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1 Theoretic analysis 8.2.2

(1) model
If the applied voltage is

V =V, +v(t) =V, +V,e
where V, Is the DC voltage, and V, >> kT/q

V, is the amplitude of the AC signal and V,<<KkT/q

co is the frequency and e'“' =coswt + jsin wt

Then the current can be expressed as:
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1 Theoretic analysis 8.2.2

Unlike the DC performance, in AC characterisics
A
2P o
At
For given V, and corresponding I, the AC conductance is

Y = L
Vl

(2)

(1) V, << KkT/q 2 wT<<l

2%k F LK



1 Theoretic analysis 8.2.2

(3) Conclusin

Small signal conductance
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capacitance
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2 Conductance 8.2.1

(1) the expression of the current increment

If the voltage increases from V, to V,+ AV
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2 Conductance 8.2.1

(2) calculation of the conductance
with the current increment

For small signal AV <<kT/q then Al =log
qAV qAV
Al =1, (exp——-1) = = 0.AV
o (EXP KT )~ oo (T o oo
g, = Al _
AV POkT =
V, AV =KT/q
V KT/q
AV =KT/q Al=ly,

Lw £ s FRunk



2 Conductance 8.2.1

(3) Calculation of the conductance through direct differential

At high forword current qV,
KT
The conductance is
dl qV.. 0 g
_— :(IS a) :IDQ_:gd
dVa Vv, KT |, V.-V, KT
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2 Conductance 8.2.1

(1) 94=lpW/KT
(2)

-V

I(mA)
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3 Diffusion conductance

(1) Conception

The electrostatic analysis of a p-n diode is of interest since it
provides knowledge about the charge density and the electric
field in the depletion region. It is also required to obtain the
capacitance-voltage characteristics of the diode. A p-n diode
contains two Kinds of capacitance

» Depletion capacitance C;
» Diffusion conductance C,
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3 Diffusion conductance

(1) Conception

-—— pnO
> X

N region “+AQ, (simultaneously —
V1 =AV > { g P ( _ y Aan )
P region -AQ,, (simultaneously +AQ,, )
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3 Diffusion conductance

(1) Conception
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3 Diffusion conductance

(2) Calculation

The hole densities at the depletion region boundaries is

qVv X — X
2) -1 |exp(—
kT) } P L

Pn (X) = Pag = Pro [exp( )

p
Charge per unit area

. W
Qp =0, (P, ()= Pyo)dx =L, Prg |:exp( T )_1}

At high forward voltage
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3 Diffusion conductance

1 N region diffusion capacitance

Q, ¢ aVa)_ 4
dp — dV: = kT Lp Pno exp( KT ):ﬁ[‘]p(xn)rp]
2 P region diffusion capacitance
dQ, ¢’ qV
C,=—r=—Ln_,ex k
Todv, kT P p( KT
3 total diffusion capacitance

j=ﬁﬂ%uga]

Cy=Cyp +C dn:%[‘]p(xn)z—p +J,(%,)7,]
assuming T,=T,=T then
g
Cy = (E IDQ)’T
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4 Depletion layer capacitance

(1) Conception

_D|_
——

: _ _ Depletion capacitance C+
PN junction capacitance

Diffusion conductance Cy
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4 Depletion layer capacitance

(1) Conception

B Q AQ
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4 Depletion layer capacitance

(2) Calculation
According to the comception of depletion layer capacitance
1 1

Q = AanND = A(ng q No)E (Vbi _V)E

_ 1
26N, ’
X, = : Vi, —V
_qND(NA+ND)( 1b )_
i 12
B (Vbi _V)_
where N, = NNANND
A+ D
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4_Depletion layer capacitance

(2) Calculation
the width of the depletion layer is

(Vbi _V)

N |-

| 2¢,

AN,

Xy =X + X% =

the depletion layer capacitance
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4 Depletion layer capacitance

(2) Calculation

Practise expression in CAD tools

_ 50N, N, Vi

—C Voi
' Z(Na T Nd)vbi (Vbi _Va) o (Vbi _Va)

Common expression

V)
CT — CTo [1_\/_)

bi
For one-side abrupt junction m=1/2
For linearly graded junction m=1/3
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4 Depletion layer capacitance

(3) Discussion

1/C*-
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A capacitance versus
voltage measurement can
be used to obtain the
built-in voltage and the
doping density of a one-
sided p-n diode. The
capacitance-voltage
characteristic and the
corresponding 1/C? curve
are shown iIn the left
figure.



4 Depletion layer capacitance

3
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C,=A= Cp =2
X, 2KT
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5 Equivalent circuit

C
|
=
D I—IgD
I_Igl
7

g, Is the drain conductance r, Is the resistance in series.
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