How To Get Started
In Electronics

Part I: Inside Semiconductors

By Forrest M. Mims II1

The material for this article is extracted from
the author’s book Getting Started in Electron-
ics, published by Radio Shack. Copyright 1983
by Forrest M. Mims I11.

lectronics experimenting is re-
Ewarding, and challenging.
There are few other pursuits

that are more satisfying, especially
when you finish building a project,
turn it on, and find you’ve created
from a meaningless pile of compon-
ents something really useful. Thus,
you’ve become a creator with an end-
product to show for your efforts.

Electronics experimenters often
have different objectives. You might
wish to simply convert an idea for a
circuit into a finished project just for
the fun of seeing it take shape and op-
erate as you designed it to do. Or you
might have a need for a device that
isn’t available commercially, or you
might want to make something that is
available commercially but you feel
you can build at lower cost.

Whatever your reasons for want-
ing to build projects or experiment
with your own circuit ideas, you’ll
need some idea of how to use the
various elements available to create
practical circuits. To be able to do
this, you must understand how these
devices work and how they interact.

As the title of this series implies,
the objective of this series is to in-
troduce you to these elements star-
ting with semiconductors.

Silicon Recipes

There are many different semicon-
ducting materials, but silicon, the

SICICON  ATOM .

mdv:;}.ﬁgﬁcnlo NS

/

NUCLEWS 7 i~ o

g

‘7}5&5&5

T O O ””‘“o

/.

. ». ——

e

main ingredient of sand, is the most
popular ingredient.

A silicon atom has only four elec-
trons in its outermost shell, but it
would like to have eight. Therefore, a
silicon atom will link up with four of
its neighbors to share electrons as
follows:

0 . / ool
GHCH G

- —n Pp—— ,/4 _.\.W..m_“ e Rt SRS SR

.w\iﬁfoo\ S NOO,\.._?.

AVEIaY;
33

EN—— e s et e s =

A cluster of silicon atoms sharing
outer electrons forms a regular ar-
rangement called a crystal. To keep
things simple, in the above drawing
of a silicon crystal, only the outer
electrons are shown.
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Pure silicon isn’t very useful.
That’s why silicon makers spice up
their silicon recipes with a dash of
phosphorous, boron, or other goodies.
This is called ‘‘doping”’ the silicon.
Then silicon has very useful electrical
properties indeed!

Pand N Spiced Loaf. Boron, phos-
phorous, and certain other atoms can
join with silicon atoms to form crys-
tals. Here’s the catch: A boron atom
has only three electrons in its outer
shell, while a phosphorus atoms has
five electrons. Silicon with extra
phosphorus electrons is called n-type
silicon (n=negative). Silicon with
electron-deficient boron atoms is
called p-type (p = positive) silicon.

P-type Silicon. A boron atom in a
cluster of silicon atoms leaves a va-
cant electron opening called a ““hole.”’
It’s possible for an electron from a
nearby atom to ‘‘fall’’ into the hole.
Therefore, the hole has moved to a
new location. Remember, holes can
move through silicon (just as bubbles
move through water).

N-Type Silicon. A phosphorus
atom in a cluster of silicon atoms do-
nates an extra electron that can move
through the crystal with comparative
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O SINGLE ~WAVE RECTIFIER

ing through the other two leads. This
means transistors can be used as am-

plifiers and switches. There are two
* /\ /\ +/\ /\ ) main families of transistors: bipolar
\/ U AN AN and field-effect. We will concentrate
- — -/ = - here only on bipolar transistors.
AC N bC our Add a second junction to a pn-
HALF OoF SIGNAL junction diode and you get a three-
1S BLOCKED layer silicon “‘sandwich.”” The sand-
wich can be either npn or pnp. Either
way, the middle layer acts like a
0O FULL~WAVE RECTIFIER faucet or gate that cpntrols the
amount of current moving through
the three layers.
The three layers of a bipolar tran-
R 4 N sistor are the emitter, base, and col-
/\ /\ [W\/\ lector. The base is very thin and has
_ \/ \] fewer doping atoms than the emitter
_ and collector. Therefore, a very
AC IN [ bC ouvT small emitter-base current will cause
a much larger emitter-collector cur-
rent to flow.

. . Diodes and transistors share sever-
natlons. pr(?duce .0“”?‘“5 in the full- al key features: The base-emitter
wave .c1rcu1t. This dlffc?rence offers junction (or diode) will not conduct
significant advgnta.ges, in the case of 4 BASE until the forward voltage exceeds 0.6
the full-wave c1.rcu1t, when the .out- volt. Too much current will cause a
put must .b? flltereq to obtain a transistor to become hot and operate
smooth (minimal-variation) dc volt- : : :

. .. . ':LN P N improperly. If a transistor is hot (not
age with minimum ripple. \ f just warm) when touched, disconnect
; EASE the power to it! Finally, too much
The Transistor EMITTER ﬂ/_ COLLECTOR current or voltage may damage ot
Transistors are semiconductor de- / 5 \ permanently destroy the semicon-
vices with three leads. A very small ductor chip that forms the transistor.
current or voltage at one lead can Cﬁ P J N P Even if the chip itself isn’t harmed,
control a much larger current flow- its tiny connection wires may melt or
% COLLECTOR | -
§ .
¢
§ CoLLECTOR AMPLIFIED
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INPUT QURRENT BASE \:_-c
CURRENT EMTTER B} . - .
- OUTPUT THE RESISTORS
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TOO . MUCH CURREWT.
(WHICH CAN CAUSE

EMITTER .
EXCESSIVE HEAT). . . .. .
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