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Digital Electronics

Objectives:

The objectives of this module are to:

u Become familiar with basic electrical concepts

u Understand and use digital AND and OR logic functions
u Test circuits using circuit simulation software

To accomplish the objectives, we will give you a short overview of electrical and digital logic
concepts. You will then work with a partner to build circuits described later in the handout using
the Electronic Workbench simulation program. A variety of circuits are described; however, you
may not have time to complete the simulation of all of them.

The simulation program we will be using is MultiSim 8 by Electronics Workbench.
www.electronicsworkbench.com. It is a user-friendly program which a user can create and test
circuits in a relatively short time. It has a variety of components listed in a series of menus. One
of the initial difficulties is finding the component you want. The circuits we are going to build
start on page 13.

How to Find Components

A list of component icons is shown along with the menu selections used to access them. The
order of presentation is the same as the order in which you will be constructing the circuits.

If your menu toolbar only shows icons without the text which identifies them, you need to turn
on the text so the toolbar is as shown below:

+ aan +>+ * I S = dil (7%
Place Source  Place Basic  Place Diode Place Place Analog  Place TTL Place Cmos  Place Misc  Place Mixed Place
Transistor Digital Indicator
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How to turn on the Toolbar text

Options  Window  Help
§ = Global Preferences. ..

Sheet Properties. ..

r

Global Restrickions. ..

Circuit Reskrictions. ..

Simplified version

Custonfge User Interface. ..

Customize

Commands Toolbars lKe_l,lI:u:uard] b e ] Dptiu:uns]

Toolbars:

X

[130 Components
[TJAnalog Components
[|Basic
Components
[Dezcription Edit Bar
[Diodes
[]Graphic Annotation
[w]lrztrurnents

[w|Ladder Diagram

GET

[ IMeasurement Compaonents
[w| M eru Bar

|

Rezet All

Mew...

|

W[%S howe best labels

Cloze

Circuit 1:
L *
12 Flare Source
T

i~ Select a Component

D atabaze:; Companent;
\Master Database v | | AC_POWER
[roLp:

| = Sources j DGND

F arnily: GROUND

NOM_IDEAL_BATTERY
THREE_PHASE_DELTA
THREE_PHASE_‘wYE

POWER_SOURC..
() SIGNAL VOLTAG..
(7 SIGNAL_CURRE..

YT
T conTROL_FUNC... |vDD
[k CONTROLLED_ ... |VEE
Y55

[ CONTROLLED C...
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Symbol [AMS1)

—
T

Function:
DC *Yoltage Source
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J1 43 Select a Component

_O/D_ o Diatabaze: Compaonent: Symbol [AMHS]
Key = Space : [Master Database =] | CURRENT_CONTROLLE
Place Basic
[araup: DIPSWA
| B asic j DIPSW10
F arnily: DIPSW2
S RESISTOR.G.. A |DIPSwS o o
ol DIPSW4
RPACK DIFSWS
7 POTENTIOME. .. DIPSWE
I cepPaciTOR DIPSW7
AE CAP_ELECTR.. E:ngg Functiar
JF cePaCITOR_. o5 bpor SPST Switch
JE CAP_ELECTR.. -
SPDT
AF vaRISBLE_Ca. .
==~ |NDLCTOR

%z Select a Component
44 | Database: Component: Symbol [AMSI]
e
f _ [Master Database = | |CURRENT_CONTROLLE
. Place Basic
[araup: DIPSWA
ey = Zpace h.
g | o Flasic j DIPSW10
Sl DIPSw?2 f
B8 eesic_viRTo.. <] [PIPEW3 o
B8 RATED_VIRT oI
=t DIPSWS
Bl z0_viRTUAL DIPSW/E
< RESISTOR DIPSwW?
< RESISTOR_S... E:EEEE Functior
2% RPACK o8 DPoT SPOT Switch
A POTEMTIOME... -
1 ceraciToR pursrses
JE CaP_ELECTR... 0 5w
I capaciTOR_ .. WOLTAGE_CONTROLLE Model Manuk.bD:
_I(’_" AP ELECTE. Gernency LLUMIMNATED
4F vaRIABLE_Ca...
=~ [NDUCTOR
~2 INDUCTOR_S...
e Footprint M anuf. 4 Tppe:
= YARIABLE_IN... —rT
— SwITCH
SE TRANSFORM...
SE NON_LINEAR... +| |4 | | D

i |

L p— =
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%% Select a Component

