
ϵsi = 1035,45 fFcm−1

[F ] = [C]/[V ] [A] = [C]/[s]

ni =
√
n0 · p0 = [cm−3] (n0 = p0 = ni intŕıns..)

= 2

(
2π ·

√
m∗

n ·m∗
p · kT

h2

)3/2

exp

(
−Eg

2kT

)

n0 =
ND −NA

2
+

√(
ND −NA

2

)2

+ n2
i

↑ para p0 cambiar los D y A

vth =

√
kT

m∗ vel term| vap/n = ±µp/nE⃗

J =
I

A
= n · q · va R =

L · ρ
A

=
L

A · σ

Ja
n/p = n/p0qµn/pE⃗ Jd

n/p = ±qDn/p
dn/p(x)

dx

Ja = Ja
n + Ja

p = σ · E⃗ σ = q · (nµn + pµp)

Dp/n =
λ2

2τc
= µp/nVth Jn = Ja

n + Jd
n = 0

Vth = (kT )/q ≈ 25,9mV ρ(x) = q [ND − n0(x)]

ϕ(x) = 60mV · log10 (n(x)/ni)

Rel Boltzman ϕn/p = ±Vth · ln
n/p0
ni

PN

Zona P/N ρ = ∓qNA/D NAxp0
= NDxn0

Zona P/N E(x) = ∓
qNA/D

ϵsi
(x± xp/n0

)

ϕB = ϕn − ϕp = Vth · ln
(
NA ·ND/n2

i

)
SCR-P/N ϕ(x) = ϕp/n ±

qNA/D

2ϵsi
(x± xp/x0

)2

Limites región de vaciamiento || E⃗ en juntura

xn/p0
=
√
(2ϵsiϕBNA/D)/(q(NA +ND)ND/A)

|E0| =
√

(2qϕBNAND)/(ϵsi(NA +ND))

xd0 = xn0 + xp0 =
√

2ϵsiϕB(NA +ND)/qNAND

[xn, xp, xd, |E|] = [xn, xp, xd, |E|]0
√

1− (V/ϕB)

Capacidad de Juntura Cj(V ) = C ′
j ·A

C ′
j =

√
qϵsiNAND

2(ϕB −V)(NA +ND)
=

C ′
j0√

1− (V/ϕB)

Diodo PN V > 0 ⇒ |ESCR| ↓⇒ |Ja| ↓< |Jd|

n(−xp) =
n2
i

NA
exp

(
V

Vth

)
; p(xn) =

n2
i

ND
exp

(
V

Vth

)
Jn/p = q

n2
i

NA/D

Dn/p

Wp/n − xp/n

(
exp

(
V

Vth

)
− 1

)
Directa: VD = VD(on) ID > 0 Cdif ≫ Cj ; rd ↓

Inver:VD ̸= VD(on); ID ≃ −I0; rd → ∞;Cdif → 0

ID = I0

(
exp

(
V

n · Vth

)
− 1

)
I0(gen) =

qAnixd(V )

τg

I0 = qAn2
i

(
Dn

NA(Wp − xp)
+

Dp

ND(Wn − xn)

)
vD(t) = VD + vd(t) iD(t) = ID + gd · vd(t)
gd = (ID + I0)/Vth Cdif = τT · gd

τTp/n
=

(Wn/p − xn/p)
2

2Dp/n
τT =

τTpIDp + τTnIDn

ID

Juntura MOS

sustP : VT > 0 gateN++ : VFB < 0

ϕB + VGB = ∆Vox +∆Vbulk (N/P )++ϕG = ±550mV

C ′
ox = ϵox/tox Cvac = ϵsi/xd

Vaciamiento: Q′
G = −Q′

bulk = qNbulkxd(VGB)

xd(V ) = ϵsc

(√
1 + 4(ϕB − V )γ−2 − 1

)
/C ′

ox

γ =
√

2ϵsiqNbulk/C
′
ox ∆Vbulk = qNbulkx

2
d(VGB)/2ϵsc

∆Vox = QG/C
′
ox = qNbulktoxxd(VGB)/ϵox

Flatband: VGB = −ϕB = VFB

E⃗ = ϕ(x) = ∆Vbulk = ∆Vox = xd = 0

Acumulacion Q′
ac = −Q′

gate = −C ′
ox∆Vox

xd = ∆Vbulk = 0 ∆Vox = VGB − VFB

Tensión Umbral(VT ) ∆Vbulk = −2ϕp

∆Vox = γ
√

−2ϕp = 2ϕB + VGB −∆Vbulk

Inversión Q′
gate = −Q′

bulk −Q′
inv =

= qNAxd(VT ) + C ′
ox(VGB − VT )

Capacidad de MOS C ′
GB = C ′

ox acu/inv

C ′
GB =

C ′
vacC

′
ox

C ′
vac + C ′

ox

=
C ′

ox√
1 + 4(ϕB+VGB)

γ2

vac.

Transistor MOSFET (N/P)

VDSsat
= VGS − VT k = (µnC

′
oxW )/(2L)

Corte:VGS ≶ VT ID = 0

Saturación:VGS ≷ VT VDS ≷ VDSsat

ID = ±k(VGS − VT )
2[1± λVDS ]

Triodo:VGS ≷ VT VDS ≶ VDSsat

ID = ±2k (VGS − VT − (VDS)/2)VDS [1± λVDS ]

-Back: VT = VFB − 2ϕp/n ± γ
√
∓(2ϕp/n +���VBS )

MPS: iD = k(VGS − VT )
2 + 2k(VGS − VT ) · vgs(t)

gm = 2k(VGS − VT ) r0 = 1/2k(VGS − VT )
2λ

gmb = gm(γ/2
√

−2ϕB − VBS) Cgd = WCov

Cgs = (2/3)WLC ′
ox + Cgd Csb/db = As/dC

′
j

1


