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Electronic Technology

Unit 1

1.1 Bipolar Junction Transistors

Today, industrial electronic systems employ several devices that are described by the
term transistor. FEach type of transistor has different characteristics and operational
conditions that are used to distinguish it from others. In the first part of this discussion, we
are concerned with the bipolar junction transistor. Structurally, this transistor is described
as bipolar because it has two different current-carrier polarities. Holes are positive current
carriers, whereas electrons are negative current carriers. Two distinct kinds of
semiconductor crystals are connected together by a common element, The structure of this
device is similar to that of two diodes connected back to back, with one crystal being common
to both junctions. The center material is usually made thinner than the two outside pieces.
Figure 1. 1 shows the crystal structure, element names, and schematic symbols of two

distinct types of bipolar transistors.

,7 Collector — ,7 Colleetor
P N
N |——— Base {) P l———  Base 4@)
P N
Emitter Emitter
(A)PNP transistor (B ) NPN transistor

Fig. 1.1 PNP and NPN transistors

A bipolar transistor is primarily used as an amplifying device that regulates the amount
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of current that passes through it. Current from the energy source enters the emitter, flows
through the base region, and exits through the collector. Variations in collector current are
usually identified as the output of a transistor. Collector current is controlled by a small
change in base current. This relationship is described as current gain or beta. Expressed
mathematically,

collector-current
base-current

Current gain =

e
Al

The Greek letter delta of this formula indicates a change value. This is used to denote

(Beta) =

the response of a transistor when ac values are applied. Conditions of this type are called
dynamic characteristics. Omission of the delta sign in a formula denotes dc or static operating
conditions.

All the current entering a transistor at the emitter is identified as emitter current, or Ig.
The collector current, or I¢, is always somewhat less than Iz. The difference between Ig
and I¢ is due to base current. Mathematically, this is base current (Iy) = emitter current—
collector current

Iy = I — Ic
Example 1-1; Determine the base current of a bipolar transistor with an I of 11 mA and an
Ic of 10. 95 mA.
Solution:
Ip = Iz — Ic = 11 mA —10. 95 mA = 0. 05 mA or 0. 05 X 10°A

Fig. 1. 2 shows the circuit connections of a simple NPN silicon transistor. Operation of
this circuit is based on a forward-biased emitter-base junction and a reverse-biased collector.
Forward biasing of the emitter-base junction is accomplished by connecting the negative side
of the dc source to the emitter and the positive side through Ry to the base. Reverse biasing
of the collector occurs when it is connected to the positive side of the source through resistor
R,. Collector current through R, is controlled by the forward-bias voltage of the emitter-
base junction.

In the operation of a single PN diode junction, forward biasing causes conduction and
reverse biasing causes nonconduction. In a transistor, this rule does not apply directly
because two junctions are involved. For example, when the emitter-base junction is forward
biased, it causes a large amount of I to enter the base region. Reverse biasing of the base-
collector junction would ordinarily restrict this current. But due to the thin base structure,
I will immediately enter into the collector when it reaches the base area. Ultimately, this
current passes through the collector and appears as collector current I or output current.
Forward biasing of the emitter-base junction therefore alters or reduces the reverse biasing
effect of the base-collector junction in normal transistor operation,

A transistor is primarily classified as a current-operating device. This means that the
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output or collector I will occur only when the emitter-base junction is forward biased and
producing base current. When the base current ceases, collector current stops and the
transistor become nonconductive. This condition is called cut off on the other hand, if an
excessive amount of base current occurs, the transistor is driven into saturation. When this
condition occurs, a further increase in Iy will not cause a corresponding change in I.. When
amplitude control is being achieved, a transistor is rarely operated in the saturation region.

When a transistor is used as a switch, it usually operates in the saturation region.

I I
_——
I I
R,
Load
transistor resistor
R,
Base V=9V § Base i = V=9V
resistor de source resistor —  do souree
+
Fig. 1.2 NPN transistor circuits Fig. 1.3 PNP transistor circuits

The transistor amplifier circuit of Figure 1. 3 is a PNP counterpart of the previous NPN
circuit. The battery of this circuit is connected in a reverse direction in order to achieve
proper biasing. Performance is basically the same as that of the NPN circuit. Currents I,
Iz, and I are represented in this diagram by arrows. The emitter current of this circuit still
provides the largest current value. The composite of I plus Iy also equals I in this circuit.
WORDS AND TERMS

bipolar a. , current gain n.

carrier 7. base n.

polarity n. beta n. “g”
positive a. () Greek a. )

negative a. ,C ) delta n. “AL”
semiconductor n. denote . ;

crystal n. , , formula(pl.-s  formulae)n.
symbol n. , , forward-biased ,
emitter 7. reverse-biased ,
collector n.