H3 C'atabaze: Compaonent; Sprmbal [AM51)
@ I baster Databaze j 10001000
Group: 12001000
12% _10ay
- I Indicators j 1 W—EM
Family: LR
[ wOLTMETER 12¢_25%
287 B
{2} &MMETER 310
[ Proge 05w
1} BUZZER AT
(EL LAMP Function:
B virTuaL LamP 10w/ 12 Lamp
IE] HEx_DIsPLay
BARGRAPH
Circuit 3:

-
=+

Flace Source

% Select a Component

D atabaze: Comporent; Symbal [AR S]]
[Master Database x| |4C_POWER
Group: DC_POWER
I = Sources j DGND
Family: GROUND —l—

o) POWER. SOURC.. MOM_IDEAL_BATTERY

s THREE_PHASE_DELTA

:;@ SIGNAL_VOLTAG... THREE. PHASE WYE

1D SIGMAL_CURRE..  |yre

7L CONTROL_FUNC... |vDD

(% CONTROLLED V... |WEE Functior:

(' CONTROLLED C.. |¥=°
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L2

i% Select a Componen

D atabase:

Component;

Symbal [AME]]

BULZER
200 Hz

=l
[

I Mazter Databaze
Group:

I Indicatars

F amily:

] vOLTMETER
AMMETER
B Froee

1 BUZZER

{8 LAMP

FEd viRTUAL_LaMP
IE] HEx_DIsPLay
BARGRAPH

SOMALERT

Function:

Buzzer

Circuit 4:

#=Select a Component

-
T

Databaze:

YT

Companent;

Swrnbal (M5

Place Source

=
[

ay I b azter D atabaze

Group:

I = Sources
F arnily:

e POWER_SOURC...
iy SIGMAL YOLTAG..

AC_POWER
DC_POWER

DGHD

GROUMD
WOM_IDEAL_BATTERY
THREE_PHASE_DELTA

i SIGMAL_CURRE...
E] coMTROL FUNC...

THREE_PHASE_*™E

W

11 #= Select a Component
— i _ [ atabaze: Componert: Symbol [&MH51]
:} plg:iﬂfc IMaster ['atabase j abDz ﬂ
AMD3 Group:
|l MiscDigial | |AND4
Farnily: ANDS
L»TIL ANDB @
- AMDT
2 MICROCOMTROL... AMDE
s VHDL BCD_7SEG_DCD
L WERILOG_HDL BUFFER
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U2 #= Select a Component
| 1 [ratabaze: Component; Symbal (AR S]]
P [l
3 E:i:italfc IMaster Database j ORz2 ;I
OR3 Group:
|l MiscDigial | |OR
F arnily: URS
ST OFE = o
- OR7
g MICROCONTROL... ORa
HILYHDL PAR_GEN_CHE
0 VERILOG_HDL GLEAD ML T
fh: MEMORY ki Function:
#- Select a Component
A1 ' Database: Component: Symbol [&MSI]
Flace I Mazter Databaze j FROBE
‘ 28V Indicator Group: PROBE_ELLE
W I Indicatars j F'FIEIBE_GHEEN
F arnily: ] O
VOLTMETER: PROBE_YELLOW l
AMMETER
| B8 ProEE
1 k BUZZER
& LAMP Function:
Circuit 5:
%z Select a Component
2 SOUFCE Fe: Component: Symbol [&MHS1]
:If)— a1 I tazter Databaze j S EEAY =
Place Misc Group: all _4BIT
Family: :MD2 T
AMD3
TIL
E,.} AMD4
§ MICROCONTROL... ANDE —
SN YHDL AMNDE
e WERILOG_HDL ANDY
?:E MEMORY ANDS Function:
8% LINE_TRANSCEI.. |BED_7SEG_DCD 24NPUT AND
RIIFFFR
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4
i
:I>_ Place Misc
OR2 Digital

Double click the buzzer icon to
change the buzzer to work with 5
volts.

