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Chapter 2:

m0v =
h
λ
≡ h̄k

d2ψ
dx2
+ 2m0

h̄2
[E − U ]ψ(x) = 0

d2ψ
dx2
+ g2ψ(x) = 0

Gen. solutions (U =constant):

ψ(x) = A sin(gx) +B cos(gx)

or: ψ(x) = A exp(igx) +B exp(−igx)
Bloch’s Theorem: ψ(x + a) = eikaψ(x)

k = 2πn
Na
, (n = 0,±1,±2, ...±N/2)

Chapter 3:

v = 1
h̄
dE
dk

m∗ = 1
h̄2

d2E
dk2

−1

J = 1
Ω filled states−qvk

Chapter 4:

ni = pi

n0p0 = n
2
i

gC(E) =
8
√
2π
h3
m∗3/2e (E − EC)1/2

f(E) = 1
1+exp[(E−EF )/kT ]

NC = 2
2πm∗ekT
h2

3/2

n0 = NC exp
EF−EC
kT

p0 = NV exp
EV −EF
kT

fMB(E) = e
− (E−EF )

kT

ni = NC exp
EFi−EC
kT

pi = NV exp
EV −EFi
kT

device q(p(x)− n(x) +ND(x)−NA(x))dx = 0
n0 = ni exp

EF−EFi
kT

p0 = ni exp
EFi−EF
kT

Chapter 5:

vR =
kT
2πm∗

1/vd = 1/µ E + 1/vsat
µ ≡ qτ̄coll

m∗

Je,drift = −qnvd = −qnµe(−E)
Jh,drift = qpvd = qpµeE
σ = 1/ρ = q(nµe + pµh)

Jh,diff = −qDh dpdx
Je,diff = qDe

dn
dx

De =
kT
q
µe

∂n
∂t
= 1

q
dJe
dx
− n−n0

τe
∂p
∂t
= −1

q
dJh
dx
− p−p0

τh

Gen. solution to Cont. Eqns.:

c(x)− c0 = A exp(−x/
√
Deτe) +B exp(x/

√
Deτe)

Chapter 6:

−qψ(x) = El(x)− E0
Vbi =

kT
q
ln NDNA

n2i

ψ(−xN )− ψ(xP ) = Vbi + Va

EF (−xN )− EF (xP ) = −qVa
W = 2

q
(Vbi + Va)

1
ND
+ 1

NA

n = ni exp
EFn−EFi

kT

p = ni exp
EFi−EF p

kT

−qφn(x) = EFn(x)− EF
−qφp(x) = EFp(x)− EF
JT = Je + Jh = −qµen∇φn − qµhp∇φp

−∇2ψ =
q
[p− n +ND −NA]

Je = −qnµe∇ψ + qDe∇n
Jh = −qpµh∇ψ − qDh∇p
∂n

∂t
=

1

q
∇ · Je −

n− n0
τe

∂p

∂t
= −1

q
∇ · Jh −

p− p0
τh

(1)

n(xdp) = n0p exp(
−qVaj
kT

)

Chapter 7:

∂Vaj = ∂VGS
1

1+CS/Cox

Vbi =
ΦS−ΦG

q
= −Vfb

−qVCB(x) = EFn(x)− EFB
ψs(x) =

2kT
q
ln NA

ni
+ VCB(x) ≡ 2φB + VCB(x)

Cox = ox

tox

QB(x) = − 2 SqNA(2φB + VSB + VCS(x))

VT = Vfb + 2φB +
1
Cox

2 SqNA(2φB + VSB)

Qn(x) = −Cox [VGS − Vfb − 2φB − VCS(x)...
... − 1

Cox
2 SqNA(2φB + VSB + VCS(x))

Qn(x) ≈ −Cox [VGS − VT −mVCS(x)]
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m = (1 + CB(0)/Cox)

ID(LEVEL1) = ZCox VGS − VT −mVDS
2

µeff
VDS
L

VDSsat = (VGS − VT )/m
1/vd = 1/µ E + 1/vsat
ID(LEVEL49) = ZCox VGS − VT −mVDS

2
...

... µeff
VDS

L+(µeffVDS/vsat)

VDSsat =
2(VGS−VT )/m√

1+2µeff (VGS−VT )/(mvsatL)+1
Chapter 8:

Le =
√
Deτe

n∗E = n0Ee
−q(VbiE−VBE)/kT = n0BeqVBE/kT

n(xdp) = n
∗
E +

Je(xdp)

q2vR

Je = −qn0B eqVBE/kT − eqVBC/kT 1
WB
De

+ 1
vR

IB,rec = Aqn0B (eqVBE/kT − 1) + (eqVBC/kT − 1) WB

2τe

IB,inj = Aqp0E eqVBE/kT − 1 1
Lh
Dh

+ 1
2vR

β0 = IC/IB

α0 = IC/|IE|
Chapter 9:

Cjk = −∂Qj
∂Vk

(+ if k = j)

Cjj = k=j Cjk = k=j Ckj

CEB,j =
SAE
W

CEB,b = q
2WBAE
2kT

n0pe
qVBE/kT

CBE,t = gmd/(2v)

CCB =
SAC
d

Chapter 10:

E − EC = h̄2k21
2m∗1

+
h̄2k22
2m∗2

+
h̄2k23
2m∗3

T ≈ exp −4π
h

tox
0 2m [U(x)− E] dx

ID,sub−threshold = ZCox(m− 1)kTq ...
... eq(VGS−VT )/mkT .(µeffkT

qL
)

S = ∂ log10 ID
∂VGS

−1
= 2.303mkT

q

m = 1 + tox s

ox

q2NA
4 skT

ln(ni/NA)

τ = kVDDCX
IDsat

Pdyn = CXV
2
DDf

Chapter 11:

ic = gmvbe + govce

ib = gπvbe + g12vce

RB,spread = RBulk/3

2πfT =
gm

Cπ+Cµ(1+gmRec)

2πfT =
gm

Cgs+Cgd(1+gmRsd)

fmax =
fT

8πRBCµ

Chapter 12:

JSchottky = qNCe
−φB/kTvR(e−qVa/kT − 1)

ΦB = ΦG − χS

ID,MESFET ∝ G0
G0 = qZµNDa/L

gC,2D,p = m
∗/(πh̄2)

n2D,p =
m∗kT
πh̄2

ln e(EF−Ep)/kT + 1

Chapter 13:

S = vn2/∆f or in2/∆f

Sthermal = 4kTR

Sshot = 2qIDC

S1/f ∝ IDC/f
NF = 10 log10 [Nout/(GNin)]

Chapter 14:

Vbr = E2br 2q ( 1
ND
+ 1

NA
)


