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Product Road Map

1. Cylindrical Cell Leadership

Samsung provides state-of-art xEV cell solutions with the most advanced materials

* Capacity, Energy
* Energy Density
* Cathode, Anode

- ~ 2018 2019 2020 2021 2022 2023 2024 2025 2026
*Tab Design
33G 50G 53G 56G
(18x65) (21x70) (21x70) (21x70)
BEV —@ © D @
*3.15Ah, 11.4Wh * 5.0Ah, 18.0Wh = 5.3Ah, 19.0Wh *5.6Ah, 20.1Wh
Cylindrical - 665Wh/L, 245Wh/kg  * 740Wh/L, 260Wh/kg - 780Wh/L, 275Wh/kg - 830Wh/L, 285Wh/kg
* NCA2, SCN2 * NCA2, SCN2 * NCA3, SCN2+ *TBD
— «1Tab *2Tab =2 Tab
48X 51X
(21x70) (21x70)
PHEV @ @

2 BEV/PHEV Capacity(Typical) : 0.2C

*4.8Ah, 17.3Wh

« 710Wh/L, 250Wh/kg
* NCA2, SCN2

*2Tab

*5.1Ah, 18.5Wh

* 760Wh/L, 265Wh/kg
* NCA3, SCN2+

*2Tab
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Target Specification

Specification

General

Charge

Discharge

Life

Product

Typical Energy (4.2V, 0.2Cdischarge, Wh)

Typical Capacity (4.2V, 0.2Cdischarge, mAh)

1) GB/T Capacity (4.2V,0.33C/2.5V,1.0C discharge, mAh)
Energy Density (Wh/L, Typical)

Energy Density (Wh/kg, Typical)

IR (AC1KHz SOC30/ DCSOC50, 10sec, Typ., mQ)

Weight (Typ, g)

Nominal Voltage (V) (DCH 0.2C)

Charging Voltage (V)

Standard Charging Current

Max. Charging Current (not for cycle)

Max. Charging Current (cycle)

Discharging End Voltage (V)

Standard Discharging Current

Max. Discharging Current (not for cycle)

Max. Discharging Current (cycle)

CycleLife (0.33Ccharge /1.0Cdischarge) - GB/T Condition

21700 \

18.15
5,000
4,900
749
267
AC 145 / DC245
68.0
3.63
42
0.33C
1.0C
2.5
0.2C
3.0C

80%@ 1,000cycle

* Target specifications are subject to change with EV & cell requirements
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Development Schedule

SDIwillbe ready tomass produce 50Gwith mostadvanced21700celldesigninearly 2019
andsetup manufacturinglinefor50G.
1 21700 50G Development Schedule

Year 2018 2019
1Q 2Q 3Q 4Q 1Q 2Q 3Q 4Q
Cell Design
50G Ready to Verification
Project off-process sample  Completion
Timeline SOP
Cell Design Verification Production Validation

[] Customer Sample Availability

Phase A SPL B SPL CSPL SOP
Milestone Availablefrom Jul 2017 Availablefrom Sep 2018 Availablefrom Q22019
Production Line Slow speed massproduction line Mass productionline
(Off-tooling) (Off-process)
Main Activities e Mechanical & chemistry design e Cell design optimization and confirmation ® Process optimization e Mass production
¢ Design feasibility e Fulfill the OEM’s functional requirements e Product validation
e Process design e Ramp up

e Design verification
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Design Concept

Max. 65.Tmm

18650 21700 (w/otube)

Max. 70.15 mm

Typical Capacity (typ. mAh) 5,000 Charge: 0.33C4.2V, 0.025C cut-off
Discharge: 0.2C 2.5V

GB/T Capacity (min. mAh) 4,900 Charge: 0.33C4.2V, 0.025C cut-off
Discharge: 1C 2.5V

Cathode NCA High Ni NCA

Anode Graphite+SCN SCN: Silicon Carbon Nano composite

Separator CCS CCS: Ceramic Coated Separator

CAN 0.22t Steel -

CID SlimCID CID: Current Interrupt Device
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Dimensions

[121700-50GCellDimensions

@ 1 Without Tubing
L Dimension N?::)al Remark
@—Jigt—@ @ 21.00 Cell diameter
i % @ 21.00 Cell diameter
©) 70.00 Shoulder height
@ 69.90 Cell height
® 9.0 Welding area(+)
N\ N\ [0 With Tubing
@ ® . . Nominal
Dimension i Remarks
@ 21.15 Cell diameter
®) 21.15 Cell diameter
® 70.58 Shoulder height
@ 70.65 Cell height
® 9.0 Welding area(+)
@
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Standard Capacity

