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Section 01 - The Electronic Transistor
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Introduction to Electronics

Think of electricity in a circuit like water flowing in plumbing pipes...

Plumbing Electrical Electronic
Pipes Circuit Circuit

\\ | // Power

+5V

\\ — -— ——

AN\
\\
Closed
Valve

Y [ Closed
<« Circuit
Vin
Power
115 Volts Electronic ¢ Vout

Transistor

l

Electricity flowing in an electrical circuit, in some ways, is like water flowing through pipes...

In plumbing systems there is, of course, a source of water supply and usually, a drain in which water
that is not used has a place to go. While it is not always the case that a plumbing situation has a drain,
for example, a water faucet at a camp site may not have a drain. But, electrical circuits always have
their equivalent (a drain) - called the ground wire.

Ground =
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Everything wired in your home has actually two wires involved — one which supplies the power and the
grounding wire which you can think of as the “drain”. In fact, whether that light in your ceiling has a
switch on the wall or you have a lamp with a cord to plug into a wall outlet, they all involve two wires
(Power Supply and Ground). That’s why we refer to a lamp’s wires as a “cord” — a cord has more than
one wire in it. If a cord has more than two wires, we usually refer to it as a “cable”.

One thing that is different between plumbing and electrical circuits is terminology about the state of
flow. While, in plumbing, we refer to a valve, in electric circuitry we usually call this a switch but, they
both do essentially the same thing — the valve lets the water flow or not while an electric switch lets the
current of electrons flow in a circuit or not. However they may be similar in their function, we use the
exact opposite terminology in electrical systems. In plumbing, we typically say to “open” a valve to let
the water flow or to “close” the valve to shut the water flow off. In an electric circuit though, we say to
“close” the switch to turn the circuit on and “open” the switch to turn the circuit off.

The important thing to remember is that a “transistor” is the switch in an electronic circuit and the term
“electronic” is a circuit which is completely solid-state meaning, it has no moving parts. We build a
test-bed to fool the transistor into thinking it is emersed in a circuit of at least several other transistors
because, normally, that would be the case — one transistor’s output would be connected to another’s
input and so on. So, with that, we shall leave water and plumbing behind and focus on the electronic.
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Exercise 1 - The Electronic Transistor

The Electronic Transistor

Build a test-bed for a discrete electronic transistor
The goal of this exercise is to demonstrate the purpose of an electronic transistor

Exercise: 1
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is also on. This is nota
problem - it is the correct
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The point of the exercise is to
show that when the test-button
is pressed, the TEST-LED lights
up and the transistor is activated
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test-button is released, the
circuit returns to normal where
the TEST-LED is off and the
RESULT-LED is back on.

(B)ase /

<£
%mo

(E)mitter /

1KQ%

RESULT

<

as a solid-state electrical switch with no moving parts. This means we have to
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electronic signal (or voltage).
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In exercise 1 & 2 we will demonstrate the purpose of a transistor in the context of digital electronics.
Before beginning this exercise, you can refer to the notes about your Test Kit starting on page 13.
In order to save time, | have placed all the necessary components into a zip-lock bag labeled —

“Exercise 1-5”. In the bag you should find...

2) 2N2222 Transistors

2) Push-Button Momentary Switches

2) Red LEDs

2) Blue LEDs

6) 1KQ Resistors

) 5KQ Resistor

) 10KQ Resistors

) Blue/Green Jumper Wires (4-short, 1-long)
) Black Jumper Wires

) Red Jumper Wires

) Orange/Yellow Jumper Wires

) Brown Surface Wires (3-short, 2-longer)
) 74LS00 Chip (Quad 2-Input NAND Gate)

Make sure to turn off the power supply module before you begin — sometimes it is better to remove
the power supply module from the breadboard which can make it easier to handle the breadboard

while manipulating the components into place.

Simply assemble the experiment according to the schematic and illustration above. Make sure the
power supply module is properly inserted into the breadboard and turned on. Test the circuit by

pressing the little black momentary push-button (called the “TEST-BUTTON”). See if the resulting
operation matches the description (also in the notes of the above image). Check out these links...

From transistors to micro-processors - 101 Computing

YouTube - How do Transistors Work?
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Electronic Logic is made out of Logic Gates

Digital Electronic Logic is made of "Logic Gates"

The building-blocks of electronic logic are formed from the following 2-Input comparator components
where each component compares 2 binary inputs and issues a single binary outcome (output)...

AND NAND OR NOR XOR XNOR NOT
2-Input AND Gate 2-Input AND Gate 2-Input OR Gate 2-Input OR Gate 2-Input Exclusive OR 2-Input Exclusive OR 1-Input Gate
Both inputs must be 1 in with negated output if either input is 1 or, if with negated output Gate Gate with negated with negated

order for the output to go both inputs are 1 then The output is 1 if either of the output output
|_§ to1-else, the output is O the output is 1, else it is 0. inputs are 1 but, NOT both.

As each fundamental gate has 2 inputs, there are 4 possible states for each gate...

A A

0

-

0

o

0 0 The NOT gate (Inverter)
0 1 0 takes a single input and
1 jD_ 1 jD_ inverts it for the output
meaning, the output is
simply the opposite

o 1 jD_ 5 1 jD_ 3 of it's input.
1 1
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Digital electronics, unlike analog electronics, is primarily concerned with performing logical functions.

The actual electronic circuitry and its components are, in many ways, much simpler than the circuitry and
components of analog electronics. This is due to the fact that digital electronics only deals with a fixed
voltage level. Basically, this means that throughout its circuitry, any given wire (or “Lead”, as we call them),
there exists either the full system voltage or zero voltage — there is no variance of voltage level in between.
This simplifies things in the sense that we can then refer to the two possible levels in non-electronic
terminology and this is most typically as the terms “One” and “Zero” where we use 1 to represent the
presence of voltage and 0 to represent the absence of voltage (or 0-Volts). One of the reasons we turn to
this terminology is because, ultimately, the final goal of working in digital electronics is to build logical,
arithmetic and computational systems and this terminology, you will see, is more conducive to those ends.

A digital system is constructed of components that we call “Logic Gates” which perform logical functions.
All logic gates have input and output leads. They read their input voltage levels and, depending upon the
gate’s design, they issue an output voltage level according to the design of the gate’s internal circuitry.
In shorthand this means they read 1’s and 0’s and issue a 1 or 0 according to logical function at hand.

