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of:-E(anode) &, Hfd =, ¥ F|E=(cathode) F2 IA(solid state)d & Ur}t. oS B0, fw=
4 =, 2 FAE=(cathode) T& F7lnl B A7) 7tn DB WjEE A0 o= IE
Z =z Z

ol 771 gAst oA Asldel 247k =gl

-

EAMRE Sl A5 258 ¥ =447 =dda, dad

Az # Joerz, ofit(anode) T, A2 F, 2 ML (cathode) T EFE 14 (solid state)d =
.

Add T2 7t a2A WMEd2E e, 7t aiA viEY2E sk bed RemE A3AA Alxd

5 Alolol FFo] A, olF FI2 2

20| o]F3l= olF BEE AFIA o 4] AA AEL ung AA dfEL ¢ U

olo wel, =xpAH ¢ AM(ZHH) FAS Ea ofx==(anode) =, Hald =, ¥ /A E(cathode) T FT3}
g5 ol AX KUY Axr} 7bes, 24 Fo] EEdor & Ay o] EAEt o], FEHOE o

o 5 5 5 = o EEk=
e agHom YHE & gk E, oA ANAL @A 9
A

=< B h
AR 37 oA ANA @ Felte AL glolE $5E o RAEEs} B4E & 9l

bl

o
-
30,

W 7HsE e ofa ol EAl Bk Rien, oo fEA|, EE o5 % F Aol

dE B0, 7lul 7153 RenE ZddalZy]E foladd o] E(polyethyleneglycol diacrylate), Egel
dZ2]F folade o] E(triethyleneglycol diacrylate), EZWESZIZHEA|OE Ezlola g o]
(trimethylolpropaneethoxylate triacrylate), H]Z#HEoldEAIHo]E t]wElolT = ¢ o] E (Bisphenol

ethoxylate dimethacrylate), ©]E9] F=A, E& o592 & T Hok syd 4 ok, 7] 7la 1
2 ER 2~E 53] 7t 7t BawE FUMWAIA AxzE ¢ drk. o] Af wE Agte] ag&HoR g

ol A4 e AxET & vk,

sl S (1

a nEa ERst 48 DRAE O wEee W s A% B4 (seni-IPN) TEE 4 5 . o 4
$ 7] BE AR 2 BE A5 A AL $5F 494 Fud 5 Ak f940] A A
B BE AsAe A0 EURYS W F(bending) 59 el BT AFHS wol A% As ol A
Aoz AT FEAL 5 vk, oldd SHoYE U Fu) TANE 446l 48T 5 s s

A7) AAE @A A7) b b Riew el 3ol i A HIEES TR ¢ e Yol T LAt
vgtd st dE S0, A uRAe ZEnjdeld 23 edke]= (Poly(vinylidene fluoride, PVAF), Z]H]
dejdl Zg ool axZFommaAd (Poy(vinylidene fluoride)-co-hexafluoropropylene, PVdF-co-
HFP), Zgvddeloa &g o]E (Polymethylmethacryalte, PMMA), Z2]2~¥]d (Polystyrene, PS), Zgu]do}
MHEolE (Polyvinylacetate, PVA), Zgolmaed21}o]E™ (Polyacrylonitrile, PAN), Z#odd&Aloj=

(Polyethylene oxide, PE0), °]E9] f&A, Ex o592 &3E F o= syd 4 Ut}
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[0080]
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7] 9 A4 39 A= 5 4
“?‘7] %]ZHE :I‘Lj‘“;ﬁ;gi SiOQ, AlgOg, TiOQ, BaTi()g, Ligo, LIF, LIOH, LigN, BaO, NaZO, LigCOg, C8C03, LlAlOz,
SrTi0s;, Sn0., Ce0p, MgO, NiO, Ca0, ZnO, ZrO, SiC, o]&9 FXA, E ol59 EFENA Hex= Hojx 3}
wed gl

2
Q g2 F7] dxE= Si0,, Ti0,, AlQ;, Zr0,, BaTi0;, ¥ o]59] %3 4 9},

5

F71 A= F7] §ulsk Wshgdo] =& ¥ olT dHozm g kst 2E oA AA Y H olE
gateE slolrEl= A T AA Y A LS FIAL = Q.
F71 Ao B AAL oF 0.001 gm WA 10 m, AW F 0.01 gm WA 10pm, °F 0.1 gm WA 10mm, oF

