
SEMICONDUCTOR PHYSICS-RELATED EQUATIONS
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f(E) =
1

1 + exp [(E − Ef )/kT ]
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For trap occupancy including spin degeneracy:

f(E) =
1

1 + g exp [(E − Ef )/kT ]
(20)
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DIODE RELATED EQUATIONS

ID = Is(exp(
qVd

kT
)− 1) (21)

Csc =
∂Qsc

∂Va
=

Aεsi

xsc
(22)

Cdiff =
τID

Vthermal
(23)

Js =
qDppno
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+

qDnnpo
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(24)

MOSCAPS

Cox = A
εox

dox
(25)

Semiconductor space-charge capacitance:

Csc = A
εsi

xsc
(26)

Flat-band capacitance:
CFB = A

εsi

Ld
(27)

Ld =

√
2εsi
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kT

q
(28)

MOS-RELATED EQUATIONS
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kT

q
Ln

[
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]
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V 0
th = 2φb +

1
Cox

√
2qNaεsi2φb (30)

Vth = VFB + V 0
th (31)
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ds

2
) (32)

Isat
ds =

µCox

2
W

L
((Vgs − Vth)2)(1 + λVds) (33)

∆Vth = γ[
√

2φb − Vsx −
√

2φb] (34)

ro =
Va

Ic
(35)

gm =
2Ids

Vgs − Vth
(36)

Vgs − Vth = V po
ds (37)
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PROCESS RELATED EQUATIONS

dmin = 1.25
√

gλ (38)

xmin = k1
λ

NA
(39)

DOF = k2
λ

NA2
(40)

For Oxidation:

x =
B

A
(t + τ) (41)

x =
√

Bt (42)

For Implant:

C(x) = Cp exp[−(x−Rp)2

2∆R2
p

] (43)

For Diffusions;

Cdep(x, t) = Cserfc(− x

2
√

Dt
) (44)

Cdrive(x, t) =
N ′
√

πDt
exp(

x2

4Dt
) (45)

An estimate of the diffused junction depth;

xd =
√

Dt (46)

CONSTANTS

εsi = 10−12Fd− cm−1 (47)
εox = 3.5× 10−13Fd− cm−1 (48)

µn = 1500cm2/V − s (49)
µp = 500cm2/V − s (50)
Vthermal = 0.0259V (51)

q = 1.6× 10−19Coulombs (52)

Typically, you may take: τ = 10−4sec, Ln = Lp = 10−3cm
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