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INTRODUCTION

This is the third part of our Circuits e-book series. It contains a
further 100 circuits. This time we have concentrated on circuits
containing one or more IC's.

It's amazing what you can do with transistors but when Integrated
Circuits came along, the whole field of electronics exploded.

IC's can handle both analogue as well as digital signals but before
their arrival, nearly all circuits were analogue or very simple "digital"
switching circuits.

Let's explain what we mean.

The word analogue is a waveform or signal that is changing
(increasing and decreasing) at a constant or non constant rate.
Examples are voice, music, tones, sounds and frequencies. Equipment
such as radios, TV's and amplifiers process analogue signals.

Then digital came along.

Digital is similar to a switch turning something on and off.

The advantage of digital is two-fold.

Firstly it is a very reliable and accurate way to send a signal. The
signal is either HIGH or LOW (ON or OFF). It cannot be half-on or one
guarter-off.

And secondly, a circuit that is ON, consumes the least amount of
energy in the controlling device. In other words, a transistor that is
fully turned ON and driving a motor, dissipates the least amount of
heat. If it is slightly turned ON or nearly fully turned ON, it gets very
hot.

And obviously a transistor that is not turned on at all will consume no
energy.

A transistor that turns ON fully and OFF fully is called a SWITCH.
When two transistors are cross-coupled in the form of a flip flop, any
pulses entering the circuit cause it to flip and flop and the output
goes HIGH on every second pulse. This means the circuit halves the
input pulses and is the basis of counting or dividing. It is also the basis
of a "Memory Cell" as will will hold a piece of information.

Digital circuits also introduce the concept of two inputs creating a
HIGH output when both are HIGH and variations of this.

This is called "logic" and introduces terms such as "Boolean

algebra" (Boolean logic) and "gates."

Integrated Circuits started with a few transistors in each "chip" and
increased to mini or micro computers in a single chip. These chips are
called Microcontrollers and a single chip with a few surrounding
components can be programmed to play games, monitor heart-rate
and do all sorts of amazing things. Because they can process
information at high speed, the end result can appear to have
intelligence and this is where we are heading: Al (Artificial
Intelligence).

In this IC Circuits ebook, we have presented about 100 interesting
circuits using Integrated Circuits.

In most cases the IC will contain 10 - 100 transistors, cost less than
the individual components and take up much less board-space. They
also save a lot of circuit designing and quite often consume less
current than discrete components or the components they replace.
In all, they are a fantastic way to get something working with the
least componentry.

A list of of some of the most common Integrated Circuits (Chips) is
provided at the end of this book to help you identify the pins and
show you what is inside the chip.

Some of the circuits are available from Talking Electronics as a kit,
but others will have to be purchased as individual components from
your local electronics store. Electronics is such an enormous field that
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we cannot provide kits for everything. But if you have a query about
one of the circuits, you can contact me.

Colin Mitchell
TALKING ELECTRONICS.
talking@tpg.com.au

To save space we have not provided lengthy explanations of how the
circuits work. This has already been covered in TALKING ELECTRONICS
Basic Electronics Course, and can be obtained on a CD for $10.00
(posted to anywhere in the world) See Talking Electronics website for
more details: http://www.talkingelectronics.com

MORE INTRO

We have said this before abut we will say it again: There are two
ways to learn electronics.

One is to go to school and study theory for 4 years and come out with
all the theoretical knowledge in the world but very little practical
experience. The other is to "learn on the job."

| am not saying one approach is better than the other but most
electronics enthusiasts are not "book worms" and many have been
dissuaded from entering electronics due to the complex mathematics
surrounding University-type courses.

Our method is to get around this by advocating designing, building,
constructions and even more assembly with lots of experimenting and
when you get stuck with a mathematical problem, get some advice or
read about it via the thousands of free test books on the web.
Anyone can succeed in this field by applying themselves to
constructing projects. You actually learn 10 times faster by doing it
yourself and we have had lots of examples of designs from students in
the early stages of their career.

And don't think the experts get it right the first time. Look at all the
recalled electronics equipment from the early days.

The most amazing inventions have come from almost "newcomers" as
evidenced by looking through the "New Inventions" website.

All you have to do is see a path for your ideas and have a goal that
you can add your ideas to the "Word of Invention" and you succeed.
Nothing succeeds like success. And if you have a flair for designing
things, electronics will provide you a comfortable living for the rest
of your life.

The market is very narrow but new designs are coming along all the
time and new devices are constantly being invented and more are
always needed.

Once you get past this eBook of "Chips" you will want to investigate
microcontrollers and this is when your options will explode.

You will be able to carry out tasks you never thought possible, with a
chip as small as 8 pins and a few hundred lines of code.

In two weeks you can start to understand the programming code for a
microcontroller and perform simple tasks such as flashing a LED and
produce sounds and outputs via the press of a button.

All these things are covered on Talking Electronics website and you
don't have to buy any books or publications. Everything is available on
the web and it is instantly accessible. That's the beauty of the web.
Don't think things are greener on the other side of the fence, by
buying a text book. They aren't. Everything you need is on the web AT
NO COST.
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The only thing you have to do is build things. If you have any
technical problem at all, simply email Colin Mitchell and any question
will be answered. Nothing could be simpler and this way we
guarantee you SUCCESS. Hundreds of readers have already emailed
and after 5 or more emails, their circuit works. That's the way we
work. One thing at a time and eventually the fault is found.

If you think a circuit will work the first time it is turned on, you are
fooling yourself.

All circuits need corrections and improvements and that's what makes
a good electronics person. Don't give up. How do you think all the
circuits in these eBooks were designed? Some were copied and some
were designed from scratch but all had to be built and adjusted
slightly to make sure they worked perfectly.

| don't care if you use bread-board, copper strips, matrix board or
solder the components in the air as a "bird's nest." You only learn
when the circuit gets turned on and WORKS!

In fact the rougher you build something, the more you will guarantee
it will work when built on a printed circuit board.

However, high-frequency circuits (such as 100MHz FM Bugs) do not
like open layouts and you have to keep the construction as tight as
possible to get them to operate reliably.

In most other cases, the layout is not critical.

If you just follow these ideas, you will succeed.

A few of the basics are also provided in this eBook, the first is
transistor outlines:

TRANSISTORS

Most of the transistors used in our circuits are BC 547 and BC 557.
These are classified as "universal" or "common" NPN and PNP types
with a voltage rating of about 25v, 100mA collector current and a
gain of about 100.

