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Introduction

We encounter electronics in our daily life in the form of telephones, radios,
televisions, audio equipment, home appliances, computers and equipment for
industrial control and automation. Electronics have become the stimuli for and an
integral part of modern technological growth and development. The field of

electronics deals with the design and applications of electronic devices.
History of Electronics

The age of electronics began with the invention of the first amplifying device
the triode vacuum tube, by Fleming in 1904. This invention was followed by the
development of the solid-state point-contact diode (silicon) by Pickard in 1906,
the first radio circuits from diodes and triodes between 1907 and 1927, the super-
heterodyne receiver by Armstrong in 1920, demonstration of television in 1925, and
the field-effect device by Lilienfield in 1925, fm modulation by Armstrong in
1933, and radar in 1940.

The first electronics revolution began in 1947 with the invention of the silicon
transistor by Bardeen, Bratain and Shockley at Bell Laboratories. Most of today’s
advanced electronic technologies are traceable to that invention, as modem
microelectronics evolved over the years from the semiconductors. This revolution
was followed by the first demonstration of color television in 1950 and the invention
of the unipolar field effect transistor by Shockley in 1952.

The next breakthrough came in 1956, when Bell Laboratories developed the
pnpn triggering transistor, also known as a thyristor or a silicon-controlled rectifier
(SCR). The second electronics revolution began with the development of a
commercial thyristor by General Electric Company in 1958. That was the beginning

of a new era for applications of electronics in power processing or conditioning,
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called power electronics. Since then, many different types of power semiconductor
devices and conversion techniques have been developed.The first integrated circuit
(IC) was developed in 1958 simultaneously by Kilby at Texas Instruments and
Noyce & Moore at Fairchild Semiconductor, marking the beginning of a new phase
in the microelectronics revolution. This invention was followed by development of
the first commercial [C operational amplifier, the wA709, by Fairchild
Semiconductor in 1968 ; the 4004 microprocessor by Intel in 1971; the 8-bit
microprocessor by Intel in 1972; and the gigabit memory chip by Intel in 1995. IC
development continues today, in an effort to achieve higher density chips with
lower power dissipation; historical levels of in integration in circuits are shown in

Table 1.

Table 1

DATE Degree of Integration Number of Component per chip
19508 Discrete components 1to2

1960s Small-scale integration (SSI) Fewer then 10°

1966 Medium-scale integration ( MSI) From 10710 10°

1969 Large-scale integration ( LSI) From 10’10 10*

1975 Very-large-scale integration ( VLSI) From 10%10 10”

1990s Ultra-large-scale integration ( ULSI) More than 10’

Electronic Systems

An electronic system is an arrangement of electronic devices and components
with a defined set of inputs and outputs. Using transistors ( trans-resistors) as
devices, it takes in information in the form of input signals (or simply inputs) ,
performs operations on them, and then produces output signals ( or outputs).
Electronic systems may be categorized according to the type of application, such as
communication system, medical electronics, instrumentation, control system, or
computer system.

A block diagram of an fm radio receiver is shown in Figure 1 (a). The
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antenna acts the sensor. The input signal from the antenna is small, usually in the
WV range; its amplitude and power level are then amplified by the electronic
system before the signal is fed into the speaker. A block diagram of a temperature
display instrument is shown in Figure 1 (b). The output drives the display
instrument. The temperature sensor produces a small voltage, usually in millivolts
per unit temperature rise ahove 0 degrees celsius (e.g., | mV/C ). Both systems
take an input from a sensor, process it, and produce an output to drive an

actuator.

Antenna
Electronic 5
& Speaker
systems
(a) Radio receiver
Temperature Electronic < Ty
sensor systems /

(b) Temperature display instrument

Figure 1 Electronic Systems

An electronic system must communicate with input and output devices. In
general , the inputs and outputs are in the form of electrical signals. The input
signals may be derived from the measurement of physical qualities such as
temperature or liquid level, and the outputs may be used to vary other physical
qualities such as those displays and heating elements. Electronic systems often use
sensors to sense external input qualities and actuators to control external output
qualities. Sensors and actuators are often called transducers. The loudspeaker is an

example of a transducer that converts an electronic signal into sound.
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Electronic Signals and Notation

Electronic signals can be separated into two categories ; analog and digital. An
analog signal has a continuous range of amplitudes over time, as shown in Figure
2(a). A digital signal assumes only discrete voltage values over time, as shown in
Figure 2(b). A digital signal has only two values, representing binary logic state 1
(for high level) and binary logic state 0 (for low level). In order to accommodate
variations in component values, temperature, and noise (or extraneous signals) ,
logic sate 1 is usually assigned to any voltage between 2~5 V. Logic state 0 may be
assigned to any voltage between 0~0.8 V.

