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1Problem 1-6-4)(Shur:

arbitraryofwellquantumatoconfinedgaselectron2-dimfreeaConsider
wavenumber2DthebylabeledareeigenstatesThethickness.andshape k,

indexsubbandthe n spintheand s:

Ψn, s, k (R) χ= s φn (z e) i k . r (1.1),

where R = (z , r functionswaveThe.) φn shapeactualthebydeterminedare
normalized,assumedbewillfunctionsThesewell.potentialtheof

∫ φn
∗ (z) φn (z d) z = 1 . (1.2)

statetheinenergyelectronThe Ψn, s, k bygivenis

En, s, k = En +
2m

h_2k2
_____ ≡ En + E k (1.3),

lifted.notisdegeneracyspinthethatsofield,magneticnoassuming

temperaturefiniteaAt T bygivenisvolumeunitperdensityelectronthe,

ρ (R) =
n, s, k
Σ
statesocc.

Ψn, s, k
∗ (R) Ψn, s, k (R)

=
s , n
Σ ∫

(2π)2
d2k_____ Ψn, s, k

∗ (R) Ψn, s, k (R) f (En, s, k − E F (1.4),)

where E F andlevel,Fermitheis f (E function,Fermitheis)

f (E) ≡
1 + e kT/E

1_________ −=
dE
dΦ____ , ≡Φ kT ln




1 + e

−
kT
E____ 




. (1.5)

oversummationtheandintegrationangularthePerforming s we(1.4),Eq.in
have

ρ (R) =
n
Σ φ n (z)  2

π h_2
m____

0
∫
∞

dE k f (E k + En − E F)

=
n
Σ φ n (z)  2

π h
_2

m____ Φ (En − E F) . (1.6)
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subbandsthatmeansThisonly.subbandoneofcasethetospecializeusLet
tocorresponding n = 2,1, ... occupied,notare En − E F >> kT electronThe.
by:givenisdensity

ρ (R) ρ= 0 (z, r) φ= 0 (z)  2

π h_2
m____ Φ (E 0 − E F) . (1.7)

The z thewhilesharp,is(1.7)independence r (strictlyisdependence
thatassumecanweHowever,absent.speaking) ρ depends "adiabatically" on

2DEGofplanethewithinpositionthe – ondependencethethrough r theof
difference E F − E 0 ≡ h_2kF

2 /2m where, k F theofwavenumberFermitheis
lengthcharacteristicthethatmeansassumptionadiabaticThesubband.lowest

( ∇ ln k F )−1 invariationsin-planeof k F localizationthethanlargermuchis
theinlength z direction.

accurateanininterestedreallynotareweproblemsofvarietyaIn
ofdetermination ρ (z ofvariationsmooththeinonly,) ρ (r wecase,thisIn.)

thicknessofwellquantumnarrowaassumetofreeare d unspecifiedand
takeandshape, φ (z)  2 = 1 d/ outside.0andwelltheinside

densitysheetThe n cm(per 2 (1.2):and(1.7)fromfoundis)

n =
0
∫
∞

ρ0 (z, r d) z =
π h_2
m____ Φ (E 0 − E F (1.8),)

ofpositionarbitraryanforvalid E F torelative E 0 c)(Part .

EC

E0

EC

E0

Z
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functionofbehaviorlimitingtheConsider Φ (E):

≡Φ kT ln



1 + e

−
kT
E____ 




.

where E ≡ E 0 − E F .

=Φ kT e
−

kT
E____

for E >∼ kT

−=Φ E for E << − kT

(a) case,Nondegenerate: E 0 − E F >∼ kT ,

n =
π h_2

kTm_____ e
−

kT
E____

quantityThe N C ≡
π h_2

kTm_____ subband.2DainDOStheis

(b) case,degenerate(Strongly): E F − E 0 >> kT ,

n =
π h_2

m ( E F − E 0 )____________

EC

E0 k x,y

Ek

EF
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are:classintodaydiscusstointendweProblems

• EG)2dinstatistics(Fermi1-6-4

• diode)(pin2-2-1

• layer)narrowaininjectionjunction,(pn2-3-4

• diode)pnforwardaofadmittance(small-signal2-6-1

• profiling)(CV2-6-2

• storage)carrier(minority2-6-3

• object)heavyafortransmissionQMaof(absence2-7-2

• estimate)tunneling(electron2-7-3

• height)barrierSchottkyaofdetermination(CV2-10-3

• characteristics)IVtransistor,npnbase(floating3-1-4

• transistor)pnpbase(floating3-1-5

• base;theindoping(exponential3-5-2 "drift" transistor)

home)atworkclass,(noTest:TermMidweek:Next

pagehometheonpostedbewillProblems—

yourself.timehours,3—

sealeda(inFridaynoonbeforesolutionscompleteandneatinHand—
Dept)ECEoffice,(Chair’sKrauseMariaMrstoenvelope)

thewithinfinishtoablewereyouproblemeachofmuchhowindicate—
timealotted

5th(theyouagainstusedbenotwillhonestyyourhonestly:yourselfMark—
Amendment)

yourselfmarkeach:points10problems,10—

Shur,S.M.from:problemsAll— devicessemiconductorofPhysics Prentice,
(1990).CliffsEnglewoodHall,


