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3Figure thefloodelectronsbias,forwardIn: p holestheand-region
theflood n calledisphenomenonthisregion; injection thewhereregionThe.

00.dsisresidecarriersminorityofamountsubstantial √ thebydetermined
lengthdiffusion L D = .

idealthe(incurrenttheofcomponents2aretherebias,reverseIn pn junction):
generation (current ∝ ni × W (V and)) diffusion [current ∝ (ni

2 N/ A) × L D / τ ].
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If t τ= lifetime,theis L = L D length,diffusionthecalledis

L D =

L D indirectinmillimeters)be(canlongisItmaterial.theofcharacteristicais
(wherematerials τ (typically,compoundsIII-Vdirect-gapinshortandslow)is

microns).several L D graindislocations,traps,onmuchverydepends
primarilyaffectallwhichetc.,boundaries, τ.
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5Figure ainprofilesPotentialandField,Charge,: pn-junction

dx
d F____ =

ε
ρ__ Poisson

dx
d V____ −= F potentialofdefinition

dx

d E C_____ = Fe energypotentialofdefinition
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6Figure One-sided: pn (-junction N D >> N A)

Neutrality: N A xp = N D xn

voltage:Build-in V bi = kT ln
ni

2

N D N A________

concentration:intrinsic ni
2 = N C N V e − E G kT/

everywhere:equilibriumIn pn = ni
2
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aofstateelectrostaticthedetermineTo pn junction
biasunderorequilibrium(in V)

uplookorCalculate1. ni

material,theof[characteristic ni (T ])

From2. N D , N A calculate V bi

V bi = kT ln
ni

2

N D N A________

Calculate3. xn and xp from

2 ε
Ne D xn

2
________ +

2 ε
Ne A xp

2
________ = V bi ± V Poisson(from ′ eq.)s

N D xn = N A xp neutrality
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7Figure Reverse-biased: pn-junction
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pn biasforwardunderjunction

n (0) = np 0 e kT/V where np 0 ∼∼
N A

ni
2

____

n (0) = nn 0 e ∆− kT/ where nn 0 ∼∼ N D
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n(0)

p(0)

x

x

exp (-x/L   )Dnn(x) ~ 

exp (-x/L   )Dpp(x) ~ Diffusion lengths

L Dn
L Dp

may be quite
different

CONTINUITY  EQUATION

∆ x
flux (1) flux (2)

recombination

dt
d(n ∆x)_______ = D

dx
dn (1)______ − D

dx
dn (2)______ −

τ
n − np 0________ ∆x

☛ D
d x 2
d2 n_____ =

τ
n__ state)steady(in

n =′′
LD

2
n____ where L D ≡

eSolutions: ± L/x D general,(in A e L/x D + B e − L/x D )

(choice:Physical n − np 0 ) = [ n (0) − np 0 e] − L/x D
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CurrentDiffusionElectron :

n − np 0 = [ n (0) − np 0 e] − L/x D

De
dx
dn___ =

L D

De____ [ n (0) − np 0 e] − L/x D

= ne p 0 e[ kT/Ve − e]1 − L/x D

charge:ofConservation

dt
dρ___ = 0 ☛ ∇

→. J
→

= 0

Hence

Jn + Jp = ofindependent(Const x )
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E F

in Si η = 4.05 eV

Workfunction W
depends on doping

10Figure workfunction.theandaffinityelectronofIllustration:
withsurfacesproduceoxide)CsorCs(e.g.,treatmentssurfaceCertain

widegapsufficientlyaForeV.2or1aslowasworkfunctions p-type
ainresultmaythissemiconductor, affinitynegative nearmaterialtheof(NEA)

surface.the

anasworkssurfaceaSuch " gunelectron " or " cathodecold " anyoutshooting,
electronsMinoritysurface.thenearregiontheininjectedelectronsminority

theforward-biasingbyinjectedbecan pn junction.
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CapacitanceJunction

A
C___ =

W
ε___ =

xn + xp

ε_______

Exercise derivationsmall-signal: obtained!isresultsamethethatCheck

A
C___ =

δ V
δ Q____

where

δ Q = e δ xn N D = e δ xp N A
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