[]Standard Charge/Discharge Profile @ RT

]

DOD Profile @ RT

Voltage(V)

43

3.9

/
\

Standard Charge/Discharge Profile

Test Model : INR21700-50G (1C=5,000mA)
Test Method : Charge 0.33C * 4.2V = 0.025C cut-off at RT, Rest 10min
Discharge 0.2C = 2.5V cut-off at RT, Rest 10min

—

Capacity(mAh)

3.5
Ny
N N
AN
2.7
2.5
() 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

5500

a3

41

3.9

w
Y]

Voltage(V)
w w
L

2.9

2.7

2.5

Standard Charge/Discharge Profile

Test Model : INR21700-50G (1C=5,000mA)
Test Method : Charge 0.33C * 4.2V = 0.025C cut-off at RT, Rest 10min
Discharge 0.2C * 2.5V cut-off at RT, Rest 10min

I
AL
0% 10% 20% 30% 40% 50% 60% 70% B8O% 90% 100%

DOD(%)

Standard Capacity 5,000mAh

18.15Wh

3.63V
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Charge / Discharge capability @ C-rate

[]Chargecapacity w/chargerate @RT

[]Dischargecapacity w/dischargerate @ RT

Rate Charge Profile

Test Model : INR21700-50G (1C=5,000mA)
Test Method : Charge 0.33C/0.5C/1C = 4.2V * 0.025C cut-off at RT, Rest 10min
Discharge 0.2C = 2.5¥ cut-off at RT, Rest 10min

Rate Discharge Profile

Test Model : INR21700-50G (1C=5,000mA)

Test Method : Charge 0.33C * 42V = 0.025C cut-off at RT, Rest 10min
Discharge 0.2C/1C/2C/3C = 25V cut-off at RT, Rest 10min

Discharge max. temp.

80 4.3 80
(cont. discharge SOC0~100)
41
s - 70 L 70
i 1.0C 0.5C 0.33C > ~
L4 T 60 3.7 /__///‘/ 3.0C 60
c —_— 5 ] o
é 3 i so 2 & T L — o so 8
s g‘_ % 3.3 Bf g
5 \ £ = £
g \ 5 = >§:::§\\ o 5
52 - 20 3.1 ~ 1.0C | 40
Y 2.9 // &
N ™ 20 ’ 0.2C | .
L e M 2y ]
~, ‘\\ —
o - Tl 20 2.5 >0
o s0 100 150 200 250 0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
Time(min) Capacity(mAh)

|03

| o2 | _c | 2 | 3|

Capacity Capacity o o
(vs. 033C) 100% 99.9% 100.2% (vs. 0.2C) 100% 99.8% 99.7% 99.1%
Charging Time 202min. 147min. 99min. Max. Temp. 30.7°C 37.7°C 51.8°C 62.1°C
Max. Temp. 27.1°C 29.9°C 35.6°C A Temp. 12.7°C 26.8°C 37.1°C A Temp.

9
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Charge / Discharge capability @ Temp.

[1Charge/Dischargecapacity @ Temp. [10.2CDischargecapacity @ Temp.
- 1000* 1015 N
= -
- 84.0 88.2 90.3 98.2 100.5 45°C
3.7 ~—_ — 40 5
_ 82.8 87.5 90.0 97.8  100.3 s, K \\\\\_ — 25°C %
gs.a \\ \‘\\\ \ r g
- 73.0 85.3 88.6 96.6 100.0 ~_ N 0% o
- 40.7 66.6 89.1 97.3 99.0 - o\h‘f C
. ey
- 31.7 924 93.0 97.7 98.5 o -30°C \\ § \
_ B _ 97.4 100.0 " 99.8 500 1000 1500 2000 ;::(;c'ty(:(;():) 3500 4000 4500 5000 5500
: : ~ %6 1000 998 ----
- - - 95.3 995 995 T’f::‘; -27.4°C -16.6°C  -7.4C 2.1°C 26.9°C 46.1C
A O O} O (o7 [o (o7
Temp. 2.6°C 3.4°C 2.6°C 2.1°C 1.9°C 1.1°C

* Standard condition (Charge 0.33C / Discharge 0.2C) @25°C = 100%
9 SAMSUNG SDI I




OCV vs. SOC (Discharge)