There are three fundamental logic gates shown on this page as: the “AND” gate, the “OR” gate and the
"XOR” gate (Exclusive-OR gate). Each gate has a simple permutation called a negated output — this
simply means that whatever the gate would normally issue according to its function the negated
permutation of the gate will issue the opposite value. As non-sensical as this may seem at first, these
permutated gates have their function both in the logical sense as well as in electronic circuit efficiency.

Don’t worry, this will all make more sense as we begin to put it into the context of digital circuitry.
For now, it is important to understand what each component does and you will see its purpose later.
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Electronic Logic is Based on Boolean Logic

Electronic Logic By Its Nature is Based on Boolean Logic

Boolean logic (Boolean Algebra) is a mathematical system that underpins computer science and digital
electronics. At its core, Boolean logic deals with binary values of true or false, which can be represented as

1 and 0 respectively. This fundamental concept allows Boolean logic to model the on/off states in circuits and
the logic gates that direct computational operations. Invented by George Bool, a mathematician in the 1800's.

an electrical schematic
drawing and you see
several logic gate symbols
as in the upper half of this
drawing, you know you @j
are looking at digital
electronic logic.

When you are looking at ‘t“ f-
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When you see things
like transistors, resistors
and capacitors, you can
pretty much bet that it is
analog electronics as
seen in the lower half.
Especially, if you see
sine-waves...

If the digital is pointing
toward the analog, it is
likely controlling or
feeding data to it.
Otherwise, it is likely
reading data from the analog.

Here is a rough analogy for a structure of logic that could be implemented with digital
electronic components. This structure has a specific purpose which is to determine if
there is food on a plate to be eaten and, if so, is the food safe to eat. There are four
inputs to the structure (A, B, C and D). A and B are indicators of what type of food
exists and C and D are properties of the food (if it exists). The structure will produce
two resulting outcomes (X and Y) or, "results" of the analysis that is performed by the
logic structure. In the example given: input A indicates that vegetables are present
because the input value is "1". Likewise, input B indicates the presence of meat...

(A) Plant 1 1=There is food
(B) Animal 1 _® ! (x) on your plate.
0 = Sorry, your
1 0 plate is empty.

1=The food is
(Y) safe to eat.

0=The food is NOT
safe to eat.

(C) Uncooked 1

(D) Poisonous 0

Input C indicates that the food is raw with an input value of "1" and the other property,
input D indicates that the food is not poisonous with the value "0". The rule of the
logic structure is to determine whether or not food of any type is present which will be
indicated by result X and, if meat is present, it must be cooked. Finally, neither type
of food can be poisonous and the result of overall food safety will be indicated by Y.
See if you can, by following the logic structure, determine what the resulting values of
X and Y will be given the input values of A, B, C and D...
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This page is, for the most part, self-explanatory. However, you should have a fairly good understanding
of how the example “Logic Structure” works. This is explained on the next page.

One thing that everyone should understand is this...

Since the Internet (the World Wide Web) was created by computer scientists, electronic engineers and
mathematicians, you should know that the very first body of knowledge that appeared on the internet
and is stored there is, in fact, computer science and math and electronics. The internet first came about
because of an effort by these people to communicate and collaborate, first in the United States and
then, the rest of the world. So, the long and short of this story is that, everything you want to know
about these subjects is available at your fingertips or voice command. These engines very quickly
know what you are talking about because these subjects are the deepest and most thoroughly saved.

You are encouraged to take advantage of the world’s instantaneous encyclopedic knowledge through
search engines like Google, Bing and many other engines as well as Al systems such as ChatGPT.

| went to Bing and put in the phrase: “electronic logic structures”... | tend to disregard sites that are
overly packed with intrusive ads that block your view of the subject matter - some sites are ok as long
as their ads are sidelined and out of the way. Here are some sites | found...

Difference Between Digital And Analog Systems Digital Logic Gate Tutorial - Basic Logic Gates

Digital Electronics Basics: Understanding Logic Circuits Electronics - Wisc-Online

Basic Electronics Tutorials and Revision

YouTube - An Introduction to Logic Gates

Electronics | Open Library

YouTube — Super YouTubers digital electronics

Video Tutorials on Electrical Engineering & Electronics YouTube — Digital Electronics Classroom
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https://www.geeksforgeeks.org/digital-logic/difference-between-digital-and-analog-system/
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https://electronics.wisc-online.com/
https://www.electronics-tutorials.ws/logic/logic_1.html
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https://www.youtube.com/watch?v=95kv5BF2Z9E
https://superyoutubers.com/best/youtube-channels-for-digital-electronics
https://www.allaboutcircuits.com/video-tutorials/
https://www.youtube.com/@DigitalElectronicsClassroom/videos

Basic Rules of Digital Electronic Circuitry

The Basic Rules for Creating Digital Electronic Circuitry

First, lets see how we might determine the X and Y outcome from
our food safety logic structure. Really, it is just a matter of following
the rules for each logic gate. Just apply a 1 or 0 at the outputs of
each gate to the inputs of the gate they are connected to tracing
through the entire logic structure as shown below...

(A) Plant 1 1 1= There is food
) ) p _i)b“ 2 X) on your plate.
® Animal 1— (If you put a Blue LED

here, it would be ON).

(If you put a Green LED
(v) here, it would be OFF).

0=The food is NOT
safe to eat.

(C) Uncooked 1

(D) Poisonous 0

Fanout Rule - Outputs of logic gates and other components in the 7400
series of TTL chips have enough power to drive ten inputs of other TTL
gates and components directly - meaning, an output can be connected
to a limit of only ten inputs directly, at most. If you need to connect an
output to more than ten inputs, a rule-of-thumb is to connect to no more
than 8 or 9 inputs and then connect to 1-2 buffers. Each buffer can then
drive 8-10 more inputs. This can be continued as shown in the diagram...

SN NeYaYaYayaYa
ZD

Ongln of the

Next, we turn to some rules of an electronic nature...

If you are familiar with LEGO building blocks or toys
like K'NEX or the old Erector Set or even Lincoln Logs,
you noticed that all their pieces are designed to fit
together only in a certain way. Just like those systems,
digital electronic components are specifically designed
to be pieced together in a workable electronic circuit
much the same way as any "building-block" system.