Computer and Electronics Engineering

%% Select a Component

D atabasze:

Component;

Symbal [AM51]

|Master Database  w| | coms s N
[Froup:

| MiscDigtdl =]

F arnily:

Lr i

3 MICROCONTROL...
“H0L WHDL

S ERILOG_HDL

i MEMORY

OR3
OR4
OR5
OFE
OR7?
ORE
P&F_GEN_CHE

o=

LR AL ST

. Funchion:
S LINE_TRANSCE). | #Ha A5 2INPUT O
BT ERE BDd
x|
Label | Display Valie | Faut | Fininfa
Frequency [F); |1|:I|:IEI I Hz ::I
Yaltage [V]: IE Iﬁ ﬂ
Current (I 0,05 =
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Circuit 6:

11
A Tha QA L
L. INE OB |2
oo B
<2 {Rro1 qo Ll
2 | R0z
£ lpa1
Z {3z
FA4L590M
S
Place TTL
[
L
A Y oa jold
1 lg 0B e
2 | oc (el
£ 1o oD g&
OE
2 LT oF (s
S -rEI oG jtt
A ~BIRED
F4L547M

i~ Select a Component

ALSID

D atabaze: Companent;
\Master Database  w | | 74L5650 A
Group: TALSEIN
T | |80
Fammily: FALSTIM
E‘» 451D FALS74D
E‘E 45 FALS 74N
s FALSYAD
T 745 74L575M
T TaF 74LS 76D
TS 74als 74L57EM
U 2405 TALSTTw
FaL57a0
FALSTEM
T4L5330
FALSE3M
FAL58R0
FALSEEM
T4L5360
FALSEEM
FAL5500

Symbal [AH51]
Function:

DECADE COUNTER

tadel bManuf hD:

Texaz Instrumentsh 74159

Same as the 74LS90N except select 74LS47N.
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%1 =
1kHz Flace Source
5 Y [

Double click on symbol
to set values on the device.

If the circuit is running when
You change its speed, you will
have to stop it and start it again
for the new value to be
recognized.

||
o
T

Place

Indicatu:urh
11

¥z Splect a Component

D atabase: Component; Symbol [&MH5]
|Master Database | | AC_WOLTAGE
Group: AM_NVOLTAGE
| = Cources j §|::L|:| Ck_WOLTAGE
Farmily EXPONENTIAL WOLTAG

POWER_SOURC... | M- DCTARE

PIECEWISE_LINEAR_WC

() SIGNAL VOLTAG.. |0 £ VOLTAGE

(@) SIGNAL_CURRE... | THERMAL_NOISE

T coMTROL_FUNC...

(K% COMTROLLED V...

(b COMTROLLED_C... Function:

Clock Voltage Source

£~ Select a Component

Databaze: Companent; Symbal [AR S]]
| M azter D atabaze ﬂ DCO_HE® M
Group: DCD_HE=_BLUE
| Indicators j DED_HE~_GREEN [
Fammily: DCD_HEX_YELLOW ='|]
E‘ VOLTMETER LCD_DIPLAY_4DIGIT -=-|]
o PLUS_MIMUS_OME N
AMMETER PLUS_kIMIS_OME_ “Hl“
B Proee PLUS_MINUS_OME_
{ L EBUZZER PLUS_MIMUS_OME_
& LAMP SEVEN_SEG_COM_f
&l virTuaL Lamp | SEVEN_SEG EOM £ = Fynction;
SEVEM_SEG_COM_¢ 17 SEGMENT DISPLAY
HEx_DISPLAY .
- SEVEM_SEG_COR_E COrMON ANODE
BARGRAPH SEVEM SEG COM K
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Circuit 7:

Changing Page Size: Edit | Properties |

Edit  Wiew Place Simulate  Trs

7Y [rda (o
[/C= Redo iZhrl -
I S Erl
i Cophy (o e
R Paste ey
1% Delete D

Select Al Chrl&
Delete Multi-Fage
Paste as Subcircuit

4 Fird... ChHl+F
Zamment

Graphic Annokation
Order
Assign ko Layer

Layer Settings. ..

Title Block Paosition

Orientation

Edit Symbal/Title Block. ..

Fonk...

Properties. ..

