WO 2015/179035

a

Clean Substrale

|

PCT/US2015/024945

10

D

Associate Substrate with Adhesion Layer(s)

|

D

Associate Substrate with Conductive Layer{(s)

|

D

Associate Inorganic Composition with Substrate

|

D

Form inorganic Laver on Substrate

8

| a

Form Conductive Fim

Incorporate
into
Electronic
Deavice

\/
22 Associate 24
with
Solid
Electrolyte

e

Associate with
Second Conductive
Film

26

1/22

20

/N

Separate
Inorganic
Layer

28

FIG. 1A



WO 2015/179035 PCT/US2015/024945

52

54
56 FIG. 1B

//"58

N,

50

66 FIG. 1C

FIG. 1B
FIG. 1C



WO 2015/179035 PCT/US2015/024945

50

FIG. 1B

FIG. 1C

2/22



WO 2015/179035

— Fiexible slectrodes

i« Solid slectrolyte

§\§M\NN
P

\\\ \\\ .

N

3/22

PCT/US2015/024945



WO 2015/179035

\

4/22

PCT/US2015/024945




WO 2015/179035

_1)

DviDd (cm3 g'1 aiey

0.06

(.05 ~
0.04 N
0.03 -
0.02 *
(.01 ~
0.00 1~

PCT/US2015/024945

3

xm\wu.iﬂ}‘ﬂ:\mg{/\ P
10

Pore size (nm)

5/22

100



intensity {a.u.}

48

intensity {a.u.}

WO 2015/179035

before ECs testing
s fter ECs iosting

g(li
L
SNSRI RS B S D :\\&
1000 800 80D 400 200 o

Binding energy {eV}

%3]
2y ke
Rey

belore ECs tesling
e gfier ECs testing

Cis

832.4 eV

y 530.9 oV

532 530
Binding energy {eV})

6/22

o

intensity {a.u.}

PCT/US2015/024945

hatore ECs testing
after ECs tesii

asting

888

o8

586 684

86a2
Binding energy {&V}

Intensity {a.u.}

e after £0s testing

before ECs testing

856.9 eV

870 860 850

840
Binding energy {V}



Current density (A g} W

Current density (A g} &

WO 2015/179035 PCT/US2015/024945

10 b
50 mV g - 20+1 YV 5!
- ™
7 < 40
U
0 £ ¢
el L
-5 § -10
3
| 20
- O N 5 " . N N 1.2 —E‘., 7.4‘ D i(‘.4 é 12 . s N . . . N & —Dﬁ: D] i(\.lr : 1.
45 10 058 00 05 10 158 15 <10 -05 00 05 10 15
Potential (V) Potential (V}
40 4 F
10V s 100k 100V g
73 ke
20 b
=
{ 2
[0
kel
20 o
3
&
_40 . N ~ 1z L N . N 1.2 —\“i 4 o 'ir/» aR 2
15 1.0 <05 00 05 10 15 45 10 05 00 05 10 15
Potential (V) Potential (V)

7/22



WO 2015/179035

£

Current density (A g} &

a oy T
&
o oy
g o
< 1Ve \\\\\\\\\\\\\ ‘§
mad . :
2 o .
S N
= =
5 TR
5 1}
Sm
=
&
2ba . , ! ’
D8 04 00 04 08
Potantial {V)
20 ‘
== 50 mV &

w100 Y 5

Currant density {A g-'z} -

Current density (A gy &

0.0

8.5

Potential (V)

15 -1.0 -0.5

iy

FPotential (V)

e 08¢ ;’ {4

_“é‘ Q4

=

T 0.0F

[0

K3
~0.4 ¢ g H H
“0-8", * A I F3 3, \

0 4 8 12
Tima {s)

PCT/US2015/024945

wThn RV ‘::‘

NI
<2

e 0V s

........ 70»\, T: :
O+
-1Q4
~20

08 04 00 04 08

Potantial (V)

5 1.0 -05 0.0

i 05 10 18
Potential (V)
15
1.0}
05}
0.0}
0.5
1.0F
..15 “s : } R
0 50 100 150 200
Tims {s)

[

40k

10k

Z' {ohm)

8/22



WO 2015/179035 PCT/US2015/024945

e 50 Y 7

SO MV s
4 200 v s
e7inn 500 TV &7

B
fon]

N
)

<

3 -
e

Current density (A g ) o
"
o

Current dansity (A g") w

A
o
¥

-0.8 -0.4 QTG .4 0.8 -(.8 -0.4 (.0 0.4 0.8
Potential (V) Fotential (V)

s

1

Currantdensiiv{A g} o
o

N
<3
fow]

X7 500 MV 87

(%]
3
[

&
Lo
Currant density (A g'1) ey

3 &

..90 2 3 R l 3 5, 2 ]
-5 18 05 86 05 18 15 15 1.0 -5 80 05 10 15

Potential (V) Potential {V}

1.5

f
1.0}

D

o o

S w
L] L1
o
e ne
o

f.:)
[
3

Potential (V)
w ¢
ped :

