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Contact potential, in Equilibrium and
without applied voltage
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Contact potential, in Equilibrium and
without applied voltage
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Contact potential, in Equilibrium and
without applied voltage
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Contact potential, in Equilibrium and
without applied voltage
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Contact potential, in Equilibrium and
without applied voltage

Problem 06
Caleulate the bult-m pofential for a silicon p-n junction with
N, = 10%em~and Ny = 10° em~ at 30K, 6ahs, T
' 0.6 mes
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Space charge region, Electric Field
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Space charge region, Electric Field

0 q X0
/d%:—Nd/ dx, 0 < X%« X
% € Jo

% g 0
/dcé=—;1\{,/ dx; =Xgpp<x<9
0

Mittuniversitetet
MID SWEDEN UNIVERSITY



Space charge region, Electric Field




Space charge region, depletion depth
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Current-Voltage characteristic
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Current-Voltage Characteristic

Forward bias

(b) l q(Vo—Vy)
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§ e Forward biased junction:

—\__. Diffusion current increase.
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Current-Voltage Characteristic

(c)
Reverse bias
(V e VI)
Reverse biased junction:
Yy Diffusion current decrease.
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Current-Voltage Characteristic,
forward bias junctions
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Current-Voltage Characteristic

I=I(gen.)l(e?kT —1)

f I(gen.)

1 (diff.)

Generation of charge carrier in the
depletion region as well as charges
diffuse into the junction, swept through
the depletion layer by the electric field,
result into a leakage current of the
device
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Current-Voltage Characteristic,
injection of minority carrier (forward

bias)
Pp gV o/ kT 1) Contact potential caused by a different
E, - € concentration across the junction
p(— xpﬂ) _ Vo VKT 2) With bias applied
P_(.xnﬂ)

1/2 gives | © (;””) = e/

n
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Current-Voltage Characteristic,
injection of minority carrier (forward

b - Subtracting equilibrium
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Current-Voltage Characteristic,

injection of minority carrier (forward
bias)

Hole diffusion current at point x|
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Current-Voltage Characteristic, the
diode equation.

Total current at x,=x,=0
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Current-Voltage Characteristic, the
diode equation.

Reversed bias!

D,
L,

D _
I = qA(—ﬁpn 2 n,,)(e v/ — 1)

L,

Increasing Vr gives:

Shockley Equation

Good agreement for Ge. Bad for
Si
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Current-Voltage Characteristic, the
diode equation.

. . The current 1s constant
through the component

The doping affect the
injection

The p-doping is higher
than the n-doping which
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Current-Voltage Characteristic,
reverse biased junction

Ap, = p(e?CV I, — 1) ~ —p, forV, > kT/q
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Current-Voltage Characteristic,
reverse biased junction

g(Vep+V)
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Current-Voltage Characteristic, 2
order effect

1. Generation and recombination in the depletion volume
2. Ohmic losses
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Current-Voltage Characteristic, 2
order effect

R, — Electron capture

& | R, —Hole capture
~ G, — Electron generation
G— Hole generation

Reverse current

E E,
'Rl.' GJ’F
Ef X E - o
G, |R, gG; E R,
E, E, 5
(a) (b)

Recombination center in the bandgap.
In reverse bias mode the center act as
a generations center, which affect the
leakage current. (b)

Thermal generation of
carrier in neutral
region (a)

&

Mittuniversitetet
MID SWEDEN UNIVERSITY




Current-Voltage Characteristic, 2
order effect

The diode equation is modified to take care of the effect of recombination. An ideality factor n
with a value from 1 to 2, is therefore introduced. 1 is pure diffusion and 2 is pure recombination.
A real diode is somewnhere in-between.

J = Iﬂu(eef;V/nkT _ 1)

|, is modified to better explain the current when recombination/generation center affect the
leakage current.

