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1.1 Text

Resistors: A resistor is an electrical component that resists the flow of electrical current. The
amount of current (/) flowing in a circuit is directly proportional to the voltage across it and
inversely proportional to the resistance of the circuit. This is Ohm law and can be expressed as a

formula: 7 =?R . The resistor is generally a linear device and its characteristics form a

straight line when plotted on a graph.

Resistors are used to limit current flowing to a device, thereby preventing it from burning
out, as voltage dividers to reduce voltage for other circuits, as transistor biasing circuits, and to
serve as circuit loads.

Generally, resistors (Figl.1) consist of carbon composition, wire-wound, and metal film.
The size of resistors depends on power ratings. Larger sizes are referred to as power resistors.
Variable resistors are adjustable: rheostats, potentiometers, and trimmer pots. Precision resistors

have a tolerance of 1% or less.

s

Fixed resistor

=

Adjustable or Variable

Trimmer Potentiometer

Power types

Fig 1.1  Various Resistors
If you are a bit serious about the electronics hobby I recommend learning the “Color Code”.
It makes a lot easier. The same color code is used for everything else, like coils, capacitors etc.
Again, just the color code associated with a number, like: black=0 brown=1 red=2, etc. Fig 1.2 is
an example; it is a 4-band resistor.
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Can you “create” your own resistors? Of cause and not difficult. Here is how to do it. Draw
a line on a piece of paper with a soft pencil, HB or 2HB will do fine. Make the line thick and
about 2 inches (5 cm) long. With your multimeter, measure the ohm’s value of this line by putting
a probe on each side of the line; make sure the probes are touching the carbon from the pencil.
The value would probably be around the 800 k to 1.5 M depending line. The resistance will drop
considerably, if you erase some of it (length-wise obviously!). You can also use carbon with
silicon glue and when it dries measure the resistance, etc.

Ist 2nd 3rd 4th 5th 6 th
— — Band I, 2, 3
- Il L Black = 0
0 = L1 Brown = |
g I o -
p2 I I R0 =2
| | Orange =3
il 1 | Yellow =4
— L Green =35
Band 1: Yellow-4 -——--- 4 Blue =6
Band 2: Violet-7 -—------ 7 Violet =7
. Band 3: Red-2 ----------00 Gray =8
Band 1, first # Band 4, Gold, 5% Tolerance 4700 Ohms White =9
Gold = 0.1
Band 2, second # .
Tolerance: Browg - 1://" Band 5 & 6 usually for 1%
Band 3, multiplier with “0” s Band 4 GReld B go/o metal film types. Band 6 for
00 = Dide temp. coefficient.
Silver = 10%
Band 4, tol. In % None =20%

Fig 1.2 An example of resistor color code
Capacitors: A capacitor is an electrical device that can temporarily store electrical energy.
Basically, a capacitor consists of two conductors (metal plates) separated by a dielectric

insulating material (Fig 1.3(a)), which increases the ability to store a charge.

( "’ 7 conductor
X / 'A;* ‘ S\ * /
A s ! .
™ / F insulator —=—
pa— % 7
‘ B ¥ *
\ N N DIELECTRIC conductor

- - e < act
CONDUCTING PLATES capactlor - yariable  capacitor

(a) structure (b) symbols

Fig 1.3 Capacitor

The dielectric can be paper, plastic film, mica, ceramic, air or a vacuum. The plates can be
aluminum discs, aluminum foil or a thin film of metal applied to opposite sides of a solid
dielectric. The conductor- dielectric-conductor sandwich can be rolled into a cylinder or left flat,
the symbols of capacitor are shown in Fig 1.3(b).

A capacitor will block DC current, but appears to pass AC current by charging and
discharging. It develops an AC resistance, known as capacitive reactance, which is affected by
the capacitance and AC frequency. The formula for capacitive reactance is X¢ = 1/ (2nfc), with
units of ohms.
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Inductors: An inductor is an electrical device, which can temporarily store electromagnetic
energy in the field about it as long as current is flowing through it. The inductor is a coil of wire
that may have an air core or an iron core to increase its inductance. A powered iron core in the
shape of a cylinder may be adjusted in and out of the core.

An inductor tends to oppose a change in electrical current, it has no resistance to DC current
but has an AC resistance to AC current, known as inductive reactance, this inductive reactance is
affected by inductance and the AC frequency and is given by the formula X; = 27f;, with units of
ohms. Inductors are used for filtering AC current, increasing the output of the RF (Radio
Frequency) amplifier.

Inductors are available in variety of shapes (Fig 1.4): air core, iron core (which may look
like a transformer, but has only two leads), toroidal (doughnut shaped), small tubular with epoxy,
RF choke with separate coils on a cylinder, and tunable RF coil with a screwdriver adjustment.