Potential {V}
[
<

0.5

I\ |

3 " 3 5 3 X L] X L] " 1 " __’E E St . St .. Tttt
G 6 20 306 40 50 &0 ’ {100 200 3006 400 500 500 700 860
Time {s} Time (s}

g
15.0k

o o
o =
L] L1

O ool

10.0k

-2 {ohm)}

5.0k

o5 i B 200 25 30
5, ]

ook =
2),9 5.0k 1.0k 18.0k
2 {ohm)

9/22



WO 2015/179035

Current density (A g’} ™

D

FPotential {V}

Current density (A g} 3

PCT/US2015/024945

30
B 30
A 500 iy 57 \\Q‘:\ ‘TCF:‘ R
o} L £ 0
R
AR G &
W 1o
oL G
-0.8 -{1.4 0.0 0.4 .8 - 3.8 ~3.4 (.0 (.4 (.8
Fotantial (V) Potential (V)
d 180 T
e 120
S
> 80
[ f :
o K
-30 E -GG
-60 3120
~96~ I ] 2 I " 3 2 _180 3 2 8 2 ]
-5 10 05 00 05 106 18 15 10 05 0.0 05 10 18
Potential () Potential (V)
1.0
0.4F o~
= 0.5
®
0.0 = 0.0H
4(3
0.4} L -05¢
T |
0.8k . . . s 5 3 3 " 15 § ¥ § i § § §
¢ 2 4 6 85 1 12 14 18 "0 B0 100 150 200 250 400 350
Time {s} Time {s}
9 40k ¢+
o 30K E
&
= i
= 20k A
N o
10K g/
, NN
{ 10k 20k 30k
& {ohm)

10/22



WO 2015/179035 PCT/US2015/024945

4 el 50 M 8
e 100 Y 87 Sy 40
...... 200 1V & %\%\\‘\\\

2 G 500 mv &” \\\\\ %

B
[

Vs W
o e
&

urrent density (A gy o

Current density {A g}

OF 0
ol ~20
© aob
_‘i $ 3 2 8 a 2 5 3 3 5
0.8 3.4 0.0 (.4 0.8 ~3.8 -3.4 .0 0.4 1.8
Potential (V) Potential {V}
C 120 " e 100 MV 8 d
=~ N = 180k
‘TG} o §\§ __m 8(‘ L5y gt
< g0k § e ok g 10V g
R A\ Q@ -
= ol S
ke 3 e
S gol 59U
& 38 3
Q \\§ 180G
“12@ L 5 !\\\ 3 5, 3 ] 3 5, 3 5
45 10 05 00 905 10 15 ~15 40 05 00 05 18 1.8
Potential {V} Potential {V)

&
o ]
. o
] {3
e
e,
i
-
it
rondy
o~
n <
)

S o
(&3] o]
L4 L]

Potertial {V}
f]

¢ = <

Potential (V)

L

3 2 2 2 2 8 s < s < 3, _.‘55 H 3 t ; 3,
0 5 W 18 20 28 30 0 200 400 600 800
Time {3} Time {s}

20.0k
g

150kt
3
S 10.0k} 7
Ry a4/

5.0k °

% I

0.0 5.0k 10.0k 15.0k 200k

2 {ohm)

FIiG. 10

11/22



WO 2015/179035

N

PCT/US2015/024945

e 30 Y S

]

PRV
PN AV

e 100 My o7
e 200 my g
L i S0 MV s

\gx\\\\\

........ ?(\ Vs

R Ew B0V 5
100 v

-
n

\\\

Current density (A g"‘) o

(e

.
R St

Current density (A g"’} o

5 X‘N 15

~ZF

) -30}

TRE oA TTeS T hd o8 Y B Y B RY:

Potential {V) Fotential (V)

Current density (A g} O

s

s
oo T o T e

ensity {A g'1) N

iy
<

©
-50 &
5140
160 ©
) 3, ) X A '21@" ) 3 R X i
-5 <106 45 00 05 10 15 -5 <16 05 006 05 10 15
Potential (V) Potential (V)
1.f
& 08¢ f °
RN
z 04 = 0.5t
& ®
¥ 0.0F = 0.0F
o) S nab
S 0.4t S
-1.0F
“Gg . N 3 3 8 N 3 N 3 N -1 5 H } : s 3 8
)] 4 8 _ 12 16 20 24 R 200 4G0 500 800
Tims {s) Time (s}

€

20K

-2 {ohmy

fi/
14

i) 5 40

W20 25 20
5,

30k

ok
0

10k 20k

Z {ohm)

12/22



WO 2015/179035

Current density {A g“!)

