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1Problem

Let f (E ) somebycharacterizedfunction,distributionFermithebe
energyFermi(unspecified) E F betweeneV)(inrangeenergytheCalculate.

f (E ) = 0.01 and f (E ) = 0.99

K300=Tfor(a)
K77=Tfor(b)

Solution.________

From f = 1[ + e
β (E − EF) ] − 1 findwe

∆E ≡ E 0.99 − E 0.01 = kT 99ln( − 1ln ⁄ )99 = 2 kT (99)ln

(a) T = 300 K: ∆E = 0.238 eV;
(b) T = 77 K: ∆E = 0.061 eV

2Problem

differencetheDetermine E C − E F concentrationholetheand p 0 knownthefrom
temperature T concentrationelectronand n 0 equilibrium:atsiliconin

andK300=Tfor(a) n 0 = 1015 cm− 3

(b) ☛ andK77=Tfor n 0 = 1019 cm− 3

Solution.________

statistics,Nondegenerate(a) n 0 = N C e
β (EC − E F) where, N C = 2.8 . 1019 cm− 3 Whence.

E C − E F = 0.265 Next,eV. p 0 = ni
2 ⁄n 0 = 2.25 . 105 cm− 3

Sinceintegral.Fermitheusestatistics,Degenerate(b) N C ∝ T 3⁄2 havewe,
N C (77) = (77⁄300)3⁄2 N C (300) = 3.6 . 1018 cm− 3 and n 0⁄N C = 2.75 givesThis.
E F − E C ∼∼ kT3.6 = 24 fromNext,meV. ni

2 ∝ T 3 e
− EG⁄kT findwe ni (77) = 5 . 10 − 19 cm− 3

Whenceitself).bandgaptheofvariationtemperaturethe(neglecting
p 0 = ni

2 ⁄n 0 = 2.45 . 10 − 56 cm− 3 = 2.45 . 10 − 41 ⁄km3 indeed.numbersmallverya,

3Problem

areacross-sectionalawithtemperatureroomatsiliconofbarA A = 10 − 4 cm2 is
ofconcentrationhole(uniform)acontaintoknown p = 4.5 . 1015 cm− 3 anIn.

fieldelectricapplied F = 1.5 mA.45iscurrentmeasuredthekV/cm

holes;ofvelocitydriftaveragethedetermine(a)

(b) ☛ coefficient.diffusionholethecalculate

Solution.________
definitiontheFrom(a) I = vneA drift findwe v drift = 6.25 . 105 cm⁄s .

From(b) v drift µ= E mobilitythefindwe µ relationEinstein’sfromwhence,
D µ= kT ⁄e ∼∼ cm10.5 2⁄s .
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4Problem

siliconone-sidedaofcapacitancejunctiontotalThe pn isK300atjunction
atmeasured V R = 50 isareajunctionThepF.1.3betofoundandmV

A = 10 − 5 cm2 voltagebuilt-intheand Vbi = 0.95 impuritytheDetermineV.
concentration

junction.theofsidelow-dopedtheon(a)

(b) ☛ junction.theofsidehigher-dopedtheon

Solution.________
(a) Vbi + V R = 1.0 bydenotingV; N L theofsidelowtheonconcentrationimpuritythe

havewejunction,

A
C___ =



 (2 Vbi + V R)

ε eN L___________




1⁄2

,

whence N L = 2 . 1017 cm− 3 .

(b) N H ∼∼ 1019 cm− 3 relationthefromfoundis Vbi = (kT ⁄e (ln) N HN L⁄ni
2 ) .

5Problem

idealanConsider pn atdiodejunction T = 300 forward-biastheinoperatingK,
voltageinchangetheCalculateregime. ∆V inincreaseancausewillthat

10.offactorabycurrent

Solution.________
equationdiodetheFrom I 1⁄I 2 = e e ∆V ⁄ kTn where, n anForfactor.idealitydiodetheis

ideal pn hasonevoltage,forwardenoughhighatdiodejunction n = 1 findwewhence
∆V ∼∼ 60 mV.