1.2 UJT Thyristors and SCRs

The term thyristor refers to a rather general classification of solid-state devices that are
used as electronic switches. Thyristors can be two-, three-, or four-terminal devices. In this
section we are concerned with the conductivity capabilities of these devices. Devices placed in
this classification operate through a type of regenerative feedback. When conduction is
initiated, the device will latch or hold in its on state. Momentarily removing or reducing the

energy level of the source will cause nonconduction or switching to the off state. In general,
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a unidirectional thyristor is classified as a voltage-controlled switch.

Thyristors should not be confused with bipolar junction transistors or field-effect
transistors. B]Ts and FETs are both capable of performing switching operations. As a rule,
these devices are not as efficient as a thyristor and do not have the power-handling capability.
Thyristors are used as power control devices, whereas transistors are primarily used in
amplifying applications.

A variety of unidirectional thyristors is now being used in industrial electronic
applications. One of the first to be developed was the silicon-controlled rectifier (SCR). The
SCR was designed as a solid-state counterpart of the thyratron gaseous tube. The term
thyristor was derived from the words thyratron-transistor. An SCR is classified as a reverse
blocking triode thyristor. This means that the device has conductivity in only one direction.
When its anode and cathode are reverse biased, the device will not conduct. The silicon-
controlled switch (SCS) and the programmable unijunction transistor (PUT) are two other
thyristors of this classification. A Shockley diode is classified as a reverse blocking diode
thyristor,

The crystal structure of a thyristor is unique when compared with other solid-state
devices. Most thyristors are classified as PNPN devices. This type of structure consists of
four alternately doped semiconductor layers and three PN junctions. The number of
terminals attached to the structure is based on the function of the device. The two outer
terminals are usually called the anode and cathode. Conduction between these two terminals
is the same in nearly all thyristors.

The basic structure of a four-layer thyristor is shown in Figure 1. 4. Notice that the
anode terminal is connected to the P region on one end of the structure. The cathode is
connected to the N region on the other end. Three junctions are formed between the top and
bottom terminals. Conduction between the anode-cathode is similar to that of a mechanical
toggle switch. This means that the device must have two operational states. In its on state
the three junctions are low resistant. The off state has an infinite resistance between the
anode-cathode.

A unique feature of the thyristor structure is its latching characteristic. Latching refers
to a condition that holds the device in its on state after conduction has been initiated.
Removal of the original actuating signal does not necessarily cause conduction to stop. This
action permits the thyristor to be used as an electronic switching device. When the device has
been triggered, it usually takes a different procedure for it to be turned off. Switching
techniques vary a great deal in thyristors. Diode thyristors change states due to a change in
anode-cathode voltage. State changes in a three-element device are initiated by an
independent triggering signal.

Description of the operation of a basic PNPN thyristor is often simplified by the two-
transistor anology. This method divides the PNPN structure into two imaginary transistors.
Junctions J; and J, form a PNP transistor, while J, and J; form an NPN device. The J,

4
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Anode ° Ancde
T 0
P |/ Py Equivalent 0
Thyristor | N |J, / SPST.toggle T P | &
switch 1 ]
structure [ p |7, j N [N |2
N *p] PlJs
l | T
Cathode o
o]
Cathode

Fig. 1.4 Four-layer thyristor structure Fig. 1.5 Two-transistor equivalent of a PNPN structure
junction is common to both transistor structures. See the two-transistor equivalent of the
PNPN structure in Figure 1. 5. Note also the schematic symbol representation of the same
structure.

Assume now that a thyristor is connected to an energy source and a load resistor. Figure
1.6 (A) shows the positive side of the source connected through R; to the anode and the
negative side to the cathode. Connected in this manner, junctions J, and J; are forward
biased and J, is reverse biased. This means that J, will have an infinite resistance, while J,
and J; are low resistant. J, will therefore have practically all of V5 appearing across it, while
J1 and J; will have zero voltage. Very little current will flow through the structure. This
means that I,= Ix with a current value of approximately zero. This condition will exist as
long as Vax is below the breakdown voltage of J, junction.

