Tutorial

How To Get Started
In Electronics

Part I1: Inside Integrated Circuits

By Forrest M. Mims III

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 III.

lectronic circuits can be made
Eby simultaneously forming in-

dividual transistors, diodes
and resistors on a small ‘‘chip’’ of sil-
icon. The components are connected
to one another with aluminum *‘wires”’
deposited on the surface of the chip.
The result is an ‘‘integrated circuit.”’
An integrated circuit, or IC, can con-
tain as few as several to as many as
hundreds of thousands of transistor.
ICs have made possible affordable
personal computers, video games,
digital wristwatches, and many other
very sophisticated products.

Some integrated circuits can be of
extremely high circuit density to per-
form tremendously complex opera-
tions. For example, one kind of IC
contains 262,144 transistors on a sili-
con chip only about ¥ ” square! Im-
agine building a project in which only
one of these ICs was needed, using
just discrete transistors and resistors.
The cost would be staggering, the size
of the circuit enormous, and the fin-
ished project so heavy you couldn’t
carry it around. Your power require-
ments would be ridiculously high,
too. Yet, the IC version is small and
light enough to fit into the palm of
your hand and can reasonably be
powered by a battery.

Though not all ICs are as tremend-
ously complex as the one cited above,
you can readily see why the integrated
circuit has become the backbone of
modern electronics and can even be
regarded as a fundamental building
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block for the electronics experiment-
er and hobbyist. In this concluding
part of our serialization from Forrest
Mim’s book, Gerting Started In Elec-
tronics, we’ll introduce you to the
fascinating world of ICs and take
some of the mystery out of its use and
operation.

IC Categories

Integrated circuits are grouped into
two major categories. Analog (or
linear) ICs produce, amplify, or re-
spond to variable voltages. They in-
clude many kinds of amplifiers, tim-
ers, oscillators, and voltage regula-
tors. Digital (or logic) ICs respond to
or produce signals that have only two
voltage levels. They include micro-
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processors, memories, and many
kinds of simpler chips.

Some ICs combine analog and dig-
ital functions on a single chip. For ex-
ample, a digital chip might include a
built-in analog voltage regulator sec-
tion. And an analog timer chip might
include an on-chip digital counter to
givemuch longer time delays than are
possible with the timer alone.

IC chips are supplied in many dif-
ferent types of packages. By far the
most common are variations of the
dual in-line package (or DIP), which
is made from plastic (cheap) or ce-
ramic (more robust). Most DIPs
have 14 or 16 pins, but the pin count
can range from 4 to 64.

Digital ICs

No matter how complicated they
may ultimately be in terms of func-
tions performed, all digital ICs are
made from simple building blocks
called gates. Gates are like electroni-
cally controlled switches. That is,
they are either on or off.

The three simplest (mechanical—
not IC) gates can be demonstrated
with some pushbutton switches, a
battery and a lamp. For example, in
(A), an AND gate, the lamp glows
only when switches A and B are
closed. In OR-gate (b), the lamp
glows whenever switch A or switch B
or both are closed. Finally, in NOT-
gate (C), the lamp is on continuously
(note that the switch is a normally-
closed type, unlike the normally-
open type in the previous two cir-
cuits). Only when the switch is
opened is the lamp off. In other
words, the NOT gate reverses (in-
verts) the usual action of a switch.

In all three circuits, the switches



www.americanradiohistory.com

— wwawvy americanradiohistorvy com


www.americanradiohistory.com

T BUFFER T U INVERTER . ('NOT'. GATE)

..... e e AN [ ouT i IN. 0T ]
LN }am_ ..t { Lo IN ‘% ouT.__._ . H
” R L_H. i —— . . H L

| 2-STATE . BUEFER . . _ 3-<TATE. INVERTER . _

[ ConTROL . ComTROLLIN| QUT . . conTRoL . contRot| In |ouT
”.-_L*,.. [ A A Y AR N 8 R
Ul b LB K N ovT . L H L

_MM-_H..,_ X \HI-2_ . _ ... _H X [HI-2

" MEANS DOESN’T. MATTER. HI-Z MEANS HIGH OUTPUT RESISTANCE.

(G)
DATA  SELECTOR BINAZY 1O OECIMAL . DECODER .
A —— B — >c _MD:;:E_'Z_
[ — [
>—> ouT N - _
e —— [ — A e S o v R W
\ = el I
0Q AND ___] — O,
N DATA AT A OR LN_¥ = 2.
/ \ B 1S SYEERED TO RoTH. _MEANL Y- T 1 e s
THE _quT _
TRE . }/\[\lcz,~
SELECT WINPUT CONTACT
"ADDRESS'). S
TUS  CIRCUIT CAN THIS. _CONVERTS . © 1232
LI0 A TwWOo-BIT . . _L_ LR AR
| L.L),DE____%@@;{__.-*__.__,._ELNARX._NMER,.. LR H L A
SANPUTS o TO ITS. DEQMAL. K L L RH_H L_H
SES. o EQUIWALENT. ......H HILH A KWL
(H)
— T
S R Q Q .
Q L L .| (DISALLOWED).
LR =} L -
H L L. R
Q5 RoH_l  NO CHANGE.
&=NoT @ (F@=0, @ = 1)
1))
connected from the remainder of the  jams’’ can occur. Using three-state

