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Overview

Lithium Ion (LiIon) has become the predominant battery technology for handheld

electronic applications in recent years due to its high energy density, high voltage,

good cycle life and excellent storage characteristics. It has many advantages over

Nickel Cadmium (NiCd) and Nickel Metal Hydride (NiMH) technologies but also some

restrictions due to it’s differing principal of operation. This technical manual looks at

the principles of LiIon technology, it’s main advantages and disadvantages and how

to charge and discharge it efficiently and safely. Unlike similar documents produced

by the main cell manufacturers this manual looks as the technology as whole and is

therefore more general and open in it’s approach, providing non-manufacturer

specific information which will give the reader an understanding that can be applied

to all LiIon technologies.



History

Rechargeable Lithium metal batteries were commercialised in the 1980’s but failed in

the market due to safety concerns associated with the Lithium metal. It was found

that dendritic growth lead to an increased area of lithium metal which could lead to

thermal runaway. Increased heating of the cell caused a reaction with the flammable

electrolyte resulting in explosion. As a result, Lithium metal cells were withdrawn

from the market.

Rechargeable LiIon cells were commercialised by Sony in 1991 – and it is basically

this technology which is still used by manufacturers of cells today. These cells

contain no metallic Lithium – instead a carbon based negative electrode (originally

coke but now graphite) and a Lithium transition metal oxide positive electrode are

used. LiIon cells have proven to be extremely safe with many hundreds of millions of

cells shipped with very few reported incidents.

Features and Benefits of Lithium Ion Cells

• High Energy Density

LiIon cells weigh around half that of a NiCd or NiMH cell of the same capacity. In

addition LiIon cells are 40 to 50% volumetrically smaller than NiCd cells, and 20-

30% smaller than NiMH cells.



• High Voltage

The average voltage of a LiIon cell (3.6-3.7V) is equivalent to three NiCd or NiMH

cells (each 1.2V). This means that one cell is all that is required for many of today’s

portable electronic devices (Mobile phones, MP3 players, GPS etc).

• High Drain Capability

LiIon cells can typically be discharged at rates up to 1.5C continuous. High capacity,

higher drain multi-cell packs are achieved by connecting multiple cells in parallel –

something which is not easily done when using NiCd or NiMH cells.

• Environmentally Preferred

LiIon cells are free from metals such as Mercury, Lead and Cadmium – they meet

the requirements of the Toxic Chemicals Directive 91/157/EEC.

• Lithium Metal Free

Unlike primary Lithium metal (non rechargeable) cells, Rechargeable LiIon cells do

not contain Lithium in its metallic state – making them less restrictive to transport.

• Long Cycle Life

When charged and discharged under normal conditions, the life of a LiIon cell is

typically between 300 and 500 cycles.

• Allow Flexible User Patterns

LiIon cells are free from the so called ‘memory effect’ which can be seen to reduce

the capacity of NiCd cells after numerous shallow charge/discharge cycles. This

makes ownership easier for the end user.



• Fast Charge Capable

LiIon cells can be fast charged with around 70-80% of typical capacity being

available after around 1hr when charged at 1C.

• Wide Environmental Operating range

LiIon cells can typically be charged between 0°C and +45°C, and discharged

between –20°C and +60°C. Specialist cells are available for operation outside this

range allowing discharge operation between –40°C and +70°C.



Principles of Operation

The LiIon battery is made of a substance capable of cyclic transfer of Lithium ions

between two electrodes. The cell operates what is sometime known as the ‘rocking

chair’ principle – that is charging and discharging of the cell cause Lithium ions to

‘rock’ back and forth between the positive and negative electrodes. Since neither the

anode nor the cathode materials essentially change, the operation is safer than that

of a Lithium metal battery.

• Chemical process:

LiCoO2+Cn    ⇔ Li1-xCoO2+CLix

Construction

The internal construction of a LiIon cell varies depending on the particular design of

the individual cell supplier, however the following description is one that can be read

across most cells currently available.

