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FROM VACUUM VALVES TO SOLID-STATE

Electronics controls the number and direction of mobile charse carriers.

VACUUM VALVES SEMICONDUCTOR DEVICES
Electrons
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Anode positive w.r.t. cathode o carriers move within the solid
¢ heated cathode supplies electrons o light, heat or a small voltage can change
o electrode vo|+a3e,s control one-way flow carrier population or motion
o vacuum prevents collisions with gas ® no heated cathode or evacuated envelope
* bulky, high voltage and high power ¢ small, low-power, low-voltage and reliable

CONTROLLED CARRIERS —> DIODES —> RECTIFIERS & ELECTRONIC CIRCUITS



CLASSIFYING ELECTRICAL MATERIALS

| P resistivity (2 m)
O = — = 2
P g Conduc’cnvnt3 (Sm™)
METALS: 10 = 10°Qm  SEMICONDUCTORS: 10°— 10° QO m INSULATORS: = 10® Q m
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transition region;
boundaries are
Examples: Cu, Al and alloys Examples: Si, Ge not sharp  Examples: glass, ceramic, rubber

* Ranges are illustrative, not sharp boundaries; temperature, doping and purity can shift
P by many orders.

> elemental: Si, Ge H » compound: GaAs, CdS, InP lf > organic/polgmer

| semiconductors also exist
LowW P < HIGH o



_How ENERGY BANDS FORM
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allowed atomic levels
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o For Si and Ge: four valence electrons per

(2) N IDENTICAL ATOMS APPROACH

- interatomic interaction Plus
the Pauli exclusion principle
splits each atomic level into
many nearby levels.
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(full at OK)

atom form four covalent bonds;

in the ideal crﬁsfal at O K tht valence band is full and the conduction band is emPf'j.



METALS, INSULATORS & SEMICONDUCTORS
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in conduction band and mafchmg

holes in valence band

X The 3¢V boundarj is a useful 3uide, not a universal sharp law.
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