You can use almost any type of transistor to replace them and here is
a list of the equivalents and pinouts:

NPM PNP TDI:IEFI;N
Y 3
h ™
che c he 3
BC 547 BC 557 &b
BC337/8 BC 327/8 BD 139
BD 679 {darlington)
NPN PNP
PNP
T0-12E-/,:-_ #
e bec ebc e
ZH 3904 2N 3906 PR
2N 2222 c b
BD 140
NPN
PNP S0T23
C
h
ech ech ®
BC 639 BC 640
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CONTENTS

AND Gate Phone Charger

Any Capacitor Value Police Lights

Any Resistor Value Resistor Colour Code

BFO Metal Locator Simple BFO Metal Locator
Flash LEDs for 20 Seconds 10 Second Alarm

Gates 1.5v to 5v Phone Charger
Intercom 555

Knock Knock Doorbell
LED Zeppelin - a game of skill

Logic Gates
Metal Detector - BFO

RESISTOR COLOUR CODE

120 1%

0 Black ohms Black

1 Brown #10 Brown 1% Brown
Z2 Red 100 Red 2% Red

3 ®1,000

4 x 10,000

5 Green ®#100,000 Crean

B B1u1e ¥ 1,000,000 BETue

] E:.ﬁ}.ﬁ't x0.1 5%

9 £0.01 silver 10% silwver
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See resistors from 0.22o0hm to 22M in full colour at end of book and another resistor

table

THE 555

The 555 is everywhere. It is possibly the most-frequency used chip and is easy to use.

For this you need to know about the UPPER THRESHOLD (pin 6) and LOWER THRESHOLD
(pin 2):

The 555 is fully covered in a 3 page article on Talking Electronics website (see left index: 555
P1 P2 P3)

Here is the pin identification for each pin:

GROUND [l '\/' 3 v

TRIGGER [E] 7] DISCHARGE

OUTPUT [ 255 Bl THRESHOLD

RESET [@] Bl CONTROL
555 PINOUT

When drawing a circuit diagram, always draw the 555 as a building block with the pins in the
following locations. This will help you instantly recognise the function of each pin:

Sy to ] Sy
Discharge pin Power Pin
g|l- 4] — tvturnschip OH
7 Ov turns chip OFF
3
detects 2.y 555 .
3 \\ output
- B
2
detects :‘!& {f connect to Ovvia 100n

1£!_'_,.r"

Ground pin T 100n

The Function of each PIN

But if you want to use it in a "one-shot" or similar circuit, you need to know how the chip will "sit."
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R, Reset
8 4
7
Discharge
R H.’ik 3
2 Output
6 L
Threshold]
CONTROL
H Sk Flip Flop
2 —
Trigger
u Ak
C =

1|Common  5|Control

=

INSIDE THE 555 CHIP

Note: Pin 7 is "in phase" with output Pin 3 (both are low at the same time).
Pin 7 "shorts" to Ov via the transistor. It is pulled HIGH via R1.

Maximum supply voltage 16v - 18v

Current consumption approx 10mA

Output Current sink @5v =5 - 50mA @15v = 50mA

Output Current source @5v = 100mA  @15v = 200mA

Maximum operating frequency 300kHz - 500kHz

Faults with Chip:

Consumes about 10mA when sitting in circuit
Output voltage up to 2.5v less than rail voltage
Output is 0.5v to 1.5v above ground

Sources up to 200mA but sinks only 50mA

HOW TO USE THE 555

There are many ways to use the 55.

(a) Astable Multivibrator - constantly oscillates

(b) Monostable - changes state only once per trigger pulse - also called a ONE SHOT
(c) Voltage Controlled Oscillator

ASTABLE MULTIVIBRATOR

The output frequency of a 555 can be worked out from the following graph:

2010-2-23 Tifi%:7/31



100 IC Circuits

100u

10u

1u

C=uF
0.1u

(R +2R5) =10M

0.01u

0.001u
0.1Hz 1Hz 10Hz 100Hz 1kHz 10kHz 100kHz

FREE RUNNING FREQUENCY (Hz)

The graph applies to the following Astable circuit:

svtol13v  The capacitor C charges via R1 and
R2 and when the voltage on the

R al 4 capacitor reaches 2/3 of the supply, pin
1 6 detects this and pin 7 connects to Ov.

Ex The capacitor discharges through R2

R h55 until its voltage is 1/3 of the supply and
2 pin 2 detects this and turns off pin7 to

B repeat the cycle.

The top resistor is included to prevent

2 pin 7 being damaged as it shorts to Ov

1 E when pin 6 detects 2/3 rail voltage.

-|_ Its resistance is small compared to R2

and does not come into the timing of

ASTABLE 555 the oscillator.

Using the graph:

Suppose R1 = 1k, R2 = 10k and C = 0.1 (100n).

Using the formula on the graph, the total resistance =1+ 10 + 10 = 21k

The scales on the graph are logarithmic so that 21k is approximately near the "1" on the 10k.
Draw a line parallel to the lines on the graph and where it crosses the 0.1u line, is the answer.
The result is approx 900Hz.

c

Suppose R1 = 10k, R2 =100k and C = 1u

Using the formula on the graph, the total resistance = 10 + 100 + 100 = 210k

The scales on the graph are logarithmic so that 210k is approximately near the first "0" on the
100k. Draw a line parallel to the lines on the graph and where it crosses the 1u line, is the
answer. The result is approx 9Hz.

The frequency of an astable circuit can also be worked out from the following formula:
1.4

(Ry +2R,) x C

frequency =

555 astable frequencies

C _ - _
R, = 1k [R, = 10k||R, = 100k

Hh ] R

2010-2-23 Tifi%:8/31



100 IC Circuits

C= T
T

SIMPLEST ASTABLE

Sv to 15y

| ||Ro = 6Kkg|R, = 68K|R, = 680K
[0.001|[ 100kHZ || 10kHz |[ 1kHz ]
[0.01u][ 10kHz || 1kHz || 100Hz |
[0ap || 1kHz ][ 100Hz || 10Hz |
[ 1p |[ 100Hz || 10Hz |[ 1Hz ]
[1op || 20Hz ][ 1Hz ][ 0.1Hz |
v o 19w
gl 4
7 3
The simplest Astable uses one
R, H 995 resistor and one capacitor. Output pin
& 3 is used to charge and discharge the
capacitor.
2

LOW FREQUENCY OSCILLATORS

If the capacitor is replaced with an
electrolytic, the frequency of oscillation
will reduce. When the frequency is less
than 1Hz, the oscillator circuit is called
a timer or "delay circuit." The 555 will
produce delays as long as 30 minutes
but with long delays, the timing is not
accurate.

