Unbiased junction equations
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Qp = AqxyNp
Qn =—-AgqxpoNa
Qp+Q,=0
U

XpoNp = XpoNa
Time independent Biased junctions

2
Ay, = nj (quA/kT _1)e+(x+xp0)/Ln
Na
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Ap, = n_l(quA/kT _ 1)6_(X_Xn0)/Lp
Np
Minority currents density
d4n(x)
ox

IN=9qD,

Total current is
1=1o[etVAKT —1)

W = Xn0 +Xp0
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Total injected charge
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Qp = qALppnO<quA/kT - 1)

Qn =9ALynp (quA/kT - 1)

Time varying junctions

ip = Total current through the diode
Ip = DC current through the diode
ig = AC current through the diode

ip(t) =Ip +iq(t)

v o = Total voltage across the diode
Va =DC voltage across the diode

v, = AC voltage across the diode

Va(t)=Va +va(1)

ip(1)= 2., 42U

T dt
kT It
va=—In &exp[—t /‘L'p] +1
q qAL Py

Storage delay time
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Turn on transient

VA= k—Tln|:I—F(1— e_t/Tp)Jr 1:|
I

q 0
Diode capacitance/resistance
Reverse Bias Capacitance

q
=E(I+Io)

=~(0 in reverse bias
Forward Bias (again low frequency)

Go
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kT
Qp = qALppnO(quA/ - 1)
= QAL ,pyoedVA/T

C= iI‘L’ l:: i(I - IO)TP - if done without approximations]

kT Pl kT
CS = G()Tp

Metal-Semiconductor Junctions
Vbi =M — s
op = (oM —x)

Liotat = 1o (eqvA/kT - 1)

Useful equations

deBroglie momentum p=h/A=rnk.
Heisenberg uncertainty principle ApAX = i
8 yP P AEAt > 7
Photon energy E ioion =V,
o= Khzn2
T me?
Bohr Model =0.529An?
g __1 me'
Bohr 2 k252,2
=-13.56eV /n>
v 1 , ) o, fi
Schrédinger’s equation —2—V +V [P(r,t)=——0,'¥(r,t)
m J
m 3/2 —m(V)Z
f(v)= n( ) exp
) L 2mkT 2kT
Maxwellian distribution .
1 -
f(&)y=n— —
©) nkTeXp[kT ]
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Equation of motion

F,=—eE=ma (electron)

F,=+eE=ma (hole)

1
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o] €]
+exp T
Fermi-Dirac function.
3/2
2 *
N (&)dE = £2 r;_z J&—£&.d8 Conduction band
T
«\3/2
2
NV(E)d€:£2 m_2 J&y—£dE Valance band
STATE DENSITY LN
state distribution function.
| «/E £\3/2
n(£)dE =f(E)N (AL = (5 - 3 (sz JE=E.dE Electrons in the Conduction band
1+exp[ — F):| LN
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total number of electrons and holes 8 i
o2 =np
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N =2
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Intrinsic Energy
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Mobility

Conduction

Diffusion

Diffusion length

Diffusion time
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