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SCHOTTKY DIODE

• The Schottky diode is also known as the ‘hot-carrier’ diode.
• The operation is during fb.
• Reverse current in a rectifying diode is generated by minority carriers.y g g y y
• Reverse current in a Schottky diode is generated by electrons.
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• Schottky diode is easier to ON (smaller Von). Switching rate y ( on) g
is faster. As a result, propagation delay is reduced.

• Application: circuit with high frequency of operation.
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• Holes do not take part in current generation. Current is produced by 
the majority carriers only.

• A th l t th l t i th i f t• As the electrons are the only current carriers, the response is fast 
towards any biasing voltage. This is because the mobility of the 
electrons > than the mobility of the holes. As an example, under 
equilibrium condition, μn = 1300 cm2/Vs and μp = 500 cm2/Vs for the Si.q , μn μp

• Electrons in the semiconductor are more energetic than the electrons in 
the metal as their kinetic energy is higher. This is the reason why the 
semiconductor’s electrons are called ‘hot carriers’.  Hence, the 
S h ttk di d l k th ‘h t i di d ’Schottky diodes are also known as the ‘hot carrier diode’. 

• Under the fb condition, electrons from the semiconductor will cross the 
junction and  flow into the metal. I↑.

• Under the rb condition electrons from the metal will cross the junction• Under the rb condition, electrons from the metal will cross the junction 
and  enter the semiconductor. I↓↓.
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TRANSISTORSTRANSISTORS

Transistor is a multifunction semiconductorTransistor is a multifunction semiconductor
device that when connected with other
circuit elements is able to produce currentcircuit elements is able to produce current
gain, voltage gain and signal power gain.
Hence the transistor is known as an activeHence, the transistor is known as an active
device whereas the diode is a passive device.
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TYPES OF TRANSISTORSTYPES OF TRANSISTORS

Typical:Typical:
1. BJT-Bipolar Junction Transistor
2 i i ff i2. JFET-Junction Field EffectTransistor
3. MOSFET-Metal-oxide-semiconductor FET
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• The basic operation of a BJT is based on the currentp
control of one terminal by the voltage applied across the
other two terminals. Thus, the BJT is a voltage controlled
current sourcecurrent source.

• BJT has 3 doped regions and 2 p-n junctions. As both holes
and electrons are involved in the operation of this device,
the BJT is called bipolar.

• For the FET, only the majority carriers contribute to the
current flow Hence the FET is a unipolar devicecurrent flow. Hence, the FET is a unipolar device.
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Cross-section of a p-n-p BJT:
• Starts with the p-substrate
• n-region is thermally diffused

through the opening in theg p g
oxide into the p-substrate

• p+ (heavily doped) region is
diffused into the n-regiong

• Metal contacts are connected
to the p+ and n through the
opening in the oxide layer,p g y ,
while for the p, the metal
contact is connected at the
bottom layer.
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BJT
Has 3 separated doped s 3 sep ed doped
regions and 2 p-n junctions.

2 types of BJT:
• npnnpn

Simple block diagram of 
the npn and the npn
symbol:symbol:

• pnp
Simple block diagram of 
the pnp and the pnpthe pnp and the pnp
symbol:

Th id h f h B iThe width of the B is 
smaller compared to the 
diffusion length of the 
minority carriersminority carriers.
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From ThomasL.Floyd, ‘Electronic Devices’, Sixth Edition, Prentice Hall
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From ThomasL.Floyd, ‘Electronic Devices’, Sixth Edition, Prentice Hally
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BASIC OPERATION OF A BJT

• Basic operation is as an amplifier, i.e. the
transistor provides voltage gain and/or
current gain to the input AC signal.current gain to the input AC signal.

• To ensure that the transistor operates as
an amplifier the transistor must be DCan amplifier, the transistor must be DC
biased.

C diti f th BJT t t• Condition for the BJT to operate as an
amplifier:
B-E junction is fb
B-C junction is rb

• BJT biasing circuits for normal operation
as amplifiers are as shown:

NORLAILI MOHD NOH 2008/2009 13



The arrow’s direction for 
current shows the flow of 
current under normal 
operation condition (active 
mode).

