ADVANCED H GHER 1 Sem conduct or s
SEMICONDUCTORS and SUPERCONDUCTORS

Sem conductors are substances with a small electrical conductivity
whi ch increases with tenperature.

Di anond is a non-conductor.

@ = Carbon

The high electronegativity of Carbon traps the electrons in the GC
bonds.

Silicon also has the dianond structure but a | ower electronegativity
than Carbon. Si-Si bonds are weaker than G C bonds. El ectrons can be
di sl odged fromthe bonds in Silicon by heating. Wwen a voltage is
applied, these 'free' electrons can mgrate through the lattice
resulting in electrical conductivity.

@ =Silicon

* = electron

The hi gher the tenperature the nore bonds break and the greater the
conductivity. Silicon is therefore a 'sem conductor'.

Sem conductors (or netall oi ds)

lie at the division between

the netals and the non-netal s

in the periodic table:

El ectrons can al so be dislodged fromthe bonds in sem conductors by
light energy - the 'photovoltaic effect’'. This is used in solar cells
to convert sunlight into electricity.
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DOPING

Addi ng trace anounts of other elenments to a sem conductor (doping)
can increase the conductivity. There are two different ways of doing
this resulting in n-type or p-type sem conductors. W will consider
the doping of Silicon to illustrate these two types.

n-type

W will add trace anmounts of Phosphorus to Silicon. Phosphorus has
FI VE outer electrons so there is one |left over once the bonds with
Silicon have forned:

Si Si S
Si P Si
Si Si S

This "extra' electron can nove freely through the lattice enhancing
the conductivity of Silicon. The extra el ectron between the P and Si
creates a small negative charge in that area hence the nane 'n-

type'.

p-type
W will add trace anmounts of Boron to Silicon. Boron has three outer
electrons - insufficient to nake four bonds with Silicon. One

electron on Silicon is left over:

Si Si S
Si B Si
Si Si S

This "extra' electron can nove freely through the lattice enhancing
the conductivity of Silicon. The lack of an el ectron between the B
and Si atons creates a snmall positive charge in that area and is
often called a 'positive hole' hence the nane 'p-type'
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It is nore interesting to consider what happens when we join an n-
type and p-type sem conductor together and try to pass an electric
current through the junction.

Electrons will flow fromn-type into p-type: the extra electrons in
the n-type nove into the positive holes in the p-type.

Si Si S S S S
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El ectrons, however, cannot flow fromp-type to n-type - there is no
vacant orbital for the electron to go into!
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The p-n junction will therefore allow current to flow through it in
one direction only. This device, known as a rectifier, forns the
basis of the nodern el ectronics industry.
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SUPERCONDUCTORS

Sem conductors shoul d not be confused w th superconductors.
Superconductors are materials that have al nost zero el ectrica
resi stance at tenperatures near 0 K

Mer cury beconmes superconducting at tenperatures bel ow 4 K

Achi eving tenperatures near 0 Kis difficult and costly so using these
materials as superconductors is inpractical.

Recent |y superconductors have been di scovered which have zero
resi stance up to tenperatures above the boiling point of liquid
Nitrogen (77 K) - tenperatures which are less costly to attain.
e.g. YBa,Qu;0, beconmes superconducting bel ow 92 K

Cso doped with Potassiumand Rubidiumis al so superconducting at these
nor e manageabl e t enperat ures.

Super conductors nmay have future applications in power transm ssion
and electrically powered forns of transport.

[http://inr.chem bi nghant on. edu/| abs/ super/ superc. ht m ]



