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UNIT- IIT
TRANSISTOR CHARACTERISTICS

BJT: Junction transistor, transistor current components, transistor equation, transistor configurations,
transistor as an amplifier, characteristics of transistor in Common Base, Common Emitter and Common
Collector configurations, Ebers-Moll model of a transistor, punch through/ reach through, Photo transistor,
typical transistor junction voltage values.FET: FET types, construction, operation, characteristics,
parameters, MOSFET-types, construction, operation, characteristics, comparison between JFET and

MOSFET.
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Current components in a transistor:

The figure below shows the various current components which flow across the forward-biased
emutter junction and reverse-biased collector junction in P-N-P transistor.

Je Jo
p Ip[ n lpC; P
Hole current \ Hale current
Recam- “pL - IpC.' e
lg bination
b o current -
= G
I leo
o = Reverse satur-
Electron current ation current
B & T lg
¥ )= Flo=
| L |
Vin Vea

Figure. Current components in a transistor with forward-biased emitter and reverse-biased
collector junctions.

The enutter current consists of the following two parts:

3, Hole current L constituted by holes (holes crossing from emutter mto base).
£ Electron current Lz constituted by electrons (electrons crossing from base into the emutter).

Therefore, Total emitter current Ig = Ipg (majority)+ Ing (Minority)
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The holes crossing the enutter base junction Je and reaching the collector base junction J¢
constitutes collector current Ic.
Not all the holes crossing the emitter base junction Jgreach collector base junction Jc because

some of them combine with the electrons in the n-type base. o
Since base width 1s very small. most of the holes cross the collector base junction Jc and very

few recombine, constituting the base current (Ipg — Ic).

When the enutter 1s open-circuited, Ie=0, and hence I,c=0. Under this condition, the base and
collector together current Ic ecglals the reverse saturation current Ico, which consists of the
following two parts: Inco caused by holes moving across I¢ from N-region to P-region.

Lco caused by electrons moving across Ic from P-region to N-region. Ico = Inco + Ipco
In general, Ic = Inc + Ipc

Thus for a P-N-P transistor, Ig=1Ig+ Ic Eb
ers-
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FIELD EFFECT TRANSISTOR:

FET is a device in which the flow of current through the conducting region is controlled by an
electric field. Hence the name Field Effect Transistor (FET). As current conduction is only by majority
carriers, FET is said to be a unipolar device.

Based on the construction, the FET can be classified into two types as Junction FET (JFET) and
Metal Oxide Semiconductor FET(MOSFET).

Depending upon the majority carriers, JFET has been classified into two types named as (1) N-
channel JEET with electrons as the majority carriers and (2) P-channel JFET with holes as the majority
carriers.

Construction of N-Channel JFET :

Tt consists of an N-type bar which is made of silicon. Ohmic contacts, (terminals) made at the two
ends of the bar, are called Source and Drain.
Source (S) This terminal is connected to the negative pole of the battery. Electrons which are the majority
carriers in the N-type bar enter the bar through this terminal.
Drain (D) This terminal is connected to the positive pole of the battery. The majority carriers leave the bar
through this terminal.
Gate (G) Heavily doped P-type silicon is diffused on both sides of the N-type silicon bar by which PN
junctions are formed. These layers are joined together and called Gate G.
Channel The region BC of the N-type bar in the depletion region is called the channel. Majority carriers
move from the source to drain when a potential difference Vps is applied between the source and drain.
Operation of N-channel JFET:

When Vgs = 0 and Vps = 0 When no voltage is applied between drain and source, and gate and
source, the thickness of the depletion regions around the PN junction is uniform as shown in figure.

Depletion region

N\, AL
~7% " X7 O

Figure 3.3: Construction of JFET

When Vps = 0 and Vgs is decreased from zero. In this case PN junctions are reverse biased and hence the
thickness of the depletion region increases. As Vgs is decreased from zero, the reverse bias voltage across
the PN junction is increased and hence the thickness of the depletion region in the channel increases until the
two depletion regions make contact with each other. In this condition, the channel is said to be cutoff. The
value of Vgs which is required to cutoff the channel is called the cutoff voltage Vc.