0.001 gm WA 5mm, °F 0.001 pm WA 1gm, °F 0.001 mm WA 0.5mm, °F 0.01 wm WA 0.5wm, ©F 0.1 gm WA
0. 5ﬂme T Atk 7] HeE WSS AS slolHBE ArF 2 AA = e VAE Ax 2 S 7

7] Qe A Fe A wEA A ol 00 F%, A o 10 Fh ]
A 90 %, oF 20 FF% A 90 FFh, o 30 F% WA 90 FFh, oF 40 FFh 1 90 T, °F 50 F
S U 00 FF4, oF 60 FFE U4 90 TV ek, B QA ) W wgE A9, A0 2
o ;A nEA ANAE AT RS HE S A TAYo] sbsay] $4E BAES b & Ao

Sl bed g AF Bol dEFY & Ak ol A7) 7] Sl sjesle] 24 Wel A e oled ¥
FHow A8en P 23 Aolel P olee] ¥ Hush A% It

B Absd GoRt dnd, AFEANTTLEE AL (L), dEHEGEFOR BB, UF
LR 2E RO E  (LiSHR), eEANELL2oAVOE  (LiksK), UETEFL2UEUTol=
(LICF:S0), 24T E(LICI0), ELFUVOIEWIAL), eFdEFRzdTrvelE (LIAICL), A3

Hu(LiCh), 2e=stgw(Lil), dfF vaSAdUoE HHolE (LiB(C0),) dFEHETFLE dadxdoln

= (LiN(CF21802) (CFiS02) (21714, x B y= AAed), ol59] =4, = olsd £d=<d + 3

0

ol

1

o Jbsd el f7] Sulel Uld FEE oF 0.1 Ul 2,000 & gtk o] S AN o nA wEA A
sae HAP AvE ¥ PR 4 F Jn OF ool ARHoR ¥ & qnt
A7) §7) gl b mRA WE sk B 94 Aole] BFe] GAs] AT 5 Ak 7] #7] 0
= 3w (hign boiling point) 44 AHAY 5 o, 2ae] A718Y W] polshs o] LFo] o] 5
Foole wd que a.
A7) %71 BURE ABvelEA &ul, olzdEA go), HEA g, AEA v, Fme&A S, m:
HpgAY 0] B2 AHEE = out, ol ARHE AL okt
A

J7] FERMe|EA Sul2 = tdd FFRUOJE(DMC), tldE JtRUe]E(DEC), TlX=E JFRUe]E(DPC), ||
dxzy spuude]EWPC), dEzzd 7o) E(RPC), Wedd shmule] E(MEC), o€ 7hmule] E(EC),
z2dd FhEYo]E(PC), F-Ed JFIHUo]E(BC) o] A& = 9l

A7) ol 2HE2A &R+ wE ofMEHolE, dE olMEo]E, n-Z2E olAHo|E, 1,1-tuded o} e o]
, HEZZ2I Qo Yo|E, oy QyoE, y-REZZTFE HrlEdol=(decanolide), T ZHFE, W=z
2% (mevalonolactone), 7FEZ8E(caprolactone) &°] A2 4 2

7] oHEZA $MEs gid JHZ2, dEHSSY, U=, guSAde, 2-ddE

HI| EZ2F o] AMEE ¢ o, V] AEA SHERE AZERIA

A7) SdFEA SrERe dEdas ]

CN(R& C2 WA CZO«] A4, A Be 8 G g3gariel, o

w3 4 oolth Bel UEAF ugs ol

b
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[0090]
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(sulfolane)¥

A7 §7) gulE FAFoR, Jddd JlEUC]E (ethylene carbonate), Z2Z3 JlREUYo]E (propylene
carbonate), #v-FE€=22E(g-butylrolactone) w3 £ 39 JtRUYO|EA &uld & drd. FES GV
7] &= Jddd FEZ gueoH 2 (ethylene glycol dimethyl ether) 53 Z-& Z¥(glyme) &wjd <

A7) %) Bl BEOR wi sht oy Esel AT & o, sht o4 EFst] Algsh A5
4 v ee BAsE A2 Aol meh Ads) 22 & 93, ol Pul Fobl FASE AGEAL ¥
2 elad 4 9

rlr

f

z

)
o,
e
il
>
2
2
=
il
o
%)
z
o,
[
)
)
ol
Y
M
N
1o,
)
BN
ol
i
o
mv)
)
e
fr
i
o2
S
>
>
i)
%g
T