* Test condition :
SOC setting : Charge 0.33C / Discharge 0.2C

Rest : 1 hour

[10OCVvs.SOC@ Temp.
SOC vs. OCV (Discharge)
4.164 4175 4175 4175 4.163 4.300
4.074 4.077 4.079 4.082 4.083 4100 }/Jr/f'iL —— oo
4.005 4.009 4.011 4.022 4.013 3.800
3.909 3.912 3.912 3.920 3.915 3700 oc
= 3500

——
3.809 3.811 3.819 3.826 3.821 § 4300 25°C
3.705 3.709 3.714 3.726 3.723 3100

—*45eC
3.634 3.636 3.639 3.649 3.647 2.900
3.557 3.553 3.555 3.556 3.551 2.700 60°C
3.450 3.447 3.450 3.452 3.451 2200
3.278 3.253 3.268 3.259 3.254
2.923 2.883 2.929 2.894 2.909
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OCV vs. SOC(Charge)

[10OCVvs.SOC@ Temp.

SOC vs. OCV (Charge)
4.173 4300

4013
3.900
3.915 4700 /

3.839 '

= 3500
3.724 =

O 3.300

st Sam /
3.487 2900
3.379 2700
2.915 2 500

* Test condition : 0 20 40 60 80 100
- SOC setting : Charge 0.33C / Discharge 0.2C SOC (%)

- Rest : 1 hour

1 SAMSUNG SDI  GZIETP®



DCIRvs.SOC

O DCIR(10sec)vs.SOC @ Temp.

174.0 58.8 27.6 22.4 19.6
164.0 54.4 24.4 19.2 16.8
161.6 56.0 26.0 21.6 19.2
159.6 55.6 26.4 21.2 19.2
156.8 55.2 27.2 21.2 18.8
153.2 53.2 24.8 20.4 18.4
156.4 54.8 25.6 20.8 19.2
161.6 56.0 26.4 20.4 18.8
172.4 55.6 27.2 20.4 18.8
273.6 82.8 35.2 28.0 24.8

- = 59.6 432 36.8

SOC vs. DCIR (Discharge)

400
350 —*—_20°C
300
il o
E‘zﬁ} '\\ 0°C
o 200 \ S
Q 150 — ————@ I
100 —®—45°C
[ —
0 - - - 60°C
o | 1 [ 1 1 ]
0 20 40 60 80 100
SOC (%)

* Test condition :

- SOC setting : Charge 0.33C / Discharge 0.2C

- Rest : 1 hour
- DCIR: 0.5C

12
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DCIRvs.SOC

O Discharge : 0.5C 2sec O Discharge : 0.5C 10sec O Discharge : 0.5C 30sec
157.6 48.8 21.6 17.6 16.0 174.0 58.8 27.6 22.4 19.6 193.6 72.0 35.2 28.4 24.0
149.6 46.4 20.8 16.4 14.8 164.0 54.4 24.4 19.2 16.8 179.6 64.8 29.6 22.4 19.6
146.0 46.4 20.8 17.2 16.0 161.6 56.0 26.0 21.6 19.2 179.6 69.2 34.0 27.2 24.4
144.0 46.0 21.2 16.8 15.6 159.6 55.6 26.4 21.2 19.2 176.8 68.4 34.0 26.8 24.0
143.6 46.8 22.0 17.2 15.6 156.8 55.2 27.2 21.2 18.8 172.0 65.2 33.2 25.6 22.8
142.0 46.0 20.4 16.8 15.2 153.2 53.2 24.8 20.4 18.4 168.8 64.0 31.2 25.2 22.8
144.8 47.6 21.2 17.2 16.0 156.4 54.8 25.6 20.8 19.2 172.8 66.0 31.6 25.6 23.6
148.4 47.6 21.6 16.8 15.6 161.6 56.0 26.4 20.4 18.8 178.4 67.6 32.8 26.0 23.6
158.0 47.6 22.4 16.8 15.6 172.4 55.6 27.2 20.4 18.8 191.6 68.4 34.0 26.4 24.4
219.2 64.0 26.0 20.4 18.0 273.6 82.8 35.2 28.0 24.8 = 114.4 51.2 41.6 37.2
334.4 138.0 37.6 25.2 21.2 = = 59.6 43.2 36.8 = = 112.4 95.2 76.8
O Charge : 0.5C 2sec O Charge : 0.5C 10sec O Charge : 0.5C 30sec
= 46.8 20.4 16.4 14.8 = = 24.0 19.2 17.2 = = 28.8 22.4 19.6
- 47.2 20.4 16.8 15.6 - 54.8 24.4 20.0 18.4 - 66.0 30.8 24.4 22.0
- 46.8 20.8 16.4 15.2 - 54.4 24.8 19.6 18.0 - 64.4 30.4 23.6 21.2
= 47.6 22.0 17.2 15.6 = 55.6 26.8 21.6 19.2 = 65.6 32.8 27.2 24.0
159.2 48.0 21.2 16.8 15.2 174.8 56.0 26.4 20.4 18.4 179.6 68.0 33.6 26.0 22.8
163.6 49.6 21.2 17.2 16.0 178.0 56.4 25.6 20.8 18.8 182.8 67.2 32.0 24.8 22.4
166.0 49.6 22.0 16.8 15.6 180.4 56.4 26.0 20.4 18.8 186.8 65.6 31.2 25.2 23.2
174.8 50.8 23.2 17.2 16.0 190.0 58.8 28.0 20.8 19.6 202.4 70.0 34.8 26.4 24.4
206.4 62.4 25.2 19.2 18.0 222.0 72.4 32.0 25.2 23.2 236.0 84.8 41.2 34.8 32.0
286.0 111.6 40.4 28.4 23.6 314.8 135.6 62.4 50.8 42.8 343.2 168.4 96.4 84.8 73.6
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Cycle Life(4.2V-2.5V)

