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Junction
C (cont.) OQ; = dQnA

nc

-qN, Charge

Q-aNx n'eu‘rralify =>
b Q,+Q,=0,=

Naxp = Ndxn
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Junction Depletion Capacitance
* The C-V model for a step junction is
1

i 12
Ci=Chpll- v Vi =V, InENaIZ\Idj
- Vbi_ ni
CjO:A\/Squﬁ =g A € =88,
2Vbi Wdepl

g, =117, ¢,=8.85x10"" Fd/cm
g=1.602x10""Coul., V, = 25.852 mV
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Junction
C (cont.)

+ If one plots [C;]° 2 ys. V,
Slope = 1(C; 10 Vil 3
vertical axis intercept = [Cig]” -2
horizontal axis intercept = Vb,
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Carrier Injection and diff.

4 In(carrier conc)

[ Va
T In Na 6|3n(xn)= Pno| € /VT _1]
Va [
o)<l -1
, Tlnn "\ ~V,/V,;
NVG/VT d N ~
, 1In n2/Ny S~ o
— T In niz/Na X
| | | —
-X, 0 X Xnc



Tdeal diode
equation
. I =T, [exp(V,/nV,)-1], I, = I, + I,

Long diode: W}, >>L,, or W, >> [,
D, > D

T A d I AP

sn ‘777 671}7 an .5 gnq’ /\411L

Short diode: W <<L,, or W), <</,

D

I, = anA and I, anA
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Diffnt'l, one-sided
diode conductance

Static (steady- tIo

state) diode I-V
characteristic —

oesf

Iq
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Diffnt'l, one-sided
diode cond. (cont.)

Iy = JA= T AlexplVy /nVs )~1] = IlexplV /n¥s)~1]

dln I Vi /nV;
gd(l/@){d,l}; = SZXP(Q/H r)

CIf V>,

Vi
Vo f

I
then gd(VQ):/fo' where Ip, :ID(VQ).
1 nl4

94 Ipo

The diode resistance, rd(VQ):
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Charge distr in a (1-
sided) short diode

+ Assume Ny << N,

* The sinh (see L12)
excess minority
Q'p carrier distribution
becomes linear for

W, <« L,
s OPn(Xn)=Proexpd(Vo/Vy)
> « Totalchg=Q

X Xne Qp = G3pn(X, )C\/ /2
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Charge distr in a 1-
sided short diode

-

“Spﬂn Spn(X,,V +5V)

Opn(Xn, V)
SQ,
Qp
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- Assume Quasi-

static charge
dis’rribu’rions

.Qp

q3pn(Xy )5\/ /2

+ dopy(x,) = (W/2)*

{6pn(x,,,V +6V)
- 6Pn(xnlva)}
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Cap. of a (1-sided)
short diode (cont.)

| | | dQ,
Q, =Qp A, A=diode area. Define (=

av,

d qA6pn(xn)an_ d (qunOWn ]
a’l/a( 2 a2 expd(V; /V;)

IDQ an = IDQ T ,
[/f 2 Dp l/f- fransit -

Xne 2
S0, g (VQ )Cd (VQ ) = Yransit = _[ Q?ZC/X = ;ng

Xn

When V, >V, Cd(VQ)=
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Reverse bias

junction breakdown

- Avalanche breakdown

- Electric field accelerates electrons to
sufficient energy to initiate
multiplication of impact ionization of
valence bonding electrons

- field dependence shown on next slide
* Heavily doped narrow junction will
allow tunneling - see Neamen™, p. 274

- Zener breakdown
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E..: for reverse
breakdown (M&K**)

107 T 1 rrrp 1 T 1o T TT] T T 1]

. — _

5 ~  Taken from p. 198, M&K**
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Figure 4.12 The critical electric fields for avalanche and Zener
breakdown in silicon as functions of dopant concentration.'+?>?
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Reverse bias
junction breakdown