T 28 Fashd, B ool o AAdeAE " AA A fFRS Fhlehe 9, BE dA A fule] od
Aol FAAE AAAZIL A flol 7t 7hsd RevE xfets A5 @84 EPES AW dx=
(anode) T& $1AA7]= @A, ol:=E(anode) T ol 7t 7hsdk RemE et dald EFES Y3
o AFA =S YA E v, 1 AFE Z Yo 7t 5 BevE ¥dels d5 d2d RS

stojluEle A7F FH HAA AxWHES

o2, dx=E(anode) T ol 7t 7t RedE EESH
= HAS2)E FF oA A Ul Asd T 4

%, gt
il
Y,
"
(17_,('
il
o

Il
ot
_O‘L
s
X
[N

[
S

=4

=

1S)

&
ofj

s At 24 AAe] AXERE ALE F G4 o|Fo] Dy . 2

Aol oQEARNE Foluas At 24 AN BEe] Aste] solHIE A A AAE WReE

9AE 9 TqE 5 ol o <Aal, 9% F4, 09 B0 E D o] wdel 9@ Axe &4 #A 5
3}

HFd WAAE 10-vE-9 =Ake] oI (10-methyl-phenothiazine, MPT), 10-o&-#|x=A}to]o}zl(10-ethyl-
phenothiazine, EPT), 10-ol€l-3-F = =-¥|Xx=Alo]o}A (10-ethyl-3-chloro—phenothiazine, 3-chloro-EPT), 10-
ofo| X 2 H-H =Abo]o} (10-isopropyl-phenothiazine, IPT), W&  10-oFAE-H=A}olo}zl (10-acetyl-
phenothiazine, APT) & A% 3fuE 233 4 Q.

Z

AT 284 TYE EE ANd TGRS A AT A4 AN el FFA PAAY BFEE o 0.01
x] ] o

H g
OM Y 4 9.
],

—

stolB = Ap7F S AdA e Az JA el bl vbed BemE x¥ehe AT d=d

gajol o= Fg AAAIE WA, s F SAol sbw AFed RwvE T A
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[0097]

o

0
No
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g24, %% (roll-to-roll)

[0098]

EEES

3]

A nEA A

=t
=

A8

3, 7154 AA

1

o o

3

wjr
®

aa

ta glow dFo] IH @ (interlocking)

o
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g
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49
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et
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w7t 7

& oe AE T

e

o
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o
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o7
iyl

‘mo
2
)

2

)
o

[0101]

]
=1

e oh.,
sl Egs

RS
ge o

F713F A A] oo
<Azd 1> A

[<)

[0102]
[0103]

aa

0

)A
o

=
ErE

F 40 nm®] Super-P, &=} uj

10 m9] Li,Tig0:12(LTO),

Eg

=

=

2=
1
A A1

o

ok
-

‘]

s
<!

H,

o3|
S

7181 (ethylene carbonate(EC)/propylene carbonate(PC) = <F 1/1 (v/v))ol

2] A
= Fal

2} W E
°F 90:109] FHHIE, A7 &

=
RU

al
=

=

7] ZA A

e

Elcia=
300 nm =719 Al0s,
‘__o

=

Y
X

Eias!

ok
2f
)

=

2l

o

.‘1

s

85:159] FHH| =2

ok
-

=

=

ERCE
oF 80:209] Fu] 2 4ol

ASACSRsS|

[e)
T
=
=

A EAYOIE EFolaEd o|E(trimethylolpropaneethoxylate triacrylate),

|E)

i 4 A

:‘L_]_
FLE Y| o] E A
54

A7) =AY

z2

43

s
s

€ 2
==

A

A

S

&

10-H & -3 = AFo] o} (10-methyl-phenothiazine, MPT)<S-

=
T

7] oH
A=

[0104]
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[0107]
[0108]

wK

S

ol

e &

23

Eias!

85:15¢] THH|E 3

ok

=

=

=

g7kl Ko

oF 1:27} ¥
- 14_

=
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Z] ol
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ot ol dajd SO FT] Ao TRl oF 1:27) HEE g

<HAld 1>3tolHE = 7t FA AAY Az

WA, =& Ad(Voc: 7.7 V)& 7FAE B A A(2724-10GRY) FR& FH|gth. A7) Bk dx A fyl9
g4 W(active site)ol]l AFHw= 2lF olx A4 FHH AAIESE JAAE AT, o W, HAAE
A BAoli, 34 598 b FHshs wyow J4d0

gEom, A7l JAA fel Az 19 &5 E¢ES a9star, AedS ALY o i=E=(anode) S5 ¥

A, o]olA, A7) ciwE= T ffoll Az 19 dad EdEs mYstal, ALids 2Abste] dejd S5
FAANIT. veom, A7 dad T ol Alzd 19 d= EdEs ZYSAL AfAdS ARSI A=
(cathode) T& FAAIA, stelBel= A7 S HAAE A=,