[1 0.33C/1C cycle life @ RT (4.2V-2.5V)

[1 0.33C/1C cycle life @ 45°C (4.2V-2.5V)

Cycle Life @RT

Test Model : INR21700-50G (1C=5,000mA)
Test Method : Charge 0.33C = 4.2V = 0.05C cut-off at RT, Rest 10min
Discharge 1C = 2.5V cut-off at RT, Rest 10min

Cycle number

1100 100.0
100.0 90.0
——
900 I — 80.0
80.0 700
&
=~ 700 60.0
§
£ e00 50.0
=2
50.0 100
z
g
g 400 300
g
S
300 — 200
200 _— 100
100 00
00 10.0
0 100 200 300 400 500 600 700 800 900 1000

DCIR growth (%)

Cycle Life @45°C

Test Model : INR21700-50G (1C=5,000maA)
Test Method : Charge 0.33C = 4.2V = 0.05C cut-off at RT, Rest 10min
Discharge 1€ * 25V cut-off at RT, Rest 10min

110.0 100.0
100.0 900
900 E— 80.0
——
80.0 700
£
< 700 60.0
§
2 600 = 500
T _——
&
< 500 = 100
‘S
8 400 ] 300
2 — o~
“ /r//
300 L 200
200 10,0
100 0.0
0.0 10.0
0 100 200 300 400 500 600 700 800 900 1000

Cycle number

DCIR growth (%)

_ Capacity Retention DCIR growth _ Capacity Retention DCIR growth

@ RT, 500cyc. 89.1% 17.4%

@ RT, 1000cyc. On-going On-going

@ 45°C, 500cyc. 86.2%

@ 45°C, 1000cyc. 78.0%

29.8%

57.4%

14

SAMSUNG SDI  GZITR®




CycleLife(4.15V-3.0V)

[1 0.33C/1C cycle life @ RT (4.15V-3.0V)

[1 0.33C/1C cycle life @ 45°C (4.15V-3.0V)

Test Model : INR21700-50G (1C=5,000mA)

Cycle Life @RT

Test Method : Charge 0.33C = 4.15V = 0.05C cut-off at RT, Rest 10min
Discharge 1C = 3.0V cut-off at RT, Rest 10min

Cycle number

110 1000
100 900
90 800
80 700

g

- 70 60.0

s

5 6o 50.0

2
50 400

=

&

g 40 300

g

S
30 200
20 SR 100
10 00
0 100

0 100 200 300 400 500 600 700 800 900 1000

DCIR growth (%)

Capacity Retention (%)

110

100

90

80

70

60

50

40

30

20

Cycle Life @45°C

Test Model : INR21700-50G (1C=5,000mA)
Test Method : Charge 0.33C = 4.15V = 0.05C cut-off at RT, Rest 10min
Discharge 1C = 3.0V cut-off at RT, Rest 10min

100.0

90.0

80.0

70.0

60.0

50.0

400

DCIR growth (%)

30.0

200

10.0

0.0

10.0

0 100 200 300 400 500 600

Cycle number

700

800

800 1000

_ Capacity Retention DCIR growth _ Capacity Retention DCIR growth

@ 45°C, 500cyc. 88.6%

@ RT, 500cyc.