Here is rule number one which should make intuitive
logical sense...

The outputs of logic gates
are never connected to
each other. They are only
connected to the inputs of
logic gates or, inputs of
proper analog components!

This includes the notion that two or
more logic outputs can drive the same
input of another gate. This, of course,
would break the same rule because it
connects the logic outputs together...

HeleleleleleleleNr

56866606 L

output signal
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This page is, for the most part, self-explanatory. However, you should have a fairly good understanding
of the basic rule of how logic gates are connected to each other.

Also, it should be noted that we have not introduced the 7400 series of integrated circuit logic chips yet
but, the same rules of connecting logic gates apply no matter what the electronic components are.

The 7400 series of logic chips will start to be introduced in a couple of slides but, for now, here are
some great websites | found with google and the simple phrase: “what is the fanout rule”...

Fan-out - Wikipedia

Fan Out in Digital Logic: A Beginner's Guide

Fan-out explained

What is fan-out in digital circuitry?

Fan Out of Logic Gates | Electrical4U

Electrical4U: Learn Electrical & Electronics Engineering (For Free)

Introduction to Basic Electronics | Free Online Course | Alison

Combining Gates & Solving Problems - KnowltAll Ninja

Basic Logic gates in details | Tutorials Link

Digital Logic Gates | Electronics Tutorial

How do logic gates work? - Explain that Stuff

cs.cornell.edu

- 06-gates.pdf

| asked ChatGPT about: “TTL chip families” and got a range of links between the following...

Transistor—transistor logic - Wikipedia

Microscope Solutions for Semiconductor Manufacturing
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Exercise 2 - The 2-Input NAND Gate

NAND

2-Input NAND Gate

A
Y
B —
A 2-Input AND
w/ Inverted output

Exercise: 2

+5V

(C)ollector

Llotector_

10KQ)

(B)ase
(E)mitter /

(C)ollector

10KQ)

<

1KQ %1KQ

(E)mitter __—

5KQ

2N2222
Transistor

RESULT Y

Build a test-bed for a TTL (Transistor-Transistor Logic) Gate

The goal of this exercise is to demonstrate how logic circuits are formed into the
electronic systems that make up our world today from small devices such as cell
phones to the largest Al machines. Start adding a second test-button infrastructure

to the previous exercise and follow the instructions below...

NOTE

Previously, we created a test-button which
we will now call TEST-A. Add a second test-
button and transistor below called TEST-B.

2N2222 Transistor —T
==
10KQ

-
Push-button Switch "/‘&WE
- . [ J

Red LED + 1KQ

cd

~ a c
n

s noO

b
-
LI B
-
-

-
-
-
-
L
-
b
-
3
-

;

5KQ

Blue LED + 1KQ

NOTE
once this test-button is completed, just
move the jumper wire from ground to
the Collector rail of the transistor...

Orange Jumper Wire

2N2222 Transistor

10KQ/

Push-button Switch

Red LED + 1KQ

B

-
s
==
.=
fg
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Now, it is time to build an actual digital logic gate — the NAND gate is the simplest one...

It is just a matter of adding another segment of test-bed infrastructure (to your previous exercise 1) to
accommodate the second transistor. This involves following the schematic diagram and illustration of
the breadboard as to where to add another momentary push-button, another red LED and 1K ohm

resistor and, of course, another 2N2222 transistor.

The only difference is that here you add another little brown wire to the emitter of the second transistor
and make the connection to ground. Then, move the orange jumper wire from its connection to ground

to the collector of the second transistor.

With that constructed and the power module connected and turned on, you should see the behavior
Of a 2-input NAND gate — where the only thing that turns the resulting blue LED off is by pressing both

test-buttons at the same time.

Even though we don’t have to understand what a transistor is or how it works in order to learn effective
digital electronic engineering principals, it is still important to have access to this type of information in
general as a matter of my teaching a thorough and effective course. So, | went to a Bing and searched

the phrase: “what is an electronic transistor”... The results include usage in analog electronics...

YouTube - Transistors Explained - How transistors work

Working Principle of Transistor | Electrical4U

Transistors - Learn all about transistors

Basic Electronics - Transistors

Transistors 101 : A Beqginner's Guide to Transistors

Principles of Transistor Circuits. Introduction to the Design of Amplifiers, Receivers and Digital Circuits
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Exercise 3 - The Quad 2-Input NAND Gate (the 7400 chip)

Build a test-bed for a TTL (Transistor-Transistor Logic) Chip
Qu ad 2" n p Ut NA N D Gate The goal of this exercise is to perform the same test as the previous transistor-

based NAND gate except this time, we will use a 7400 series TTL chip. A 74LS00
. : has four individual 2-input NAND gates. Each NAND gate operates independently
Exercise: 3 and we will use them to replace the transistors to create more sophisticated circuits.
' ' +
The 7400 —srv Add another t L vy
Blue LED +1K() ~— = & | =
L .—i—H
() L]
RESULT Y -
Add another —_ % % | -
Orange Jumper Wire L
B Rl
1 Ko/r:ﬁ: .
Add the 2 Pull-Down ks ”
Resistors - . -
—
* [ Ve[l "G oL g
EE E = <l s
5] @j - - .
NOTE e -
[<] 1] . .
Continue to build upon the previous exercise
E El but, even though a completely new circuit will . .
be added to the breadboard, for this test you -—dl\
E EI can leave everything in place because you - M
[z oD EI will be using the same two buttons. - .
The illustration does not include the transistor "= -
components and that is ok. It does show how - .
the buttons are connected to the two input - -
leads on the chip. To complete this circuit,
follow the steps below... =
L g -
1) Remove the lead of the 5K(QQ resistor \ .. L]
from the power rail and park it. a s _— s
2) Remove the blue LED's 1K() resistor | == L]
from the ground rail and park it. "= .s ]
1KQ 1KQ 3) Connect blue jumper wires from behind = ~CTR ; g e &
Pull-Down — the red LEDs to pins 1 and 2 of the chip. v
Resistors -
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There is a little change in the infrastructure that is required when dealing with integrated circuit chips.
This has to do with the third rule of building logic circuits which we have not discussed yet, like this...