LOW FREQUENCY 3535
555 Delay Times:
< [Ro=100KR, = 470k[R, = 1M
R, = 100k|R, = 470k||R, = 1M
[10p|| 2.2sec | 10sec || 22sec |
[1oop|| 22sec || 100sec || 220sec |
la7op|| 100sec | 500sec |l 1000sec |

repeat.)

555 ASTABLE OSCILLATORS

Here are circuits that operate from 300kHz to 30 minutes:
(300kHz is the absolute maximum as the 555 starts to malfunction with irregular bursts of pulses
at this high frequency and 30 minutes is about the longest you can guarantee the cycle will

Hh ] R
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- Svio1Sy
=01k

2
-
t
Fi LED comes
1 5] on after
1oeT . y E 1- 5 minutes
= 2o0u _|_ 100N

Sy o 15y IR e =
BE0R 24 B | sa0R 5| 4
7 3 i 7 5
555
BEOR: - hhh
g n ;
c 2
1n 1 s
1 1 5
-I_ T 100N I-"|' #mnn
360kHz

360kHz - mods

Sy to 15y

red

B LED
il
_|_ 100n

+
i

1-5 min TIMER

SQUARE WAVE OSCILLATOR

A mini trim and 10k resistar
can be used in place of the B3k
to create a variable frequency.
Put & link inthe 100k hales if a

10 MINUTE TIMER

e
trim-pot iz not used 7 _l
555 : “T -
Frequency 2 + probe
Select |_ e
1Hz 10Hz 100Hz 1kHz 10kHz 100kHz = : Oy
1 ﬁ rey = OUTPUT
+ +
Cs LED
Tou 1 -|1_IIIIIIn_|1_IIIn _|Tn _|_1|an _Fﬂn ground
=

A square wave oscillator kit can be purchased
from Talking Electronics for approx $10.00

See website: Square Wave Oscillator

It has adjustable (and settable) frequencies from
1Hz to 100kHz and is an ideal piece of Test
Equipment.

Hh ] R
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input

s

J80R

L I o
-|_ -|T|:u:|n

555 Monostable or'

Sy to 1w

UH gl |4
t=11RC

K 555 —t]

'‘one Shot"

MONOSTABLE
OR
"ONE-SHOT"
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50 - 555 CIRCUITS

Table of Contents:

50 555 Circuits eBook can be accessed on the web or
downloaded as a .doc or .pdf It has more than 50
very interesting 555 circuits and data on using a 555.

Active High Trigger

Active Low Trigger
Amplifier using 555
Astable Multivibrator
Bi-Coloured LED

Bi-Polar LED Driver

Car Tachometer

Clark Zapper

Clicks Uneven

Continuity Tester

Dark Detector

Driving A Bi-Coloured LED
Driving A Relay

Flashing Indicators
Flashing Railroad Lights
Flip Flop

Function of each 555 pin
Hee Haw Siren

High Frequency 555 Oscillator
How to use the 555
Increasing Output Current
Increasing Output Push-Pull Current
Inverter 12v to 240v

One-Shot 555

Organ

Police Siren

Pulse Extender

Pulser - 74c14

PWM Controller
Railroad Lights (flashing)
Rain Alarm

Replacing 556 with two
555's

Resistor Colour Codes
Screamer Siren - Light
Controlled

Servo Tester

Simplest 555 Oscillator
Siren 100dB

Square Wave Oscillator
Stun Gun

Substituting a 555 - Part 1
Substituting a 555 - Part 2
Switch Debounce
Tachometer

Ticking Bomb
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Inside the 555 Tilt Switch

Kitt Scanner Touch Switch

Knight Rider Toy Organ

Laser Ray Sound Transistor Tester
Latch Trigger Timer - 74cl14
LED Dimmer Uneven Clicks

Light Controlled Screamer Siren
Light Detector

Low Frequency 555 Oscillator
Machine Gun

Memory Cell

Metal Detector

Monostable 555

Morse Keyer

Using the 555

\oltage Doubler

Wailing Siren

Zapper (Dr Clark)

Zener Diode Tester

2 Minute Timer - 74c14
10 Minute Timer - 74c14
12v to 240v Inverter

Mosquito Repellent 100dB Siren

Motor PWM 555 Amplifier
Multivibrator - Astable 555 Kit of Components
Negative Voltage 555 Pinout

Normally Closed Trigger 555 Mistakes (No-No's)

556 Dual Timer

to Index
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l—:»— out [ output goes LOW for 5 secs
|

1M41 43 %1[\14148
cD4011 Z7K
4Tn=— 10 R
Lu . .z " =3v
: 1h41 48 D%—”]_ -
T

KNOCK KNOCK DOORBELL

This very clever circuit only produces an output when the piezo detects two taps. It can be used
as a knock-knock doorbell. A PC board containing all components (soldered to the board) is
available from talking electronics for $5.00 plus postage. Email HERE for details.

The circuit takes only a few microamp and when a tap is detected by the piezo, the waveform
from the transistor produces a HIGH on pin 6 and the HIGH on pin 5 makes output pin 4 go low.
This very quickly charges the 47n and it is discharged via the 560k to produce a brief pulse at pin
3.

The 47n is mainly to stop noise entering pin 2. Pin 1 is HIGH via the 2M7 and the LOW on pin 2
causes pin 3 to produce a HIGH pulse. The 47n is discharged via the internal diodes on pin 13
and when it goes LOW, pin 11 goes HIGH and charges the 10n via the 22k and diode.