@ RT, 1000cyc.

90.7%

On-going

5.3%

On-going

@ 45°C, 1000cyc. 84.5%

18.7%

29.2%

15
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Fast Charge Cycle Life

[11C/1Ccyclelife@RT

100

80

60

40

Capacity Retention(%)

20

Cycle Life @RT

Test Model : INR21700-50G (1C=5,000mA)

Test Method : Charge 1C * 42V * 0.05C cut-off at RT, Rest 10min
Discharge 1C * 2.5V cut-off at RT, Rest 10min

—_—

—

©J+070

o 50 100

Cycle number

300cycle

89.6%

16
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Storage

[] Storage w/ SOC @ 25°C [] Storage w/ SOC @ 45°C

Storage @25°C 1 Storage @45°C 1
Test Model : INR21700-50G (1C=5,000mA) SOC oo Test Model : INR21700-50G (1C=5,000mA) Soc 00
Test Method : Charge 0.33C =42V = 0.025C cut-off at RT, Rest 10min SOCSO Test Method : Charge 0.33C * 4.2V = 0.025C cut-off at RT, Rest 10min SOCSO
Discharge 0.2C * 25V cut-off at RT, Rest 10min CArSN Discharge 0.2C * 2.5V cut-off at RT, Rest 10min cCAr -
110.0 SOC3 100.0 1100 DU\_%* 100.0
900 I 900
1000 & Recovery oo 1000 & Recovery | oo
700 I 700
£ 900 £ 900
= 600 g < Fe0o @
H 500 € 3 L 500 £
2 800 5 § so0 5
= 400 = = Fa00 B
E] =] F] g
3 300 & 3 L300 A&
g 700 & 700
200 I 200
000 - DCIR= 100 500 | DCIR= 100
00 - 00
50.0 -10.0 50.0 100
0 20 40 60 80 100 120 140 160 180 0 20 40 60 80 100 120 140 160 180
Storage days Storage days
@ 25°C, 180days Capacity Recovery DCIR growth @ 45°C, 180days Capacity Recovery DCIR growth
SOC100% 98.1% 1.9% SOC100% 96.9% 5.7%
SOC50% 99.0% 0.8% SOC50% 95.6% 1.3%

SOC30% 99.5% -1.5% SOC30% 97.5% 0.4%



External Short Circuit

Test "
Condition Profile Max. temp. Max. Current Result
Voltage
Current o oK
SmQ Temp: 35.9°¢ 180A (positive tab melting)
o OK
10mQ 36.1°C 158A (positive tab melting)
20mQ 72.3°C 111A OK
P — : (fully discharge, CID activation)
30mo 106.3°C 83A OK
- (fully discharge, CID activation)
50mQ 117.9°C 61A OK
m - (fully discharge, CID activation)
80mQ 105.8°C 41A OK

(fully discharge, CID activation)

18
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50G Performanceusable guide (TBD)

2 Usable Voltage Range Low Temp Charging Algorism Check DC/AC Inverter Operating Voltage Check
Cell Lharge Max Voltage (V) Discharge Min Voltage (V)

Surface Operating Limit. Pulse Limit Safety Limit Operating Limit Pulse Limit Safety Limit
-30°C~-20°C ‘ 2.850V 2.500V 2.000V
-20°C~-10°C Not permitted ‘ 2.850V 2.500V 2.000v

10°C-0°C | 2.850V 2.500V 2.000V
0°C~10°C 4.125V 4.200V 4.250V 2.850V 2.850V 2.500V
10°C~25°C 4.125V 4.200V 4.250V 2.850V 2.850V 2.500V
25°C-~32°C 4.125V 4.200V 4.250V 2.850V 2.850V 2.500V
32°C~40°C 4.125V 4.200V 4.250V 2.850V 2.850V 2.500V
40°C~50°C 4.125V 4.150V 4.200V 2.850V 2.850V 2.500V
50°C~60°C Not permitted 2.850V 2.850V 2.500v

19 SAMSUNG SDI I



Operating window guide

Long Distance Max Charging Voltage (SOC3-98%, need to discuss)

High Voltage / Safety Limit

Low Voltage / Safety Limit XEV Standard Operating Window (SOC3-96)

2.85V 4.125V 4.150Vv

0.00v 2.00v 2.50V Cell Design Window 4.20v 4.25v 430V
Protection / Over Discharge Protection / Over Charging

