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Conduction
band

_ Formilovel | Bandgap

Insulator

Overlap
/

Electron Energy

Metal Semiconductor

Eg(C) =5.4eV, Eg(Si) =1.1eV, Eg(Ge) =0.7eV

Properties Conductor Semiconductor Insulator
Resist vity 10° - 107 am 107 - 0.5 am 107 - 10" om
Conductivity 10° - 10° mho/m 10* - 0.5 mho/m 107 - 107" mho/m
Temp. Coefficient Positive Negative Negative
of resistance ()
Current Due to free Due to electrons No current
electrons and holes
Forbidden energy gap = eV =0-1eV = GeV
Example Pt, Al, Cu, Ag Ge, Si, C, Gahs, Wood, plastic,
GaF, Diamond, Mica
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O<x<a: go'/+k2g0/:0, k? = 272
— r(x) = Aetk 4 Beikx (1)
2
a<x<a+b: ¢fj—rPoy=0, &= hrzn(Vo—E)
— pi(x) = Cet™ + De™"™ ()
Fondatlaifuadudiannsonineioiu
x=0 (,0/(0) QD//()F—>A—|—B:C—|—D (3)
©1(0) = ¢}y (0) = ik(A— B) = x(C — D) “4)
: 27
_ _ = o/K(a+b) b)) K=
x=a p/(a)=pnla)=e on(—b), 35 b
Aeika + Be—ika — efK(a-i—b)(Ce—mb + Delib) (5)

wi(a) = ¢ly(a) = e"C D), (—b)
— I-k(Aeika N Befika) _ eiK(a+b),€(Cefnb _ De/-cb)
(6)
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1 1 -1 -1 A
ik —ik K —K B |
elka e~ ika eiK(atb)—rb eiK(atb)+rb C =0
ike'ka  _jke—ika joiK(atb)—rb _ . niK(at+b)+kb D
M
Gewlnneamsfidiney do det[M] = 0 Wudo
(k% — k?) . .
cos[K(a+ b)] = cos(ka)cosh(kb) + ok sin(ka) sinh(kb)
K
SN cos(ka) + wb sin(ka) (8)
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Nltrogen Oxygen
(16 o)
Alum|num Silicon Phosphorus \__Sulfur )
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G Ge Se
Z|nc Gallium Germanium, Arsenic \_Selenium J
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Te

Tellurium

Q}

Cadmium
Mer curv

> ngu IVA - Si, Ge
> ngu IIIA-VA - GaAs InSb
> ngu IA-VIA - ZnSe, CdTe



> qoeanifamalin

Electrical
Band Gap Conductivity Electron Mobility Hole Mability
Material (eV) [4€2-m)~") (m*/V-s) (m*/ Vos)
Elemental
Si 1.11 4107 0.14 0.05
Ge 0.67 22 0.38 0.18
HI-V Compounds
GaP 225 - 0.03 0.015
GaAs 142 10-¢ 0.85 0.04
InSh 0.17 2 x 10 77 0.07
11-VI Compounds
Cds 240 — 0.03 —
ZnTe 226 — 0.03 0.01
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» n-doped Lﬁuﬂwaau (electron)
» p-doped Lﬁ'uﬂszzgmn (hole)
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» Forward bias

on device (Diode) §NNBINNUAUWATIU

Depletion
Region

Level

- junction

Combination of
electrons and

holes occurs near
thiz junction,

=MCIrONS Move 10 junction
<j from the negative side.

Holes move ijllﬂl:.‘“oll
frgm e positive Side. A
CoODOOODDODOODDDO00D

PN junction



> Reverse bias

Depletion
Feagicn

» -V characteristic

+1 (may)
: A
Forward
Current
Forward
Bias
Reverse “kneg”
Reverse Voltage ELT;F;WH |
vV ! WV
T ' Forward Voltage
|
-50mA —
- - Germanium | 0.3v Germanium
Gl ili 1 0.7v Silicon
Breakdown -20mA Silicon
or Avalanche Reverse
Region Bias
i Reverse
TA ¥ Current



» Diode symbol

p-type n-type
Anade silicon silicon Cathode
Anode : Cathode




» Diode symbol

Anode |

p-type
silicon

n-type
silicon Cathode

Anode :: Cathode

» Bipolar-junction devices

B
Emitter —f N P — Collector
T E
Base Symbol
c
B
Emitter —f P N JI— Collector
E
T Symbol

Base



» Bipolar-junction device I-V characteristic (npn)
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» V-characteristic curve
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(ma)
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Saturation
Current

1.0

Active Region

e e=25mA
i —— ce20mA
e e is A,
e = LOmA

le=0.5 mA

+——— Cut-off Region



» The first transistor was invented in 1947 by John Bardeen,
William Shockley, and Walter Brattain