This puts a HIGH on pin 8 for approx 0.7 seconds and when a second tap is detected, pin 9 sees
a HIGH and pin 10 goes LOW. This put s a LOW on pin 12 and a HIGH on pin 8. The LOW on
pin 12 goes to pin 1. A HIGH and LOW on the second NAND gate produces a HIGH on pin 3 and
the third NAND gate has a HIGH on both inputs. This makes pin 10 LOW and the 4u7 starts to
charge via the 2M7 resistor. After 5 seconds pin 12 sees a HIGH and pin 11 goes LOW. The 10n
is discharged via the 10M and when pin 8 sees a LOW, pin 10 goes HIGH. The output sits HIGH
and goes LOW for about 7 seconds.

to Index

LED ZEPPELIN
This circuit is a game of skill. See full article: LED Zeppelin. The kit is available

from talking electronics for $15.50 plus postage. Email HERE for details.
The game consists of six LEDs and an indicator LED that flashes at a rate of about 2
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cycles per second. A push button is the "Operations Control" and by carefully
pushing the button in synchronisation with the flashing LED, the row of LEDs will
gradually light up.
But the slightest mistake will immediately extinguish one, two or three LEDs. The
aim of the game is to illuminate the 6 LEDs with the least number of pushes.
We have sold thousands of these Kkits. It's a great challenge.
A1
CD 4011 C1C3 47u @)
14 + +
1 3 5 g4 | 8 10 ——
):) [ Fiz -
2 & ] ! av
7 h push -
button LED; |LED; |LEDy
1‘4 B
o
R3 ) R
%] T
=
R4
%
@y \\I\"‘__ LED:
BCS47 B
+ 13
=P )
47 0u
BCS47 E
T . 4
to Index
BFO METAL DETECTOR
The circuit shown must represent the limits of simplicity for a metal detector. It uses a single 4093 quad
Schmitt NAND IC and a search coil -- and of course a switch and batteries. A lead from IC1d pin 11
needs to be attached to a MW radio aerial, or should be wrapped around the radio. If the radio has a
BFO switch, switch this ON.

2010-2-23 Tif%:13/31



100 IC Circuits Hh I R 4K

Since an inductor resists rapid changes in voltage (called reactance), any change in the logic level at
IC1c pin 10 is delayed during transfer back to input pins 1 and 2. This is further delayed through
propagation delays within the 4093 IC. This sets up a rapid oscillation (about 2 MHz), which is picked up
by a MW radio. Any change to the inductance of L1 (through the presence of metal) brings about a
change to the oscillator frequency. Although 2 MHz is out of range of the Medium Waves, a MW radio
will clearly pick up harmonics of this frequency.

The winding of the coil is by no means critical, and a great deal of latitude is permissible. The prototype
used 50 turns of 22 awg/30 swg (0.315 mm) enamelled copper wire, wound on a 4.7"/120 mm former.
This was then wrapped in insulation tape. The coil then requires a Faraday shield, which is connected to
0V. A Faraday shield is a wrapping of tin foil around the coil, leaving a small gap so that the foil does not
complete the entire circumference of the coil. The Faraday shield is again wrapped in insulation tape. A
connection may be made to the Faraday shield by wrapping a bare piece of stiff wire around it before
adding the tape. Ideally, the search coil will be wired to the circuit by means of twin-core or figure-8
microphone cable, with the screen being wired to the Faraday shield.

The metal detector is set up by tuning the MW radio to pick up a whistle (a harmonic of 2 MHz). Note
that not every such harmonic works best, and the most suitable one needs to be found. The presence of
metal will then clearly change the tone of the whistle. The metal detector has excellent stability, and it
should detect a large coin at 80 to 90 mm, which for a BFO detector is relatively good. It will also
discriminate between ferrous and non-ferrous metals through a rise or fall in tone.

Copyright Rev. Thomas Scarborough
The author may be contacted at scarboro@iafrica.com

.«
On-Off Faraday
Shield IC1=4093B
M
+ | & B
—_— 14 IC1b IC1e Ic1d 18
- MW
112V 1 5 8 12 aeria
_ §  °| § 7l 8 C 8
3 4 10 11
_ 2 6 9 13
IC1a g *
50 turns 30swg 120mm dia

to Index

SIMPLE BFO METAL LOCATOR

This circuit uses a single coil and nine components to make a
particularly sensitive low-cost metal locator. It works on the principle
of a beat frequency oscillator (BFO).

The circuit incorporates two oscillators, both operating at about
40kHz. The first, IC1a, is a standard CMOS oscillator with its
frequency adjustable via VR1.

The frequency of the second, IC1b, is highly dependent on the
inductance of coil L1, so that its frequency shifts in the presence of
metal. L1 is 70 turns of 0.315mm enamelled copper wire wound on
a 120mm diameter former. The Faraday shield is made of aluminum
foil, which is wound around all but about 10mm of the coil and
connected to pin 4 of IC1b.

The two oscillator signals are mixed through IC1c, to create a beat
note. IC1d and IC1c drive the piezo sounder in push-pull fashion,
thereby boosting the output.

Unlike many other metal locators of its kind, this locator is
particularly easy to tune. Around the midpoint setting of VR1, there
will be a loud beat frequency with a null point in the middle. The
locator needs to be tuned to a low frequency beat note to one or the
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other side of this null point.
Depending on which side is chosen, it will be sensitive to either
ferrous or non-ferrous metals. Besides detecting objects under the

ground, the circuit could serve well as a pipe locator.

11 4093

T

o e

-7 3 Ll

c4
T"-’"F man A -|- 10nF

to Index

1.5v to 5v PHONE CHARGER

Look at the photos. The circuit is simple. It looks like two surface-mount transistors, an inductor, diode,
capacitor, resistor and LED.

But you will be mistaken.

One of the "transistors" is a microcontroller and the other is a FET.

The microcontroller is powered from the output (5v) of the circuit and when it detects no-load, it shuts
down to a very low level of operation.

When the 1v5 batter is connected, the micro starts up at less than 1v5 due to the Schottkey diode and
charges the 1u capacitor by driving the FET and using the flyback effect of the inductor to produce a
high voltage. When the output voltage is 5v, the microcontroller turns off and the only load on the 1u is
the microcontroller. When the voltage drops across this capacitor, the microcontroller turns on in
bursts to keep the 1u charged to exactly 5v. The charger was purchased for $3.00 so it is cheaper to

buy one and use it in your own project. It also comes with 4 adapter leads!

For talking anytims and any where §y

FEEL TIME

The AA case and 4 adabter leads - cost: $3.00!!
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The micro has been placed on extension wires to test its operation.