If you are expecting to get a valid output from a logic gate, all of its inputs must be connected otherwise,
they are left in an indeterminate state which leads to an unreliable output from the gate.

In the case where we are trying to feed a gate’s inputs manually through momentary push-button
switches, the problem is that when we are not pressing the button, there is no connection to either
power or ground leading to the input of the gate. By adding a 1K ohm “pull-down” resistor, the gate
is satisfied that it has a proper 0-voltage level when the button is left open.

In the case where a gate’s input is normally connected to the outputs of other gates or components,
this type of pull-down resistor infrastructure is already built into each chip. You will notice that the
second NAND gate does not need pull-down resistors because it is receiving input directly from

another gate.
BDEE Quick PDF Viewer Datasheet for the 74LS00

Here | did a Google search for: “what is an IC chip?”...

Integrated circuit - Wikipedia What is Integrated Circuit (IC)? — How it Works | Synopsys
YouTube - What is an Integrated Circuit (IC) How integrated circuit is made

YouTube - Understanding Logic Gates Integrated Circuits - SparkFun Learn

Different Types of Integrated Circuits (ICs) & Their Applications & Limitation

What is an Integrated Circuit (IC) and its Types? The Ultimate Guide to: Integrated Circuit (IC)
Whatis an IC Chip? - bomzon Semiconductor device fabrication - Wikipedia

Page 8 of 16 Copyright © 2024-2026 AutomatedWord.com, all rights reserved. (Back to TOC)


https://www.automatedword.com/
https://www.automatedword.com/?filename=(ShowOrView)Datasheets/BDEEPDF_74LS00_TI.pdf
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https://en.wikipedia.org/wiki/Integrated_circuit
https://www.synopsys.com/glossary/what-is-integrated-circuit.html
https://www.youtube.com/watch?v=9D0tGYC-4ZI
https://www.madehow.com/Volume-2/Integrated-Circuit.html
https://www.youtube.com/watch?v=INEtYZqtjTo
https://learn.sparkfun.com/tutorials/integrated-circuits/all
https://www.electricaltechnology.org/2015/04/types-of-ics-classification-of-integrated-circuits-and-their-limitation.html#google_vignette
https://hilelectronic.com/what-is-an-integrated-circuit-and-its-types/
https://anysilicon.com/the-ultimate-guide-to-integrated-circuit-ic/
https://www.bomzon.com/what-is-an-ic-chip/#:~:text=An%20integrated%20circuit%20%28IC%29%20is%20a%20tiny%20computer,a%20wireless%20radio%2C%20sensors%20and%20even%20a%20battery.
https://en.wikipedia.org/wiki/Semiconductor_device_fabrication

The NAND Gate is the “Universal” Logic Gate

The NAND Gate is Considered to be The "Universal" Logic Gate

The NAND is considered to be universal because you can build every single piece of electronic logic with it from
the simplest of devices to super-computers. However, this is really more a point of interest than it is of practical
value. Current electronic technology is far more sophisticated than building everything with NAND gates...

/ AND NAND / OR XNOR NOT
Gl f)D > | D=
W We will show how these are N

2-Input AND Gate Input OR Bate 2-Input OR Gate,
with negated output wt made from NAND gates later-
they are a tiny more complex.

i?

As each fundamental gate has 2 inputs, there are 4 possible states for each gate...

0

0

= o o >

D D D D D
0 0 0 0
0 0 0 The NOT gate (Inverter)

:D_ D_ 0 j 1 j 0 takes a single input and

1 1 1 inverts it for the output
A
1

meaning, the output is
simply the opposite

D D
1 1
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Well, maybe a super-computer built with nothing but NAND gates is a little bit of a stretch — it would
probably run noticeably slower than it would if built properly using all of the fundamental gates.

Butyes, itis true! If electronic manufacturers were only able to produce NAND gates, that’s exactly what
we would be using today to create the same world of electronic products because ultimately, no matter
how sophisticated electronic technology becomes, the logic structure remains exactly the same at every
scale. That part hasn’t changed one iota since the beginning of electrical field theory.

Don’t misunderstand this notion of the NAND gate being universal though. It doesn’t mean that we should
replace all other gates and logic structure with NAND gates. That would be very inefficient — the other gates
may require more transistors, diodes and resistors in their circuitry to accomplish their functions but, they
are highly optimized for their tasks and ultimately, building everything with NAND gates would require even
more circuitry and would yield much slower performance and much higher power consumption.

The point | am trying to make here is that, while the state of digital electronic technology will, of course,
advance in performance, scale and innovation to newer and, as of yet, unheard-of contraptions, the part
that you are learning now has little to do with electrical circuits but everything to do with logical circuitry
and, that part is forever — it will be exactly the same when you are 99 years old - like anything else in the
realm of mathematics.

All of digital electronics is based on electronic gates and those gates are all based on, you guessed it -
the transistor. In fact, a very large number of transistors. Check out this video about scaling down to scale up! ...

YouTube —How do Transistors Build into a CPU?
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Exercise 4 - Create an AND Gate from Two NAND Gates

(! d 2 | t NAN D G t Create an AND gate by adding a second NAND gate...
L. al pu ate The goal of this exercise is to create AND gate logic from two NAND gates. After
you re-wire the chip pins to add a second NAND as shown below, you should notice

. the RESULT Y blue LED does exactly the opposite of the previous exercise. It takes
Exercise: 4 a press-and-hold of both test-buttons to cause the blue LED to light up...