6Problem

idealananddiodeSchottkyidealanofcurrentsreverse-saturationThe pn

respectively,are,diodejunction 5 . 10 − 8 andA 10 − 12 atA T = 300 diodesTheK.
ofcurrentconstantabydrivenandcircuitainconnectedare 0.5 the(inmA

(Determinedirection).forward i (anddiodeeachincurrentthe) ii voltagethe)
fordiodeeachacross

diodes.twotheofconnectionparallel(a)

diodes.twotheofconnectionseries(b)

Solution.________
(a) V Sch = Vpn = 0.24 V, I Sch ∼∼ 5 . 10−4 A, I pn ∼∼ 1 . 10−8 A,

(b) I Sch = Ipn = 5 . 10 − 4 A, V Sch = 0.24 V, V pn = 0.52 V.
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7Problem

siliconA npn attransistorbipolar T = 300 region.basedopeduniformlyahasK
isfrequencycutoffThe f T = 500 basethebylimitedbetoknownisandMHz

time.transit

width.basetheEstimate(a)
(b) ☛ istransistorthisofbasetheinelectronsminorityofMobility

athighertwicebetoknown T = 75 atthanK T = 300 theEstimateK. f T at
T = 75 K.

Solution.________
(a) W B = √D τ where, =τ 1⁄2πf T = 3.2 . 10 − 10 Fors. D = cm35 2/s, W B ∼∼ 1.5 µm.

relationEinstein’sFrom(b) eD µ= kT havewe,

D (T 2)
D (T 1)_______ =

T 2

T 1___ .
µ (T 2)
µ (T 1)______ =

4
1__ .

1
2__ =

2
1__ ,

examplethisini.e., D (75) = 0.5 × D (300) henceand f T (75) ∼∼ 250 MHz.

8Problem

neighbors.nearestitswithcontactinspherehardaisatomeachthatAssume
inoccupiedisvolumecellunittotaltheofpercentageWhat

lattice,fcc(a)
lattice,bcc(b)

?latticediamond(c)

9Problem

energyofvaluewhatAtenergy.samethehavephotonaandelectronfreeA
?electrontheofthattimestenbephotontheofwavelengththewilleV)(in

10Problem

functionwavetheConsider ψ (x , t ) = A (sin n π x e) − i ω t for 0 ≤ x ≤ 1 Determine. A

normalized:isfunctionthethatso

0
∫
1

ψ (x , t )  2 dx = 1
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11Problem

Assumebelow.figuretheinshownpotentialone-dimensionaltheConsider
isenergyelectrontotalthe E < V 0 .

region.eachinapplywhichsolutionsfunctionwavetheWrite(a)
boundarytheapplyingfromresultwhichequationsofsettheWrite(b)

conditions.
areelectrontheoflevelsenergythenot,whyorwhy,explicitlyshow(c)

quantized.

V(x) =

8
V0

x

x=ax=0

Ι ΙΙ ΙΙΙ

12Problem

figure)(rightbandsvalenceandfigure)(leftbandsconductionpossibleTwo
theinshownare E versus k inresultwillbandswhichStatebelow.diagrams

why.Staterespectively.holes,andelectronsformasseffectiveheavierthe

Α

Β

E

k

Α

Β

E

k
conduction
bands

valence
bands



----

5-98)(OctESE-511problemspracticeSimple

13Problem

stateenergyanofprobabilitythethatShow ∆E beingenergyFermitheabove
stateaofprobabilitytheassametheisoccupied ∆E energyFermithebelow

empty.being

14Problem

aistherewhichattemperaturetheCalculate 10 − 6 energyanthatprobability
state 0.55 electron.anbyoccupiedisenergyfermitheaboveeV

15Problem

particularaofbandconductionainfunctionstatesofdensitytheIf
toequalconstantaissemiconductor K thermal-theforexpressionthederive,

band,conductiontheinelectronsofconcentrationequilibrium
statistics;Fermi-Diracassuming(a)

valid.betoapproximationBoltzmannassuming(b)

16Problem

atsiliconofsampleaConsider T = 300 concentrationelectrontheAssumeK.
electronThebelow.Figuretheinshownasdistance,thewithlinearlyvaries

equalsdensitycurrentdiffusion J = A0.19 ⁄cm2 diffusionelectrontheIf.
iscoefficient D = cm25 2⁄sec atconcentrationelectronthefind, x = 0 .

x (cm)

n (cm    )-3

0.010

5 1014.

n(0)

17Problem

atsiliconinconcentrationelectronThe T = 300 bygivenisK

n (x ) = 1016 e − x ⁄18 cm[ − 3 ]

where x inmeasuredis µ tolimitedisandm 0 ≤ x ≤ 25 µ electronThem.
iscoefficientdiffusion D = cm25 2⁄sec throughdensitycurrentelectrontotalThe.

equalsandconstantissemiconductorthe J −= A40 ⁄cm2 currentelectronThe.
aasfieldelectrictheDeterminecomponents.driftanddiffusionbothhas

offunction x semiconductor.theinexistmustthat