When Vs = 0 and Vps is increased from zero. Drain is positive with respect to the source with Vgs =
0. Now the majority carriers (electrons) flow through the N-channel from source to drain. Therefore the
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conventional current Ip flows from drain to source. The magnitude of the current will depend upon the
following factors:-
1. The number of the majority carriers (electrons) available in the channel, i.e. the conductivity of the
channel.
2. The length [ of the channel.
3. The cross sectional area A of the channel at B.
4. The magnitude of the applied voltage Vps. Thus the channel acts as a resistor of resistance R given
by
(1)

il 2)

lD
R pl
where p is the resistivity of the channel. Because of the resistance of the channel and the applied voltage
Vs, there is a gradual increase of positive potential along the channel from source to drain. Thus the reverse
voltage across the PN junctions increases and hence the thickness of the depletion regions also increases.

Therefore the channel is wedge shaped, as shown in figure.
Vea

| Voo

y |
md Ul v

Figure 3.4: JFET under applied bias

As Vps is increased, the cross-sectional area of the channel will be reduced. At a certain value Vp of
Vs, the cross-sectional area at B becomes minimum. At this voltage, the channel is said to be pinched off
and the drain voltage Vp is called the pinch-off voltage.

As a result of the decreasing cross-section of the channel with the increase of Vps, the following results

are obtained.

(1) As Vps is increased from zero, Ip increases along OP, and the rate of increase of Ip with Vps
decreases as shown in figure.

(i) When Vps =Vp, Ip becomes maximum. When Vps is increased beyond Vp, the length of the
pinch-off region increases. Hence there is no further increase of Ip.

(iii) At a certain voltage corresponding to the point B, Ip suddenly increases. This effect is due to the
avalanche multiplication of electrons caused by breaking of covalent bonds of silicon atoms in
the depletion region between the gate and the drain. The drain voltage at which the breakdown
occurs is denoted by BVpgo. The variation of Ip with Vps when Vgs = 0 is shown in figure by the
curve OPBC.

When Vs is negative and Vps is increased. When the gate is maintained at a negative voltage less
than the negative cutoff voltage, the reverse voltage across the junction is further increased. Hence for a
negative value of Vgs, the curve of Ip versus Vps is similar to that for Vgs = 0, but the values of Vp and
BVpco are lower, as shown in figure.

From the curves, it is seen that above the pinch-off voltage, at a constant value of Vps. Ip increases
with an increase of Vgs. Hence a JFET is suitable for use as a voltage amplifier, similar to a transistor
amplifier.

It can be seen from the curve that for the voltage Vps = Vp, the drain current is not reduced to zero. If
the drain current is to be reduced to zero, the ohmic voltage drop along the channel should also be reduced to
zero. Further, the reverse biasing to the gate-source PN junction essential for pinching off the channel would
also be absent.
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Figure 3.5: JFET Drain characteristics

The drain current Ip is controlled by the electric field that extends into the channel due to reverse
biased voltage applied to the gate; hence this device has been given the name “Field Effect Transistor™.

In a bar of P-type semiconductor, the gate is formed due to N-type semiconductor. The working of
the P-channel JFET will be similar to that of the N-channel JFET with proper alterations in the biasing
circuits; in this case holes will be the current carriers instead of electrons. The circuit symbols for N-channel
and P-channel JFETSs are shown in figure. It should be noted that the direction of the arrow points in the
direction of conventional current which would flow into the gate if the PN junction was forward biased.

D 4 D
lo
: 6 (-
" +1 ¥ K," in '.L:Vw + +I K“ Vos T;V ”
Vaa;'_ Vjas 13 VGG:.'__ vrs

St s
. L
@ o)

Figure 3.6: Circuit Symbols for N and P Channel JFET

MOSFET:
Metal Oxide Semiconductor Field Effect Transistor (MOSFET):

MOSEFET is the common term for the Insulated Gate Field Effect Transistor (IGFET). There are two
basic forms of MOSFET: (i) Enhancement MOSFET and (ii) Depletion MOSFET.
Principle:
By applying a transverse electric field across an insulator, deposited on the semiconducting material, the
thickness and hence the resistance of a conducting channel of a semiconducting material can be controlled.
Enhancement MOSFET:
Construction: The construction of an N-channel Enhancement MOSFET is shown in figure. Two highly
doped N regions are diffused in a lightly doped substrate of P-type silicon substrate. One N* region is called
the source S and the other one is called the drain D. They are separated by 1 mil (10~ inch). A thin insulating
layer of SiO2 is grown over the surface of the structure and holes are cut into the oxide layers, allowing
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contact with source and drain. Then a thin layer of metal aluminum is formed over the layer of SiO». This
metal layer covers the entire channel region and it forms the gate G.