Voltage socC Voltage DOD

4.200V 100% 2.50v 100%

4.175V 99% 2.85v 97%

4.150V 98% 3.00v 95%

4.125V 96%

4.100V 92%

20 SAMSUNG SDI  GZIETP®



50G Operating Charging Guide (TBD)

Temperature (°C) <0 0~5 5~10 10~20 20~30 30~40 40~50 > 50
Charging 0.15C 0.20C 0.25C 0.33C 0.33C 0.20C
Condition 4.125V 4.125V 4.125Vv 4,125V 4,125V 4.125Vv
Heating Need X X X X X Not
Not .
. Permitted
Cooling Permitted X X X X Need Need
Permitted
Quick Charging X X X X (Cooling X
32+2°C)

- The above condition must be complied with when low temperature charging, heating, and regeneration charging of the cylindricd Li-ion battery for xEV.

¢ Notice

v’ Heating Start Temperature : 0°C / Heating End Temperature : 5°C
v Regeneration Charging < SOC95%, Less than 10sec

v'Operating Temperature :32+2°C, Storage Temperature : 25+ 2°C (Cooling Guide)

- If the customer anticipates any problems in meeting the above conditions, customer must immediately notify Samsung SDI, and he parties will discuss. 11

21
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BOL SOCvs. OCV Table(Discharge)

1. Test Condition

22

Step1. Charge 0.20C 4.20V 0.05C Cut-off

Step2. Storage 4hr @RT ------- > OCV Check @SOC100

Step3. Discharge 0.20C 5% of capacity Cut-off

Step4. Storage 4hr @RT-------- > OCV Check @SOC95~0
Step5. Repeat Step 3-4 until 0%

Step6. Charge 0.2C 5% of capacity Cut-off

Step7. Storage 4hr @RT-------- > OCV Check @SOC5~100
Step8. Repeat Step 8-9 until 100%

2. Test Result
SOC -20°C -10°C 0°C 10°C 25°C
100 4159
95 4095
920 4.079
85 4.061
80 4.009
75 3.951
70 3911
65 3.878
60 3814
55 3.764
50 3.719
45 3678
40 3.644
35 3.605
30 3.556
25 3.501
20 3453
15 3401
10 3.284

5 3127
0 2935

45°C

55°C

oviv)

B50G Discharging OCV vs. SOC @Temp.

4.20

4.00

3.80

3.00

2.80

2.60

-8--20T
-8--10T

-&-0T
-8-10T
25T
-8-45T
-8-55T

100 90 80 70 60 50 40 30 20

10 0
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BOL SOCvs. OCV Table(Charge)

1. Test Condition
Step1. Charge 0.20C 4.20V 0.05C Cut-off

Step?2. Storage 4hr @RT ------- > OCV Check @SOC100
Step3. Discharge 0.20C 5% of capacity Cut-off
Step4. Storage 4hr @RT-------- > OCV Check @SOC95~0

Step5. Repeat Step 3-4 until 0%
Step6. Charge 0.2C 5% of capacity Cut-off

Step7. Storage 4hr @RT--------> OCV Check @SOC5~100

Step8. Repeat Step 8-9 until 100%

2. Test Result B50G Discharging OCV vs. SOC @Temp.

-20°C -10°C 0°C 45°C 55°C a2

100 4159

95 4095 W

90 4079

85 4061 380 .

80 4.009

75 3951

70 3911 e -8--20C
65 3.878 g Tk
60 3814 S 00
55 3.764 A
50 3719 3.20 _— 25T
45 3678 sy
40 3.644 3.00 e ek
35 3.605

30 3.556 2.80

25 3.501

20 3453 2.60

15 340‘] 100 90 80 70 60 50 40 30 20 10 0

10 3.284 soc

5 3.127

0 2935
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BOL Discharge Max Power

1. Test Condition
. Charge 0.33C, 4.20V, 0.05C Cut-off @25°C

. Discharge 0.20C Time Cut-off each SOC@25°C

. Temperature Storage Time : 4hr @ Each Temp.

