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What is Thin Film Battery?

e thew ekl

sAll solid state components
+ Thin film fabrication of all battery components

| A Advantages E

possible to make flexible & nude
variety of shapes and size

absence of possible pollution

thermal stability (wide working temp.)
low self-discharge

easy to mass-production

combine with imbedded davices’
Good cyclability

Protective C oativng:

Schematic cross section

[ =S - A - T - I - I - -

Disadvantages ]

® The current densities are limited because of the high internal resistance

e Low ionic conductivity of the electrolyte
e Low capacity because of small mass of active materials

NURICELL

e i aedlamingy.
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~ Performance of TFB

e mme e eahnalesy :
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MURICELL

{

Fabrication Steps

- e e Repatesy

Cathode current collector (Pt or SUS)

Cathode

Annealing ;

il

DA

e ilin)

Anode (LI or Li-fres)

{

" Protective coating:

| - Electrolyte 14— Anode current collector (N} )l

NURICELL

i
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Prototype

ChYa

e

Gia

=

hrh

]
= Prototype of Nuricell Inc. : unit cell on polymer film
s Voltage : 1.5~ 3.4V
= It works a stopwatch for 2 weeks.

MURICELL
o= [T

Comparison wuth other batteries B
| e e ARSI %

1

'y 1. &4
Cymbet Dallas/Maxim £
{0.25 cm?, on {PowerCap)
silicon)
90 pAh 130mAh
{x 10,000 cycles) {not rechargeable}
2 215
. 3025 $343
In IC package - External circuit
oo I board
‘Oporating Temperature | -40104150°C " | . 0to+70°C

NURICELL
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Main applications =~ .

e e Realimefagy , :

RFID -Tag ﬂkJLEH O28q 0.'.7
|

Cosmetics

AFEL AAEH
A e

Etc.

MEMS, Gifts & 23 &,
Toys, E-Novelties, E+OI
O BoYH=H HAXE

MURICEWL

T Ao Ry

eon,

| An approach to thin film battery development
permrsunssnsaensennsen e LiCoO2 Cathode ............................g : .......... LIPON e'ectrolyte .......

Thin film process for LICoQ, It is difficult to fabricate the E Can not clearly define the trend

has not been thoroughly : complete TFB due to defects by § for LIPON properties with
investigated. ¢ high temp. annealing. 1 process condition due to non~

: equilibrium synthesis.

oy |

A I Eaeiy

¢ Voo :

Change of sputtering pressure Change of nitrogen pressure
as a process parameter as a process parameter

v M ¥

¢ Low temp. annealing process

Control of Structural evolution | Reducing . i | improvement of ionic
& composition ; the thermally indycgd p(op!emg [ conductivity: & stabllity window
: | . I |
{ |
Y

[ Characterization of LiCoO, thin film cathodé & LIPON thin film solid electrolyte i

¥

Optimal condition for TFB

MJRICELL
;
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Basic properties of LiCoO, cathode

e s TG

i

1. Reaction :

e i lo ey

Li;-,Co0O, + xLi+ + xe~ = LiCoO,
(0<x<0.5)

I3

" A d
.,
A¥iTEn

i

: & :“1'"
I aad” ™ M

0

Practical capacity : 137 mAh/g

'-.‘2

Open circuit voltage : 4.1 V (vs. Li / Li*)

2. Crystal Structure :

::Q
Fu—
> T=,
P TY
2 i~
_‘d
- U
R Eb'

Layered metal oxide with O3 type (a-NaFeO,)

S :3b Space group R-3m

PCo 3 a=2816 A

Oxygen stacking sequence of ABCABC......
&0 :6c c=14.051 A yo

Consist of edge-shared oxygen octahedron

MURICELL

R I O O Y

Crystal structure of LiCoO, cathode

T BT IR

i
1

PRF TRy

W‘% Layeredo?tructure gg:k

JAVAVAVAVAY £ il

W HT-LiCoO, '
AVAVAVAVAV o L
® Co

Spinel structure
of
Cubic symmetry
( Fd3m )
LT-LiCo0,

MURICELL

iRl el b
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Defects induced by HT-annealing at 650C -
e Gt eathelasyy ) B

Annealing to crystallize LiCoO, cathode — Thermal Budget — Stress release —
Mass transport — Hillock or Buckling of Pt — Cathode cracking — Cell failure

15.8kv  x1apk 30

TURICELL

R ikl baanm

oo

SEM & XRD of LiCoO, thin films

eI

g

@30T

S
L
i)

Fime Bho Grd ey |

Intensity (a.u.)

In—situ annealing by hot stage SEM 2ttt (dogrons)
XRD Patterns
(a) Target (b) As—depo (c) 400C

R i TRl )

NURICELL

i
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Comparison of compositions

R VN A
RIS HER R

Li : Co ratio by ICP~AES -
<O ' Co ratio by RBS

26 T T T T T T T T T 34
Cal ® Li,CoO, : '
432
22F —e—y as-deposited
». —o—y after annealing 3o
oo TT— o)
X =
5 et 128
S T ® f. 8
o A =
QO o
= . 14f .o —_
5 ) S S =
2r ; : \ — °
. —=—x as-deposiled - d22
10 —o—x alter annealing B o
0.8 Lot L 2 L L 2 " L . 20
2 4 s ) 1 12 14 18 18 20

Total pressure { mtorr )

1. Excess of Li & O, but as pressure, Li& O |
(" re—sputtering of Li at higher pressure, Li < O)

2. Constant Li before & after annealing, but O | after annealing
(" corner shared octahedron — edge shared octahedron by grain growth)