Lithium Ion cells (cylindrical or prismatic) feature a wound construction with the

following components making up the cell contents:



• The positive electrode (cathode) has a current collector made of thin Aluminium

foil coated in Lithium and Cobalt metal oxides (LiCoO2)

• The negative electrode (anode) has a current collector made of thin Copper foil

coated in graphite carbon.

• The separator is a fine porous polypropylene or polyethylene film.

• The electrolyte is an organic solvent with LiPF6 dissolved in it.

The wound cathode/separator/anode plus electrolyte are contained within a metal

(steel or aluminium) can and sealed with a cap. The cap usually contains the

mechanical vent mechanism which releases internal cell pressure under abusive

conditions and a positive temperature coefficient (PTC) device to limit current in a

short circuit or other abusive condition. In some cells, an additional current

interrupter is also included which acts to remove the cell from the external circuit in

an overcharge situation.

APPLICATION NOTE: Unlike NiCd and NiMH cells where the cell can is always

negative and the vent “button” is always positive, Lithium Ion cells are terminated



differently depending on the manufacturer and cell type. Care should be taken when

designing or assembling a battery pack using Lithium Ion cells to ensure correct

orientation of cells and insulation versus adjacent cells, terminals and protective

elements so that operation and safety are not compromised.

Lithium Ion cells can be connected together using welded nickel straps. The use of

thin walled cans containing the thin current collector and separator films mean that

the welding procedure should be conducted using resistance welders under tight

pressure and heat control. Moltech use the latest pneumatic head welders for

precise control. Cells with aluminium cans will usually have a factory fitted weld tab

which has been laser welded during manufacture. It is this tab that should be

welded – not the aluminium can.



Operational Characteristics

Charge Characteristic

• Overview

LiIon cells require a dedicated constant voltage/current limited charger for safe and

reliable operation. The charger limits the current until the voltage across the cell

reaches 4.20V, at this time, the charger changes to constant voltage operation and

the current will begin to taper down towards zero.

• Time

Due to the initial constant current portion of the charging process, the most efficient

portion of the charge occurs early in the charge cycle. Typically, around 80%

capacity can be achieved after 50% of the total charge time when charged at the

0.5C rate. Although the charge current will taper down to a very low level, a

redundant timer is required to terminate charge after 2.5Hrs for a 1C charge and

4Hrs for a 0.5C charge to prevent permanent damage to the cell.



• Current

The constant current portion of the charge should be limited to 1C Max. Once the

constant voltage portion of the charge is entered, the current will taper down

towards zero. Charge should be terminated when the current drops to between C/20

and C/40mA.

• Effect of Temperature

Cell temperature should reside between 0°C and +45°C for charging to commence.

LiIon cells are most efficient when charged between +20°C and +45°C and capacity

will be reduced by a few percent if charged between 0°C and +10°C due to the

inefficiently of the charging process at these low temperatures.



Discharge Characteristics

• Voltage

During discharge, the voltage of a charged LiIon cell will steadily drop from an initial 4.2V

once loaded. Unlike NiCd or NiMH cells the voltage profile exhibits less of the plateau seen

with these two chemistries although a rapid reduction in voltage is seen towards end of

discharge resulting in a characteristic ‘knee’ on the profile. The discharge should be

terminated when the cell reaches an end of discharge voltage (EODV) of 3.0V (although

the EODV can be as low as 2.7V depending on the application, number of cells, cell type

etc). Failure to terminate discharge can result in the copper of the anode dissolving into

the electrolyte leading to permanent damage - It is for this reason that a voltage sensing

protection circuit is fitted to prevent over discharge of any one cell (see protection circuits

and devices).

• Current

Discharge current should be limited to a maximum of 1.5C per cell as discharging at

higher rates (especially at high temperatures) may result in activation of the internal cell

PTC. Battery protection devices should be designed to prevent over current conditions

from occurring prior to cell PTC activation (see protection circuits and devices)

• Effect of Temperature

LiIon cells exhibit excellent capacity return between +20°C and +60°C. Between 0°C and

+20°C there is usually a slight reduction in capacity as the discharge reaction becomes

less efficient. Between -20°C and 0°C there is a significant reduction in operating voltage

and returned capacity especially at high discharge rates. It is for this reason that the

majority of cell manufacturers show 0.2C discharge profiles at low temperatures. At the 1C

rate the voltage profile and capacity can be extremely poor and the performance will only

deteriorate as the cell ages and the internal resistance naturally increases. It is therefore

recommended that empirical testing is conducted on applications where low temperature

performance is required to ascertain if performance is adequate.