Ctrl4-M

Cireuit Workspace |'wiiing | Font | FCE | isibily |

— Shaw

[ Show grid
i

g [” Show page bounds
¥ Show border

—Sheet zize

£ =l

Custom gize

widh 17 =
Height [ =

@ Inches ¢ Centimaters
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Circuit 8:

%% Select a Component

D atabaze: Companent: Symbal [ARS]]
* |Master Database x| |AC_POWER
\:‘7 SMO Place Source Group: CC_POWER

F amnily;

I = Sources - |

=) POWER_SOURL...
) SIGNAL_VOLTAG...
) SIGNAL_CURRE ..

GROUND
NOM_IDEAL_BATTERY
THREE_PHASE_DELTA
THREE_PHASE_'/YE

L

VCC
UL CONTROL_FUNMC... |vDD
0 CONTROLLED v... |“EE Functior:
M PANTRANTFD - Y55 |
2 £% Select a Component
[ atabaze: Companent; Syrnbal [ARS1]
]
I I J0Urce | [ atabase j -
— Group: DCO_HEX_BLLE
I I DCD_HEX | Indicators j DCO_HEX_GREEM
— Famil: DCD_HEX_YELLOW [
T h [ VOLTMETER LCD_DIPLAY_4DIGIT I
- PLUS_MINUS_ONE
i)
L AMMETER FLUS_MINUS_ONE_ [ o] =] =
E8] Proee PLUS_MIMUS_OME_
I} BUZZER PLUS_MINUS_ONE_
(8] LAMP SEVEN_SEG_COM_¢ | .
FE] VIRTUAL_LAMP SEVEN_SEG_COM_¢#
- SEVEM_SEG_COM_#
@HEX_D'SPL&Y CEWEM CFIS Tk &
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Naming a Wire

Met x|

Met name |H ezt

—%hen uzing net specific hide/show zetting
v Show

—PCB
Trace “Width Min

Trace "Width

— &nalysiz
[ Use IC for Transient fnalysis ||:| 4
IEI W

™ Use MODESET far DC

(] I Cancel |

A warning you get if you have previously used the same name.

Multizim 8 Demo X]

& & et with the zame name already existz. [F pou continue, the nets will be wirtually connected.

Continue?
] me |
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Simulating Circuits

The circuits which we will construct and simulate are digital. In a digital circuit we are only

concerned if a signal is present or not. A switch is an example of a digital circuit. It is either on
or off. Terms used for the presence of a signal are on, high, true, and one. Terms used for the
absence of a signal are off, low, false and zero. The following circuit shows how switches are

wired in homes to make a one-way switch circuit and a three-way switch circuit.

*1
b )
1 2
n'
Key =4 T2%_ 10
w2
J2 4 J3 g @
D I I
12%_ 100y
Key =H Key=0C
—L M
2

Circuit 1 — Wiring Residential Switches

way switches.

This circuit shows how typical “one-way” and “three-way” switches are wired.
Switch A is wired as a one-way switch. Switches B and C are wired as three-

Digital circuits are constructed so that they perform logic functions. The two most basic logic

functions are the AND and OR. An AND circuit gives an output signal if all of its inputs

(switches) are true (on). An OR circuit gives an output signal if at least one of its inputs is on.
The following circuit shows how switches are wired to implement these functions.

Computer and Electronics Engineering
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w1

J3 J2 J1 @
! D//D ! D’/D : D//D &

=B HE':."=C 12“."’_10"."\."

w2

%12\-" J5 @
D/D :

Key =B 129 _1 0y

9/ Switches in Parallel - OR Gate
[

Circuit 2 - Switches as Logic Elements

The upper switches which are in a row (series) implement an AND gate.
Switches A AND B AND C must be closed to light the light.

The lower switches which are in parallel implement an OR gate. Switch A OR
switch B OR switch C must be closed to light the light.

Computer and Electronics Engineering Page 14




The following example shows how switches can be combined to make a “real” circuit. This
implements a simple "Idiot Buzzer" system on an automobile.
The buzzer will sound if:

the key is in the ignition AND the door is open
the key is in the ignition AND the seat belts are not connected

OR
the lights are on AND the door is open.

OR
Note: A light is used in addition to the buzzer.