3‘ 5514 j:L
\ 5 pep CRE
A006 L ks
_| \ T leaves L - W
Micro - 1u
controller FET
red LED
Yy
PHONE CHARGER

Sometimes it is better to use something that is already
available, rather than trying to re-invent the wheel. This
is certainly the case with this project. You could not buy
the components for the cost of the complete phone
charger and extension leads.

The circuit will deliver 70mA at 5v and if a higher
current is drawn, the voltage drops slightly.

These chargers were originally priced at $30.00 !!

The LD and 1u capacitor can be clearly
seen in this photo.

to Index

10 SECOND ALARM

This circuit is activated for 10 seconds via the first two gates. They form a LATCH to keep the oscillator
(made up of the next two gates) in operation, to drive the speaker.

The circuit consumes a few microamps in quiescent mode and the TOUCH PLATES can be any type of foil
on a door knob or item that is required to be protected. The 10u sits in an uncharged condition and when the
plates are touched, the voltage on pin 1 drops below 50% rail and makes pin 3 HIGH. This pulls pins 5 and 6
HIGH and makes pin 4 LOW. This keeps pin 3 HIGH, no matter if a HIGH or LOW is on pinl. This turns on
the oscillator and the 10u starts to charge via the 100k resistor. After about 10 seconds, the voltage on pins &
and 6 drops to below 50% rail voltage and pin 4 goes HIGH. If the TOUCH PLATES are not touched, pin 3
will go LOW and the oscillator will stop.
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by

CD4011
LA i 5}4_‘ 10 12
b‘\—” i
?

10 SECOND ALARM

lio Jeo
.
P

100k

stop.

to Index

USING A VOLTAGE REGULATOR

This circuit shows how to use a voltage regulator to convert a 24v supply to
12v for a 555 chip. Note: the pins on the regulator (commonly called a 3-
terminal regulator) are: IN, COMMON, OUT and these must match-up with:
In, Common, Out on the circuit diagram.

If the current requirement is less than 500mA, a 100R "safety resistor" can
be placed on the 24v rail to prevent spikes damaging the regulator.

QuT 7812 IrJ o0 24v
12 Com
> caofm ;
g 4 + ’
; = g
7 10w =3
333 3 N ouT
=l - Com
— 1000
2
INE

using a voltage regulator

to Index

POLICE LIGHTS

These three circuits flash the left LEDs 3 times then the right LEDs 3 times, then repeats. The
only difference is the choice of chips.

5l 4 5 4 g i
o q |
5585 | 555 —
i
- -~ BCS57 el 12v
[ 2| 2|
+
+ 1 3 EEUE 1
%mnu
| |

POLICE LIGHTS
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2 4 4017 @1
Clack
555 |=

P b | o | e

{27k |
|-
=
25825
|m-|cn u-|—n|3|--d|-h|l-¢|w

| o

—=| Clock Inhibit
=1 Ground
—| Reset

e

[=

—
h

[

=

(!
|

—[F

[470F |
&
|—|4—m—
[y
rl{—m—
"4
[ 470F |
e
I |
e

-
M
=

141 45

POLICE LIGHTS-3

to Index

FLASH LEDS FOR 20 SECONDS

adjusted to get the required flash-rate and timing.

This circuit comes from a request from a reader. It flashes a LED for
20 seconds after a switch is pressed. The values will need to be

bv

40106 40014

1M 4148 Tdc14

10k

T Tioou -|_ o

Flashes a LED for 20 seconds

to Index

INTERCOM
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LM3BE-M1 300rmivy
LM386-N3 S00miy
LM386-N4 700y
+
-
L 12v
1+
H . 100n lél
} J,[”_l | 100
+
T
' 12v
22l
s
L]

INTERCOM ~

This circuit uses a single transistor and LM386 amplifier IC to produce an intercom that allows hand-
free operation.

As both microphones and loudspeakers are always connected, the circuit is designed to avoid
feedback - known as the "Larsen effect".

The microphone amplifier transistor is 180° phase-shifted and one of the audio outputs is taken at the
collector and its in-phase output taken at the emitter. These are mixed by the 10u, 22u, 20k pot and
2k7 so that the two signals almost cancel out. In this way, the loudspeaker will reproduce a very faint
copy of the signals picked-up by the microphone.

At the same time, as both collectors of the two intercom units are tied together, the 180° phase-shifted
signal will pass to the audio amplifier of the second unit without attenuation, so it will be loudly
reproduced by its loudspeaker.

The same operation will occur when speaking into the microphone of the second unit. When the 20k
pot is set correctly, almost no output will be heard from the loudspeaker but a loud and clear
reproduction will be heard at the output of the other unit.

The second 20k pot adjusts the volume.

to Index
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LOGIC GATES

All gates can be made fram a CD4011
or equiv (guad MAND gate 1C)

AE =
AND 2 o |o]ofo
mibsi DN
D B 1|o]a
1]1]4
AL [
OR & o [o[ofo
D r ol
B 114
AL [
NAND N . —HE
e B
:D‘ B 1|01
110

A
NOR Q
5 - 5 e
alal
al1]a
1|ofo
1l1|o

NOT

AR foft
—D— 1]a

i
XOR Q@
Do, e
= alafo
al1 |1
1|4
110

LOGIC GATES

It's very handy to remember that all the logic
gates can be made from a Quad NAND gate
such as CD4011.

to Index

Circuit Symbols

The list below covers almost every symbol you will find on an electronic circuit diagram. It allows you to
identify a symbol and also draw circuits. It is a handy reference and has some symbols that have never had
a symbol before, such as a Flashing LED and electroluminescence panel.

Once you have identified a symbol on a diagram you will need to refer to specification sheets to identify
each lead on the actual component.

The symbol does not identify the actual pins on the device. It only shows the component in the circuit and
how it is wired to the other components, such as input line, output, drive lines etc. You cannot relate the
shape or size of the symbol with the component you have in your hand or on the circuit-board.

Sometimes a component is drawn with each pin in the same place as on the chip etc. But this is rarely the
case.

Most often there is no relationship between the position of the lines on the circuit and the pins on the
component.

That’s what makes reading a circuit so complex.
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This is very important to remember with transistors, voltage regulators, chips and so many other
components as the position of the pins on the symbol are not in the same places as the pins or leads on the
component and sometimes the pins have different functions according to the manufacturer. Sometimes
the pin numbering is different according to the component, such as positive and negative regulators.

You must to refer to the manufacturer’s specification sheet to identify each pin, to be sure you have

identified them correctly.