The output signal of a sensor is usually of the analog type, and actuators often
require analog input to produce the desired output. An analog signal can be
converted to digital form and vice versa. The electronic circuits that perform these
conversions are called analog-to-digital ( A/D) and digital-to-analog ( D/A)

converters.

Amplitude

(a) Analog signal

Logic level

10111 11001000111

|

(b) Digital signal

Figure 2 Electronic Signals
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An analog signal is normally represented by a symbol with a subscript. The
symbol and the subscript can be either uppercase or lowercase, according to the
conventions shown in Table 2. For example, consider the circuit in Figure 3 (a) ,
whose input consists of a de voltage V. =5 V and an ac voltage v,, =2 sinwi. The
instantaneous voltages are shown in Figure 3 (b). The definitions of voltage and
current symbols are as follows .

(1) Vi, I are de values: uppercase variables and uppercase subscripts.

Ve =5V
|
DC
Ije=—=5 mA
"R,
(2) v, , i,are instantaneous ac values: lowercase variables and lowercase
subscripts.

v, =V, =2 sin wt
i,=2sin wt mA (for R, =1k)
(3) vy, i, are total instantaneous values: lowercase variables and uppercase
sub-scripts.
Vag = Ve to,, =5+2sinwt
iy=1lpet+ i, =5 mA+2 sin wt mA  (for R, =1 k(1)

(4) V,, I, are total magnitude values: upper variables and lowercase

subscripts.
V,=A/5"+(y2)*=5.2V
I,.=+/5+(42)* =5.2mA
Table 2
Definition Quantity Subscript Example
de value of the signal Uppercase Uppercase Vs
ac value of the signal Lowercase Lowercase v,
Total instantaneous value
. Lowercase Uppercase Uy
of the signal (dc and ac)
Complex variable, phasor,
. Uppercase Lowercase V,
or rms value of the signal
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vag = Fpet van

Ve

(a) (b)

Figure 3 Notation for Electronic Signals



Chapter 1

Diodes and Applications

1.1 Introduction

A diode is a two-terminal semiconductor device. It offers a low resistance on
the order of m{} in one direction and a high resistance on the order of G() in the
other direction. Thus a diode permits an easy current flow in only one direction.
The diode is a simplest electronic device, and a basic building block for many
electronic circuits and systems. In this chapter, we will discuss the characteristics
of diodes.

The diode exhibits a nonlinear relation between the voltage across its terminals
and the current through it. However, the analysis of the diode can be greatly
simplified with the assumption of an ideal characteristic. The results of this
simplified analysis are useful in understanding the operation of diode circuits and
are acceptable in many practical cases, especially at the initial stage of design and
analysis. If more accurate results are required, linear circuit models representing
the nonlinear characteristic of diodes can be used. These models are commonly
used in evaluating the performance of diode circuits. If better accuracy is required ,

however, computer-aided modeling and simulation are normally used.
1.2 Ideal Diodes

The symbol for a semiconductor diode is shown in Figure 1.2.1(a). lts two
terminals are the anode and the cathode, respectively. If the anode voltage is held
positive with respect to the cathode terminal ,the diode conducts and offers a small
forward resistance. The diode is then said to be forward biased, and it behaves as a

short circuit, as shown in Figure 1.2.1(b). If the anode voltage is kept negative
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with respect to the cathode terminal, the diode offers a high resistance. The diode
is then said to be reverse biased and it behaves as an open circuit, as shown in
Figure 1.2.1(¢). Thus an ideal diode will offer zero resistance and zero voltage
drop in the forward direction. In the reverse direction, it will offer infinite
resistance and allow zero current.

An ideal diode acts as a short circuit in the forward region of conduction
(v,=0) and as an open circuit in the reverse region of conduction (i,=0). The
v-i characteristic of an ideal diode is shown in Figure 1.2.1 (d). As the forward
voltage accross the diode tends to be greater than zero, the forward current through
it tends to infinite. In practice, however, a diode is connected to other circuit

elements, such as resistances, and its forward current is limited to a known value.

ip
R Anode
1 O
- 111)
Vg \/ D,
Vb
O
Cathode
(a) Diode (b) Diode on (c) Diode off (d) Ideal v-i characteristic

Figure 1.2.1  Characteristic of An Ideal Diode

1.3 Practical Diodes

The characteristic of a practical diode that distinguishes it from an ideal one is
that the practical diode experiences a finite voltage drop when it conducts. This
drop is typically in the range of 0.5~0.7V. If the input voliage to a diode circuit is
high enough; the drop is too small and can thus be ignored. The voltage drop may,
however, cause a significant error in electronic circuits, and the diode
characteristic should be taken into account in evaluating the performance of diode
cireuits. In order to understand the characteristic of a practical diode, we need to

understand its physical operation.