Refer now to the two-transistor analogy of the thyristor structure in Figure 1. 6 (B).
Connected in this manner, the emitter-base (E-B) junctions of Q; and Q, are both slightly
forward biased by the source. The E-B junction of Q, is the equivalent of J,, and E-B of Q;
is representative of J;. The J, junction is equivalent to the collection-base (C-B) junctions of
both Q, and Q;. These two junctions are both reverse biased. Connected in this manner, the
two transistors are properly biased for conduction. However, the two E-B junctions have
practically no forward bias voltage. This will permit very little or practically no current to
flow through the structure. A thyristor connected in this manner is considered to be in its off
or nonconductive state,

Note the element current designations for the two-transistor equivalent circuit of Figure
1.6 (B). The emitter current of Q, is representative of the anode current (I ). Iy is
indicative of the base current of Q,. Iy is determined by the expression

I = (I—ay) In—Icson
where o = current gain of Q,
Iy= Ig
Icgor = collector-emitter leakage current of Q,

For transistor Q,, the emitter current Ig, is equal to the cathode current (Ix). The base
current of Q, is designated as Ip,. The collector current of Q, is equal in value to the base
current of Q,. I therefore equals Iy,. The collector current (Ie;) can be determined by the

5



formula
I;= (o) + Icpy
where @, =current gain of Q,
Ix= Ig

Icpor = collector-emitter leakage current of Q,

=
=}
Vi —

Anode g R, Q

rlcz

P
Tlm
N
- Iz P — Q}_Z_
— V=100V — V=100V 0,
-|'_ N _

R
1k

Cathode L IEﬂ
(A) (B)

Fig. 1. 6 Thyristor connected to an energy source
Note that I, of Q, and Iy of Q, are of the same value. This permits the two previous
expressions to be equated. The combined expression then becomes
Iy = I,
or
(1 —ar) In—Icpoe = C(az) Ix+ Icpon
Combining the two expressions permits us to solve for either Iy or Ix. This is given by the

formula

I or In= I(,‘B()1+I(‘B()2
A “ 1_(G1Q1+GZQ2)

The combined Iy= Ik expression is an extremely important concept in the operation of

all thyristors. We will use this expression to show how a thyristor responds in its
nonconductive state. A small modification of the alpha values will cause a thyristor to change

into its conductive state.
WORDS AND TERMS

UJT [unijunction transistor ] FET (field effect transistor)
thyristor n. D ( counterpart n. s ’
),

SCR [ selicon controlled rectifier | thyratron n.[ ]

( )
gaseous q. , term . . , ,
blocking n. , , terminal 7. , )
triode n.[ ] conductivity n. ,
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anode n. , classification 7. , , ,
cathode n. , regenerative a. , ,
doped a. feedback n. [ ]
removal 7. , , initiate  ©. ,
trigger n. , , latch .
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The boot is a small routine, Generally, the boot is stored on the first sector (or two) of
a disk.
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Unit 2

2.1 Operational Amplifiers

The internal construction of an op-amp is quite complex and usually contains a large
number of discrete components. A person working with an op-amp does not ordinarily need
to be concerned with its internal construction. It is helpful, however, to have some general
understanding of what the internal circuitry accomplishes. This permits the user to see how
the device performs and indicates some of its limitations as a functioning unit.

The internal circuitry of an op-amp can be divided into three functional units. Figure 1. 7
shows a simplified diagram of the internal functions or an op-amp. Notice that each function
is enclosed in a triangle. Electronic schematics use the triangle to denote the amplification
function. This diagram shows that the op-amp has three basic amplification functions. These
functions are generally called stages of amplification. A stage of amplification contains one or
more active devices and all the associated components needed to achieve amplification.

Differential Intermediate amplifier Low-impedance
Inverting input amplifier stage slage output stage

° |
> 0 Quiput
o |

Noninverting input

Fig. 1.7 Op-amp diagram

The first stage or input of an op-amp is usually a differential amplifier. This amplifier
has two inputs, which are labeled V, and V,. It provides high gain of the signal difference
supplied to the two inputs and low gain for common signals applied to both inputs
simultaneously. The input impedance is high to any applied signal. The output of the
amplifier is generally two signals of equal amplitude and 180° out of phase. This could be
described as a push-pull input and output.

One or more intermediate stages of amplification follow the differential amplifier. Figure
1. 7 shows an op-amp with only one intermediate stage. Functionally, this amplifier is
designed to shift the operating point to a zero level at the output and has high current and
voltage gain capabilities. Increased gain is needed to drive the output stage without loading
down the input. The intermediate stage generally has two inputs and a single-ended output.