- Assume -V, = Vy » Vi, so V-V -->V,

* Since Emax: Z(Vbi—Va)/W ,
when Emax = Ecr'i'r
BV = & (E_.t )2/(2qN")

LO7, Feb 11
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BV for reverse
breakdown (M&K**)

‘\ L 500 um

Taken from
Figure 4.13,
p. 198, M&K**

Breakdown
voltage of a
one-sided, plan,
silicon step
junction showing
the effect of
Junction

cur'va’rur'e.""5
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Diode equivalent
circuit (small sig)

+ Ip
dI; _g, - 1 _ Iq
dVD VQ Iq T]VT
L N [ _ Cn is the practical
Q “ideality factor”
. >V
Vo 0
rCy =7, (74, for short, t,;, forlong)
1l V.
Caittusion = o+ Taiff = 1+
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Small-signal eq

circuit
Caiff And Cyep
T J_ are both
V, m— charged by
T Caief < Idiff depl
L | | V =V
a” 'Q

v -1/2
Ca’ep/ :C:/' :Cjo[l_l/;) Va :VQ
/

+ -
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Diode Switching

» Consider the charging and discharging
of a Pn diode
- (Na > Nd)
- Wq<«<Lp
- For t < O, apply the Thevenin pair Vg and
R, so that in steady state
* I = (Vg - Vo )/Rg, VE >V , so current source
- For 1> 0, apply Vi and Ry

* In = (Vg + Vu)/RR, Vg > V,, so current source
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Diode switching
(cont.)

I(t<0)=Ir > F)

F
F: t<0 Sw Va
R: ’r>O
+VF ‘ VvV
for t+ <O,
-[-\/F! :[tQ,:= \4: -_.\41 =~ \4:

It >xo)=I, >
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Diode charge
fort<0

pn A n2
}(Xn, VF) = pnoe(vF /VT) Pno = N
D

i‘nk‘ (jF) —'];: . _ (jF)
i de qAD since Jp = qu I
Qe = O VW = e,

Pl ----—--- ‘ B
| | TR © WN
I ] > ZDP
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Diode charge for
t >>> 0 (long times)
Pr 1
pP(Xq, t <0)=ppoe
) dp _ Is

dx qAD,

(VE 7 V)

dp
dx

. since Jp =—qu =J

D5t p(x,t — ) .
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Equation

summary
dp
de,‘l‘—)oo qD J
IS
— — /\
AqD,’ L =Js
T %
dXf 1.0 qAD R

For t small, but >0, a current, I, » V; /R,
flows todischarge Q
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Snapshot for t
barely > O

Pn ¢ p(xn t < O) Pro e(VF / Vi)
\ p(x +> ()) Total charge removed,
Ales IRT

Pnet
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I(t) for diode

switching
ID

2 \
-I, | Ly tanh(W, / Lp)

For O<t<tq, SE = qi?) IS a constant,
P
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- v,
{a) Crrcunl dhagram (b) Source voltage versus ime {c) Load voltage versus time

LO7, Feb 11 Figure 3.11 Half-wave rectifier with resistive load. 25



ip(1) 1 (1)

Ideal il Bt 5
N o
Py N
+
v (1) f\) CT~ v Load
L

(a) Circuit diagram

LO7 Feb11 Figure 3.12a Half-wave rectifier with smoothing capacitor. 26
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LO7, Feb 11 Figure 3.12b & ¢ Half-wave rectifier with smoothing capacitor.



A

>

Ideal

-4

W, sin{ewr)

+
W sinfawe) =
i

- >

Teleal

{a) Circuit diagram

Diode A
ool

Dhode 8
O

( by Output voltage

LO7 Feb 11 Figure 3.13 Full-wave rectifier.



Current path for
positive half-cycle

+
V., sin(wi)

Transformer isolates
ac input to bridge
from ground

LO7, Feb 11 Figure 3.14 Diode-bridge full-wave rectifier. 29
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