+5V

f - ab fanii + -
I = | - = - == - =
LI ‘ - = - == .—i—.—l
RESULT Y LI ‘ - . Q L ] -6- an
- = ; - = 5 8 88 - =
- LI | - = - " = == L
Li ‘ AL " s s ns
|
Add 2 Black Jumper - :::" s e el
Wires to Pins 3, 4 o = LR - =
and 5 Here. \_\:—L 'EI L ..
- - = =@ - s
— 1
VccEI 1KQ L '} LI - "
Relocate the L@ = = ===
E e QOrange Jumper Wire " — " " Es e |
E - to Pin 6. - . - = " === == |
:I NOTE s LI - === == |
11 |
Continue to build upon the previous exercise s L e |nw |
EI and add or relocate jumper wires as stated . - LR & ne
above. By connecting the output (pin 3) of .s = = |
EI the first NAND gate to the two inputs of the - L = - |
GND EI second NAND gate (pins 4 and 5), we are - T s {
turning the second NAND gate into a NOT. _ c ®: N 5 = » "
So, when we relocate the output orange "= \uﬁ - = = " a "
jumper to the output of the second NAND .- s " = & 88 " = = = |
gate (pin 6), we see the effect of the output T e P |
of the first NAND gate being inverted. = 6 '__\ '
L .—. L] L -
At this point you should notice that we did not . P s smEs s =5 |
have to add any more infrastructure to our o = ®2 B R e 1 |
test-bed. This is because the second NAND l
gate receives it's input directly from the output | * *® AERE N/ L L
of the first NAND gate which provides the .= s ssass L L -n
1KQ 1KQ necessary resistor infrastructure internally to = == 89 CEC R
Pull-Down — the chip. This is what makes it possible to + - 8 b d e tShi) +
Resistors - form digital circuitry with little infrastructure.
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When you have finished re-wiring the chip in this exercise and turn on the power supply, you should
see it operate like an AND gate as you test the four possible states of the gate — the first state, of course,
is when no buttons are pressed...

Remember, it doesn’t matter which wiring scheme is chosen to make the connection of the output of the
first NAND gate (pin 3) to the two inputs of the second NAND gate (pins 4 and 5). We are not concerned
with which wires are connected to each other, we are ultimately trying to connect pins of the chip together.

The following wiring schemes accomplish the same thing — meaning the circuitry (or jumper wire placement)
in each scheme all conform to what the schematic diagram is calling for—and that is, that pins 3, 4 and 5 all
must be connected to each other...

Example from Exercise 4... These alternative wirings, among others,

Here is the circuitry called forto adda  The original wiring are perfectly acceptable as well...
NOT gate to the original NAND gate... scheme shown in Moving the left wire Moving the right wire
. Exercise 4... from pin 5 to pin 4... from pin 5 to pin 3...

Veo

-

[
LT A
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Create XOR and XNOR Gates from NAND Gates

The NAND Gate is Considered to be The "Universal" Logic Gate

The NAND is considered to be universal because you can build every single piece of electronic logic with it from
the simplest of devices to super-computers. However, this is really more a point of interest than it is of practical
value. Current electronic technology is far more sophisticated than building everything with NAND gates...

AND
Lo -

) >-

XNOR

>

2-Input AND Gate

2-Input AND Gate

As each fundamental gate has 2 inputs, there are 4 possible states for each gate...

with negated output

Create Exclusive OR gates
from multiple NAND gates

2-Input Exclusive OR

Gate

P

2-Input Exclusive OR
Gate with negated

output

Ao

Truth Table

BlY

0

o (=2 B K= 2

1
1
0

B
T o
et

Copyright © 2024-2025 www.ai

NOT

VY

o

Vv

The NOT gate (Inverter)
takes a single input and
inverts it for the output
meaning, the output is
simply the opposite

of it's input.
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XOR/XNOR with NAND gates...

This is an example of how to form a 2-Input
Exclusive-OR gate (XOR) and an Exclusive-OR
with negated output (XNOR) using multiple
2-Input NAND gates.

To make an XNOR, simply add a final NAND gate...

DRO@)

“You should, at least, be knowledgeable about the rudiments of a skill.”
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Exercise 5—- CHALLENGE: Create XOR Logic from Four NAND Gates

Quad 2-Input NAND Gate

Exercise: 5
+5V

o

L=
Al

Lol LT [T 2] (5] [T [2]

Blue Wire

RESULT Y Truth Table
A[B]Y
ojojo
1[o]1
0j1]1

»| 1 [1]0 |6
1KQ
HINT

Continue to build upon the previous exercise
by re-wiring the chip to include all four NAND
gates as depicted in the image below...

1) Start by removing the two black jumper
wires added in the previous exercise.

2) Use two blue jumper wires to continue the

connections to the NAND gates on the right. |

CHALLENGE: Create an XOR Gate utilizing all four NAND Gates

The purpose of this exercise is to demonstrate the universal nature of the NAND
gate. By using all four NAND gates in this 74LS00 chip, we can create the logic

of an Exclusive-OR gate (XOR gate). ... Follow the HINT provided below to
re-wire your circuit and test if you have created the proper XOR logic behavior...
- ab d ahili + -
[ | | - = - - = . e - =
LI ] ‘ -= = = == .—-L—H
L ) ‘ L] /’. - - .6- an
es |l sfm - "= 88 ==
aw |l LA ] - - = == "=
I:. L] L
L] :ﬁ:\‘l = " =8 —
o \”I - - . 8w - =
.. ® ua|s & sas =
"= "= = = = == . e |
- = I’il L] = = == LN
s = - = ==
" — " " EE "-w l
- . & = = = = =@ s |
LI L . - = == == |
== L - (AR -8 |
L - &= - n - - = |
= 8 =8 - - .—d—\
- c lél -
I\ - =8
"= £ [ =] - = w
- L B
.

3) Use your four black jumper wires to make
necessary connections to all the gates.

1KQ 1KQ ; B
Pull-Down =
Resistors . " Blue Wire

ey B/

XOR Logic

I ESECH BT N
5};/5::'5: SN
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This is called a CHALLENGE Exercise because the complete circuit is not filled out for you to follow. The
Point of the exercise is for you to figure out a possible wiring scheme utilizing all four discrete NAND gates
in this single 74LS00 chip. There is a HINT provided for you in the above slide as well as the schematic of
the implementation of an XOR gate made of four NAND gates including the color-coding of the wires used.

Remember, the explanation given in Exercise 4 about how it is not important which holes you plug jumper
wires into —what is important, is which pins of the chip you are connecting together by plugging into the
rails that extend from the chip’s pins. Ultimately, this means the following...

There are almost always several different ways to make the proper logical connection to a given pin on the
chip but, no matter which way you decide, the important thing is that your connections match the logic of
the schematic’s design. If you have doubts, simply look at the two different rails you have connected to
each other with a jumper wire and just make sure that it matches a connection between the pins that you
see in the schematic drawing. You can review a similar circumstance in the previous: Exercise 4 Example.

Here | did a Google search for: “what is a universal logic gate?”...

