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The two battery requirements valid so far for PHE or PHA have been retained unchanged for the current projects, respectively. 
From the first common battery project a new spec will become effective. Accordingly, this section will be replaced by the new specification as soon as it has been finished and the content has been agreed with all parties concerned.
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	Test No.
	Description
	Standard

	Li-E-1
Li-E-2

Li-E-3


	1 Quality and Safety Requirements for
Li-Ion Batteries used in BenQ’s Mobile Phones

1.1 Electrical conditions

1.1.1 
Self-Discharge Current via Protection Circuit 

The current consumption of the protection circuit at U_cell <= 4,2V and ambient temperature = 25°C has to be smaller than 10µA.

1.1.2 
Cycling Performance
Conditions:
Ambient temperature 20 -25°C

Charge: 
According to charging method implemented in the mobile 

phone

Discharge: 
1C down to 3.2V

Discharge capacity after 3 cycles (Cini):
100%


Discharge capacity after 500 cycles:
  80% 
1.1.3 
Performance at Different Discharge Temperatures

Charge and discharge conditions according to section 1.2

Methods & Conditions:


Battery is fully charged at room temperature and then cooled down or heated up to the respective test temperature during a period of 15 minutes. The battery is left at this temperature for 1 hour before the discharge is started.

Temp.  

After Cycle 

-10°C

0°C

25°C

60°C

3

300

500

40%

20%

15%
60%

40%

30%
100%

85%

80%
100%

85%

75%

100% = CINI 
The low temperature requirements are derived from the GSM regulations where an emergency call shall be possible. 

    Maximum internal impedance of complete pack after 500 cycles: 
   160m ohm (AC).
	

	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-E-4

Li-E-5

Li-E-6

	1.1.4 
Storage conditions 

After full charge, the pack is left at 20°C for 30 days

Capacity retention:


90%

Capacity recovery rate (3rd cycle):
98%

After full charge, the pack is left at 60°C for 30 days

Capacity retention:
  


70%

Capacity recovery rate (3rd cycle):
90%:

Increase in cell thickness:


according to mechanical 





requirements of phone

After full charge, the pack is left at 45°C for 3 months

Capacity retention:
 


 70%

Capacity recovery rate (3rd cycle):
 90%

100% = CINI

1.1.5 
Continuous Charge
Condition: 4,2V for 1 week

Capacity retention:



97%

Condition: 4,2V for 3 months (max. 0,03C rate)

Capacity retention:



appr. 95%

Capacity recovery rate  (3rd cycle):
appr. 90%

100% = CINI

1.1.6 
Storage, Delivery Condition
The battery has to be shipped in a partially charged condition, in order to enable storage of the complete battery pack for at least 1 year ex manufacturer without any charging. (Voltage ex manufacturer: OCV >= 3,7 V, after 1 year >= 3,2 V, capacity recovery rate (3rd cycle) > 90%.) 1,5 years is expected.

100% = CMIN

	

	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-1
Li-MC-2

	1.2 Mechanical and climatic conditions

1.2.1 
Vibration Test 

Vibration, sinusoidal; test according to IEC 60068-2-6.

x, y, z axes (x = longitudinal axis).

For each axis, new specimen must be used.

Frequency range:

10 - 20 Hz

Amplitude of deflection:
3.1 mm

Frequency range:

20...500 Hz

Amplitude of acceleration:
5 g

Frequency cycles per axis:
10 Cycles = 2 hours

For each axis new specimen must be used. The cells are charged 4.2V.
Evaluation criteria: 

· The battery pack must be fully functional, no cell leakage shall occur.
· No change of internal impedance ((10m( AC)

1.2.2 
Shock Test
Acceleration: 
500 g, pulse duration: 
1 ms, 

Number of shocks for each direction: 
3

x, y, z-axes, two directions (x = longitudinal axis)

For each axis, new specimen must be used. The cells are charged to 4,2V.

Evaluation criteria:

· The battery pack must be fully functional, no cell leakage may occur.

· No change of internal impedance ((10m( AC)


	acc. to DIN IEC 68, part 2-6
DIN IEC 68 part 2-27



	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-3

	1.2.3 
Drop Test
Upon impact of the battery following free fall from a given height onto a specific surface, together with the mobile phone or on its own, the battery must remain fully functional. No loose parts after drop test. The device with battery and the battery alone must be electrically and mechanically full functional.

Height of drop of the pack on its own:
1.00 m/1.52 m

Height of drop inside phone:

1.52 m

Type of surface:



Concrete or steel

Direction of fall (see drop order):
4 x corners (1-2, 3-4, 5-6, 7-8)






6 x sides/surfaces







8 x edges (9, 10, 11, 12)

The drops are following a random order.
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The cells are charged to 4.2V

Evaluation criteria:

· The lock mechanism has to be fully functional. The housing is allowed to open but not to disintegrate, and it must be possible to close it permanently by pressing the housing together by hand. Thereafter, the battery pack must be fully functional.