Minority carrier lifetime in
neutral n-doped region

Generation life-time 1n
depletion region
. (p™n-diode) Mittuniversitetet
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Ohmic losses

V = Vt‘! N I[RF(I) + RH(D]
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Depletion layer capacitance

@ Def. of Capacitance
dV

q

+ 1/2 :
W = [Z_GVO< N(}VTN(!> ] (equilibrium)
a'Vd

Vo=V + Ny \ 12
W = {26( Oq )(N(}V“Nd ‘1)} (with bias)
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Depletion layer capacitance

10| = gAx,oN,; = gAx 4N, Equal amount of charge on
each side, opposite charge

_ N, W o Propagation of depletion
TN+ Ny P“"N+N d by the d
a d d region caused by the doping
Ndlva . NdNa :|1/2
IQI q Nd + NaW - A[qu(l/“ V)Nd g 2 Na
Differentiation gives the
Sire N,N, 2 junction capacitance. The
C;= l I [ = J capacitance 1s voltage
dVop — V Vo — N; + N, ,
Vo ) 2L~ V) N X dependent and decrease with
increased reverse bias
C;: = |: q NdNa ]]/2 - g
’ 2¢(Vo, — V) N; + N, 14




Depletion layer capacitance
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Depletion layer capacitance
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Depletion layer capacitance
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Diffusion capacitance

Long diodes, The diode 1s longer than the diffusion length for the
minority carrier, no contribution to the capacitance

Short diodes, the most silicon diodes behave as short diodes

140

i 1 T d 2
120k - C. = Qp — l q A qV /kT
N e = CPn€
‘_g_ 100 = N,=N;= 1016 cm—? _ dv 3 kT
e
% b p— Short diode N
3 60| -
E — — Long diode
T 40} -
&
e O - Storage
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Transient Behavior

Injection of minority

+E
é B carrier, when the diode is
R : : .
@ - , forward biased. p'n-diode
-E
lt—— [ —p]

(b)
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Transient Behavior

i(1)
Iy
= Reverse saturation '
current . . .
After injection of carrier,
, Il the diode 1s reversed biased.
| The diode conduct until all
| e e .
-1, Y injected carrier have
r\ v goes to Zero : :
i~ = | v | recombined.
(c) : e |
v (1) : R _4:
| —i
\ | (d) 1 If ) ’
tsqg = Tl erf™
e - L I, + 1,
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Junction Breakdown

I o/ener breakdown

* Avalanche breakdown

Forward
current

1
7 /

Reverse saturation
current

Reverse breakdown
current
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Junction Breakdown, zener

i L2 ol n and p are doped
high, which result in

ECP
1 tunneling through the
E, Ea = tinnalig potential barrier

e ( V
i S
Negative temp. coeff

. Vb \. T /

(a) (b) (c)

L4
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Junction Breakdown, Avalanche

(a)

An electron 1s accelerated 1n a high electric
Field , which gives impact 1onization. Positive

temp coeff.
&

Mlttunlver5|tetet




Junction Breakdown, PIN-diode

104 = | o e
+S1 HHHT ' +
- 1-— -+ ! O W 1
Wz H L o)
= |100pm N{[{~ONE-SIDED — [{P* n |n*
| e e £ ABRUPT F——Tm
L JUNCTION
& 10322 — |LHUL A
& e 4 — -—‘l%\; 11 4 I
3 [0 H ]
g HH =1 i
z [0 =R
(@) : i ovfeyry —r—
Q B — — —— - --"1——0—1—1- yo- T.~\1\
< 10% T S = eme: N messt
o = Ers i SR SR S R RS IS S S Ei
m a 1111 11t e
p—— '4,'“—- --— -lgn ——_-—_1» o= 4 :‘\
l |
| a .
| N
10 i \ ' T
1013 1014 1015 1016 1017

IMPURITY CONCENTRATION Ne(cm'3)

Fig. 27 Breakdown voltage for p'-#-n' and p'-r-n"* junctions. W is the thickness of
the lightly doped p-type (=) or the lightly doped n-type (») region.
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Junction Breakdown, avalanche in

surface

INSULATING

]

& pt 'B/
{a)
n

(b)

CYLINDRICAL
REGION (C)

PLANE REGION
SPHERICAL REGION (S)

BREAKDOWN VOLTAGE vglv)

Fig. 28 (a) Planar diffusion process that forms junction curvature near the edge of the dif-
fusion mask, where ry is the radius of curvature. (b) Formation of cylindrical and spherical

regions by diffusion through a rectangular mask.
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Junction Breakdown, avalanche in
surface

High Electric Field

Low doped n

_In‘|‘
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