEM EEZ D> < 2 ELThH, 77 A/ NTHBEL 20,
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Figure 6.12 Laser microscopic image of rat skin. (a) Before transferring mesh. (b) After
transferring mesh. (c) Wiped by wet paper. (d) Washed by soap.
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Au/PVA Au/PVA fiber

fiber

Wet paper

Figure 6.13 Sequence of Au/PVA fiber removal test

TR C U IR S WPk % . AFRAHUK TR & 5 mm A OBHIZ A A 724
L — B TR R AR L7z, 2 0%, 1B D17 ) — 2 U A S— T & SR
0. R L — — BB T ORE AT o 12

65
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Figure 6.14 |ZHLELY B ORFTE L | L—F —FAMEEIC L 5 BE AR,

(b) ;
100.0pm; v
— -
100 um "
| |

Figure 6.14 (a) Optical image of skin surface w/ Au/PVA fibers before removing (b) after

removing (c) lazer microscopic image of skin surface before removing (d) after removing
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Figure
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Human body

6.15 Over view and cross sectional images of ECG measurement electrode
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B EE - EIRE % OB E % Figure 6.16 12787,

Figure 6.16 Au covered PVA mesh electrode and wireless ECG sensor set on a human body.
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CMSERE MCL3ERE
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Figure 6.17 Electrode position in ECG recording [89].
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(a) (b)
0.25 1 T T T T 2 T T T T T

0.2 | .
015 .
01 | .

P

-0.05 -
01 F 4
-0-1 5 | 1 1 1 1 -1 1 1 1 1 1

ECG [mV]
ECG [mV]

(c) Time [s] (d) Time [s]
2 . . . . . 0.3 . —— .
1.5 F -

0 1 1 1 1 1

0 05 1 15 2 25 3
Time [s]

Figure 6.18 ECG measurement by mesh electrode (a)after transferred (b)after wet by cotton

paper (c)10 min after wet (d) dried (30 min after wet) (e) measured without mesh electrode
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ECG sensor PDMS insulator
/ Ag based electrode & wiring

/

Tights textile
Au 70 nm
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B

Human body

Figure 6.19 (a) ECG sensing shirt with strachable wiring (b) 6 X6 cm PVA mesh electrode
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