Universal Logic Gates - Technical Articles

XOR gate - Wikipedia

Universal Logic Gates | Tutorials on Electronics | Next Electronics

Here | did a Bing search for: “what is an XOR gate used for”...

what is the XOR gate used for? — Bing Search

XOR Gate - GeeksforGeeks

and the same for Google ...

what is the XOR gate used for - Google Search
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BDEE Electronic Test and Development Starter Kit

Breadboard and
9-Volt Power Supply

Resistors

4-Band-Code

| [

] 1
[ 2 1
resron [ eaw o= sano [~ sarol moirisien ] oenance ]

BEOK O 5%

y 1 ' 106 . 1% )

——so——%
0.1%, 0.25%, 0.5%. 1% 2370 = 1%

330 x 1=330

Orange(3) Orange(3) Black(0)
| 33002

Multiplier - Black(1) ———

Green(5)_ Brown(1)_ Black(0) 510 x 10=5100

51KQ

Multiplier - Brown(10) '

Brown(1) Black(0) Black(0) 100 x 100 = 10000

10K )

Multiplier - Red(100)_..——

LED Test Lamps
(Light Emitting Diode)
The short lead of an LED

anaAn
always connects to the !

ground side of the circuit |
because diodes only allow ‘
current to flow one-way.

Transistors

2N2222A

1| Emitter
2 | Base

3| Collector

Switches VINTETY
Momentary 8-Bit LED panel
Push-button
” 'y 8-bit Line il

555 Timer
Assorted 7400 Series TTL Logic Chips...

b e e T e e e e

74LS00 74LS04 74LS74 74LS283 74LS85 74LS138 74LS373 DAC08 ADCO8

DIP Switch

The holes in the surface of the breadboard
are connected to each other through metal
rails embedded inside the board.

The rails run either vertically or horizontally.

The power rails on both the left and right side of
the board run vertically to make the 5V power
source and ground conveniently available to
components plugged into the component holes
in the center of the board...

Power: (+) 5V DC otherwise labelled (Vcc)

POWER
SUPPLY

1

Snaps into the breadboard and
steps voltage down to +5V DC...

[ i

MB-102 Breadboard !

| -

Ground: (=) otherwise labelled (GND)

Electronic components all have metal leads that
are pushed into the holes on the left and right
center portion of the board and are connected to
each other typically with jumper wires.

Each component hole is connected by a horizontal

+ abcde fanii : -
" eaae = === &

ll‘ll..I " s | |=
#g||] e = === LA A LILS
M @ ® = 8 = - "= sw .l=
u|w L B B B " s = 8= "=

[ [l --.Il"',‘inu--

uln IIlllr‘lIIIII s
u|n H----- u e
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Partial View—""

rail in groups of 5 holes on either the left or right
side of the center portion of the board.
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Watch this video for a complete explanation of your breadboard: YouTube - How to Use a Breadboard

BDEE Electronic Starter Kit: Component Inventory

1pcs 1pcs |

i I

Power Supply Module 9-Volt Battery Cable

MB-102 Breadboard

lpcs 140pcs

=
it Ly = 2=
——

Connector Wires

65pcs

Jumper Wires

2pcs 1pcs | |

40Pin Header Active Buzzer

-
. W,

Passive Buzzer

1pcs 1pcs ] 2pcs

N

Temporary Push-Button

2pes |

“ <

lpcs

Photoresistor Thermistor

Electrolytic Capacitor 10UF 50V

Spcs Spcs 120pcs

Electrolytic Capacitor 100UF S0V

1pcs Spcs

-

RGB LED Diode Rectifier (1N400T)

@

100NF Ceramic Capacitor

10pcs 10pcs

1- 8-Bit Shift Register L

22PF Ceramic Capacitor

= ==

1pcs

Precision Potentiometer

ED (White/Red Yeliow/G:

- 20pc
e The basic starter kit has several

components which are great for
discovering and learning the
rudimentary concepts of electronics
in general however, there are not
enough digital components in order
to really have a good hands-on
experience in digital electronics.

M/F Dupont Wire

So, for this reason, we have included
a special digital electronic add-on
package of components needed to
experiment and test real world

digital circuirty...

Spes

L 4

The BDEE course will be primarily
interested in the components listed
in the orange outlined areas from
the initial starter kit as well as the

een/dluel

2pcs 1pcs

6- Inverters

4- 2-Input NAND

1- 8-Bit Transparent Latch NES55 Timer

1- Digital to Analog Converter

!)igital Electronic Add-Qn Package: Includes Chips, Switches and LED's...

2pcs |

2pcs 2pcs

ADCO0804

1- Analog to Digital Converter I 8-Bit DIP Switch

1- 4-Bit Magnitude Comparator 1-

digital electronic add-on package.

o™

Whether interested in analog or
digital or both fields of electronics,
this test and development kit
package is an excellent starting
point for either field.

2pcs

3-Bit to 8-Line Decoder

2pcs

8-Bit LED Panel
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BDEE Starter Kit Instructions and Other Information

Instructions for Preparing the BDEE Electronic Starter Kit

Locate the female-female ribbon & e it Breadboard and
cable and peel off the red and onnect the 9-Volt battery to o
brown wires keeping them @ the battery connector and then 9-Volt Power Supply

together as a 2-wire ribbon. insert its barrel connector to the
power supply module...
X Finally, insert the module
\ into the breadboard where ” e —
all 4 prong-pairs are in the . ¥ ; —
~B top 5 holes of the power ‘ 9 L ——
‘_ : * and ground rails. 2 = Wl 2 = ,%
=8 Gk o O It should look - o - i e
/ o just like this... -
- N SUFlPLV
Power ON/OFF Snaps into the breadboard and
push-button . steps voltage down to +5V DC...
The holes in the surface of the breadboard l 1
insert the color-coded wires are connected to each other through metal
onto the pins of the power rails embedded inside the board. MB-102 Breadboard
supply to make connections The rails run either vertically or horizontally. ' i fanii + -
for 5-Volt operation. The power rails on both the left and right side of = = === L
- the board run vertically to make the 5V power allm "TEREE allw
source and ground conveniently available to al|s s Esws alls
It should look components plugged into the component holes g S e = B[
just like this... in the center of the board... |
LIRL " 2 8 2= LIRL
Power: (+) 5V DC otherwise labelled (Vcc) e TR |
[0 J SSS—— Ground: (-) otherwise labelled (GND) —————————1® |
u|n LI ul(m |
Itis OK to spread the Electronic components all have metal leads that sl |w SN SE
two wires apart a little are pushed into the holes on the left and right | OO W s allal |
to make a good fit. center portion of the board and are connected to !
each other typically with jumper wires. LijL] nEEEE (* 5 = & & LI
Each component hole is connected by a horizontal Partial View—

rail in groups of 5 holes on either the left or right
side of the center portion of the board.
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Watch this video for a complete explanation of your breadboard: YouTube - How to Use a Breadboard

IMPORTANT NOTES!