· No leakage of the cells

· No change of internal impedance ((10m()

Bounce Test:

The battery is placed into mobile phone and then dropped.

Direction of fall (see drop order):
8 x corners






6 x sides/surfaces






12 x edges

Height of drop:
0.30 m

The mobile phone is switched on and should not be switched off during this operation.
	DIN IEC68, Part 2-32 Test Ed


	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-4
Li-MC-5
Li-MC-6

	1.2.4 Temperature Range

Storage after fast charge


Temperature range

Duration

Capacity recovery rate  (3rd cycle)

-20°C ( +80 °C

5 Days
50% of CINI
-20°C ( +60 °C

1 Month

90% of CINI
-20°C ( +45 °C

3 Months

90% of CINI
-20°C ( +30 °C (avg. 25°C)

1 Year

70% of CINI
1.2.5 
Humidity Stress
Relative humidity - mean annual value
max. 75%

On 30 days distributed over 1 year
max. 85%

Temporary



max. 95%

Temporary slight moisture condensation permissible (for max. 1 day)

Evaluation criteria:

· No reduced safety characteristics during exposure to humidity and full functionality after drying up.

1.2.6 
Damp Heat Test Cyclic
Upper air temperature:
55°C

Lower air temperature:
25°C

Duration:


12 + 12 h

Number of cycles:

6

Evaluation criteria:

· No physical change; capacity recovery rate  (3rd cycle):
96% of CINI

	acc. VDA 4.2

acc. 

 IEC 60068-2-30 variant 1



	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-7
Li-MC-8

	1.2.7 Temperature Cycle Test

Test Nb:
Change of temperature with defined rate of change. The lower and upper stress temperatures are -40°C and +80°C, respectively.

Rate of temperature change:
1(C/min (+ 0.2(C/min)

Duration of exposure:

2 hours

Test time per cycle:

8 hours


Number of cycles:


10

Evaluation criteria:

· No physical change, capacity recovery rate (3rd cycle):
75% of CINI
1.2.8 High Temperature Test
Can type

Applies to cells and battery packs assembled in mobile phone.
Condition:

Cell charged to 4.2V, storage at 80(C, 120 hours 
Evaluation criteria:

· Capacity recovery rate (3rd cycle):
50% of CINI

· Physical change:
See in section 1.2
Condition:

Cell charged to 4.2V, storage at 80(C, 24 hours 
Evaluation criteria:

· Capacity recovery rate (3rd cycle):
80% of CINI

· Physical change:
See in section 1.2Fehler! Verweisquelle konnte nicht gefunden werden.
The battery must not explode or catch fire if tested at 80(C for 500hours.


	acc. 

IEC 60068-2-14

acc. VDA 4.2

acc. 

 IEC 60068-2-30 variant 1



	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-9
Li-MC-10

	1.2.9 
Laminated type 
Applies to cells and battery packs assembled in mobile phone.

Condition:

Cell charged to 4.2V and exposed to 30 heat cycles.

A heat cycle (12 hours) consists of 1 hour temperature change from 25(C to 80(C, 3 hours constant temperature at 80(C, 1 hour temperature change form 80(C to 25(C, 7 hours constant temperature at 25(C.
Evaluation criteria:

· Capacity recovery rate (3rd cycle):
50% of CINI

· Physical change:



See in section 1.2
Condition:

Cell charged to 4.2V, storage at 80(C, 24 hours 
Evaluation criteria:

· Capacity recovery rate (3rd cycle):
80% of CINI

· Physical change:



See in section 1.2
The battery must not explode or catch fire if tested at 80(C for
 500 hrs.

1.2.10 
Low Temperature Test
Condition:

Cell charged to 4.2V, storage at -40(C, 72 hours
Evaluation criteria:

· Capacity recovery rate (3rd cycle):
97% of CINI

· Physical change:
See in section 1.2

	

	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard

	Li-MC-11
Li-MC-12
Li-MC-13

	1.2.11 
High Temperature and Humidity Test

Condition: 
Cell charged to 4,2V, storage at +65°C and 90%  RH  for 

96 hours
Evaluation criteria:


· Capacity recovery rate:
90% of CINI
· Physical change:

See in section 1.2
1.2.12 

Heat Cycle Test

Condition: Cell charged to 4,2V

Test time at +65°C:

2 hours 

Test time at -25°C:

2 hours

Temperature change: 
2 hours

Test time per cycle:
6 hours

Number of cycles:
100
Evaluation criteria:


· Capacity recovery rate:
85% of CINI
· Physical change:
S
ee in section 1.2

1.2.13 Dashboard Test
Condition: Cell charged to 4,2V

Test time at 80°C:

 6 hours 

Test time at 20°C

14 hours

Temperature change: 
 2 hours

Test time per cycle:
22 hours

Number of cycles:
50

Evaluation criteria:


· Capacity recovery rate:
50% of CINI
· Physical change:

See in section 1.2


	

	Quantity to Test
	
	
	
	


	Test No.
	Description
	Standard


	1.2.13.1 Salt fog test
Condition:
Salt solution:
5 % NaCl (sodium chloride)


Ambient temperature:
pH value 6.5 - 7.2 (at 20°C ±2°C)

Storage temperature:
 20 °C

Duration of spraying:
 2 h

Storage time:

22 h




Number of repetitions:
1
Evaluation criteria: 

· Full functionality, no corrosion, the increase of contact resistance is max. 10 mΩ.


	acc.
IEC 60068-2-60 (EN60068-2-60)
DIN EN 60068-2-52
Strength 2


	

	Quantity to Test
	
	
	Quantity to Test
	


	Test No.
	Description
	Standard

	Li-MC-15

	1.2.14 Heat with Sunbeam
Performance according to IEC 60068-2-5/Sa procedure C

Ambient temperature:
+55(C

Irradiation:
1120W/m²

Duration:
8 hours

Evaluation criteria:

· Full functionality and no physical changes of the battery pack.


	acc.

IEC 60068-2-5/Sa procedure C



	Quantity to Test
	
	
	
	


1.3 Approvals

· UL
Applicable UL-Approval by the cell manufacturer is required. 
(presently UL 1642)

1.3.1 Safety Aspects/Characteristics

Safety Characteristics for the Cell without safety circuit similar/according to UL1642 and EN60950 respective
	Test No.
	Description
	Standard

	
	No.
	Test Item
	Test Conditions
	Testing Results
	

	
	1
	Over Charge 
Test
	Over charge is done from fully charged state by the following current (20°C)

(with PTC & PCB if specified for 32V/2,5A)

Voltage: max. = (32V

Current: max. = 2,5A

Power:   max. = 48 W
	No rupture, no fire,

cell temperature max: 150°C
	1.3.1.1 

	
	2
	Short Circuit

Test
	Cell condition: 20°C, 4,25V
	No rupture, no fire,

cell temperature max: 125°C
	1.3.1.2 

	
	3
	Voltage Reversal

Charge Test
	20°C Current: 0,9A

Voltage: Max = 7,5V
	no rupture, no fire,

cell temperature max: 75°C
	1.3.1.3 

	
	4
	Nailing Test
	Nail penetrates into the center part of

cell through 30*48-face-wise.

1) Cell condition: charged to 4,25V.
	No rupture, No fire,

cell temperature max: 120°C
	1.3.1.4 

	
	
	
	2) Cell condition: charged to 4,40V.
	No rupture, gas may go out,

cell temperature max: 120°C
	1.3.1.5 

	
	5
	Cheese Cloth

Test 
	According to UL 1642 


	According to requirements of UL1642 
	1.3.1.6 

	
	6


	Heat Test
	The cell is heated on a hot plate

up to 165°C

1) Cell condition: charged to 4,25V
	No rupture, no fire, leakage,

cell temperature max: 165°C
	1.3.1.7 

	
	
	1.3.1.8 

	Quantity to Test
	
	
	
	


5. SLT for batteries
5.1 Battery SLT Test Flow
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Thermal Shock

16 units
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5 units
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16 units
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6 units
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20 units
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10 units

Tear-down Inspection

20 units
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8 units

Temperature Humidity

8 units

Drop @ Normal

temp. 

6 units

Life  Test

4 units

Drop @ 

High

temp. 5 units


6. Activities Description
6.1 Handset SLT Test
Please refer to PA/Handset SLT test procedure(TGQA-0K-010).

6.2  Mechanical SLT Test
Please refer to PA/Mechanical test procedure(TGQA-0K-010).

6.3 Battery SLT Test

QRE Engineer will perform “Battery SLT Test” before Mass Production, and ask vendor to do the test regularly during mass production.
6.3.1 Definition

6.3.1.1 Samples Size

The samples need in Accessory SLT is 20 units.