O

<Ay 1> stolBg = AUt FHA ARY AT HUt

AX] A(2724-10GRY) 9 @5, A7) Bl Ax] A(2724-10GRY) R} tho] @ =(1IN4002), —re]al A7)
A A(2724-10GRY) fH o Hol = B 2l olak AA(F=-LFP/&5-L10)5 S=&2 A2 3 74 4
ale], ZEIA Q. ~H(potentiostat) D Alo]E# (Keithley) 2400& o] &3le], AF 2 At ¥H3ls: =4

o
O

o o 2
o2

H
w
flo
0%
N
w
)
D)
onl
o
Lo,
)
=
SE
2
du
rE
o
Lo,
||
ol
=
=
fuj
i)
I
&
lH
ﬂ

W oEEolt B A4 A 9 % oo
[e]

[k

oj9l W=  AAd 1o AzE slolHe= vt T MR v, ﬂ"o”sl 2AME B8, o 1A s
Z27] A 1.6 Vo HEF oA A FRA(FF-LFP/SSF-LT0)S 9] -0z oF 4.2 V7HA] 48, o] &
o “E(drop)S A3}, I AFE = 494 JeER 2 Yo},

D BFAA 9, 2) HFdAS) gole= A, = HHFAA, tole= B o

Y, ATl szl g s F7F AdA e iR AddOlSd AEelM Ze 27 dhe
Aot vbgo] dgte] HAl 32 SAPYY. =, AF7F A Aiske AS #H9) F ¢ dn

Aol Wl b H o wWEHY FAdel wAsgon, MEe HFH wA Azue] £A] ol Agtel A%H o

AAe] el o e Ast Aes W] fAste], shrlek 2 Ads

4
)

A},

WA, = 2425 LFP (Y% 300 m) & AH&3tal, &5 5425 L0 (Y
< 1.0 M LiPFs in EC/DEC(1/1, v/v)elar, &2l &l (galss separator)E& AF§-3h

m)E AHgsta, A
1(fu11 cell) 3 ME &=

r°(' m
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u) gt

slub= wlEf 2] AtolE 2 (battery cycler)E& Bdll 7] AA(full cel)& FHsta, vhE s, Bl dAx A
= F3 oF 2.7 VE FH3AL, UHA vk B AA AE FE oF 4.2 VE ST, 7] 3 M9 R
ARl tiste], EEA e~ (potentiostat) E Ao]E2](Keithley) 24002 o]&3le], AF 0.5 C &&%o= W

g ue] Ay WEE SAs, 2 AFHE & 60 HYERAL T

bl

¢

% 62 Azaw, 1= vio) A4 wER Ao Ze (battery cycler)E Ed A7 BA(full cell)E F4
@ Roln, AL B 94 AL Fa) oF 2.7 VE 0% Aol:, WhAe ¥ X AL Fa o 4.2V
2 49 Aol

% 62 FESW, 47 AA7F o 4.2 VX A A0S A9 A4 A AsE ueie o 4

B3 PAAE BF A4 A% AR G Astel, 1% ge AW Sk

WA, LFP 4= &E4d (J%= 300 mm), 2 ®ZT(glass separator), oEB# JtRUo]E (ethylene
carbonate, EC) ¥ X2 JlH o] E(propylene carbonate, PC)E X &3l Hald, L0 &5 FEA (Y=
20 mm)S FEIFEhE AA(full celDk 71 Ao Aajdol 0.1 Me] 10-w"-3:=Ato]obxd (10-methyl-
phenothiazine, MPT)E Y X&ste d3dE xgste A& 47 FH| g},

Uf%gi, /8‘7] 2 7H94 Z ] ] EH ]'Oq LFP OkZ_/LTO O:_ }\]/\Eﬂ O}OH/H J/}_% H(}X]Xﬂﬁﬂ Z}'%— Oql?‘
71 918 0.1 C &40 AL 13 S8},

=
}71 2 9] AAe| thshe] EEIA] L ~El(potentiostat) E Ao]EE] (Keithley) 24002 o] &3}, AF % A

il

shala)