_@\\\w\\

(a) air core {5) iron core (c) toroid(¥ JE)

screw

coil

(d) tubular (e) RF choke (f) tunable RF coil

Fig 1.4 Various inductors

Technical Words and Phrases

reactance n. HHL

resistance n. [HLY BFEAE, o SCF I fTFR FERE
resistor n. DALY HIPHES, o S0 I 7K Ha PR
voltage n. Y Bk, REFEG R ZE)
capacitance n. HIZE

capacitor n. HIAAE

charge n. fifif, Hifir, ZMHL v, ki, A
dielectric n. AT, 454k adj. dEME MM
electrical adj. WY, fAXHEN

formula n. A3, B, BEF

inductance n. HUEE, HU(E
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inductor n. BSY, KN, HKSS

insulating adj. #8511

multimeter n. THZE v ZA0E

probe n. BEE, SMRTEHMAE: HU A, KE
be inversely proportional to B g H

be affected by ... Zenee W

be available Al A AR, TP
be directly proportional to Heeo gRIELE

be expressed as a formula R ARETRB
be proportional to Bjeeeeee g LAY

be used to ... B Teeeee

in various shapes and sizes AR FI R

to serve as ... F4E=s=s=

1. Put the Phrases into English

(1) IBHIBKE: (2) fRi%R %

(3) HLT AR (4) SRR,

(5) RIUBHLEK: (6) eSS .

2. Put the Phrases into Chinese

(1) electrical components; (2) Ohm law;

(3) limit current; (4) voltage divider;
(5) transistor biasing circuits.

3. Translation

(1) Resistors are used to limit current flowing to a device, thereby preventing it from
burning out, as voltage dividers to reduce voltage for other circuits, as transistor biasing circuits,
and to serve as circuit loads.

(2) If you are a bit serious about the electronics hobby I recommend learning the “Color
Code”.

(3) A capacitor will block DC current, but appears to pass AC current by charging and
discharging.

(4) Capacitors are available in various shapes and sizes.

(5) Capacitors are used for filtering, by passing signals, for timing circuits, and for
radio-frequency (RF) tuning circuits.

(6) An inductor is an electrical device, which can temporarily store electromagnetic energy
in the field about it as long as current is flowing through it.

(7) The inductive reactance is affected by inductance and the ac frequency.

(8) The input voltage is to the primary winding and the induced voltage is taken off the

4R



secondary winding.

FRLPHAT: FPHASE —FhAEPLAT BTN AT R T A8 0F . FUBHAS ML A MU S5 N7 L FEL
P 3 ) L E L, 5 PR BRE SR b . X R BRI e, WU A XE IR I = U/R.
P 2RI R ARSI, EMUR R R — R HLK.

FELPH AR & AR PRALAS, ARGV SR AF RO LI, AR L 88 4F BRI iy B it KT pedm
FLPH St Al DURAE ) T4, AR/ AR BRI, R I B e B . P28 B mT R4
HL R 1 S 8

—ROR UL, BB . Ao PG R E 1.1 FrR), BpEAE R
KNG BRI FA R, RFHECRR PSS E H 2 R D) R A A8 . n AR 2% 2
FHLBRELRT IR A P A, AARBE AR . WAL AN OR AL AR . K E R B AR R AR HUR EHAE 1%
SCE /NP AR .

WA BT BOR B Mol @A R “RBEKBRD” WAL, XL R
RETTE. 1My HLIEFR R IEASARE A A SR L ER, kB oh) . wA%.
RMITERABOR RS, mEA=0, fi=1, 26=25%, K12 2MEBEKEHEHHE
HBl5 .

B CAT BURE— SR BEE) S ? 28R AT BL, i HAR AN . X B BURan e i — A s BEL(E8),
H— 3B (HB #1220 2HB M AT), 4K Bl —BURZ) 2 96 em) KL . H
JT R E X B BRI, (7 2)IE T FIR PN R 20 51 5 S 2B 2R F0 7 3 A 3
—REEIRE SR L. RELAHEA, A KLA 800 kQ~1.5 MQ. WIRIRHE
fdRg, EAW RN, HFHEM SR/, VRt AT LUR B A BB K 6 1F i BE 2%
AT T LS R AP E SR .

HAAS: A LI N AE L RER B T 88 F . AR B PIR AR & B RAR)
HRROLE 1.3(), FEMH—EATREEMEIRRTT, XZE SRR LY n b 277 i e
fif A SURI G K LA ) o

HHEMETURA. BET. 2. WEME. SRREE. BRTUEEER. 8
THEAE— A A& E— 2 SRR AR . W] LA EEHE — DX - % k- Rk (=
a0 BRI LA AS,  thA] SR O B AR . AR S A 1.3(b)
BT7R

USSR B AL, (HRE LA ZS s AT PR 77 S AT I . A B AE AL HL BEL TR b
Plo FHLHBRAFRMZRABRIMEA K, BHMARN Xc= 1/Q@nrfo), HHAHEE.

