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Intrinsic Carrier Concentration

* An intrinsic semiconductor is a 3
single-crystal semiconductor . — BTZe3RT
material. The densities of n
electrons and holes are equal

* B: constant coefficient related
to specific semiconductor

* We use the notation n; asthe | . temperature in Kelvin (K)

intrinsic carrier concentration

for the concentration of the * E4: semiconductor bandgap
free electrons energy (eV)
« K: Boltzmann’s constant (86 x
10~%eV/K)
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Electron and Hole Concentration

* The electron and hole * n-type
concentrationsin a * Ny is the donor concentration
semiconductor is in thermal Ng>»n;=n, =Ny
equilibrium = Hole concentration is:
= 72 N
NoPo = N Po = Ny
= M,is the thermal equilibrium * p-type
concentration of free electrons

- s = N, is the acceptor concentration
= P, is the thermal equilibrium N, »n; =p, =N,
concentration of holes - ¢ ¢ T lhat
= n; is the intrinsic carrier
concentration

= Electron concentration is:
n
Ny =—
0 Na
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Drift: the movement caused by electric fields
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Diffusion: flow caused by variations in the concentration
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Drift Current Density

* An electric field is applied to a p-type semiconductor

* The hole drift produces a drift current density (A/cm?):

Jp = +epvgy = +ep(+uyE) = +epuyE

1 2 : p-type
= e is the magnitude of the electronic charge

= Vgp is drift velocity —F

* Wy is a constant called hole mobility @_, ip

= pis the hole concentration
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Diffusion Current Density

* Aflow of particles away from the .
high-concentration region and toward
the lower-concentration region

Electron

diffusion

Electron diffusion
current density

* The diffusion current associated with
the electrons flows in the opposite
direction when compared to that of
the holes (conventional currentis in
the direction of the flow of positive
charge) .

I

Hole
diffusion

Hole diffusion
current density
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Built-in Voltage @
* A built-in potential barrier or

built-in voltage voltage Vp; is %2
developed across the junction P ;‘—%‘.E “field 7/ n

v, =k—Tln NalNa) _ ;1 (NalVa
v niz ! "i2 Potential

x=0

|

I |

I I

I I

= e is the magnitude of the electronic I i
charge | |

= k=Boltzmann’s constant : |
= T=absolute temperature : :
= Vr is the thermal voltage L |

» Vp =0.0026 V at room
temperature T = 300 K

EEE109: Introduction and Chapter 1 46

7 September
2020

v = Cin Cﬁ“)aﬂ%a@%mtmm&iﬁ@m B SRR B E (Rt
TﬁﬁkﬁATﬁ%ﬁkéﬁmﬁﬁ%ﬁMEﬁEM$*ﬁf HERE

L (NaXGp + NoX3y) = Vo it x $ARAREWES, TRRELMNS Y
mes (V). HESHMIL.

HIBTZapBLEMR, BRMNEEZETNZRACERSZANTEAR! (B)

A MATEME —LHARE T BRERE, OISR EWT T HR— D3 oKaE
KANRET

REAETLAL PN BRI G RRE LA BT RN RS TN — 54, BRE
DA B




MmXMIFREELHE PN DPREBERAXNEEAABEINRAE (KixE) - B4, H
FHFE LB FREEMR, FUTHEES, LAEER. RAEESENEKERER
HO0BE, FUnRBEHS, AV = Ep—Ep, >0, PREETR, Al), =
Epp <0, Vy; = AV, — AV,

A, BARRZNHRERET ZDOWR?

HRBRAAE, ZHFNEARN, = BT? e 7 BT NS RBFRNSAFHES, RF
AT L SRS TARZME T . BRET np &—ih n B—ifl p BEFEA
LS, DREATTNERRIRAE, 0 WERESHESET

3 _Ec—Epp 3 Ec—Ep _Ep—Epp —eAVp eAVy
g = BT:ze KT =BTz2e KT e KT =n;e KT =n;e KT :Nd

eAVy,

BHHne k1 =N, BF|AV, = %m(%)
p BUFIETE: A, = —~In(Y

RIS, Vy =AY, — AV, = Eln(N_Dﬂ) =£1n(%), FEE,

e n; ng e n;

BT RZE PN SR IEERR 4R, BRENE.
Ideal Current—Voltage (I-V) Relationship

* The theoretical relationship
between the voltage and the

current in the pn junction is
given by ’

ip{mA)

ip = is [e(f:;Tdr) - 1] "

* [g is the reserve-bias saturation
current, ranges of 1078 to
10712 A for silicon pn junctions Reverse-bias

region J
1 § I I |
[

= Emission coefficient n € [1,2]
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Switching Transient

* The diode is switched from the forward-bias
on” state to the reverse-bias “off” state
*Fort<0
= Ve — vy
lp =1 = —RF

* Att = 0, diffusion currents are created

= I is approximately constant

- 0t <t <t f

= tsis the storage time
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Load Line Analysis

* This equation is referred to as the
circuit load line Rlin

1 Vps
Ip=—-=Vp+—
D RD

R (0

* The intersection of diode I-V
characteristic with the load line is the
quiescent point, or Q-point.
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