The BDEE Test and Development Starter Kit is safe to work with without any bodily protection like eye
goggles or gloves.

As is, out of the box and assembled, you can handle any part or wire on the breadboard even when the
power module is turned on. This is due to the fact that it is powered by no more than 10 volts DC and is
actually stepped down to 5 volts DC through the power supply module. These voltage levels are
completely safe for handling without protection.

The same precautions would apply as any common battery operated retail device — it should be kept dry
at all times and it is recommended that the battery be disconnected when not in use for a period of time.

If you grow tired of operating from actual 9-Volt batteries, you can purchase a common retail 9-Volt wall
plug-in device with the same barrel connector or USB cable and use that as a more permanent power
supply — there is no difference in operating the starter kit from a battery or a wall plug-in power supply.

It should be noted that lots of electronic components like transistors, diodes, integrated circuit chips and
many other micro-electronic devices are susceptible to damage from static electricity shocks — it is
recommended to be aware if you have accumulated static electricity or if you are not sure, you can easily
remove a static charge by touching some grounded metal — a good example is a water faucet at a sink or
other plumbing pipes. This should be done before handling any electronic components.

Finally, many components are very delicate by nature — try not to handle them roughly or bend their wire
leads too much or too often — they break off easily making the component unusable.
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Troubleshooting Digital Electronics

This page is all about solving problems in digital electronic circuitry and there are three major types of concerns
involved with a little overlap between them. When troubleshooting a problem there is generally a hierarchy of steps
that you go through in order to most efficiently arrive at determining what the problem is. It is important to follow
these steps because it can be a time consuming process if you have miss-determined which type your difficulty lies
in so the best way to tackle a problem is by an efficient process of elimination. So, here is how it works...

First, try to determine what type of problem exists — the first type of problem is “Electrical/Mechanical”’. This is where
you might see fluttering or flickering in the LED lights and usually, it might seem that it is so intermittent and delicate
that it looks like the circuit is so sensitive that a butterfly would upset it. In general, you need to determine whether
the power supply module has well fitted wiring (including the battery components/wires) and that it is properly seated
into the breadboard. Sometimes there might simply be mechanical problems like loose connections of jumper wires
or even surface wires not seated well into the breadboard rail holes. Are the pins or leads of all components,
switches, chips, transistors, LEDs and so on properly seated into breadboard rail holes. Do you see flickering lights
when brushing your hands against groups of jumper wires or, when you handle the breadboard a certain way?

The next type of problem is typically when the circuit seems to be fairly stable but a particular LED or set of LEDs
are not lit when they should be - or, they should be OFF but they are ON. Or, is any component in your circuit not
behaving as expected. These types of problems are generally categorized as “Power Distribution/Configuration”
problems. Make sure that each component or wire is seated in the correct breadboard rail hole. Sometimes this
means you might have plugged a wire into the rail next door instead of the intended rail. Does each component in
your circuit that requires power and ground wires are actually wired to power and ground (or, they might be
reversed). A very common mistake is to mis-configure components that have a specific polarity — like an LED or
other diode is accidently reversed.

Finally, the circuit looks very stable — there is no flickering/fluttering but the circuit is just not behaving as it is
expected to — for example, the wrong lights are reacting to your switch settings — or not reacting. Well, you have
finally (hopefully) arrived at the third category which we call simply “Logic/Connection” problems. If there is any fun
at all in troubleshooting, it is in this last layer of problems — for example...

You change a switch from OFF to ON and the wrong LED light comes on or goes off. At least you're getting some
indication that something is getting through the circuitry — that’s good so far. But now, you might think to yourself
that: “| must have connected a wire from the output of the chip to the wrong light”. Well, not so fast. Remember the
old adage about computer programs: “Garbage In — Garbage out’? That applies to the hardware side of things also.
So, the first rule about troubleshooting this layer of problems is to make sure that you first check the input side of
chips before the outputs. It is very common to have switched a wire to correct something on the output side only to
run across the error again in further testing. And then you will find yourself wasting time undoing your work on the
output side when the problem was a miss-connection on the input side. Follow steps below for all problem types...

Using the Multimeter as your Primary Test and Measurement Tool...

When using the multimeter for any testing or measuring, make sure that the Black test-lead is connected
to the “COM” socket on the multimeter and the Red test-lead is connected to the “VQmA” socket. To save battery
power, make sure you turn off your multimeter when not in use. Leaving it on overnight will kill the battery for sure.

When testing / measuring voltage... Make sure your circuit is turned on. Make sure your Black test-lead is
connected to a ground rail on the breadboard — this way you should see something close to either 0 volts or 5 volts
wherever you touch the Red test-lead to. Keep in mind that there is a fairly wide voltage tolerance range for TTL
chips. This means that, at its input pins, the typical 7400 series chip will consider as much as a single volt to be
zero voltage (or, the value 0) and 4-volts could be considered a 1 (meaning: 5-volts or, even higher). It should be
extremely rare that you would see a voltage between 1 and 4 volts of higher than 6 volts — If you do, it usually
means there is still some sort of electrical problem. And, this could happen if you have chip outputs connected
together by mistake — this sort of miss connection can also cause that flickering/fluttering in a circuit — so check it.

When testing / measuring continuity or resistance, you don’t have to worry about polarity however, if you are

measuring resistance across a resistor or a diode (LED) that is actually in a circuit or testing for continuity in the
circuit, make sure your circuit is turned OFF. Remember a diode should show continuity in only one direction.
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Aneng SZ308 Digital Multimeter

ANENG

SZ308 Digital muItimeter

Basic Usage (BDEE Course)...

