
Basic of Li-ion Battery Charger 
and Solution for portable device



Agenda

• What is a Li-ion battery charger?
- Basic of charger
- Linear charger vs Switching charger
- Non power path vs Power path
- Other functions
• TI charger solutions for portable device
- Low power charging solution for wearable device
- Fast charging solution
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Battery Electrical Equivalent Circuit
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What is Charger?
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What is Charger?
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What is Charger?
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Summary
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TI Charger solution for portable device

Wearable
Charging
Solution

Normal
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Fast
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- Low taper current
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Dual
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Batteries for Wearables
• The Battery Compromise

– Capacity - Typical is 30mAh to 300mAh
– Energy Density – ~150mAh/cm3

• Most popular Batteries for Wearables
– Primary Li-Metal – Standard CR2032, highest energy 

density, but must be replaced by user

– Rechargeable Li-Ion – Most popular, able to get in 
various sizes, shapes, and capacities
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=  240mAh+

=  110mAh =  41mAh



Li-Ion CC/CV Charging Profile – Challenges at 
Ultra-Low Power
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Accurate Small Cell Charge Termination
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• Charged 41 mAh battery at 40 mA fast charge current (1C)
• Termination at 4 mA (10%) or 1 mA
• Shaded area represents additional 5 – 10% capacity restored on each charge

VBATT (Volts) IBATT (mA)

30 60 90 120 Charge Time (minutes)

Extra capacity achieved – 2mAh



24

Dual Charger for fast charging

CHGR1

CHGR2



Dual Charger Chargers Selection

Charger 1 (Main) Charger 2 (Slave)

PMIC bq25898S 
(WCSP)

bq25898(D)
(WCSP)

bq25898S 
(WCSP)

bq25890
(QFN)

bq25898S
(WCSP)

bq25890
(QFN)

bq25892
(QFN)
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• Impedance affects usable capacity of the battery
• Capacity changes under different load/temperature conditions
• Dependent on Temperature, SOC, and Aging
• Doubles after 100 Cycles
• 10 ~ 15% Cell to Cell variation
• 10 ~ 15% variation among manufacturers

Battery Impedance



Li-plating caused by resistance 
increase of an aged cell

1C MLC Experiment

Exponential 
capacity drop 

due to Li-
plating



Optimization of Charging Profile for Fastest Possible charge. 
Degradation reduced compared to CC/CV at same rate
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MaxLife applications

• Fast Charging

• Charging in wide temperature range

• Increased longevity beyond 500 cycles
– Improved user experience with battery remaining functional
– Avoiding cell swelling
– Prevent unsafe accumulation of lithium dendrites
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Thank You!
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