RUBES: R s, RURESS A E A s, RS R U R Y
i A7 il R A RE B FL 7 Ao USRS — 2R, A A LIRSS R B P A AT 0 3 s R
B, AT A A IR B R AR BRLS,  JE E RRE AT DA n R Rk R

HURE A A RRRLNES, NERENS, RERSERAHEBERK, EER
HIK L, HURSSA NG, FRAEPL. XYL R B AR AEE X, o
LUHARRIR A X = 2nf, JLRLLRREE . RS AT LUHSRIES: . 190 RF(CZR H %) I
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REGHF . BBRSA S AERERBRWE 1.4 FroR), 250 EHESKA N AR
REBAEES, EHRGHAN L) FRREOIAFTEH) ERECAER B A KD, RF 3
VR R el R AE By T RIS B AR, T L AT A B R A R R 22 T

1.2 Reading Materials

Semiconductors have had a monumental impact on our society. You find semiconductors at

the heart of microprocessor chips as well as transistors. Anything that’s computerized or uses
radio waves depends on semiconductors.

Today, most semiconductor chips and transistors are created with silicon. You may have
heard expressions like “Silicon Valley” and the “silicon economy,” and that’s why — silicon is
the heart of any electronic device.

A diode is the simplest possible semiconductor device, and is therefore an excellent
beginning point if you want to understand how semiconductors work. In this article, you’ll learn
what a semiconductor is, how doping works and how a diode can be created using
semiconductors. But first, let’s take a close look at silicon.

Silicon is a very common element — for example, it is the main element in sand and quartz.
If you look “silicon” up in the periodic table(Fig 1.5), you will find that it sits next to aluminum,
below carbon and above germanium.

Fig 1.5 Silicon sits next to aluminum and below carbon in the periodic table
Carbon, silicon and germanium (germanium, like silicon, is also a semiconductor) have a
unique property in their electron structure — each has four electrons in its outer orbital. This
allows them to form nice crystals. The four electrons form perfect covalent bonds with four
neighboring atoms, creating a lattice. In carbon, we know the crystalline form as diamond. In
silicon, the crystalline form is a silvery, metallic-looking substance.
In a silicon lattice(Fig 1.6), all silicon atoms bond perfectly to four neighbors, leaving no
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free electrons to conduct electric current. This makes a silicon crystal an insulator rather than a

conductor.
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Fig 1.6  Silicon lattice

Metals tend to be good conductors of electricity because they usually have “free electrons”
that can move easily between atoms, and electricity involves the flow of electrons. While silicon
crystals look metallic, they are not, in fact, metals. All of the outer electrons in a silicon crystal
are involved in perfect covalent bonds, so they can’t move around. A pure silicon crystal is nearly
an insulator — very little electricity will flow through it.

But you can change all this through a process called doping. You can change the behavior of
silicon and turn it into a conductor by doping it. In doping, you mix a small amount of an
impurity into the silicon crystal.

There are two types of impurities:

N-type - In N-type doping, phosphorus or arsenic is added to the silicon in small quantities.
Phosphorus and arsenic each have five outer electrons, so they’re out of place when they get into
the silicon lattice. The fifth electron has nothing to bond to, so it’s free to move around. It takes
only a very small quantity of the impurity to create enough free electrons to allow an electric
current to flow through the silicon. N-type silicon is a good conductor. Electrons have a negative
charge, hence the name N-type.

P-type- In P-type doping, boron or gallium is the dopant. Boron and gallium each have only
three outer electrons. When mixed into the silicon lattice, they form “holes™ in the lattice where a
silicon electron has nothing to bond to. The absence of an electron creates the effect of a positive
charge, hence the name P-type. Holes can conduct current. A hole happily accepts an electron
from a neighbor, moving the hole over a space. P-type silicon is a good conductor.

A minute amount of either N-type or P-type doping turns a silicon crystal from a good
insulator into a viable (but not great) conductor — hence the name “semiconductor”.

N-type and P-type silicon are not that amazing by themselves; but when you put them
together, you get some very interesting behavior at the junction. That’s what happens in a diode.

A diode(Fig 1.7) is the simplest possible semiconductor device. A diode allows current to

flow in one direction but not the other. You may have seen turnstiles at a stadium or a subway
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station that let people go through in only one direction. A diode is a one-way turnstile for
electrons.

DIODE

No current flows

across this junction

Fig 1.7 Diode

When you put N-TYPE and P-TYPE silicon together as shown in this diagram, you get a
very interesting phenomenon that gives a diode its unique properties.

