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The main components used in electronics are of two general types: passive (e.g. resistors and

capacitors) and active (e.g. transistors and integrated circuits). The main difference between active
and passive components is that active ones require to be powered in some way to make them work.
Passive Components
The Resistor

A resistor (Figure 1-1) is a piece of material that obeys Ohm’s Law. The name comes from its
main property; it resists the flow of charge through itself, hence allowing us to control the current.
Resistors can be made of various kinds of material, but whatever the choice it must conduct some
electricity otherwise it wouldn’t be of any use.

Two wires are connected to opposite ends of the resistor (Figure 1-2). When we apply a potential
difference between the wires we set up a current from one wire to the other, through the resistor. The
size of the current is proportional to the difference in voltage between the wires. The resistance (in

units of Ohms) is defined as the ratio of the applied voltage, V' (in Volts), divided by the current, / (in
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Amps), produced by the applied voltage.

Resistor : Current vs Voltage

Current
(amps)

~ - ————————

Voltage (volts)

Figure 1-1

The value is usually displayed using standard colour code (Figure 1-3).
The Capacitor

If you look at a catalogue of electronic components you’ll find an enormous variety of sizes and
types of capacitor. However, for most purposes we can divide capacitors into two basic types:
dielectric and electrolytic.

A capacitor acts as a charge store (Figure 1-4). It contains a pair of metal plates separated by a
thin sheet of insulating material. The plates are electrically neutral—the number of positive protons in

each exactly equals the number of negative electrons.

m-————————— -
| Charge |
| Capacitance , |
| |
I \ |
o C = Q !

Standard symbols for a resistor | V :

— AN i & |

|
Modern Old-fashioned e o
Figure 1-3 Figure 1-4

However, if we connect wires to the plates and apply external voltage we can drag electrons off
one plate and push them on to the other.

This takes energy, i.e. we have to do work charging the capacitor. The result is a capacitor with
one plate positively charged and the other negatively charged. The energy used to move charge is
stored by this imbalance. If we connect two plates together with a resistor, the electrons “rush back
home” releasing their energy again. The voltage between the plates of a charged capacitor is
proportional to the amount of charge moved. The charge/voltage ratio for any specific capacitor is
called the capacitance (Figure 1-5).

The Diode

There are a number of different electronic devices which tend to be called diodes (Figure 1-6).
Although they’re made differently they all have three things in common.

® They have two leads like a resistor.

® The current they pass depends upon the voltage between the leads.

® They do not obey Ohm’s law!
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L
T

Circuit symbols

dielectric

L
-

electrolytic

Figure 1-5 Figure 1-6

As an example we will use a typical diode called a pn-junction. This allows us to explain
behavior of diodes. Remember, however, that there are other sorts of diodes which are built
differently but show the same general behavior.

We create a pn-junction by joining together two pieces of semiconductor, one doped n-type, the
other p-type. This causes a depletion zone to form around the junction (the join) between the two

materials. This zone controls the behavior of the diode.

Notes

1. When we apply a potential difference between the wires we set up a current from one wire to
the other, through the resistor. 4<47]/&f When we...5| SR EARIENE] . AFAER : H7EW
RS Ja] i — A HL S I, SR L E i i P AR A — IR RERAEE B A — IR L

2. If we connect wires to the plates and apply an external voltage we can drag electrons off one
plate and push them on to the other. A~/a) & If we...B| S &HIRIE MNA], we can drag... o F 4]
Woy . AATIEN . WRRIESLEETISRAR L, FFESMNBE, AR FA—RE
JRIRHAEE] 5 —k E o

3. There are other sorts of diodes which are built differently but show the same general behavior.

A EIA], TR ARSI RR S RGN TR, EEfR—RrEEEmE,

New Words

electronic [ilek'tronik] a. HFH
component [kam'psunant] n. Joff
electronics [ilek'troniks] n. HLFi&#&
passive ['peesiv] a. JCIRH)

active [‘eektiv] a. ALY

resistor [ri'’ziste] n. HLFHZR

capacitor [ka'peesite] n. HLZAAF
transistor [treen'ziste] n. FAE
integrated ['intigreitid] a. ZEAHY
circuit ['sa:kit] n. HLH&
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Ohm [oum] n. Bk}

property ['propati] n. PfRE

charge [t[a:d3] n. Hff; v. FoH
current ['karant] n. HL

conduct ['kondakt] v. 5
electricity [ilek'trisiti] n. Hi
potential [pa'tenf(a)l]] n. HH
wire ['waia] n. §£

voltage ['vaultid3z] n. HE
resistance [ri'’zistans] n. HFH
ratio [reifisu] n. HE

apply [o'plai] v. Jtifin

amp [eemp] n. Z&HE

volt [ volt] n. {R4%

value ['veelju:] n. {H

dielectric [daii'lektrik] a. HEAERH
electrolytic [ilektrau'litik] a. HLf#EHY
plate [pleit] n. &E#

sheet [[i:t] n. R

insulate ['insjuleit] v. 482k

neutral ['nju:tral] a. MK
positive ['pozativ] a. IEAY

proton ['preuton] n. ¥
negative ['negeativ] a. il
electron [i'lektron] n. -+
imbalance [im'bzelons] n. A4
release [ri'llizs] v. &L

capacitance [ka'peesitons] n. HZ
diode ['daisud] n. —#RE

lead [li:d] n. 5%k

junction ['d3Ankfen] n. 4
behavior [bi'heivje] n. 1EEE
semiconductor ['semikan'dakta] n. 5k
dope [daup] v. BS

depletion [di'pli:fan] n. F&ER

join [d32in] n. %

Phrases and Expressions

electronic component Hi,-FITf4
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passive component JGIE /4
active component A JEn4:
integrated circuit £ A% HL P&
Ohm’s Law  BR#R} &
potential difference Hi#\2
be proportional to 5+ FIE L
in units of A7 K

be defined as XN

applied voltage Jifi il Hi [
insulating material 45 Z% 18l
positive proton 1EJf T
negative electron i H, T

do work fZh

electronic device Hi, T 284
pn-junction p-n %%

depletion zone FER)Z

EXERCISE

EXERCISE 1

Mark the following statements with T (True) or F (False) according to the passage.

