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safety condition

Syt

®
oon )

-

@D
ANODE

Rest
Urtil: StepTime ~ 2000000

Becord: 01:00

Global Config

¥

DC-Rate: 0.1 C
Lrtil: Yoltage+ < 00054

Becord: 01:00

¥

CVD: 0.005 ¥
Until: Current <= 0,0508m &

Becord: 01:00

¥

Rest
Urtil: StepTime ~ 00 10:00

Record: 01:00

¥

CC-Rate: 0.1 C
Lntil: Yoltage+ > 1.5%

Becord: 01:00

:2>Llr|it Scheme: Base on "ma"

Mominal CaplCnl: 5.082mah

Feal CapC(Cr): Cycles [1.3] Max
Feal CapDi{Dr): Cycles [1,3] Max
Std. CapiDs) From Dp/D_prey
Given VoliUg): ot B0%

Yolt Safety: (-5, BY)
Curr Safety

Cap., Safety

Trend Safety.

ALk Safaty

T

No

: < Looped 2 Times 7

(e )

t<27HE =0 %l

CATHOLIC UNIVERSITY OF DAEGL
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1. Setting Measurement Co

ndition

(2) Rest Step Time ~ 20:00:00 (&

= 20h, 2= 10h)

< Looped 2 Times ?

(e )

& s

ATHOLIC UNIVERSITY OF DAEGL

Mool SEot &&= Aol oH‘:F A2t S0 Rest &l &M
( Bean ) ANODE
¥
Rest Record: 01:00
Until: StepTime ~ 20:00:00 Global Config
* Unit Scheme: Base on "ma"
— : R cl: 01:00
o —— Nominal Cap(Cn): 5.082méh
Until: Voltage= < 0.005Y Real CapC(Cr) Cycles [1,3] Max
! Feal CapD(Drl: Cycles [1,3] Max
CVD: 0.005 ¥ Record: 01:00 Std. CaplDs) From Dp/D_prey
Until: Current <= 0,0508ma& Given YoltiUg): at B0%
W Volt Safety: (-BY, BY)
Rest Record: 01:00 T S
Until: StepTime ~ 001 0:00 Cap. Safety
3 Trend Safety.
CC-Rate: 0.1 C Fecord: 01:00 Aux Safety.
Urtil: Yoltage= = 1,54
: e
No
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1. Setting Measurement Condition

(3) 74 C-Rate A4 (Constant Current)

=74 A, %k:L«] 749- CC-Rate (0.1C, Voltage =
S-=9] A9 DC-Rate (O.lC Voltage < 0.005, cut- off 0.005V)

4.3, cut—-off 4.2~4.5V)

. I == 2=
* Formation I} A C-rate &%, cut—off voltage 5= =2 T7F L Aq EF gz "HAEE = Yo
( ean ) ANODE
¥
Rest ‘ Fecord: 01:00
Until: StepTime ~ 20:00:00 Global Config
¥ Unit Scheme: Base on "ma"
W ezt L) © Rocord: 0100 Norminal Cap(Cn): 5,082méh
Until: Voltage= < 0.005Y Feal CapC{Cr): Cycles [1,3] kMax
¥ Feal CapDiDr): Cycles [1,3] kax
CVD: 0.005 ¥V |HE'3'3"d: 01:00 Std. Cap(Ds): From Dp/D_prey
Until: Current <= 0.0508m4& Given Valt(Ug): at B0%
¥ Vaolt Safety: (-5%, BY)
Rest ‘ Record: 01:00 Curr Safety;
mtil: StepTime ~ 00010000 Cap. Safety:
T Trend Satety:
CC-Rate: 0.1 C | Recard: 01:00 iy Seifziyf
ntil: Yoltage+ > 1,64
e
NCE < Looped 2 Times 7
: ¥

(: End

)

A s

ATHOLIC UNIVERSITY OF DAEGL
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1. Setting Measurement Condition

(4) =4 CV A A (constant voltage)
3 A, ¥=F9 F$ CVCA4.3V, Current = 0.05C)
&9 79 CVD(0.005V, Current < 0.01C)

o)

ANODE

Global Config

Init Scheme: Base on "ma&"

Mominal Cap(Cn): & 082mah

Real CapClCr): Cycles [1,3] Max
Real CapD(Dr) Cycles [1,3] Max
Std. Cap(Ds) From Dp/D_prev
Given Vol{g) at B0%

Yalt Safety: (-5Y, BY)
Curr Safety:

Cap, Safety:

Trend Safety:

AL Safety

¥
Rest Record: 01:00
Until: StepTime ~ 20000:00
¥
DC-Rate: 0.1 C Record: 01:00
——
ntil: Yoltage= < 00054
+
CVD: 0.005 V Record: 01:00
ntil: Current <= 0, 0503m &
4
Rest Record: 01:00
Until: StepTime ~ 00010:00
¥
CC—Rate: 0.1 C Record: 01:00
rtil: Voltages > 1.5Y
T
MG; < Looped 2 Times 7
: v
( End )
A 1 5



dold 388 )t &S

1. Setting Measurement Condition

(5) Rest Step Time ~ 00:10:00

(ooan )

¥

Rest
Until: StepTime ~ 2000000

Record: 01:00

ANODE

Global Config

¥

DC-Rate: 0.1 C
Until: Voltage+ < 0,005

Record: 01:00

¥

CVD: 0.005 ¥
Until: Current <= 0.0508mm 4

Record: 01:00

L%

Rest
Until: StepTime ~ 0001 0:00

Record: 01:00

+

CC-Rate: 0.1 C
Urtil: Yoltage= > 1,54

Becord: 01:00

Unit Scheme: Base on "ma"

Naminal Cap(Cn): 5.082mAh

Real CapC(Cr) Cycles [1,3] Max
Real CapD(Dr) Cycles [1,3] Max
Std, Cap(Ds) From Dp/D_prev
Given Yolt{Ug): at 50%

Valt Safety: (-5Y, BV
Curr Safety:

Cap., Safaty

Trend Safety:

AUy Safety

Looped 2 Times ¢

( Eno )

A 1rEA

CATHOLIC UNIVERSITY OF DAEGL
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1. Setting Measurement Condition

(6) ¥ C-Rate 44 (constant current)
;‘7‘4 Al, %¥=9] A¢ DC-Rate(0.1C, Voltage <
59 7% CC-Rate(0.1C, Voltage > 1.5)
* Formation # A o] A C-rate &

%, cut—off voltage

3.0)

segEd %

G

Rest
ntil: StepTime ~ 20:00:00

| Record: 01:00

¥

DC-Rate: 0.1 C

¥

Irtil: Yoltage= < 0,005%

Fecord: 01:00

¥

CVD: 0.00b ¥
ntili Current <= 0,0508m&

|F|eu:|:|rd: 0100

¥

Rest
ntil: StepTirme ~ 0001 0:00

|F|eu:|:|rd: 0100

Global Config

¥

CC-Rate: 0.1 C
ntil: Woltage= > 1,6Y

|F|eu:|:|rd: 01:00

nit Scheme: Base on "'ma"

Mominal CaplCn) 5.082mah

Feal CapC{Cr): Cycles [1,3] Max
FPeal CapDiDr): Cycles [1,3] Max
Std. CaplDs): From DpsD_prev
Given Yalt{lg): at BO%

Valt Safety (-5, BV)
Curr Safety.

Cap, Safety!

Trend Safety:

L Safety

No

< Looped 2 Times 7

¥

s )

A s

5, ATHOLIC UNIVERSITY OF DAEGL
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1. Setting Measurement Condition

(7) Loop AA 2 times

(F7H Q) testE A P8t wkEs# = 3

A~
I~
C Begin )

¥

Rest
Urtil: StepTime ~ 20000:00

Record: 01:00

ANODE

Global Config

¥

DC-Rate: 0.1 C
ntil: Yoltage« < 0.005Y

Record: 01:00

¥

CVD: 0.00b
Until: Current <= 0.0508mm 4

Record: 01:00

¥

Rest
Until: StepTime ~ 00010000

Record: 01:00

¥

CC-Rate: 0.1 C
Until: Woltage« > 1,54

Record: 01:00

Unit Scheme: Base on "ma"

Mominal CaplCnl 5.082mah

Feal CapC(Cr) Cycles [1,3] Max
Feal CapD(Dr) Cycles [1.3] Max
Std, CapiDs): From Dps/D_prey
Given YolttUg): at 50%

Yalt Safety: (-5, BV
Curr Safety.

Cap. Safety:

Trend Safety:

AL Safety

No

< Looped 2 Times 7

£ -

( Eno )

‘A UrER

P< CATHOLIC UNIVERSITY OF DAEGL
«
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1. Setting Measurement Condition
(7-2) Cathode Reference

ooan )

Cathode

Global Config

Unit Scheme: Base on "ma"

Morminal CaplCnl:

Real CapC(Cr) Cycles [1,3] Max
Real CapD(Drl Cycles [1,3] Max
Std. CapiDs) From Dp/D_prey
Given YoltiWgl at B0%

Yalt Safety; (24, BY)
Curr Safety:

Cap. Safety

Trend Safety:

AUz Safety

¥
Re=st Fecord: 1:00:00
Urtil: StepTime -~ 10:00:00
¥
CC-Rate: 0.1 C Record: 5s
——»
Lntil: Yoltage+ == 4,3
¥
CVYC: 4.3 Record: 01:00
Lntil: C-Rate <= 0.05C
¥
Ees=t Record: 10:00
Until: StepTirme ~ 0001000
¥
DC-Rate: 0.1 C Fecord: 00:30
Lrtil: Yoltage+ <= 3¥
¥
$< Looped 2 Times 7
-

(o )

‘A UrER
"‘3).(‘" ¢

CATHOLIC UNIVERSITY OF DAEGL
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2. Setting Measurement Program Condition

(1) Start — Testing Name Load — Backup Directory — File Name A& % Start

0.6749
(UL

D 0.0§29

-0.0002
015

0.0952
016

0.0930

0.4133
7

0.3528
vV

40 |

O select Al
Invert Sel

- Select Specfic...

Stop
Jump...

Modify Parameters...
Resumne Testing
Advanced

Reserved Pause

Status...

Dynamic Data...
Clear Status

Mark As Fault-Chl!

Active Material

Backup Data..
Open Data

Export Chl-Summary-Table...
Export Data to Excel...
Mark As Testing Completed Manually!

Dynamic Curve

‘A s

£ CATHOLIC UNIVERSITY OF DAEGU
S

v

St X
Testing Name: test | | Load.. |
| New.. |
B Reserved Backup Directory
Backup Scheme
Backup Directory1 (Any):
[C:HfUsersUserHDesktop [] Bowe..
Backup Directory2 Optional):
| v| | Browse... |

File Name: (f Names Exist, Append ~2, =3, )

O Coa  OAC

Boax

[ 18

tesi

@5 Baitey No. <B>

Bc Channel <«Cx

[ File Marne Fram Plug-n. Example;

Perform backup requlary. Time Interval: {Hours)

=2

L

10

gt
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2. Setting Measurement Program Condition
(2) Open Data

| star X
0|8 . .
u [ Testing Name: fest | Load. |
0.6749 0.0930 CU0E select Al R
Invert Sel | New..
/ & Select Speciic..
B Reserved Backup Directory
st ]
Backup Scheme
Stop
- 99 Jump.. G Backup Directory1 (Any):
Modify Parameters... | Users UserffDesktop [v] | Browse.. |
00929 : Resume Testing
@ Advanced Backup Directory2 (Optional):
Reserved Pause | v| | Browse... |
Status... ]
Dynamic Data File Name: (i Names Exist, Append ~2, ™3, ...)
Clear Status 0O AB Cucex (AL Beex
-0.0002 04133 - Mark As Fault-Chi B~ tes]
‘/ ‘/ Active Material @ | Battery No. <B> " |
Backup Data... @C  Chame <C> v

Open Data

[ File: Name From Plug-in. Example:
Export Chi-Summary-Table._ || File Mame From Plug-in. Example:

0.0952 0.3528 ~~ Bxport Data to Bxcel . Perfom backup regulary. Time Interval: (Hours)
‘/ ‘/ Mark As Testing Completed Manually! ‘/
Dynamic Curve | Cancel |

A EE 11 Ngx@SaAS

My.aet
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3. Charging & Discharging Graph
(3) Result

4,000
4,500
4,400 3,500
-
4,200
3,000
4,000
L T
/r__—'_?_ h—__\—*_\\\
2800 2,500
z 3,600 =z
z 3 ‘ & 2000
| o
= 3am =
\ 1.500
3,200 l
3,000 ‘ 1.000
2,800 )
0.500
2,600
0.000
2,400
0,000 0.500 1.000 1.500 2,000 2,500

-0,500 0000 0500 1,000 1,500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Capacity{mah) Capacity{rmah)

LCO9 =-"+& 19 > (formation) o] =-Hx 183 (formation)

& TR 12 Ngt=asiiad



Artificial graphite J18t DOIAO| S9N 4
4.5
. —— 1 Cycle
4.0 ——— 2 Cycle
] —— 3 Cycle
3.5 ] —— 4 Cycle
3.0 4 —— 5 Cycle
—_ ] —— 6 Cycle
> 25- —— 7 Cycle
N
D y —— 8 Cycle
o> 204 — 9 Cycle
3 L5 —— 10 Cycle
@) o
> 10
0.5 - §§
0.0 -

0 50 100 150 200 250 300 350 400
Capacity (mAh/g)
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4.5
4.0 -
3.5
3.0 1
’>-\ l —— 1 Cycle
:: 2.5 —— 2 Cycle
] —— 3 Cycle
(@))
c 20 - —4 CyC|e
= 1 ——5Cycle
O 15-
> | —— 6 Cycle
i —— 7 Cycle
1.0 _ —— 8 Cycle
0.5 - —— 9 Cycle
] — 10 Cycle
OO I ' I ' I ' I ' I ' I
0 40 80 120 160 200
Capacity (mAh/g)
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