Colin Mitchell

CIRCUIT SYMBOLS

Some additional symbols have been added to the following list. See Circuit Symbols on the index of
Talking Electronics.com
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C I RC U IT SYMB O LS by TALKING ELECTRONICS

AL TERMISTOR  Main Terminall

Earpiece
[earphone,
crystal earpiece)

%@#1#

Electroluminescence

ﬁé

Electret Microphone
(Condenser mic)

TRIAC Ammeter _@_
current: voltage: & TRIAC and Gate (amp meter)
33 - 43w Dl
Main Terminal 2
Antenna
AND Gate AND Gate :l_ balanced —l |_
Antenna ; Antenna Q Antenna ? \i/
Loap, Shielded 1 Loop, Unshielded unbalanced
Aftenuator, fied Attenuator, variable Battery =
[zee Resistor) [zee Hesm’mrj -
Bilateral Switch Bridge Rectifier , BUFFER _D_
(DIAC) (Diode Bridge) damplifier Gate)
EUFFER l1 Capacitor
iArmplifier Gate) l Buzzer W feedthrough :.lr’_
Capacitor 1 1 Capacitor polarised +.J_-. e Capacitor
non-polarised —|_ '“T‘“ (see electroktic) —|_ "’T‘“ Yariable
Cavity Resonator =5 Cell Ql.— Circuit Breaker M
Coaxial Cable ::"::—g— CRO - Cathode Ray _@_ Crystal Microphone
* Qscilloscope (Piezoelectric) 9
Connectors Crystal [~ . voltage:
Fiezoelectric current: +
Flu Jack ] collector
(malgj [female) connected E?r{gir;tgntrgn bhaze @
Delay Line
@ @ emitter y T
Pl DIAC Diode —PH
(mal-llgj (female) (Bilateral Switch])
Diode - Gunn Diode - Light Emitting . Diode o
(LED Photo Sensitive
Diode Diode Bridge - . .
Photovoltaic * * iBridge Hecnfgerj * =x = Diode - Fin *
Diode - Varactor Diode - Zener * \*\ Earth L
Ground -_

Electrobdic + e
(Folatised Capacitar 'J—_' Electrolyic - Tanatalum ’;J__I E}{Clug{gﬁegggeate :]D
i T positive end —_ <¢_
aternate symbols; % —|_
{positive on top) black band or \}/ ExclusiveOR G
chamier ~ L8 . HClUS|ve- ate =
ﬂ— J— + J_ 40100 tantalum (4OR Gate) 1
T T T T
Field Effect Crain | Field Effect Drain Flashing LED m
Transistor  Gate Transistor  Gate {Light Emitting Diode) ¥
FFTY h-rhannel CAnvma FFETY h-rhannel [ -
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— UL

Ferrite Bead = —#+— Fuse = < Galvanometer -@--@-
Ground 1 Ground
Globe @@ Chassis /97 = Earth ?
Heater S I [iZ [ncuctor e
(immersion heater) Integrated Circuit 5|__::|E Alr Core
(cooker etc) U~ | PO
— [Mcductor

[ron Core
ar

Mercury Switch [ ¢ —=

Headphone — = ground ferrite core

Inductor Inductor T

Tapped o Variahle akdae Int(e:igrrcajiet,d ﬁ ]
Inverter _DD- INVERTER l 3 $

(NOT Gate) (MOT Gate)

Jack C Jack Phone — Jack Phone v
Co-axial < {Phone Jack) I]_ (Switched) [I—
Jack Fhone R K.ey Telegraph Lam
{3 conducton M iMorse Key) —A— Incande£ent

LASCR (Light Activated LDR (Lickt -
LEITTID - Neon _@_ Silicon Controlled Rectifier) @ Dependeﬁﬁ Eesigt.;.r;. @
- Light Emitting Diode Light Emitting Diode
SRRt % (LED) * (LED - flashing) .
e d;:uuhdnin diode [Indicates chip inzide LED) 7
Micro-amp meter Microphone

[micro-ammeter)

(see Electret Mic)

O

Operational Amplifier
{Op Ampy

Microphone Milliamp meter §
(Crystal Ppiezneledricj Emilli-amElneterj Motor
Mitinal wire
NAND Gate 4 > | NAND Gate nnalire, —O—
Megative Voltage __ _ P
gative Voltag NOR Gate J » | MNORGate
MOT Gate MNOT Gate l1 Ohm meter
[rverter -DD- Imwerter l @
Optocoupler

(Transistar output)

6

Opto Coupler a e
(Opto-isolator k_}—l} .

Phaoto-transistor output

Optocoupler

Opto Couplar & -
{Darlington output) G@ (Opto-isolatar) k-} !E_E DR Gate D
TRIAC output
P Oscilloscope C Outlet
OR (ate see CHO (Power Qutlefy
| | L | Phato Cel * Photo Diod 2
Fiezo Diaphragrn 'T' (photo sensitive resistar) nto Linoe

Phaoto Darlington
Transistar

©

Fhoto FET

- Drain
Gate
[Field Effect Transistor) Source

Phota Transistor ‘@
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Photovoltaic Cel ‘J— ;a._J— Piezo Tweeter Positive Voltage
(Sokar Cell) (Piezo Speaken Cannection
. nnde 3
F’otennometer Programmable  gate _Rectifier Anode
ivariable resiston UﬂIJLIn_ctan Silicon Controlled  mgpa-
Transistar  PUT tathode (SCR) Cathode
Rectifier k . i
Semiconductar ’l Reed Switch Relay - spst }”
—_ Relay - dpst =1 = LIILIJ
Relay - spdt 3” Y - dps m Relay - dpdt

M
Resistor Resistor Resistor
Fixed |j $ Mon Inductive % preset

Rgﬁ;%’ggr [’m [’$ Resanatar _“'—(”_ RFC

3-pin Radio Frequency Choke
Rheostat Saturable Reactor == Schrmitt Trigger _@D_
Mariahle Resiston frvertar Gate)
) k k . ) _
Schottky Diode * * Shielding =---- Shockley Diode —Hk—
[alzo Shottky) 4-layer PMPM device
Lowy farward voltage 0 3w . Femains off until forvward current
Fast awitching =i gnal GCenarator .@. reaches the forvward break-over voltage.
alzo called Schottky Barrier Diode