APPLICATION NOTE: Low temperature performance varies between manufacturer, and

between cell types from the same manufacturer. For example, 6x30x50 Prismatic cells

designed for mobile communications must be designed to function at -10°C whilst

cylindrical 18650 cells designed for use in notebook computers need high temperature

performance to survive prolonged use in docking stations adjacent to hot processors. In

the 18650, the low temperature performance is most likely at the bottom of the designer’s

requirements for the cell – whilst for 6x30x50 it is in the top 5 features that must be right.

It is these types differences in cell performance that Moltech understand are important

when designing custom battery packs.

Cycle Life Characteristics

The life of a LiIon cell is typically 300-500 cycles depending on the application and

environmental conditions in which it is used. In reality, applications never cycle the

batteries in the manner indicated on manufacturers data sheets (CC/CV 1C 4.20V charge

for 2.5Hrs at 21DegC followed by a 1C discharge to 3.0V/cell) so the cycle life number on

the data sheet number becomes less important.

APPLICATION NOTE: The two main factors which effect the life of the battery in the users

application can be addressed by the device designer months before the product is even

prototyped. If addressed correctly, a good cell will provide excellent performance and a

moderate cell will provide good performance. Addressed badly or if ignored, the good cell

will provide moderate performance and the moderate cell will fail very quickly. The two

factors are Elevated Temperature and Charging Voltage – these are discussed below:



• Effect of Elevated Temperature

Although designed to be charged at temperatures up to +45°C and discharged up to

+60C, LiIon cells will perform better and cycle for longer if charged at room temperature

and discharged at temperatures not exceeding +45°C.

Designers should examine how their battery is placed in the device. In a notebook

computer, the cell closest to the hottest part of the device (the processor) will exhibit

lower charge acceptance than those adjacent to the (cooler) case. The hot cell will cycle at

a lower capacity and be more likely to get out of balance with the other cells. Even with

cell balancing circuitry this cell will cause the premature failure of the whole battery pack.

For this reason, it is important that the whole battery pack be maintained at a low and

equal temperature wherever possible.

• Effect of Charging Voltage

One of the most critical factors effecting cycle life is the charging voltage used. Cell

manufacturers recommend a voltage of 4.20V/cell with varying tolerances from each

manufacturer. It is important that the tolerance on this voltage is maintained at 1% or

better if good cycle life is to be maintained. Charging at a slightly lower voltage (4.10-

4.15V) will slightly reduce the capacity per cycle – but will increase cycle life because the

cell is being stressed less. Charging at higher voltages (4.30V for example) will reduce

cycle life at the expense of higher initial capacity. (It should be noted that most protection

circuit devices will not detect an over-voltage condition until 4.35V/cell so charging at

4.30V is an performance issue rather than a safety concern).

Storage Characteristics

Storage of cells between –20°C and +60°C is recommended by most manufacturers

although short periods of storage (<24Hrs) at temperatures up to +80°C will not cause

any long term negative effects. Where possible, cells should be stored in an open circuit

condition in a dry environment close to room temperature.



LiIon cells exhibit excellent charge retention over a wide temperature range. When stored

at room temperature, a fully charged cell will only loose around 5% of it’s original capacity

in the first month and this loss will drop to around 3% for subsequent months. Elevated

temperatures accelerate the self discharge process with cells loosing around 20% in the

first month if stored at +60°C. It is for this reason that cells should be stored as near to

+20°C as possible.

APPLICATION NOTE: Addition of protection circuits and smart electronics will accelerate
the discharge process due to the parasitic loads that these modules place on the cells (see
Protection circuits and devices).