Even though N-TYPE silicon by itself is a conductor, and P-TYPE silicon by itself is also a
conductor, the combination shown in the diagram does not conduct any electricity. The negative
electrons in the N-type silicon get attracted to the positive terminal of the battery.

The positive holes in the P-TYPE silicon get attracted to the negative terminal of the battery.
No current flows across the junction because the holes and the electrons are each moving in the
wrong direction. If you flip the battery around, the diode conducts electricity just fine. The free
electrons in the N-TYPE silicon are repelled by the negative terminal of the battery. The holes in
the P-TYPE silicon are repelled by the positive terminal. At the junction between the N-TYPE
and P-TYPE silicon, holes and free electrons meet. The electrons fill the holes. Those holes and
free electrons cease to exist, and new holes and electrons spring up to take their place. The effect

is that current flows through the junction.

A power supply is a device that takes an incoming electrical current and amplifies it to
levels required by various devices. In many instances, a power supply is also implemented to take
the incoming electricity and deliver it across many other electronic devices, often at different
preset levels. This device allows manufacturers to create electronics and machinery that can
handle many different tasks from a single source of power, without the need for various adapters
and additional hardware. Within other devices, a power supply is used to transform various types
of power into a compatible format to be stored, like solar energy to electrical energy.

Perhaps the most common use of a power supply is within computer systems. As electricity
enters the power supply, it is momentarily stored and then distributed to numerous functions
throughout the system, allowing the motherboard, hard drive, and other various devices to
receive electricity in order to function. Each one of these items requires a separate voltage
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(amperes), and it is delivered through specialized connectors that attach in a certain manner. For
example, motherboards require either a 20-pin power supply or a 24-pin power supply, and they
are not interchangeable without the purchase of an additional adapter.

Modern vehicles also require a type of power supply in order to function, and it is referred
to as an alternator(Fig 1.8). Although the wiring and design may be different, it essentially works
in the exact same manner by taking incoming power and delivering it throughout the vehicle at
the necessary levels. Alternators can be found on everything from lawn mowers to sea craft and

industrial equipment, and without them, the devices would be rendered useless.

Fig 1.8 Alternator for modern vehicles

Another common type of power supply can be found on windmills and solar panels(Fig 1.9),
and its primary function is to convert various types of energy into electricity so that it can be
stored and distributed across a grid. This type of power supply is referred to as a generator, and it
is often a free-standing object that is installed between the power source and the storage unit.
Home and commercial generators, used during power outages, also work off of this same premise
by transforming petroleum products into electrical energy by means of an engine. Many types of
industrial tools also implement a type of generator. Other common types of power supplies are

used within circuit breakers, battery-powered items and transformers.

Fig 1.9 Solar panels
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The N-channel, Enhancement-mode MOSFET operates using a positive input voltage and

has an extremely high input resistance (almost infinite) making it possible to interface with
nearly any logic gate or driver capable of producing a positive output. Also, due to this very high
input (Gate) resistance we can parallel together many different MOSFET’s until we achieve the
current handling limit required. While connecting together various MOSFET’s may enable us to
switch high current or high voltage loads, doing so becomes expensive and impractical in both
components and circuit board space. To overcome this problem Power Field Effect Transistors or
Power FET’s where developed.

We now know that there are two main differences between FET’s, Depletion-mode for
JFET’s and Enhancement-mode for MOSFET’s and on this page we will look at using the
Enhancement-mode MOSFET as a Switch.

By applying a suitable drive voltage to the Gate of an FET the resistance of the
Drain-Source channel can be varied from an “OFF-resistance” of many hundreds of kQ’s,
effectively an open circuit, to an “ON-resistance” of less than 1 €, effectively a short circuit. We
can also drive the MOSFET to turn “ON” fast or slow, or to pass high currents or low currents.
This ability to turn the power MOSFET “ON” and “OFF” allows the device to be used as a very
efficient switch with switching speeds much faster than standard bipolar junction transistors.

An example of using the MOSFET as a switch:

In this circuit(Fig 1.10) arrangement an Enhancement-mode N-channel MOSFET is being
used to switch a simple lamp “ON” and “OFF” (could also be an LED). The gate input voltage
Ves is taken to an appropriate positive voltage level to turn the device and the lamp either fully
“ON”, (Vgs =+ve) or a zero voltage level to turn the device fully “OFF”(Vgs = 0). If the resistive
load of the lamp was to be replaced by an inductive load such as a coil or solenoid, a “Flywheel”
diode would be required in parallel with the load to protect the MOSFET from any back-emf.

+Vop

—

Flywheel
Diode ZS Lamp

Fig 1.10 Circuit with an Enhancement-mode N-channel MOSFET
Above shows a very simple circuit for switching a resistive load such as a lamp or LED. But
when using power MOSFET’s to switch either inductive or capacitive loads some form of
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