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.7 Modeling the Diode Forward Characteristic
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Physically based and
remarkably accurate
model

Useful when accurate
analysis is needed
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Choice of Vg and rp is
determined by the cur-
rent range over which
the model is required.

For the amount of work
involved, not as use-
ful as the constant-
voltage-drop model.

Used only infrequently.

Constant-voltage-
drop (or the
“0.7-V model™)

For ip=0:
vp=07V

Easy to use and very
popular for the quick,
hand analysis that is
essential in circuit
design.

Ideal-diode

For ip>0:
v, =0
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Good for determining
which diodes are con-
ducting and which are
cutoff in a multiple-
diode circuit.

Good for obtaining
very approximate val-
ues for diode currents,
especially when the
circuit voltages are
much greater than Vp.

Small-signal

ip

For small signals superim-
posed on Vj, and /I
iy=v3/ry
ra=nVy/Ip
(For n= 1, yy is limited to
5 mV; forn=2, 10 mV)

Fa

Useful for finding the
signal component of
the diode voltage
(e.g., in the voltage-
regulator application).

Serves as the basis
for small-signal mod-
eling of transistors
(Chapters 4 and 5).



Summary of Important Equations for pn-Junction Operation

Values of Constants and Parameters

Quantity Relationship (for Intrinsic Si at T=300 K)
Carrier concentration in = BTBF'EG*’”' B = 54x IUBII(KSCTD'S)
intrinsic silicon (fem™) L : Eg = 1.12eV
k= 8.62x107eV/K
n, = 1.5%10%%em?
Diffusion current 7 : ~gD ,CQ g = 1.60 % 107" coulomb
density (Alem™) 2 Pelx D, = 12 saiis
f el
Sy = ‘fD;:% D, =3 cm/s
Drift current density i = q(ply+np,)E U, = 430 cm™/V-s
(AJem’) M, = 1350 em™/ Vs

Resistivity (S.’-:v.cm)

p = 1/1g{pu,+nu,)]

U, and u, decrease with the increase

in doping concentration

Relationship between D, _ D, -V Vi = kT/g
mobility and diffusivity i, i, 15 = 25.8 mV
Carrier concentration in Nag = Np
- silicon (/fem® 2
PELYPe Bl ( ) Pno = N/ Np
Carrier concentration in Ppo =N,
p-type silicon (fcm3) 5
Rpg = n; /N4
Junction built-in N.N
voltage (V) Vo = Vyln (—A;—ﬂ]
n;
Width of depletion X, N,
region (cm) .
o o g= 1178
Wy = X+, ’ o "
5 g, = 8.854 x 107" F/cm
< (7 w)
= [—=|—=—4+—|(Vo+V
1\, q "\F.-t "’VD ( 0 R)
Charge stored in depletion NN
layer (coulomb) q; = N AT l':_ ;:BA"'der
Depletion capacitance (F) c £,A A
;= — i0 S
W "'Vdep|r,,=n ] .
. Vonm nm = - to =
C; = Cpo [1+,7”] 332
0
C; = 2C;q (for forward bias)
Forward current (A) I=1,+1,
2 Dp  vov
I, = Agn;—L (e "-1)
'” ! L,Np
s D VA,
I, = Agn;— (e -1
‘ 9 anN,-t[ '
Saturation current (A) : . D
e = Aqn;[—’r + ’; j
LNp LN,
Minority-carri 2 2 -
lifetims () %, = L,/D, t,=L,/D, Lp Ly = 1 pm t0 100 pum
T, T, = 1l nsto 10" ns
Minority-carrier Q, T, Q,=1,1,
charge storage
(coulomb) Q=0,+Q, = 1/l
Diffusion Tr
capacitance (F) Cy = (F}!
T