1. Active components are different from passive components in some way to make them work.

2. The resistance is often considered as the ratio of the current, I (in Amps) against the applied
voltage,V(in Volts).

3. If wires are connected to the plates and an external voltage is applied,electrons can be dragged off
one plate and pushed onto the other.

4. Although diodes are made differently,they all have three things in common.

5. Some of diodes are built differently and show different behavior.

EXERCISE 2

Translate the following phrases into Chinese or English.

1. active components

2 AU E
3. potential difference

4. Jite pi e
5. insulating material

6 ERT

7. electronic device

8 FEREZE
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Active Components
Junction Field Effect Transistors

Junction field effect transistors (JFETs) come in two “flavors”, p-channel and n-channel (Figure
1-7). In each case a bar, or channel, of one type of semiconductor material is located inside a bulk
material of the other kind i.e. p inside n, or n inside p.

A pair of metallic contacts is placed at each end of the channel. When we apply a voltage between
these, a current can flow along the channel from one contact to the other. The contact which launches
charges along the channel is called the source; the one that “eats” them at the other end is called the drain.

In an n-channel device, the channel is made of n-type semiconductor, so the charges free to
move along the channel are negatively (hence n) charged—they are electrons. In a p-channel device
the free charges which move from end-to-end are positively (hence p) charged—they are holes
(Figure 1-8). Remember that a hole is the absence of an electron. In each case the source puts fresh

charges into the channel while the drain removes them at the other end.

[ Metal
B P-type (gate) o o
N-type (channel) ~a ’ Electric Field

[[] Depletion zone

View from above

0.0V i 0.0V

n :
Source

Figure 1-7 Figure 1-8

Bipolar Transistor
A Bipolar Transistor (Figure 1-9) essentially consists of a pair of PN Junction Diodes that are
joined back-to-back. This forms a sort of a sandwich where one kind of semiconductor is placed

in-between two others. There are therefore two kinds of bipolar sandwich, the NPN and PNP varieties.

]

6
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The three layers of the sandwich are conventionally called the Collector, Base, and Emitter. The
reasons for these names will become clear later once we see how the transistor works.

Some of the basic properties exhibited by a Bipolar Transistor are immediately recognizable as
being diode-like. However, when the “filling” of the sandwich is fairly thin some interesting effects
become possible that allow us to use the Transistor as an amplifier or a switch. To see how the
Bipolar Transistor works we can concentrate on the NPN variety.

Figure 1-10 shows the energy levels in an NPN transistor when we aren’t externally applying
any voltages. We can see that the arrangement looks like a back-to-back pair of PN Diode junctions
with a thin P-type filling between two N-type slices of “bread”. In each of the N-type layers
conduction can take place by the free movement of electrons in the conduction band. In the P-type
(filling) layer conduction can take place by the movement of the free holes in the valence band.
However, in the absence of any externally applied electric field, we find that depletion zones form at

both PN-Junctions, so no charge wants to move from one layer to another.

Emitter l Base l Collector I
N ' P ' N e Free Electron

o Free Hole

Collector

Figure 1-9 Figure 1-10

Consider now what happens when we

apply a moderate voltage between the
Collector and Base parts of the transistor. The
polarity of the applied voltage is chosen to
increase the force pulling the N-type electrons
and P-type holes apart (Figure 1-11). This
widens the depletion zone between the
Collector and base and so no current will flow.

In effect we have reverse-biased the Base-

Collector diode junction. The precise value of
the Base-Collector voltage we choose doesn’t Figure 1-11

really matter to what happens provided we don’t make it too big and blow up the transistor!

New Words

field [fi:ld] n. 3%
effect [i'fekt] n. &N

s
~
w
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flavor ['fleive] n. {4iE

channel ['tfeenl] n. {WiE

bulk [balk] n. FABK

gate [geit] n. [JH&

source [so:s] n. JE%

drain [drein] n. JWtk

metallic [mi 'teelik] a. &EHY
contact ['konteekt] n. filis
launch [lo:ntf] v. Bk

hole [haul] n. 55X

view [vju:] n. LK

bipolar [bai'paula] a. MUK
layer [leia] n. 2

collector [ka'lekta] n. FHEHK
base [beis] n. K

emitter [i'mita] n. &HHR
exhibit [ig'zibit] v. FIH
amplifier [eemplifaia] n. BK%R
level [lev(a)l] n. %&
arrangement [o'reind3maent] n. H%
conduction [kan'dakfen] n. FH,
band [beend] n. i

valence ['veilans] n. JETF#
polarity [pau'leeriti] n.
reverse-bias [ri've:s'baias] v. RIak/E

Phrases and Expressions

]

Junction Field Effect Transistors JFETs) 4537300 fa ik
p-channel p {4iE

n-channel n {iE

bulk material AR ¥

metallic contact 4 J& fil &L
electric field H3%

view from above {fFHREl

Bipolar Transistor XK 2! f A E
PN Junction Diode PN 45— &
energy level REZ

conduction band FHLHT

valence band i HL Tl