The metal area of the gate, in conjunction with the insulating oxide layer of SiO: and the
semiconductor channel forms a parallel plate capacitor. This device is called the insulated gate FET because
of the insulating layer of SiO». This layer gives an extremely high input resistance for the MOSFET.
Operation: If the substrate is grounded and a positive voltage is applied at the gate, the positive charge on G
induces an equal negative charge on the substrate side between the source and drain regions. Thus an electric
field is produced between the source and drain regions. The direction of the electric field is perpendicular to
the plates of the capacitor through the oxide. The negative charge of electrons which are minority carriers in
the P-type substrate forms an inversion layer. As the positive voltage on the gate increases, the induced
negative charge in the semiconductor increases. Hence the conductivity increases and current flows from
source to drain through the induced channel. Thus the drain current is enhanced by the positive gate voltage

as shown in figure.
) g D

Oxid Drai
/— Metal gate { e ( e

|

\*I

Source g~

n+ | J

n+
& P Substrate (or body)

|

B
Figure 3.7: N — Channel Enhancement MOSFET

Depletion MOSFET :

Metal
N\

/» Nonrectifying

contact

) | . - ) D

p-type substrate (body)
G O—| B

-+

n S

(a) Physical structure ( b) Circuit symbol

Figure 3.8: N-Channel Depletion MOSFET

The construction of an N-channel depletion MOSFET is shown in figure where an N-channel is diffused
between the source and drain to the basic structure of MOSFET.

Scanned with CamScanner




Vog=+3V—

+ 2V

—— Enhancement

—— Depiletion

With Vgs = 0 and the drain D at a positive potential with respect to the source, the electrons
(majority carriers) flow through the N-channel from S to D. Therefore the conventional current Ip flows
through the channel D to S. If the gate voltage is made negative, positive charge consisting of holes is
induced in the channel through SiO: of the gate-channel capacitor. The introduction of the positive charge
causes depletion of mobile electrons in the channel. Thus a depletion region is produced in the channel. The
shape of the depletion region depends on Vgs and Vps. Hence the channel will be wedge shaped as shown in
figure. When Vps is increased, Ip increases and it becomes practically constant at a certain value of Vps,
called the pinch-off voltage. The drain current Ip almost gets saturated beyond the pinch-off voltage.

Since the current in an FET is due to majority carriers (electrons for an N-type material), the induced
positive charges make the channel less conductive, and Ip drops as Vgs is made negative.

The depletion MOSFET may also be operated in an enhancement mode. It is only necessary to apply
a positive gate voltage so that negative charges are induced into the N-type channel. Hence the conductivity
of the channel increases and Ip increases. The volt-ampere characteristics are indicated in figure.

Comparison of JFET vs MOSFET:

JFETs and MOSFETs are quite similar in their operating principles and in their electrical characteristics.
However, they differ in some aspects, as detailed below:

1.  JFETs can only be operated in the depletion mode whereas MOSFETs can be operated in either
depletion or in enhancement mode. In a JFET, if the gate is forward biased, excess- carrier injunction
occurs and the gate current is substantial. Thus channel conductance is enhanced to some degree due to
excess carriers but the device is never operated with gate forward biased because gate current is
undesirable.

2. MOSFETs have input impedance much higher than that of JFETs. This is due to negligibly small
leakage current.

3. JFETs have characteristic curves more flat than those of MOSFETs indicating a higher drain
resistance.

4. When JFET is operated with a reverse bias on the junction, the gate current I is larger than it would
be in a comparable MOSFET. The current caused by minority carrier extraction across a reverse-biased
junction is greater, per unit area, than the leakage current that is supported by the oxide layer in a
MOSFET. Thus MOSFET devices are more useful in electrometer applications than are the JFETs.

For the above reasons, and also because MOSFETs are somewhat easier to manufacture, they are more
widely used than are the JFETs.
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UJT (Unijunction Transistor):
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UJT Structure UJT Symbol

Figure 3.10.: Structure and Symbol of UJT

";" Ver

Figure 3.11.: Equivalent circuit of UJT
As shown it is n-type silicon bar with connections on both ends. The leads are referred as "B1" and "B2".