Silicon Bilateral Switch (SBS) | Silican Unilateral Switch (SUS) | Silicon Controlled f-‘mﬂd%

TE Terminal % Anode Rectlﬂ ar I:SCR:I g;the.a
acie
e.q. BS0SD Cate
% ole el

T1 Terminal Tz G T1 CathDdEU{:l AO Ok SD'EH’ CE” -I- -I—

Surface_hﬂll_‘tl:unt X C Siwitch - spet F Switch - process activated

narmally open:  normally closed:

e Switch - spt 7 _.E me_"lf_
S0T-23 ¢
b *— %‘7
— — Switch - dpst LF 48 Level
- —
_ Switch - dpdt —{--{ _E Fressure l
k k -—
=witch - mercu §“~ g
j tilt switch v [E: Temperature

- Spark Gap
a na u:u:unneu:tiu::n& LED I@ Speaker Eﬁm :[Ii]

Switch - push ome Switch - push off | . oo
iPush Button) T (uzed in alarms eto) SWItCh - Ratary ':'D D_;G

a
Test Point 5 Th*_-,-friS’[OrS: hain Terminall

Thermocaouple
Elllateral & Anode P :>. :>mo
"" o AN Gate Tilt switch
Thermal Probe HTC Gate — (o« ==
. t°=7 Cathode MT2 e

HTC: aztemp rizes, Catho

resiztance decresses DIAC SCR TRIAC TRIAC Touch Sensor _<:||:>_

Transformer 3 g Transformer  © }”g Transformer m %”g
Air Caore lron Core Tapped PrimangSeac)
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. collector ) emitter .

Transistor Transistor hase Transistor ot Drain
Bipolar - MNPH baze Bipalar - PMP f-channel E Source
- collector Field Effect
Egﬁﬁw e Dréin | Transistor Metal Oxide @ Transistor Metal Oxide @

Field Effect Source | Single Gate pusl Gats

Transistor ;.u Transistor collector Transistor Etmitter Baze1

Photosensitive Schottky - MPR hase Unijunction - LJT ® Baze 2
emitter Unijunction Transistor (LT M-type

Main Terminall

Anode Transistar Emmer®ﬂase1 Tunnel Diode _*_

(Gat - -
TRIAC E# Unijunction - UJT Base D Unijunction Emitter Hase 2
MT2 Cathode Lnijunction Transistar (UJT) P-type Transistor- UJT ': a

Baze 1
1 * \fultage L Ta05 out
‘Varactor L w .@.
arector dioda™ T | Regulator \.‘ ot —— Voltmeter
(FE0Setc) ond =
Wattrmeter -@- -®- Wires — Wires _LT_ _+_
Connected
Wires I % XOR Gate XOR Gate =
Blot Connected | (exclusive ORD DD (exclusive ORD
. K K | Learn BASIC ELECTRONICS

Zener Diode r* * * Goto: hittp:/Aweew talkingelectronics. com

to Index

IC PINOUTS

The following list covers just a few of the IC's on the market and these are the "simple" or "basic" or "digital
IC's suitable for experimenting.

When designing a circuit around an IC, you have to remember two things:

1. Is the IC still available? and

2. Can the circuit be designed around a microcontroller?

Sometimes a circuit using say 3 or 4 IC's can be re-designed around an 8-pin or 16-pin microcontroller and tl
be be kept from prying eyes due to a feature called "code protection." A microcontroller project is more up
be cheaper and can be re-programmed to alter the features.

This will be covered in the next eBook. It is worth remembering - as it is the way of the future.
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Stol1ow

Sto 1oy

Sto 15w
= 14 =
1] I 1] [ o0 2
3] 112 3] @]12 Clack (3] 12 &,
4 111 4 111 RESET, [4] 1] Clock;
5 ] @]m 5 [@ ] 10 D,[E] 0] RESET,
& ] 19 & ]9 SET, [B ]l
7 | 001 7 | 4011 - e
I
F ] & 7 4013 H{ElsETy
1 QUAD Z2INPUT QuUAD Z-INPUT DUAL D FLIP FLOP
= HNOR gate = NAND gate =
Sto1gy | Stolay | Sto1gy |
é“ﬂﬁ = m— |owwsd] | [E— o] T B
NF EHRE 1[F 5] Reset 0,2 5] Qg
I
=M E] [14] 6 Tg Ird 03] [14] Clock I314'@ 14 [
o
1 [3] 73] 5 v 2[4] Eﬁﬁﬂﬁ Qg [4] T3] G
T 3[5] 13 Q- " 5 [F] 12 carry out | @[5 [12] g
%'N 2[5] 7] Serial I "7 [E] T8 output | &7 [E] 1] REsET
1[7] 0] Clock " 37 1] 4 @, [7] 0] cLock
I@ 4014 [z raraliel/ I@ 4017 &5 » I@ 4020 7,
8-BIT SHIFT  ="tr®! DECADE COUNTER 14 STAGE BINARY
= REGISTER = DIVIDER = COUNTER
B “Ewise | Stolsv |
Sto 15w
- coek [T [B— Q4 [T fE}—
NPUTLT 14— fulock 15] Reset Qg [2] 5] @
RESET[Z] [13] e Dis‘”{;‘““ i "
0.3 i Enabie 2] ] it % 3 5 Gy
g? [4] ] 21 S EY E G [ 3] 0
& z CDLHE El b % I;:!4 E EQS
@, [5] [10] hc 5 G Q
= i L R T M B
4 i - 3 rln.Erl g[7] ] a H @, [7] 10] cLock
MC 5
f 4024 ¥£@ 4026 |54 | IE 4040 7,
] 5
L T-STAGE BINARY 7.Segment Display 12 STAGE BINARY
- Driuer - CUU"TER
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All the resistor colours:
This is called the "normal" or "3 colour-band" (5%) range. If you want the 4 colour-band (1%) series, refer to