The output stage of an op-amp has a rather low output impedance and is responsible for
developing the current needed to drive an external load. Its input impedance must be great
enough that it does not load down the output of the intermediate amplifier. The output stage
can be an emitter-follower amplifier or two transistors connected in a complementary-
symmetry configuration. Voltage gain is rather low in this stage with a sizable amount of

8
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current gain,

A differential amplifier is the key or operational basis of most op-amps. This amplifier is
best described as having two identical or balanced transistors sharing a single emitter
resistor. Each transistor has an input and an output. A schematic diagram of a simplified
differential amplifier is shown in Figure 1. 8. Notice that the circuit is energized by a dual-
polarity or split-power supply. The source leads are labeled + V¢ and— V- and measured
with respect to a common ground lead.

Operation of a differential amplifier is based on its response to input signals applied to
the base. Grounding one base and applying an input signal to the other base produces two
output signals. These signals have the same amplitude but are inverted 180°. This type of

input causes the amplifier to respond in its differential mode of operation.

Operating e

power source

+Vee
0 +Vee
O

10V =

= = 10v
o Vi I
—Vee
“Vee
Fig. 1.8 Simplified differential amplifier Fig. 1.9 AC differential amplifier

When two signals of equal amplitude and polarity are applied to each base at the same
time, the resulting output is zero. This type of input causes a difference or canceling voltage
to appear across the commonly connected emitter resistor. In a sense, the differential
amplifier responds as a balanced bridge to identical input signals. There is no output when
the circuit is balanced and output when it is unbalanced. This is called the common-mode
condition of operation. A differential amplifier is designed to reject signals common to both
inputs. The term common-mode rejection ratio (CMRR) is used to describe this action of the
amplifier, CMRR is a unique characteristic of the differential amplifier. Undesirable noise,
interference, or ac hum can be rejected by this operating condition.

Figure 1.9 shows a simplified schematic of a differential amplifier connected for
differential mode operation. In this circuit an input signal is applied to the base of Q;, and
the base of Q; is left open or in a floating state. This condition causes signals to be developed
at both outputs and across the emitter resistor. The emitter signal, as indicated, is in phase
with the input. The two output signals are out of phase with each other and have a
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substantial degree of amplification. Output V; is out of phase with the input and V; is in
phase.

A differential amplifier will produce two output signals when only one input signal is
applied. Coupling of the input signal from Q, to Q. is accomplished through the emitter
resistor. The positive alternation of the input signal, for example, causes increased forward
bias of Q,. This causes an increase in the conduction of Q;. With more Iz, there is a greater
voltage developed across the emitter resistor. This in turn causes both emitters to be less
negative. The conduction of Q, is not appreciably influenced by this voltage because it has an
external signal applied to its input. @, is, however, directly influenced by the reduced
negative voltage to its emitter, This causes the conduction of Q, to be reduced. A reduction
in current through Q, causes less voltage drop across Ry, and the collector voltage to swing in
the positive direction. In effect, an input signal applied to the base of Q, reduces the Vi of
Q. ,which in turn increases the value of the output voltage V;, An input signal is therefore
coupled to Q; by the commonly connected emitter resistor.

The negative alternation of the input signal causes a reversal of the action just
described. Q;, for example, will be less conductive and Q, will have increased conduction.
This action causes a reduction of Ic. through Q, and an increase swing in the value of V.
Increased conduction of Q, causes a corresponding reduction in V. The two output signals
continue to be 180° out of phase. In effect, both alternations of the input appear in the
output. A differential amplifier connected in the differential mode will develop two output
signals that are reflective of the entire input signal.

Differential amplifiers respond in primarily the same way when the inputs are reversed.
In this case, an input signal is applied to the base of Q, with the base of Q, open or floating.
Ve 1s out of phase with the input and V, is in phase. The amplitude or output signal level of
the amplifier is still based on the signal difference between the two inputs. With only one
signal applied to the input at a time, the amplifier sees a very large differential input and
develops a sizable output voltage.

The differential amplifier of Figure 1. 9 is rarely used in op-amp construction today.
Ordinarily, the resistance of R; needs to be quite large in order to have good coupling and
common-mode rejection capabilities. Large resistance values are rather difficult to fabricate
in IC construction. Rk can, however, be replaced with a transistor. This transistor and its
associated components are called a constant-current source.

WORDS AND TERMS

op-amp (operational amplifiers) dual-polarity n. )
n.
triangle . invert w. ;
differential amplifier common-mode rejection ratio (CMRR)
impedance 7. n.
push-pull a. (G substantial a. , ,
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