. Discharge 0.5C/1.0C/2.0C 30sec Cut-off > -20°C,-30°C 0.33C/0.5C/1.0C
2. Test Result (30sec)

Temp 0% 10% 20% 30% 40% 50% 60% () 80% 90% 100%
-20°C - 44 13.1 16.6 18.6 19.9 217 23.1 243 259 25.7
-10°C - 8.1 20.0 319 36.0 38.2 415 445 46.6 499 50.7
0°C - 135 338 439 49.0 519 56.7 60.2 62.5 68.3 703
10°C 45 212 444 57.0 614 66.7 727 774 81.2 914 916
25°C 126 340 63.9 80.5 904 95.1 106.2 1121 1159 1324 130.6
45°C 10.3 426 75.5 101.2 1120 124.6 135.1 134.2 148.1 1784 1733
60°C 196 49.7 89.9 112.0 126.5 1325 1534 156.6 158.5 1976 189.8
B50G 10sec Discharging Max Power @Temp B50G 30sec Discharging Max Power @Temp
300 300
—p—-20°C ——-20°C
250 250
——_-10°C —p—-10°C
S 200 o $200 .
g 150 —9—10°C g 150 ——10°C
é i5o 25°C E o 25°C
45°C 45°C
50 50
e 60°C e 60°C
o <
& g Py i () [ RS IS | S (i
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
P— sSOC (I sSOC
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BOL Charge Max Power

1. Test Condition
. Charge 0.33C, 4.20V, 0.05C Cut-off @25°C

. Discharge 0.20C Time Cut-off each SOC@25°C
. Temperature Storage Time : 4hr @ Each Temp.
. Charge 0.5C/1.0C/2.0C 30sec Cut-off X -20°C,-30°C 0.33C/0.5C/1.0C

2. Test Result (30sec)

Temp 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
-20°C 12.5 12.6 12.5 11.9 114 7.7 - - - - -
-10°C 24.9 26.0 26.8 273 26.8 15.1 12.2 - - - -
0°C 475 49.9 532 53.9 50.1 28.8 22.7 154 - - -
10°C 60.2 634 66.7 59.2 544 47.0 329 25.7 16.1 10.7 -
25°C 81.5 924 101.9 87.6 79.3 67.3 529 40.7 264 178 -
45°C 96.1 107.9 137.1 109.6 102.8 86.9 69.3 55.1 340 24.5 -
60°C 1071 116.0 146.3 119.5 109.0 94.8 727 597 375 264 -
B50G 10sec Charging Max Power @Temp B50G 30sec Charging Max Power @Temp
200
180 ——-20°C —p—-20°C
160 — S = — | —e—-10%C —e—-10C
—140
—p OC —p—0°C
= 120 |
g 100 ——10°C ——10°C
x 80 25°C 25°C
60
4 as5°c 45°C
40
20 —4—60°C —4—60°C
o
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
J— SOC SOC
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BOL Discharge Min DC-Impedance

1. Test Condition
. Charge 0.33C, 4.20V, 0.05C Cut-off @25°C

. Discharge 0.20C Time Cut-off each SOC@25°C

. Temperature Storage Time : 4hr @ Each Temp.

. Discharge 0.5C/1.0C/2.0C 30sec Cut-off > -20°C,-30°C 0.33C/0.5C/1.0C
2. Test Result (30sec)

Temp 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
-20°C - 4473 180.7 158.8 152.7 151.2 150.0 1523 154.6 1517 160.2
-10°C - 2372 118.3 82.3 78.8 78.7 78.3 79.0 804 789 81.2
0°C - 138.0 69.8 59.7 579 58.0 573 584 60.2 577 584
10°C 3048 89.8 533 46.0 46.2 453 449 455 46.3 431 45.0
25°C 102.0 55.6 37.0 326 315 31.8 308 314 325 29.8 317
45°C 1034 435 31.2 25.8 254 244 24.2 26.3 25.5 22.2 239
60°C 66.0 385 264 234 226 230 214 225 238 20.0 21.8
B50G 10sec Discharging Min DC-IR @Temp B50G 30sec Discharging Min DC-IR @Temp
400 500
o —- ——z0v oo Y e B .
300 \ —e—-10°C 350 ——-10°C
’Cg 250 \ ——0°C ’%T 300 \\ ——0C
= 200 —t—10°C = 250 ——10°C
L 1s0 < \\x\% DGR S S —" 25°C o igg \\\\L = s - i i 25°C
100 & 45°C T | ! @ i | it
50 & &: o e ————— S P \‘\\;’M%—’-;E
T Sg %“; ——— o
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
sOC socC
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BOL Charge Min DC-Impedance

1. Test Condition
. Charge 0.33C, 4.20V, 0.05C Cut-off @25°C

. Discharge 0.20C Time Cut-off each SOC@25°C

. Temperature Storage Time : 4hr @ Each Temp.

