SEMICONDUCTOR ELECTRONICS #

1. CLASSIFICATION OF MATERIALS 2. ENERGY BAND THEORY 3. INTRINSIC SEMICONDUCTOR

4. EXTRINSIC SEMICONDUCTOR (DOPED)

On the basis of conductivity (o) « In solids, large number of *» Pure semiconductor (no impurity). (i) n-TYPE SEMICONDUCTOR (i) p~TYPE SEMICONDUCTOR
« Conductors — High o energy levels form bands. » Thermal energy breaks some covalent (Donor impurity) (Acceptor impurity)
« Valence Band (VB) - bonds and creates electron—hole pairs. o 5
* Insulators -+ Very low o

filled with electrons.

» Semiconductors — Intermediate o R ¢ (CB) -

Examples of Semiconductors emply. -
o « Forbidden energy gap
Si (Silicon), Ge (Germanium) . . . .
(Eg) between VB and CB, . 9 . e » . .
GaAs, InP etc.
.e LAl
Material Resistivity (2 m) £ i B foc bl * Pentavalent impurity « Trivalent impurity (B, Al, Ga).
m [
esistivity 3 |.s sm i + Number of electrons (n) = number of (P, As, Sb). «:Oné bond incompleta —
Conductor (Cu) 1.7 x 107* SHBEINCOtNE Eg (Band gap) holes (p) « Four electrons take part in creates a hole.
(~1 eV). v ‘ :
: . 3 bonding, fifth is free.
Semiconductor (Si) 2.3 x 10 Valence Band (VB) l n = p = n, (intrinsic carrier density) . Maiort S
10 16 = Majority carriers — electrons ajority carriers ~ holes
Insulator (Glass) 10" - 10
(Filled) = Conductivity increases with temperature, en>p *p>n
5. p—n JUNCTION 6. POTENTIAL BARRIER 7. BIASING OF p-n JUNCTION 8. V-1 CHARACTERISTICS OF DIODE
+ Formed by joining p-type and n-type * Due to immobile ions, an electric field is (i) FORWARD BIAS (i) REVERSE BIAS

semlconductﬁors ¢ set‘ up in deplotigh r.egnon. ; 3 p to +ve terminal p to ~ve terminal « In forward bias,

» Electrons diffuse from n to p and « This creates a potent;a'l barrier (V,) which . B e Errenb It
holes from p to n. opposes further diffusion. ntially after

» Recombination near junction leaves p-type  Depletion region  n-type threshold voltage
behind immobile ions. P P N 2 P " 1 (Vy)

« Depletion region (space charge region) L [ op 4 + eV i -V (Volt)

is formed. g |°°0 g v 4 p / P .

,‘0 lo%|-9-1 ¢ 4 ; ™ "T V, (2<0.7V for Si

® o-yo 0 00 0000 @ 0/0 0|-0 |+ + . I *;I:- - ~0.3V for Ge)

@ @ @' O 2 0 00 0 :

{-\‘ °q | -

0% S 1SR\ O N « External voltage opposes Vo, » External voltage supports V5, * In reverse bias,

@ 000 /0 @ 00 0 current remains very
| ‘ « Barrier wiith decreases. » Barrier width increases. cinall andd nearly
e o o ' ey S ——

Depletion region For Ge, V, = 0.3 V e el Ty e constant (I).

« Current flows (Jarge current). * Only small current flows
For Si, V, =07V (reverse saturation current).

9. ZENER DIODE (SPECIAL DIODE) 10. RECTIFIERS (AC to DC CONVERSION) 11. TRANSISTOR

— (i) HALF WAVE RECTIFIER (i{) FULL WAVE RECTIFIER (Bridge) « A transistor has three regions:
e P b Emitter (E), Base (B), Collector (C)
7 Pt E: | Types: and Transi
! Forwad AC % I ypes: npn pnp pnp Transistor
Reverse breakdown bias Input § AC
. t RS V% n P n h p n p
F— N | E B C E B C
~Vy (Zener voltage) Normal diode =
region Output Waveform Circuit Symbol c pnp c

Heavily doped p-n junction. Vv v,
Operates in reverse breakdown region. I[\ /\ ]/\ /\ /\ /'\
Used for voltage regulation. 0 i - . - ¢ B

V., is almost constant for a range of current.
* Only one half cycle is used. « Both half cycles are used.

» Efficiency = 40.6% « Efficiency =~ 81.2% E
= Ripple frequency = f (same as input) » Ripple frequency = 2 (twice input)

B
E
13. LOGIC GATES (DIGITAL ELECTRONICS) (v) TRAND Gate (Univessal) | (v) NOR Gate (Universal)

+ Small change in base current (I;) controls (i) AND Gate (ii) OR Gate (iii) NOT Gate (Inverter)

large collector current (I¢.). R = Y A Y
+ Current relation: A ——‘D__ D D& B B
I;; = I{; + I(' alen — s
»: o G5 L Y=A-B Y=A+B
urrent gain (9 Y =41 Y=A+B Y=4
I : Truth Table Truth Table
== (B>>1) Truth Table Truth Table |
B . ; ATVBS Y AL BUEY
A B Y A B Y 1
3 C 1 1 Y 0 0 1 0 1 I S |
T« i | ek [ kol I I == o 1 | 1 o 1| o0
. — ) 0o 10 b 1] 1 0 1 |
V‘es ) u ls Vee 1 0 0 1 0 1 0 0 1 0 1 1 0 | 0
-J; L _l_ £ 1| 1 g dl] 1 3 A1 9 | B

14. IMPORTANT CIRCUIT DIAGRAMS 15. TRANSISTOR CHARACTERISTICS (CE CONFIGURATION) 16. KEY POINTS (REMEMBER)

() p-n Junction Diode (ii) Zerver Diode as Voltage Regulator () Transistor as Switch (npn) (i) Input Characteristic (I vs Vg,) (B) Output Characteristic (Ic vs Vie) (Sf;m:s;‘ ductors have small band gap
Conductivity of intrinsic semiconductor
increases with temperature.

n-type — electrons are majority carriers.
p-type =+ holes are majority carriers.

In forward bias — current flows,

In reverse bias — almost no current.
Diode converts AC to DC.

Transistor amplifies current.

Logic gates are the building blocks of
digital circuits.

Zener diode maintains constant voltage.
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KEY FORMULAS R = RoA'? E = mc? BE = Amc” Ip =1Ip+Ic B =

<

by

Vy (Si) =~ 0.7V Vo (Ge) ~ 0.3V