NURICEWL
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A g et
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L

- AFM micrograph & Roughness

VDR §Ep dlas ey

RMS Roughness data

20

200 [

180 - -
—w— as-deposited

160 |- - - annealed

140 [

RMS(A)
g

2 4 6 ) 0 12 14 16 18
Working pressure ( mtorr )

<7 18 mtorr o
| As—-deposited Annealed

i

Y

) T

[

14

i

o

O DT R TR N
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Electrochemlcal propertles of LiCoO, thin films
udx-ﬂéifw ety |

E
=
i~ 14
bt HTTLCROE S
©f S
s B
s g
£
et
‘\l,
AP AN ST S
. ()
’ ‘\
\‘l"
Scan rate : 1mV/sec
Sean e mpes s
1] 10 2 30 40 50 30 32 34 36 38 40 42
Capacity (uAvaum) Potential (V vs. LULI") Normalized Capacity (%)
Charge—discharge characteristics Cyclic Voltammograms Rate capability

mRKEU. Sputtering pressure : {a) 3 mtorr (b) 8 mtorr (c) 13 mtorr (d) 18 mtosr

Electrolyte (Why LiPON ?)

Es ﬁf}}?{ﬁ“'@}/

Polymer electrolyte
=N Difficulty to make a thin film

Inorganic crystalline materials

% Need heat treatment to make a crystalline structure
Sulfide electrolyte

U Enviranmental problems

LiPON|

I: Highly stable at atmospheric condition
P

Pretty high ionic conductivity( ~ 10x% Sfcm)

PURICELL
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Electrolyte (Mechanism)

lwess s estineluay

Riicoinolos il

ol
Li* -0-P~0-P-0-P-0 - Li*
’ | P 00 0 0
o o % 6 0- O- \» Li* ()-Lb(_)"\;_o --‘!’—O~ﬁ--0'lv
'  —— ORI S
it 0-p-0-P-0-Li ) ' o- o U
O N ONO H 1 Q [
ot NIANE, ] Thestructureof LiPOgglass L [ . 1,
& 4. 4. [Substitution of O with NJ ) :') : 4-
Liv Li- Li- N 1 A Li
Cross linking of > N— Cross linking of —N=
Change of P-O bonding
Similar effect with Decrease of == to stronger P-N bonding
‘mixed former effect' electrostatic energy

Tonic conductivity increase

MURICE

IRy T A LT

23
%

i

SEM images of LiPON films ' :

[P et AR i

(a) 5 mtorr . (b) 10 mtorr (c) 20 mtorr

i
!
i
i
:

CURICELL
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XRD & AFM analysss of LIPON films

S e Liﬂift?fif“

Intonsity (a.u.)

Li,PO, target
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3 | TR :
Ao A)l A, (b} 10 mtorr |
20 30 0 50 0 T
2 theta (degrees) J
4
F LiPON films | 1= .
F AFM Scanning Area :
M —am tx 3
= [ 1o SeTorr —e— 5x5a

| | —a—20x20 @’

Intensity {au}
H
3

2 theta (degroes) i L 1 ; " " L n
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3
g
&
3
3
E
o

z TR

EIS analysis of Pt / LiPON / Pt blocking elctrodes

s Qhem lasiEgy -

T i e |
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ST

Propertles of LiPON electrolyte with N, pressure

S
L5
&

Composition & lon conductivity ”‘
N 1s spectrum by Charge-discharge characteristics of ::
P(N,) 5 mtorr 10 mtorr | 20 mtorr XPS analysis Li / LIPON / LiCoOs, thin film battery >§§

Li / P ratio 2.697 3.056 3.493

. . N 2y mtorr 3 azfF o
ois/em) | 8.8x107 [ 1.7 x10® | 7.2 x 10 it
N : A6
PN o el
P-Nep o PP f
Stability window measured by LSV N aan e e 0L N
| o310 mior 3 1 hEd {b)
0 : & ’\.,v‘ p g 40f
. = [ratvsnsrternyay wald o oo g sof
BF .. an\'Z'n 3 13 :i b
- b e 20 mtom E PSS 7 ! :::
f w ALt S I S ) R
s e (€} 20 miorr ] 42 ©
= N ST e 1 40
£ o d e aaatiades (LRI 18
5 1 38
g 4 3af
é 4 32f
2ok pt / LIPON / P‘ i i n i L L n s ELl d 1 1 n L 1 A
408 406 404 402 400 398 296 294 292 2390 '] 1000 2000 3000 4000 5000 6000
h 7 3 . s Binding energy (sV) Time (sec)
Potential (V)

MURICELL

ey ond

High power property of complete thin film battery =
a0F —2mA e
s &
3.2 \
%5 pry 50 &
Ni (250 nm). aor — 1mA =)
36
= 32
5
= 28
Pt (250 nm) = s
; a0 — 500 uA
Electrode area : 0.8 x 0.8 cm? g °°r
§ a2
Parallel connection of 2 cells 28
' 50 zoo 300
Unit cell capacity : 66 uAh / cm2 um i — 50uA
(~ 97% of theoretical capacity) :
36
3z}
: 28 L
MURICELL o
Tlme(sec)
' T ’ R e
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Conclusions
T SR (t‘"wﬁ%ta{é&w ¥

e Cell array?
Process architecture?
Optimum design? N

Applications }
Process set-up ’? -
Scale-up ,

Design
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