. Charge 0.5C/1.0C/2.0C 30sec Cut-off X -20°C,-30°C 0.33C/0.5C/1.0C
2. Test Result (30sec)

Temp 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
-20°C 3942 307.0 254.0 2276 209.0 2718 - - - - -
-10°C 191.6 150.9 118.1 100.1 89.8 1374 1384 - - - -
0°C 102.8 79.2 59.1 50.9 469 720 73.2 794 - - -
10°C 82.3 61.8 476 46.1 43.6 44.0 50.3 479 514 48.6 -
25°C 61.6 455 31.1 313 303 30.6 314 30.1 314 28.8 -
45°C 51.2 36.3 23.1 25.0 229 234 23.6 22.2 235 20.5 -
60°C 46.3 356 216 23.0 21.1 21.2 220 204 21.7 189 -
B50G 10sec Charging Min DC-IR @Temp B50G 30sec Charging Min DC-IR @Temp
500 500
450 450
o o S e
Eg 300 ——-10C ’%“ 500 ——-10°C
= 250 —e—0°C = 250 NG s ——0C
S 200 ——10C S 200 B = —e—10°C
< 150 2s5°C < 150 1 [ 25°C
100 100 P
s0 = 50 e ST . - a5°Cc
s T ——60C o s
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
SOC SOC
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Appendix: HPPC

1 HPPC Profile (ex. SOC50%, RT) ] HPPC Power vs. SOC @ RT

HPPC Profile SOC vs. Max. Power (Discharge)
250
45 50 2se ——0.1C
—Voltage(V) 45 20
gmu - -02C
—Current(A) 40 g
40 35 EWU —-05C
30 50
It 1. L | —-2C
T I~ — —_ 0
g 2w £ 0 20 40 60 80 100
235 15 5 SOC (%)
2 . 0.2C Discharge . 2C Discharge 3
0.1C Discharge \l/ 0.5C Discharge \l/ 10 s SOC vs. Max. Power (Discharge) 1496 149.4 151.4 158.8
5 164.5 164.5 161.8 163.8
01C
o . . N | . 200 | 10s€C - 1453 | 1453 | 1453 | 1493
I £ 026 1358 130.7 133.7 1390
5 5 150 .0,
4\ /]\ /[\ /]\ g 117.8 117.8 1211 1292
Re-charge Re-charge Re-charge Re-charge -10 100 050 126> 1214 1224 le3o
a8 g & g & s k] - 1186 1096 | 1113 1145
o 50 100 150 200 250 300 350 400 450 500 50 ezC 1014 101.4 100.0 1035
Time (min) o 84.8 88.0 873 88.1
0 20 40 &0 80 100 56.5 55.1 55.0 539
80 (%) 185 194 19.0 131
s SOC vs. Max. Power (Discharge) 1102 116.2 1188 1326
141.0 1361 1334 140.0
——01C
200 |- 30s€C 1111 1111 1111 1226
£ . osc 1038 | 1038 | 1038 | 1165
5 160 -
z 91.6 91.6 9292 1084
= j00 — e ose 948 979 973 1016
= 949 89.1 902 953
50 . 824 824 80,5 86,0
660 699 699 69.5
° 0 20 40 &0 80 100 384 386 378 384
SOC (%) 109 113 101 -
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Appendix: Cylindrical cell design

Name

Function

1 Top Cap-up Positive terminal, Evacuation of gas
2 CID Current Interrupt Device
3 Vent Release internal pressure
Insulation
4 CID Insulat
nsutator between Vent and Cap down
5 Cap Down Prevent mechanical damage of vent
6 Sub-plate Cathodetab conduction path
Prevent leakage,
/ Gasket Insulation between + and -
Insulation
8 Top Insulator between (+)Tab and Jelly Roll
Insulation
9 BottomInsulat
ortominsutator between Jelly Roll and Can
il Can Overall housing
12 Jelly-roll Winded Positive/Negative/Separator
13 CathodeTab Conduction path
14 AnodeTab Conduction path
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Appendix: 48G & #;EFH (0.5CHLEB)

48G Heat Value by 0.5C Dch _#1
45 60

—Voltage —BFH&EECC/min) —Temp(°C)
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/ - 40
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S 30
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N
(9]

300 400 500 . . . . 100.0 110.0 " 120.

Time(min)
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Appendix: 48G £ HRF (1.0C/HKER)

48G Heat Value by 1.0C Dch _#3

Voltagte(V)/BFHEZ(°C/min)
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Appendix: 48G £E£H BT (1.2CFRER)

55
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48G Heat Value by 1.2C Chg _#4
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