RS

A

[e]

ol Wsls ZAste], 1 A2 & 8 2 9o YeRfa it}

% 8% H5H HAAC 10-HE-H| :zAbo] ol (10-methyl-phenothiazine, MPT)o] EgE X & AXe] FH &
F(capacity)ol B2 A WalE Yehhm, = 9& #EQ A9l 10-vE-7wAbo]obx (10-methyl-
phenothiazine, MPT)o] ¥38 Ax] %4 §F(capacity)ol W& A s vpehic),

= 88 R, A AA Aol 2.5 VA STbEkE dWHARl RS
z S7FkAl @ oF 1.8 V Fold dAeA FAEH Bl Aes ¢
[e]

A, BEA AR LFP FF/LT0 &5 A2 shollA] 2% o g sl 5

O

<HEd £3FH FAAE T AA As A B}

I WAAE T AA e MAS Brksr] feke], shlek 22 A

o of thatol= Ao 39 FWAS oF 6 F|7HA wbEEt]
Getelt Al 2] FHAL oF 20 274N W] FaAP o
= ok )=

2" (potentiostat) & #Ao]E8] (Keithley) 24002 o]&3le], AF = A
0 2 11o] YeERfa ).

= 10= 1, 3 2 6 3 WA Ao]E 3o = WA 10-H e -3 =Alo] o} (10-methyl-phenothiazine,
%

0%
N,
Do
=
o,
rN
R
2
=
ol
o
f
==
<
= 1-0

MPT) ©] ﬁa’ﬂﬂ o Mol FH fF(capacity)o] WE A WHEHES Y, = 118 1, 10 ¥ 20 3] =49
A AlelF o] A WAACl 10-w -3 mAlo] o} (10-methyl-phenothiazine, MPT)o] ¥38tEl HA|o] &%

S (capacity)el W& et WIS vehd.

E10& Fxshd, S8 AbolZel 18(HAA L), 33 (uibA L) 263 (k) )Rl A B
oA, T ol F 160 mAh/g ol A kel A8 F7hgt.
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100 1o 120 10 100 150

—B—solar cell (2724-10GRY)
—8—solar cell + diode

—A—solar cell + diode + battery (LFP/LTO)

0.4

Current (mA)
o
(2]

=
[

=
o

Voltage (V)

P AN . >y .
}\7’/ N2 ,//.\\ﬁ\\,;,\\

R 'l‘\-\\“
VPN
g AN iy
S AW /ML sl

0 100 1o 120 10 10
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k1
(N2
N

. - 1.25
i ) —— VOC
7.5}k .;ﬁl --Vmax ]
-m-Isc 41.00
—~ Imax —_
2 6.0} - <Et
> 40.75 =
g [ ]
> 4 5 o
8» 40.50 G
R B 0.25 -
\. }
1.5 . . . :
PV PV PV+ diode
+ diode +battery
x5
4.0 | g
3.5
S
p 3.0
(@)]
8
o) 2.5
>
2.0

0 1000 2000 3000 4000

Time (sec)
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EH6
2.5
—— Ref. (charged from battery cycler)
— 2.7 V Charged Cell (from PV)
—— 4.2V Charged Cell (from PV)
2.0
S
o
g LFP/LTO Full Cell
= (Discharge = 0.5 C)
>
10 N 1 L 1 N 1 N
0 40 80 120 160
Capacity (mAh g”)
EH7
4.2
—— Ref. (Charged from battery cycler)
—— 4.2 V Charged Cell (from PV)
3.9 F
S
2 36} ;
? . NCM/graphite Full Cell
= (Discharge = 0.5 C)
>
33 F
30 . 1 N 1 : 1 N 1 .
0 30 60 90 120 150

Capacity (mAh g'1)
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k1

k1

rE
53

S Voltage (V)

Voltage (V)
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2.5

—1st

1M LiPFg in EC/PC
2ol (w/o MPT)

f A

15|
10— :
0 30 60 90 120 150 180
Capacity (mAh g”)
MPT is working
2.5 .
—1st
1M LiPF4 in EC/PC x
20l (w/ 0.1TM MPT) "4
\(/ \ -
15}F
0 . . L
0 30 60 90 120 150 180

Capacity (mAh g")
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Voltage (V)

Voltage (V)
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6.0
F —— 1st
S5T3rd e
5.0 -—— 6th ~
45|
40|
35|
3.0}
25}
2.0
15 1M LiPFg in EC/PC
1.0 (w/o MPT)
0 100 200 300
- -1
Capacity (mAh g )
2-0 .,--" T,
T T T e
MPT is workmq
15|
P 1st
10ih 1M LiPFg in EC/PC
N —l . _(w/0.1M MPT)
) 100 200 300

Capacity (mAh g”)
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