J

J4
y/c 5 D//D Key AND Door
Key =K Key =D
1 2
—¥ .2 I 1
—12 :»//c 3 D/D Key AND Seat Belt 12V @
Key =K Key=5
n
J3 JE
. o o . o~ 5 Light AND Door
Key=D

Key =L
Circuit 3 — Automobile Buzzer System

Description of Switches

Lights
Open: Lights off

Open: Key not in ignition
Closed: Key in the ignition Closed: Lights on

Key

Door

Seatbelts
Open: Seatbelts connected Open: Door closed
Closed: Door open

Closed: Seatbelts not connected

This circuit uses the ground Symbol .

—L_ Al parts of the circuit which have the ground

symbol are physically connected together even though the schematic does not show it.

Page 15
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There are symbols to represent the logic functions. The input signals are on the left and the
output is on the right. These symbols show three signals ANDed and Ored but there could be
any number of inputs. These symbols are normally used when the logic function is built using
integrated circuits.

1 3 >

Symbol for Symbol for
AND OR
function function

This circuit uses the integrated circuit symbols for the AND and OR logic
gates.

1
_WeC
= aY

o A1 . 11 ‘
_— |
i
Koy = A ANDS3
a
J2
2
.
Key =B ‘ ‘ aY
J3 N Uz
1 i |
o OR3
Key = C

Circuit 4 — Integrated Circuit Logic Gates

Most integrated circuits use a 5 volt supply which is commonly referred to as

+i et
Vcc. The symbol represents the 5 volt battery. We also are using the

LED symbol : instead of a regular light.
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This is how the integrated circuit form of the automobile idiot buzzer system would look.

2
Key AND Seathelt

vee ® 25y H3
T s Maote: The two OR gates
Key AND Door | 25V 28v . make a 3-input OR gate.
- H R M Door AND Lights This matches what we have
9/‘3 i_“\ L in our parts kits.
—OKBY - ANDZ » v
4 . :):>— . Oz.s ¥
- U2 OR2 s s
Hey =D ’7 ENDZ ORz
J2 s o BUZZER
C‘/ 1000 Hz
| Key =5 4_@ : _;_
(Set buzzer to 5 volts)
15 R ’7 AND2
. D/: (Key AND Doorj) OR (Key AND Seatbelt) OR (Door and Lights)
+—0
Key=L
Circuit 5 — Integrated Circuit Form of Automobile Buzzer System
Description of Switches
Key Lights
Open: Key not in ignition Open: Lights off
Closed: Key in the ignition Closed: Lights on
Seatbelts Door
Open: Seatbelts connected Open: Door closed
Closed: Seatbelts not connected Closed: Door open
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Decimal Numbers in Computers

Many applications require the use of a counter. The
next circuit will count from 0 to 9 in binary. The binary
number system uses base 2. Characters in the right
column (sometimes labeled a) have the value 2°. In the
next column to the left (labeled b) they have the value

2. The next column (labeled c) is 2°. The next (d) is 2°.

They evaluate from left to rightas8-4-2-1. The
binary numbers from zero through 9 are:

For ease of use, we are using a modified binary system
which only has values of zero through nine. This is
referred to as binary coded decimal (BCD).

The next circuit consists of a signal generator

Computer and Electronics Engineering

Binary

Decimal

dcbha

8421

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001

O©CoOo~NOOUITWNEO

set to give one transition per
second. The counter integrated circuit, 7490, counts the transitions in binary and the
value is shown on the four LED displays. The binary signals need to be converted to
drive a 7 segment display. The binary to 7 segment decoder performs this task.

Page 18



_vee.
o
WA W3OKZ X1 A
EQ@Q@.EQE.E £ WCC
ABCDEFG
L L2
= 14t INA oo |12 S Y oa jk2 & |
| W1 I N QE g 4 % B oE ﬁ_a_
Qc T iZ uls —_—
100 Hz T Ro1 o (i E o I
WCC W TT
2y 2o ~LT OF ks ot
sp— 5 1 Ro1 Evie— 5o RET o5 L4
£ | Roz 49— 4 BT REO
0
FALSY0M FALS4TM
_é_ < GND BCD to 7 Segment Decoder

Binary Coded Decimal (BCD) Counter

Circuit 6 — Binary Counter — 7 Segment Decoder — Display

115
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Next we will make a two decade counter which will count from 00 to 99. Change the size of the drawing sheet to size B. Move the
circuit to the right side of the page by doing Edit | Select All (control A) and dragging the components to the desired position. Make a
copy of the circuit by Select All and Paste (control V). Delete the signal generator on the left counter. The QD signal of the least
significant digit will be used to clock the next stage. Place a wire from INA to QD.

