
Nanotechnology in Thin Film 
Batteries



The Electrical Battery
•

 

While a solar cell uses photons 
to generate electricity (flow of 
electrons), batteries use 
chemical reactions.

•

 

Basically, a Voltaic cell 
containing two half cells are 
used.

•

 

One cell contains the anode 
and the other the cathode. A 
conductive electrolyte 
connects the two cells in 
series.

•

 

Most cells use two different 
electrolytes for the two half-

 
cells and connect them with a 
porous separator that allows 
ion flow but not electrolyte 
mixing.



Battery (cont.)
•

 
A chemical reaction will occur in each half-cell 
between the electrode, electrolyte and possibly 
a catalyst.

•
 

The reaction in the anode side produces an 
electron while the one in the cathode side 
requires one.

•
 

The porous separator (a salt bridge or even a 
strip of paper soaked in potassium nitrate) acts 
as the conduit.

•
 

Each half-cell has a characteristic voltage. The 
overall voltage provided by the cell is the 
difference between the two.



Disposable Batteries

•
 

Batteries can be classified in to disposable 
(primary) and rechargeable (secondary) types.

•
 

Disposable  batteries provide energy as long as 
the chemical reactants last.

•
 

Alkaline batteries are the most common 
disposable batteries.

•
 

They use the following half-reactions:
–

 
Zn (s) + 2OH−

 

(aq) → ZnO (s) + H2

 

O (l) + 2e−

–
 

2MnO2

 

(s) + H2

 

O (l) + 2e−

 

→Mn2

 

O3

 

(s) + 2OH−

 

(aq)



Rechargeable Batteries
•

 
Rechargeable batteries 
are batteries where the 
chemical reaction can be 
reversed using an 
external current source 
such as a charger.

•
 

Now the anode starts 
collecting electrons and 
the cathode provides 
them.



Types of Rechargeable Batteries

•
 

Lead Acid (car battery)
–

 
Oldest type of rechargeable battery.

–
 

Large power-weight ratio.
•

 
NiCd
–

 
Can provide high surge current

•
 

NiMH
–

 
Reasonable energy density

–
 

Memory effect
•

 
Li-ion
–

 
High energy density

–
 

Can undergo many charge-discharge cycles



Li-ion Batteries
•

 
Li-ion batteries use Li ions moving between the anode 
and the cathode to generate electric current.

•
 

The main components are the anode, the cathode and 
the electrolyte.

•
 

The anode is mainly carbon and the cathode a metal 
oxide such as LiCoO2

 

or LiMn2

 

O4
•

 
Both electrodes are capable of accepting Li ions 
(intercalation).

•
 

The electrolyte is generally an organic solvent like ether.
•

 
The half-reactions are:



Li-ion  Batteries (cont.)



Thin Film Batteries
•

 
Unlike typical batteries, thin film batteries are all 
solid-state.

•
 

In many cases they can be made flexible.
•

 
They can be manufactured using normal thin 
film deposition techniques.

•
 

Potential applications include:
–

 
RFID devices

–
 

Small sensors
–

 
Pacemakers

–
 

Neural stimulators
–

 
Drug delivery systems



Thin Film Battery Design

Miniature thin film lithium battery on 
a ceramic substrate for use in an 
implantable medical device. 

Schematic layout of a thin film battery. 
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