40

~— A0V 5
N A

0.0
Paotential (V)

0.4

& 2
S fog)
: 7

Potential (V)

&
T
1

0.0F §

-0.4

-1.2

ing {anndic peak current, A}

10

15
Time {s}

25

| anodic bvalue = 0.84

10 15 20 25 30 35 440
log {scan rate, mV g™

13/22

log (anodic peak current, A)

. 4
urrent density (A g}

C

Potential {V}

PCT/US2015/024945

anodic Svalue = 0.85

2 3 FE
lng {scanrale, mV 7}

t
(4]

30

a4 v s

~~~~~~~ 20 mV s N
F B \\\\\Xw
ok Y s
15k \§
¥

15 <10 05 00 05
Potential (V)

400
Time {s}

O 200

FIG. 12



WO 2015/179035

Current density (A g} @

o
]
o]

bl
NN

Potential {V}
fe

4 & 8 10
Time {3}

PCT/US2015/024945
e SV s vy
w3 100 MY ST w2V s
e 200 MY 87 5V’
2 R s00my s’
XN
o A
- o e R 3
: W
5.8 -84 .0 0.4 .8
Potential (V)
0.2 mA om™ C 7 S
e . :—7 0-5 il 53
45
04
$ 14
& 2 oy
£ 03k I N
Q 43 s
g 3 o
E 02}b | Is H
< $ RN
S o b
0.1¢ S 41
& )
GQ s 3 8 2 g

260 40 60 80 100
Scan rate {V 3'1)

[l

FIG. 13

14/22



WO 2015/179035

2 120
80

B
o BN on

Current density {A g'1)

& b
&5

"o 160

Current density (A

15!

N SiE 1 66 60 96 1) e

Current density (A g o

-1.8 05 00 05
Potential {V)

Current density {A gy ou

35 60 05
Potential (W)

-1.0

1.0 1

15/22

-
3
o

-1.5 -1.0

PCT/US2015/024945

05 00 05
Potential {V)

1.8 158

0.5 00 05
Potential {V})

1.0

1.5

FIG. 14



WO 2015/179035 PCT/US2015/024945

ﬁ e B0 11V ST b 400
o 160 ke 100 mv 87 - !
&) o)
> 80 = 200
% B
g 0 5 C
= =
& -80 5 200
3 3
w150 © 400
15 10 05 00 05 10 15 -1.5 1.0 65 00 05 10 15
Potential () Paotential (V)

C 1.5 § i —-—--2;11[\0.'.“."; d 80 | 900

§ § N 5 mA cm®
10 ] E ] 5 mA om A
¥ § ....... 16 mA em™ < S0U
— : a
= — B0}
< 0.5 i) RIS,
=

I e %4 -
A

{rnF om
N
pa]
B
&
i, U

c
4t
.
,/
&
el
;

A 5 B i 2 X i o] Il 2 i 5.
g 43 80 120 180 200 240 v 2 4 o] 8 10

Time (s} Sean rate (v s™)

FIG. 15

16/22



WO 2015/179035

o

Potential (V)

-7 {ohrn}

Lo -~

i
P N

20k

10k

10k

Ry,

T TP
ROy YRR

AT

B S MJURRIXEREEELERLR) 1y

IO Te R (VR To R T G F1
Frequency {Hz)

%]

5 10 1
Time (8}

8

j%)]

250

-
23 o~
s ()]
§] : g -~
Mo
[
H T, o
H I R
H UL QL
%
ST I £y ~
0.066G
"
4

o]

two devices
in tandem

two devices
in parallel

{0 singie device

-1

PCT/US2015/024945

o, S, i

—t
o]

T

1w 100 1o
Freguency (Hz

0.8 16 DBV
wel A to 14 Y
A

ol o ]
107 b - o
1 10 10 107
E{whkg™
g 10 20 3¢ 40 50 4

20 30 40
Timea (s}

50

200+
150

S T

R

AU S Ve TR,
T RIEER ST L
[

AR e SRR
SRR s

021008 Y
@ 1dte 14V

Capacitance retention {%)

0

2000 4000

8000

8000 10000

Number of cycles

17/22

3]

FIiG. 16



WO 2015/179035 PCT/US2015/024945

N N 3 \ N \

py \W R

L
S

N
L

FIG. 17

18/22



WO 2015/179035 PCT/US2015/024945

300
&
S
o, 2@0 e &
£ o
R e 7 )
< @ 25 .
N 100t o® ot o
300

FIG. 18

19/22



WO 2015/179035 PCT/US2015/024945

150

Cg d 2 joof L
= 120} c
-§ / T 2 8o} .
% 90 ‘\’/a % 1- o T ek .Eld'i!
® i — 2 g 2‘-"‘ S et pemas
5 2 Sos
g 60} < a0l Z00,
o sl
8 5 £Oo5
g 30} T a0l -1.0
o © 15 .
S O ¢ 10 20 30 40 50
[y] s L L s s s 0 s i ) Time (5§ i L
0 30 60 90 120 150 180 0 200 400 600 800 1000
Bending angle () Number of cycles

FIG. 19

20/22



PCT/US2015/024945

WO 2015/179035

<

I <

5}

[an T S I Co]

(S

77
ori?
srsprnrireit
s bt

% - ]

PN S ]
0 O oW O oW
4!4!60@

{n) Ernueiog

80 80

40
Time (s}

20

FIiG. 20

21/22



WO 2015/179035 PCT/US2015/024945

X 2
NNk

8B AN oriy: WD 0B

FIG. 21

22/22