IE = IB + IC

If  the value of 2 currents are  
known, the 3rd current can be ,
calculated.  
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BJT under thermal equilibrium 
condition. All 3 terminals are 
connected to ground There is noconnected to ground. There is no 
difference in voltage between the 
3 regions.

Under thermal equilibrium 
condition, the total current 
flowing across the p-n junction is 
0 F i l l i t t i ll 30. Fermi level is constant in all 3 
regions.
Bandgap: 
E E = E E = EECp−EVp = ECn−EVn = Eg
Energy level shift (which is the 
potential energy of the electrons 
at the junction):at the junction):
ECp − ECn = Eo
EVp − EVn = Eo
E = qVEo  qVo
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VF is the forward bias voltage
before conduction of majority
carriers occurs, i.e. VF < Vo .
Under fb condition, potential
energy at the junction reduces.
E d d b h j iEnergy needed by the majority
carriers to overcome the
potential barrier ↓
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• For the fb EB, depletion region becomes
narrower as the holes will neutralize some
of the fixed –ve ions. Built in potential ↓.
Easier for the majority carriers to
overcome the built in potential and produce
current.

• For the rb BC, depletion region becomes
wider. Built in potential ↑. Difficult for the
majority carriers to overcome the built in

t ti l d d t Hpotential and produce current. However,
the minority carriers contribute to a small
reverse current.
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• EB junction fb and BC
junction rb.

• B has a very narrow width.
The number of holes
moving from E to B is much
more than the number of
electrons moving from B to
E.

• Holes in the B are swept
into C by the electric field
at BC.
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• CB junction is rb. A small
reverse saturation current will
flow across the junction.

• If the width of B is very narrow,
the holes injected from E will
diffuse across B and reach the
edge of the depletion region BC.
They will then be swept into C.

• Such operation results in the E
being known as Emitter that
emits or injects carriers. C is
k C ll t th t ll tknown as Collector that collects
carriers.

• If many of the holes injected
f E h C ith tfrom E reach C without many
of them recombining with
electrons in B, then the C hole
current is ≈ the E hole currentcurrent is ≈ the E hole current.
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• The depletion layer width of
the EB is narrower and the
depletion layer width of the
BC is wider than the
depletion layer width when
h i i bi dthe transistor is unbiased.

• Since the EB is fb, holes are
emitted from E to B and
l t f B t E U delectrons from B to E. Under

ideal condition, no
generation-recombination
are occuring in the depletionare occuring in the depletion
region when VEB > Vo.

• Emitter current, IE , is
generated by both of thesegenerated by both of these
current components, i.e.
holes from E to B and
electrons from B to E.electrons from B to E.
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• Carriers which are injected from a
b E t lnearby E can generate a large

current that flows through the rb C
junction.

• This is the characteristic of the• This is the characteristic of the
transistor that can only be realized if
the 2 junctions are very close
together The 2 junctions are calledtogether. The 2 junctions are called
interacted p-n junction.

• If the 2 junctions are far from each
other all of the injected holes will beother, all of the injected holes will be
recombined with the electrons in B
before reaching BC junction. As a
result, the previously mentioned, p y
characteristic will not happen.
Hence, the width of B must be very
narrow.
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• The diagram shows the
ideal doping profil for an

BJT if l d dnpn BJT uniformly doped.
• The impurity doping

concentration is typically
1019 1017 d 1015 3 f1019, 1017 and 1015,cm-3 for
E, B and C respectively.

• The width of B is small
d ith th i itcompared with the minority

carrier diffusion length.
• BJT is not a symmetrical

d i i th i itdevice, i.e. the impurity
doping concentration in E
and C is different. The
geometry of E and C is alsogeometry of E and C is also
different.
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• Holes are injected from E, producing
IEP . IEP is the largest current
components

• Many of the injected holes will reach
the C junction and producing ICP .

• There are 3 Base current
components:

1. IBBBB

2. IEn

3. Icn

I is generated by the electronsIBB is generated by the electrons
that need to be supplied to B to
replace the electrons that had
combined with holes injected fromcombined with holes injected from
E. IBB is the flow of –ve charges
entering B.
IBB = IE - ICIBB IEp ICp

NORLAILI MOHD NOH 2008/2009 23