circuit. The output is then neither
high nor low. Instead, it ‘‘floats”
and appears as a very high resistance.
Standard and three-state buffers and
inverters are summarized in (G).
Often, circuits made from gates ex-
change information in binary Is and
Os that are encoded as high and low
voltage levels. The information is us-
ually sent over wires called buses. If
the outputs of a number of gates are
connected to the same bus, ‘‘traffic

gates can put an end to this problem
by placing data from a gate on the bus
only when a slot for it exists.

Gates can be used individually or
connected together to form a logic
circuit. Almost all logic circuits can
be placed in one of two categories—
combinational or sequential.

Combinational Logic

Combinational logic circuits respond
toincoming data almost immediately
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and without regard to earlier events.
These circuits can be very simple or
immensely complicated. Virtually
any combinational circuit can be im-
plemented with only NAND or NOR
gates, or acombination of both. Two
examples of combinational networks
that use more than one kind of gate
are illustrated in (H).

Sequential Logic

The output state of a sequential logic
circuit is determined by the previous
state of the input. In other words,
bits of data move through sequential
circuits step-by-step. Often, the data
advances one step when a pulse is
received from a ‘“‘clock’ (a circuit
that emits a steady stream of pulses).
The sequential logic building block is
the common flip-flop.

Illustrated in (I) through (L) are five
basic flip-flops. The basic RS (reset-
set) flip-flop in (I)is also called a /atch.
Its Q and Q (the latter is pronounced
“not-Q’’) are always in opposite
states. The clocked RS flip-flop in (J)
ignores data at S and R until a clock
(or enable) pulse arrives at the clock
input. Then it changes states.

A D (data or delay) flip-flop,
shown in (K), srores the current out-
puts between clock pulses. The JK
flip-flop in (L) allows both inputs to
be high, in which case, its outputs
“‘toggle’’ or switch states with each
clock pulse. The Q (or Q) output is
low (or high) for every other input
pulse to the T (toggle) flip-flop in
(M). Therefore, the input pulses are
divided by two.

Two or more flip-flops can be con-
nected in various ways to make up
different types of counters. Some ar-
rangements yield binary counters
that count in the binary format of Os
and 1s. Others can count in the deci-
mal format and can be arranged to
reset to 0 after a countof 9or 5or 1
for digital clocks, frequency count-
ers, meters, etc. There are, of course,
many types of IC counters, most of
which include special features, such
as count up, count down, reset, etc.

It’s interesting to note that com-
binational and sequential logic ele-
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the op-amp, the output swings from
high to low and the LED glows.

The time delay can be changed by
altering the values of RJ and CJ or
the setting of R2. Toinitiate a new cy-
cle, CImust first be discharged. (Use
a normally-open pushbutton switch
connected between the top of C/ and
ground to do this.)

This simple timer circuit is the key
ingredient of most IC timers. Most
include an output flip-flop to give
definite high or low output. Some in-
clude a binary counter that advances
one count per delay period (or cycle).

)

count advances. A decoder at the
counter output permits total delays
ranging from days to a year or more
to be selected.

Voltage Regulators

Voltage regulators convert a voltage
applied to their inputs into a fixed or
variable (usually lower) voltage. In
most, a small fixed reference voltage
(usually a volt or so) is applied to the
noninverting input of an op-amp.
The reference voltage (Vref) is then
amplified by the ratio of the feedback

=

sistors is a potentiometer, the output
voltage (Vour) can be varied from Vref
to + V (the supply voltage applied to
the chip). Actual IC voltage regula-
tors include extra transistors to pro-

ST 2 - vide Vref and to allow the chip to
counT i _34] qu_“‘ EAG drive loads that require more power
2 e 9 1 than an op-amp alone can deliver.

9490 = COUNTER 3 ) Many types of fixed- and variable-

7448 = DECODER ) cf8_ 2 output IC regulators are available.

) z : Most are installed in packages made
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} . .. R1-R7= } "CoMMON"CATHORE. There are also many types of spec-

ial-function linear ICs, many of
which incorporate op-amps. Among
these are audio amplifiers, phase-
locked loops (PLLs), function gene-
rators, and telephone, radio, televi-
sion, and computer communications
devices. There are even many kinds
that detect temperature, light,
weight, and pressure!

In Parting

This concludes our serialization of
Forrest Mims’ book, Getting Started
In Electronics. Though we’ve pre-
sented a lot of interesting informa-
tion to get you started with a founda-
tion in electronics, much more is cov-
ered in the book that’s available at
Radio Shack retail stores. ME
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