CLASS 6&7

p-n junction biasing, p-n I-V
characteristics, p-n currents
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p-n junction biasing

Unbiased p-n junction:

the potential barrier 1s 0.7 V
for S1 and 0.3 V for Ge. Nett
current across the p-n
junction 1s 0 since the
majority carriers’ diffusion
current cancels off the
minority  carriers’  drift
current
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Reverse bias

Majority carriers moving away
from the junction as the holes
in p will be attracted to the —ve
terminal and electrons in n will
be attracted to the +ve terminal
of the voltage supply.

Effects:

Depletion region 1

Potential barrier 1

Very difficult for the majority
carriers in the p and n to cross
the p-n junction. Hence, no

diffusion current will be
generated.

space-charge
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Minority carriers will flow
across the p-n  junction
producing reverse leakage
current.

Reasons:

-Electrons in p moving towards
the junction away from the -ve
terminal. Holes in n moving
towards the junction away from
the +ve terminal.

-The fixed +ve 1ons will attract
electrons In p space-charge
region to cross the junction.
The fixed -ve 1ons will attract
holes in n space-charge region
to cross the junction.
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Initially, the reverse current will
increase when Vg 1is increased.
This 1s because more minority
carriers are able to cross the p-n
junction. Beyond V&gri, current
will be constant at Is. This 1s
because, 1f the temperature does
not 1increase, the number of
minority carriers will be quite
consistent. Minority carriers will
increase with the increase 1n
temperature.

Is 1s called reverse saturation
current. Is for Ge is in pA and for
S1 1s in nA. This 1s because the
bandgap for Ge < than the
bandgap for Si. Hence, at the
same temperature, electron-hole
pairs in Ge > than the electron-
hole pairs in Si.

space-charge
iregion

<L@ »l®

@
@

@)
[ ]
+

‘®® |3

1° @@ ®, ®

@
@

°*He®

(@]
[ ]

T ®

+

mlnorlty carrier
Ieakage current

PU< S

Norlaili Mohd. Noh EEE132

2008/09




* Reverse breakdown in p-n junction
Breakdown voltage = Vpp

If VR > Vgp, the reverse current Ig will increase
tremendously with just a small increase in Vr. This 1s
the reverse breakdown condition.

Under the reverse breakdown condition, the reverse
current 1s large and may damage the p-n junction 1f
not limited by a series resistor. Hence, reverse
breakdown 1s an unwanted condition
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How does breakdown occur?

Large VR — Minority carriers are
vibrating strongly and moving
fast.

VR > Vep — The minority
carriers are moving very fast and
vibrating very strongly that when
they collide with atoms and 1ons,
the energy that they passed to
these atoms and 1ons will cause
their  valence electrons to
breakaway from them. An
avalanche of electron-hole pairs
(minority  carriers)  generated.
Reverse current will be very large.

Reverse breakdown = avalanche
breakdown because of the
multiplication or avalanche of
current that occurs.

free
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I-V characteristic of the I forward current

. breakdown voltage
Ireverse blaS p_n Vo forward voltage
: i V, ‘ Ve
JunC 1011. reverse / reverse saturated
voltage leakage current

large reverse
current increase
for a smallincrease
inreverse voltage

I, reverse current
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Forward biased p-n junction

Majority carriers will move
toward the junction as the holes
in p will be attracted to the —ve
terminal and electrons in n will
be attracted to the +ve terminal
of the voltage supply. When the
majority  carriers enter the
space-charge region, the holes
from p will neutralize the —ve
ions and the electrons from n
will neutralize the +ve 1ons.

Effects:
Depletion region |
Potential barrier |

More majority carriers can
overcome the potential barrier
and cross the p-n junction.

Majority carrier current 1.
Vr 1 Irt.

space-charge
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If VFr 1s large enough (Vg >V, ),
the potential barrier becomes
negligible. Hence, there 1s no
longer a constraint for the
majority carriers to cross the
junction. A small increase in Vr
will produce a large increase in
the forward current Ir.

The forward bias voltage required
to enable significant current to
flow 1s > 0.3 V for the Ge and >
0.7 V for the Si. These voltages
are the potential barrier voltages
for the semiconductors.

space-charge
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In an open-circuit p-n junction, the junction is unbiased, 1.e. majority
carrier diffusion current = minority carrier drift current.

As both currents are flowing in the opposite direction, nett open circuit p-n
junction current 1s 0. Under this condition, the space charge region 1s said
to be in equilibrium.

General equation: [Vearrier = Vo — VBias
where Vearrier = potential barrier voltage
V, = potential barrier voltage when there 1s no bias

VBias = biasing voltage

In equilibrium: Vgias =0, Vearrier = Vo =0.3 V (Ge) and 0.7 V (Si).

In forward bias:
For Vgias = Vr and Vr <V,, Vearrier Will decrease when Vr 1s increased.

In reverse bias:

For Vgias = VR, VBarrier = Vo — (= VR) = Vo + VR ,Vparrier Will increase
when VR 1s increased. For Vr >> V,, Vearrier = Vr.
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conduction band
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conduction band
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Overall p-n  junction [I-V
characteristic:

The p-n junction will let current
flow when 1t i1s forward biased
(with the condition that Vg > V,,
V, 1s typically written as Von).
The p-n junction will prevent
current from flowing when it is
reverse biased. The avalanche
current generated when Vr > Vpp
1s an undesired current as the
junction will be damaged under
this condition.