Sto1sv | St 15v
Sto 15w
= Preset =
% o . T erabe (——]  [BF—
Q52 [15] Qg , [:E/_" 13 Q4 [Z— LT Clock
Q43 [14] Qg - @]12 Pa 3 —1] @3
Qg [4] 73] Qg :E? P [E— 3] 3
4 111
5[5 12 RESET 5 1 E] 10 Carry in [5 — —{12] F2
7 [E] i . [E?’ . o1 [EF— I ]
2, [7] i + | ficld @] o Carry out[7 —f —10] Uipcdmeen
1 4060 40106 —
f Bl HEX Schmitt Trigger 8 4510 9] Reset
14 STAGE BINARY = Inverter BCD UP/DOWHN
— COUNTER with OSC — COUNTER
Sto 1S “stoisvw |
Ay |I E_ output |I E output Bypass II — E
a3 =) . . non-
2L o s e e R e N
LT 3] 1] g 5 +in [3] 2] +in hest fin[3] 2] hest fin
BL [4] Bla | ¢ +4 [ 1] - hest fin 3] :E 1] hest fin
M _ N
LE [5] 12] b 7 8 +in[Z] 0] +in c | et 0] heat fin
& [B i —i Al sl —i inverti
5 [E] 1] ¢ 5 mlEJ% %FLE in mxﬁr}t&l?g - 3]
g g
f 4511 [Fle ) LM 324 LM 380
BCD to 7-Segment QUAD OP-AMP = 4.watt audio amp
= Display Driver
5to TG
. = Offset —
Gain 1] @] Gain [T B ction | GROUND [1] L) [Evee
Inrnepﬂnglz 7] Inrﬂﬁpﬂngg 7] gasp'r:jir;e TRIGGER [E] 555 [ 7] DISCHARGE
i ) OUTPUT [ ] THRESHOLD
Inﬂgﬂing El 6—— Inwgﬁing El 6] Cutput —
It It Offast RESET [4] [5] COMTROL
4 5]0utput | megative [ 5] Rl
LM 386 Seply e 741 555
DISCHARGE & [T I\,./I 4] oo
THRESHOLD & [Z] 3] DISCHARGE B
COMTROL & [E] 956 2] THRESHOLD B OUTPUT FILTER [T] I\/I (] OLTPUT
T o O 0 controL & LOOP FILTER [E] 567 7] GROUND
OUTPLT & & - FETET g IMPUT [E] (5] TIMING CAP
TRIGEER 4 [5] 5 oureuT & SUPPLY v+ [4] 5] TIMING RESISTOR
GROUND [T 5] TRIGGER B 567 Tone Decoder
556
to Index
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Talking Electronics website and click: Resistors 1% on the left index. Or you can use the table below.

R0 TP - | oR EIEC ) | oo TEEC ) | ko I )
AP Y [ 2RHIEY- | 0R Y- | w2 THIE )
RS IO ) | 1sR EEEE ) | 108 JEEE ) | ks T )
re EOC ) | 10R EEEE Y- | 108 JEEE ) | e T )
WP Y- | 2RI Y- | zzor JIIE ) | 262 TEEE )
R Y- | 7RI Y- | 2R [ Y- | 2 T )
T Y- | BRI Y- | 3R I ) | 3 T )
U SUET T TR BT U SR U B
aRf (Y- [ Y- | arok (PR ) e DERE )
6 T ) | ssRIIIC Y- | s60r TIFE ) | sk6 THIC )
org TI00 ) | 6ok JIIC ) | eoo JEEC ) | eks T )
or2 TP ) | e2R TIIC Y- | -e20k TEEE ) ok THEE )
0k TP b |00 T B | md FREE ) oM Y )
2 IR Y [0 BEE ) | w2 FEEE Y- | a2n )
Ak T ) |10k E W) |- TR )

1ok T ) [-t00k TE - | mg FEEE ) | ORE P}
kP Y [ 2K GEE ) [ FEE Y | Rz qpE )
kY- | 7K R Y- | Y | )
ST Y- 30T D- [-SMIEEY- | zeroom (g
KT [0k TN | aMa TN}

ek I ) | ok TE A} | sMEEEIN ) |
oBc I Y ek QR ) |eme i} | =
kAT ) | ek BEN Y- e EEIN Y- |
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4 Bands m 220, 53

P!

1 1
5 Bands m' N 22000, 1%
iy 100K,
f Bands ' 0124, 15ppm

Silver

Gold

Black 0
Brown 1
Fed 2
Qrange 3

Yellow 4

Green 5
Elue &

T |
Tolerance
white 9 | @ || 9 || 9 | Multiplier

Ternperature Coefficient

Significant Figures

Resistor Color Code System

to Index

MAKE ANY RESISTOR VALUE:
If you don't have the exact resistor value for a project, don't worry. Most
circuits will work with a value slightly higher or lower.
But if you want a particular value and it is not available, here is a chart.
Use 2 resistors in series or parallel as shown:

Required Series/ Actual

Value R1 Parallel R2 value:

[ 10 |[4r7]|| s [ 4r7| 9RrR4 |

| 12 |10 || s | 2r2] 12R2 |

| 15 |[22 || P | 47 || 14R9 |

[ 18 |[22 || P ] 100]| 18R |

| 22 Jlio | s |12 | 22 |

| 27 |22 || s | 4r7 | 26R7 |

[ 3 |[22 || s | 10| 32rR |

[ 39 220 P | 47 || 38R7 |

L 47 Jl22 | s |27 ] 49 |

| s6 |47 | s |10 ] 57 |

| 68 [ 33 ] P |33 66 |

L 82 J27 ] P |56 8 |
There are other ways to combine 2 resistors in parallel or series to get a
particular value. The examples above are just one way.

Hh ] R
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4R7 = 4.7 ohms

to Index

MAKE ANY CAPACITOR VALUE:

If you don't have the exact capacitor value for a project, don't worry. Most
circuits will work with a value slightly higher or lower.

But if you want a particular value and it is not available, here is a chart.
Use 2 capacitors in series or parallel as shown:

Required Series/ Actual
Value C1 Parallel C2 value:
[ 10 | 47| P | 47 || 94 |
[ 12 |l 10 || P | 22 || 122 |
[ 15 |[ 22 | S | 47 || 149 |
[ 18 | 22 || S || 100 || 18
[ 22 Jf1of P Jl12| 22 |
[ 27 [ 22 || P | 47 || 267 |
| 38 22| P J1o] 32 |
[ 39 | 220 || S || 47 || 387 |
L 47 Jf22 | P J[27 ] 49 |
L 56 [[47 | P |10 57 |
| 68 [[ 33| s |33 ]| 66 |
| 8 [[27 | s |56 ]| 8 |

The value "10" in the chart above can be 10p, 10n or 10u. The chart works for
all decades (values).

Hh ] R
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