Circuit 7. Two Decade Counter

_MCC I R | —
PRI - RO
(3% "“ Oz 23 250 23W ves M|
AV e " L& AECDEFG
4
RECDEFG ijl uz
1
= 13 — rll ) P =
ua S us Wi I HE 32 ot % & 0 E B
L 1 2 ra w 1 i an Hr - o
[ LoF THE 3’2 % E 0k % L ;":'U_:':' Hz Bt " weC GE fof v
5 i Hy oK ot H ‘ —_ LT OF [t x>
1 FoL fil] 3 an G wit 4 ~RED 06
H2 e Lt EE T =T Ra2 + ~BLRED
H Tt . ' e FaLsa0H TaLEaTH
L3 ~EL RED d| |
GHD
Za LI PaLmaTH L “LaHD ECDto 7 Segment Decoder
“HD ECDto 7 Segrnert Decoder Birmary Coded Decirmal [(BCD) Colrter
Binary Coded Deci mal [ECD) Counter
B
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Create the following circuit. Use the DGND for the GND component. Use the DCD_HEX component which combines the decoding and display in one
component. This will speed simulation so the circuit will count faster. The switch will cause the counter to reset when connected to Vcc and to count

normally when connected to ground. Double click on the wire connected to R0O1 and name the net Reset.

uz
1
—
I DCD_HEX
WCC —
Y 4 (3 [2 |1
LM
woo 1 140, o 12 2 .
M o™ i
Resg ROL QD 11 =]
W1 - /P—E ROz
100 Hz Gnng RalL
=R ey = Space Ro2
o 74L 590N
—;— WGND
Circuit 8. Counter with Display
Page 21
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Copy the circuit three times to make a four digit counter. Double click the wire connected to RO1 and name it Reset. You should get a warning that that
name has been used. Click OK. This will make a connection between both wire named Reset without having to draw the line. Do the same to the other two
counters. Connect the QD of a counter to the INA of the next counter. Set the clock frequency to 1000Hx. Remember to stop and then start the simulation

after changing the clock speed.
us
ua I
I I I DCO_HEX
I DCD_HEX
b[s fe [2
"NENEE us
ur B
144 1w o e s
b 1 z * —Lop o o 1
[ 1k THE E L 0L 5 AL
S e 3y
IE& Rl an H1 GHD
[ & A
rll
£ RaL
iy
GHD TALZA0H
TaLTA0H
WHD
vl
uz
U I
I I I DCO_HES
I DCO_HEX | _WCoC
e b [s Je [1
"NENEE u
Ul YRy 14 2 3
P o
e oon e — ] a e i
L Lof THE EE = W o H-::-:*g EE - T
L oo HI + /D_
i) o | g | oy
SHe 6 | pay ey~ Sp@oe [FH
1] Raz 4‘ o |
— | TALZAIH
AN =4 wLrEHD
=L-zHD
Circuit9
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Hands-on Simulation:

In the time remaining before the break, you will construct and simulate some of the circuits
discussed. You will do circuits in the following order. If you are running short of time, skip
some of the first ones so you can finish circuits 3, 5, and 6. We will be building circuits 5 and 6
in the second portion of the module so it is helpful if you can finish and understand these two.

> Circuit 1:  Wiring Residential Switches

> Circuit 3:  Automobile Buzzer System
> Circuit 5:  Integrated Circuit Form of Automobile Buzzer System
> Circuit 6: Binary Counter — Seven Segment Decoder

Circuit 7:  Two Digit Binary Counter — Seven Segment Decoder
Circuit 8: Simplified Binary Counter — Seven Segment Display
Circuit 9:  Four Digit Binary Counter — Seven Segment Decoder
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References:

Simulation Software:
Electronics Workbench USA
60 Industrial Park, #068
Cheektowaga, NY 14227

www.electronicsworkbench.com

Electronic Components:
Jameco Electronic Components
1355 Shoreway Road
Belmont, CA 94002

WWW.jameco.com

Breadboard:
PAD_234 Digital/Analog Trainer

Electronix Express
365 Blair Road
Avene |, New Jersey 07001

www.elexp.com/tst 234.htm
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