I. forward current

breakdown voltage

reverse
voltage

VR VBD

[
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/ _

large reverse
current increase

inreverse voltage
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Temperature effects on the I-V characteristics of the p-n

junction
I
|-V characteristics for the Si 100°cc T
diode at 25°C and 100°C. 25°C
Observations: L=S0mA|l_ _
T I VON‘I’ Vo (1007 =-100V
T 7 VE | to obtain the same Ir ey
BD 25(3
T11Is?
U 0.4 0.55 Ve
T7Vep? | A4 0555, No.ss
\?ON{ll]UU(_‘} = 0 4 \?
| Vomase =0.55V
| Lo, =0.20A
- IS(lﬂ{I‘:'I{}=3nA
. 'd
I
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Cause for Effect 1: T 1 Von |

Unbiased p-n junction has V, p fep;ligi-charge n
= 0.3V (Ge) and 0.7V (.Sl).. SO0l |p® ®6@
Whén T 1, the no. of minority O@O o B @F@% o @
carriers (from thermal oCoe o i i ae 8
. . . S (- % @3 @O +)

gene.:ratm.n) 7. The minority S0 S T T &
carriers 1n the space-charge oo o o e
region will neutralize the 3 |
fixed ions in this region. "t
Depletion region |, potential — __ 5
barrier |. More majority

. . L=S0mA|_ _ _
carriers can overcome this
barrier. A lower Vf is | :
required to enable significant \\_02:: N
amount of current to flow. R SV,

Hence, Von |
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Cause for Effect 2: T9

I;

Vg| to obtain the same _ 1
Ir. — 25°C
The cause for this effect

L,=50mA

1s very much related to
the cause for Effect 1.
When T 1T Von |. S0, @ Voxuwe=04V
lower VF is required to "= "

obtain the same Ir as that
at a lower temperature.
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 Cause for Effect 3: T 1

Is 1.

The current, Ir, when the

p-n  junction is reverse ; fg’;‘,gﬁcha@e )
biased 1s the reverse 5O O @ 5@ @ ©
leakage  current  that AERdCHC ®.A®’ @
depends on the minority - % . D, o
carriers. At T1, the no. of © .9, - © &P, P
minority  carriers  from S O, @O e O @ .®
thermal generation 1. The #

no. of minority carriers "t

crossing the p-n junction 1. |

Ir 1. Hence, Is 1. v
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Cause for Effect 4: T 1 Vep 1.

Avalance breakdown occurs when
the minority carriers had moved
along a sufficient distance to
produce the secondary and tertiary
carriers by the breaking of covalent
bonds.

When T7?, the no. of minority
carriers T. More fixed ions will be
neutralized. Depletion region|. Not
enough secondary and tertiary
carriers produced before the
electrons cross the junction.
Avalanche does not happen. Needs
more voltage to enable the
electrons to vibrate more and
produce the secondary and tertiary
carriers. Hence, Vip 1.
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CURRENT COMPONENTS IN A FORWARD-BIASED P-N JUNCTION

Diagram shows the hole and
electron current components
versus  distance in an

asymmetrical p-n  junction
diode (Na # Np).

Current flowing through the p-
n junction 1s the total of the
hole and electron currents.

I,p = hole current in the p
(majority carrier current)

I,p = electron current in the p
(minority carrier current)

Inn = electron current in the n
(majority carrier current)

Ipn = hole current in the n
(minority carrier current)

V.
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F
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x=0

n >

L. holecurrent l

N
total current, I

I .electron current

I .. hole current

N
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In this example, Na > Np.

Current equations:

Ve
e AtXx,, 1
_ I
Tpp(X_1) + Inp(x_) =1 x=0
I; I;
¢« Atx,, 2 p [ n >
= 1
Inn(X+l) T Ipn(X—H) 1 i“_tota_l current. I
e In general, a
. I..hole current l I .electron current
Ipp(x) + Inp(x) =1 |

_ I_.electron current I .. hole current
Lon() + Ipn() = I p —l )
o distance, x
e Atx=0, o
Inp(0) + Ipn(0) =1
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 Current enters the p as a
hole current but leaves the
n as an electron current v,

with the same magnitude. |
» Total current is constant F Tl
- > p no >
along the pn device but the
portions contributed by the Thotal current 1
holes and electrons differ )

with distance. L. hole current : I,.clectron current
« Current in the p-n diode is 1-clectroncurrent—_1f) L, hole current
bipolar as this current is N distance. x
contributed by both +ve *=0
and —ve electrical carriers.
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* Hole current crosses the junction and enters

the n as:
lpn = AqD,p, C V/VT] _J
L,
* Electron current crosses the junction and
enters the p as: |
I, = AqLI?nnp e[V/ VT] _IJ ol uren

where A = cross section area

L, , L, = hole, electron diffusion length in n, p Ipp~1101@ curen

pn , Np = hole, electron density in n, p (minority l
carriers) | eletroncurren
q = electronic charge, 1.6 x 107" C (%,

D, , Dy =hole, electron diffusion coefficient

V = forward biasing voltage, v=(
V1= temperature equivalent voltage
=kT/q=26 mV at T = 300°K,

k = Boltzmann constant = 1.38x10723 J/°K
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