Along the bar between the two bases , PN junction is constructed between P-type Emitter and N-type Bar.
This lead is referred as "Emitter Lead-E". It is the short form of UnijunctionTransistor. t is 3 terminal
switching device made of semiconductor materials. When UJT is triggered, It increases re-generatively until
it is limited by Vg . Here I is emitter current and Vg is emitter power supply. Due to this feature, UJT is
used in wide variety of applications such as sawtooth generator, pulse generator, switching etc. Device has
only one PN junction and hence the term "UNI" in Unijunction Transistor (UJT). The UJT is also known as
"Double Based Diode". This is due to the fact that it has only one PN junction. The two base terminals are
derived from one single section of diode(or semiconductor material). In UJT, emitter part is heavily doped
and n region is lightly doped. Hence resistance between two base terminals is quite high when emitter
terminal is left open. The value of resistance is about 5 to 10 KOhm. UJT is a three terminal semiconductor
switching device. As it has only one PN junction and three leads, it is commonly called as Unijunction
Transistor.

The basic structure of UJT is shown in figure (a). It consists of a lightly doped silicon bar with a
heavily-doped P-type material alloyed to its one side closer to B2 for producing single PN junction. The
circuit symbol of UJT is shown in figure (b).Here the emitter leg is drawn at an angle to the vertical and the
arrow indicates the direction of the conventional current.

Characteristics of UJT:

Referring to figure (c), the interbase resistance between B> and B of the silicon bar is Rps = Rp1 +
Rp2. With emitter terminal open, if voltage Vg is applied between the two bases, a voltage gradient is
established along the N-type bar. The voltage drop across Rgi is given by Vi = 1 Vs where the intrinsic
stand-off ratio n = Rg1/ (Rs1 +Rg2). This voltage Vi reverse biases the PN junction and emitter current is cut
off. But a small leakage current flows from B> to emitter due to minority carriers. If a positive voltage Vg is
applied to the emitter, the PN junction will remain reverse biased so long as Vg is less than V. If Vg exceeds
V1 by the cutin voltage V:, the diode becomes forward biased. Under this condition, holes are injected into
N-type bar. These holes are repelled by the terminal B> and are attracted by the terminal B;. Accumulation
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of holes in E to B, region reduces the resistance in this section and hence emitter current Ig is increased and
is limited by V. The device is now in the ‘ON’ state.

If a negative voltage is applied to the emitter, PN junction remains reverse biased and the emitter
current is cut off. The device is now in the ‘OFF” state.

As shown in figure, up to the peak point P, the diode is reverse biased. At P, the diode starts
conducting and holes are injected into the N-layer. Hence resistance decreases thereby decreasing Vg for the
increase in Ig. So there is a negative resistance region from peak point P to valley point V. After the valley
point, the device is driven into saturation and behaves like a conventional forward biased PN junction diode.

VE Ve
4
vl 2 14V
f T AESISTANGE s SATURATION | 12v CEARPO]
| Reaioy |  REGION 10V VALLEY POINT
| | ~
|
! | VALLEY POINT 6V i
l ' 4V 12V
: 'y gV
0 | I >l o Vgg=5V
> e 7 v 0 s 1
LEAKAGE B
CURRENT UJT Characteristics

Figure 3.12: Characteristics of UJT
A unique characteristics of UJT is, when it is triggered, the emitter current increases regeneratively

until it is limited by emitter power supply. Due to this negative resistance property, UJT can be employed in
a variety of applications, viz. sawtooth wave generator, pulse generator, switching, timing and phase control
circuits.
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(a) d.c. equivalent circuit (b) a.c. equivalent circuit
. Fig. (4)
"]:L For a.c. equivalent circuit, only a.c. conditions are to be considered. In this case,
wﬁwe variations are so fast that the capacitors may be treated as short circuits.
- Moreover we need not consider thed.c. supplies. So in 'order fo draw a.c. equivalent
t, we reduce all the d.c. sources to zero and short circuit all the capacitors. The a.c.
alent circuit is shown in fig. (4b). It is obvious from fig. (4b) that the resistor
mes i.n parallel with the load R, and forms the a.c. load for amplifier. Now the
in collector current and voltage are seen with the help of a.c. load line
D onding to this a.c. load. Hence a.c. load line is different from d.c. load line. Now
explam the procedure for drawing the a.c. load line.

ds a.c. signal, the transistor amplifier a.c. load R, . is given by ~
Re R,
Re + R

RK=RC||RL=

maximum cellector-emitter volta -
) =V + I
tter voltage axis. & R, . This locates a "

nf =haV / R.. This locates a point D on collector 4

i
-
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