6.3.1.2 Test Environment

Normal Temperature: 25°C
High Temperature: 55°C
Low Temperature: -10°C
Note : Battery charging is 0~45°C and discharging is –20C~60°C, so parametric test just  in normal temperature.
6.3.2 Parametric & Function Test

6.3.2.1 Battery

1. Test Equipment :

a. Impedance Meter ( Hioki )

b. Multi-meter

c. Battery Automatic Tester (Acutech)

2. Test Q’ty : 20 units

3. Open Voltage Test :

	Test Condition
	Measure the B- and B+ of the battery pack 

	Criteria:
	Refer to SA


4. Internal Impedance Test :

	Test Condition
	Measure the B- and B+ of the battery pack using the impedance meter

	Criteria:
	Refer to SA


5. Battery ID Resistance Test

	Test Condition
	Measure the ID Resistance and B- of the battery pack using the multi-meter

	Criteria:
	Refer to SA


6. Battery NTC Resistance Test

	Test Condition
	Measure the Thermistor and B- of the battery pack using the multi-meter

	Criteria:
	Refer to SA


7. Short Circuit Protection Test

	Test Condition
	Short the B+ and B- using a short wire for one minute

	Criteria:
	Refer to SA


8. Capacity Test :

	Test Condition
	Full charged then 0.5C Discharge

	Criteria:
	Refer to SA


6.3.3 Thermal Shock Test

6.3.3.1 Test Method and Specification

-40℃~ +85℃, 45 mins/dwell@85C + 45mins/dwell@-40C/cycle

 5 mins transition time, total 27 cycles
6.3.3.2 Test Q’ty : 16 units

6.3.3.3 Test Equipment

‧KSON Thermal Shock Chamber

6.3.3.4 Test Criteria

‧The products have to work normally and no mechanical material deform or crack.
6.3.4 Drop Test

6.3.4.1 Test Method and Specification

a. 120cm height natural falling to concrete floor(for battery only) , 6 faces, 1 time per face

b. 76cm height natural falling to concrete floor(for other accessories)

6.3.4.2 Test Q’ty : 16 units

6.3.4.3 Test Equipment

N/A

6.3.4.4 Test Criteria

The products have to work normally and no mechanical material deform or crack.

6.3.5 Vibration Test

6.3.5.1 Test Method and Specification

a. Frequency Range: 5Hz to 200Hz

b. Grms: 1.37G
c. Vibrate X,Y, and Z axis, 30 minutes per axis.

d. PDS versus frequency is as the below table

	Freq
	PSD

	5
	0.03

	40
	0.03

	55
	0.01

	70
	0.01

	200
	0.001


e. 
The vibration spectrum is a +3 dB / octave from 20 Hz to 80 Hz, then 0.04 g2/Hz power spectral density or at 6 g's RMS level from 80 Hz to 350 Hz, then a -3 dB / octave from 350 Hz to 2000 Hz. 3 Axis X 0.5hrs (for data cable only)
6.3.5.2 Test Q’ty : 10 units

6.3.5.3 Test Equipment

Vibration Machine

6.3.5.4 Test Criteria

   a.  The products have to work normally after the test.

b. Material deformation, crack, or loss is not allowed.
6.3.6 Temperature Cycling Test :

6.3.6.1 Test Procedure : 
a. Battery only :

Step 1:  1hr/Dwell @-20ºC,

Step 2:  1hr. /transition from -20ºC to 65ºC

Step 3:  1hr/Dwell @65ºC,

Step 4:  1hr /transition from 65ºC to -20ºC

Repeat step 1~4; total 48hrs

b. The others :

Step 1:  1hr/Dwell @-30ºC,

Step 2:  1hr. /transition from -30ºC to 75ºC

Step 3:  1hr/Dwell @75ºC,

Step 4:  1hr /transition from 75ºC to -30ºC

Repeat step 1~4; total 48hrs

6.3.6.2 Test Q’ty : 8 units

6.3.6.3 Test Equipment
: Temp./Humid. Chamber

6.3.6.4 Test Criteria 
: The products have to work normally after the test.

6.3.7 Temperature Humidity Test

6.3.7.1 Test Procedure : Temperature/Humidity 65C/90%, total 48hrs

6.3.7.2 Test Q’ty : 8 units

6.3.7.3 Test Equipment : Temp./Humid. Chamber
6.3.7.4 Test Criteria : The product should work normally after the test.
6.3.8 ESD Test

6.3.8.1 Test Method and Specification

1. Air Discharge

Voltage: (10KV

2. Frequency: 1discharge/second, 10 times/point

3. Contact Discharge

Voltage: (6KV

Frequency: 1discharge/second, 10 times/point

6.3.8.2 Test Q’ty : 6 units

6.3.8.3 Test Equipment and Environment

ESD Tester at 25°C, 60% ( 10%RH

6.3.8.4 Test Criteria

The products have no electrical function error after the test .
6.3.9  Life Test :



Test Q’ty : 4 units

6.3.9.6 Battery

The Battery function should no reduction after insertion 3000 cycles.
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