When measuring resistance, set the dial to
20KQ (see image below) - unless you are
expecting to measure more than 20KQ or
less than 2KQ. If you are measuring simple
continuity from point A to point B in a
circuit, you should set the dial to 2KQ.

Image — Measuring a 2KQ resistor

When measuring voltage, set the dial to
20V DC (see image below) - unless you are
expecting to measure in the milli-volt range.

IMPORTANT NOTE: We will never measure
anything more than 20-volts (DC). It can be
dangerous to measure more than 50-volts DC
or AC without proper training.

Image — Measuring the 5-Volt Power
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Video Instructions:
Aneng SZ308 Multimeter - YouTube

Basics: Voltage, Resistance and Continuity

How To Use a Multimeter (For Beginners)

Package Information:

SAFTETY INFORMATION
Thsmﬁnsh-hesbeendesb‘ledm\ingc-ww
an ovenvoltage category(( 3

pomszom opamgmmb il
is used safely and i kept R

operating condition
e e e e
SAFETY SYMBOLS
/\ Important safety information,refer to the operating manual.
/A\ Dangerous volatge may be presented
= Earth groud
[B]Doube insuiation(Protection ciass ).

MAINTENANCE \
Before Openting the case, always disconnect test leads from all energied

Never use the meter unless the back cover is in place and fastened completely.
Dorumemasw%mnismﬂ\emeteﬁodemiwhgadmpddh

and mikd

DURING USE

1.Never exceed the protection limit values indicated in specifications for each
range of measurement.

2When the meter is finked to measurement circuit, do not touch unused

teminals.

3 Never use the meter fo measure voltages that might exceed 1000V DC or
750V AC above earth ground in category |l installations.

4 When the value scale to be measured is unkown beforehand, set the range
seletctir at the ahighest position.

5Before rotating the range selector to change functions, disconnect test leads
from the circuit under test

SVmeryngo.nmeasuemerSmTVUan
remetrbermvuemaybehmmm aﬁaapums
which can damage the

7A»vaysbewef\dvmen with above 60V DC or 30V AC

measurement
9.Components should not be connected to the hFE socket when making
voltage measuments with test leads.

10.Never perform resistance measurements on live circuits.

| _Resoton |  Accuracy |
2000 0.10
20000 10
20 001k Sleato)
200k 0.1kQ
2000k0) 1kQ
Overloadrotection:250V DC or AC rms
CONTINUITY TEST

The meter wile |Open-circuit voltage:About 2V

*1)) | estance <80 | Overoad Protecion250V
DIODE TEST

voltage Overload Protection:250V
OPERATING INSTRUCTIONS
DCVOLTAGE MEASURMENT
gmnmumnwv.o.mxmmmwwmu
2.Set rotary switch at DCV. , 'fthe voltage to be mesured is unkonwn
bdordmd,samge hghlwlangeposmonandmemeduoe

sobtamed

30tmsduleadsmhemorload

4 Read voliage on the ID mmmmm
display along polarty

ACVOLTAGE MEASURMENT
1.Connedt the red test lead to the'V.Q.mA" jack and the black lead to the'COM"

jack.
ZSeuuzyma ACV pasition.If the voltage to be mesured is unkonwn
bl rmdsdranoemmamehghlestrangeposwnandﬁmredxm

satisfactory resolution
3Qmadwleadsaaossltnmceorbadbehgmeasued
4Rmdmwmeodlsphydongwlhhepdaﬁydﬂ‘aredlew

CURRENT MEASUREMENT

10amsnl'eredteweadbm V.0.mA " jack and the black lead lo the" COM*
JackFor measurements beween 200mA and 1
repielly e 0A remove red lead to * DCA" jack. )

3.0pen the airout in witch mmnsbbenmlemedandwmedtesﬂaamh

senes with the
4Readanﬂﬂammodsphymmhpdaﬁydmwm.
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GENERAL DESCRIPTION
The meter is hand heid 3 172 multimeter for and AC voltage
,DCandAC m‘&m Tmmm

Eﬂ with battery operated.
SPECIHSWH period of Wm 18°C028°C
a at o
%‘F\E’m Tolaive humidly o 7% i
Wmm“mg&ﬂﬂm’muﬂwm

Power9V 622
Dspbj Loo19mmm2~

Irddm I
memms mmn- mﬁ”
Dow oy bk £ ¢
Size:m121m ESHoepoars GUs dpey
Weight210g
DCVOLTAGE
Range Resolution Accuracy
200mV 0AmV
P 0001V
20V 001V 10e)
200V 04V
1000V, v +(1.0%+10)

Oveﬁoad Protection:250V rms for 200mV range and 1000V DC or AC
Rms for other ranges.

ACVOLTAGE

200V (\%
600V Vv

Overload Protection:750V DC or AC rms
DC CURRENT
Resolution

Range

20mA 0.01mA

200mA 0.1mA
10A 0.01A

Overload Protection:250V DC or AC rms.

RESISTANCE

Accuracy
+(1.0%+15)

Accuracy
+(1.5%+5)

RESISTANCE MEASUREMENT

1.Connect the red test lead to the” V.00.mA” jack and the black lead io the” COM™
switch at desired"range position.

1 test leads across the resitor fo be mezsured and read LCD display.
4‘nheﬂegame mbmnawﬂmoﬂmw
DIODE TEST

1.Connect the red test lead fo the" V.Q.mA" jack and the black lead 1o the” COM™
2.Setthe rotary switch at"

¥ positon.
3.Connect the read lead to the anode of the diode o be tested and the black et
Leadbhedxxdedhedndahmhvaumamdndweﬁ

TRANSISTORTEST

1Sememhrysmu'-amFE position.

2.Determine whether the transistor under tesfing is NPN or PNP and iocate the
mﬁgﬁmm%mhmmmmduﬁm
on of panel.
3%umﬂmamwmdmmtmn
e
w&mmmmummmm

CONTINUITY TEST
il c«mmmmmnm'v.nnw;nammmmnm'

TO avoid electrical shock be sure the test leads has been removed before
i cranging

BATTERY REPLACEMENT
M'WMLCDM.RMMNMMEINW
/\AWARNING

Before open the case ,aWays be sure that testleads have been removed fom
measurement arcuits.

Gosewaﬂmmmmmwghmnmw

mmdmmmmbmmm
’meempanyswraspusmbr and hazards caused by user
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