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Digital Electronics

Objectives:

The objectives of this module are to:

u Become familiar with basic digital counter concepts
u Test counter circuits using circuit simulation software
u Build digital circuits using prototyping equipment

To accomplish the objectives, we will give you a short overview of electrical and digital logic
concepts. You will then build circuits described later in the handout using the MultiSim
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 11.

Simulating Circuits

T_he_ circ_uits_which we will construct gnd s_imula_te are digital. Ina Binary | Decimal
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 dchba
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. 8421
0000 0
0001 1
Decimal Numbers in Computers 0010 2
0011 3
0100 4
0101 5
Many applications require the use of a counter. The next circuit will 0110 6
count from 0 to 9 in binary. The binary number system uses base 2. 0111 7
Characters in the right column (sometimes labeled a) have the value 2°. 1000 8
In the next column to the left (labeled b) they have the value 2*. The 1001 9

next column (labeled c) is 2°. The next (d) is 2°. They evaluate from
left torightas 8 - 4 - 2 - 1. The binary numbers from zero through 9 are:
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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).

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:

* wn b * = Ei =
Place Source  Place Basic  Place Diode Place Flace Analog  Place TTL Place Cmos
Transistar

How to turn on the Toolbar text

Customize

Commands  Toolbars lKe_l,lI:u:uard] kenu ] Dptiu:uns]

Options  Window  Help
§ = Global Preferences. .. [
r Sheet Properties. ..
= Global Restrictions. .. .
- Circuit Restrictions. .. r
Simplified Yersian
Custor e User Interface. ..

Toolbars:

Place Misc

[130 Components
[JAnalog Components
[]Basic

Components
[]Dezcription Edit Bar
[Diodes

[ ]Graphic Annotation
[w]lrztrurnents
[w|Ladder Diagram
[w] b airn

[ IMeasurement Compaonents
[w]bdenu Bar

o

Flace Mixed Place
Indicator

]

Feset All

Mew. .

W%S hiow bext labels

Cloze
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Circuit 1: Toggle

Flip-Flop

To flip the components
so they are oriented as

shown, use Edit |
Orientation | Flip

Horizontal

SET

RESET

CLKY
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T_FF

Y

SET

RESET

CL kg

oY
HFET

T_

MNOT

FF

oY

d

Place Misc
Digikal

Circuit 1: Toggle Flip Flop

#:#Select’a Component

Database: Component:

|MasterDatabase j aRz2 [J\]

Group: OR3

\f] MiscDigtal v | |OR4

F arnily: ORS
0ORE

E‘ T 0OR7

4§ MICROCONTROL... ORS

WHIL wHDL P&R_GER_CHE

N VERILOG_HDL QUAD_KU_2T01

1 MEMORY QUAD_REG

At LINE_TRANSCEL.. | FER_FILE_2Pud
REG_FILE_dx4
SCHMITT_TRIGGER
SHIFT_4BIDI
SHIFT_4PIPD
SHIFT_8PIN
SHIFT_sPOUT
SR_FF
SA_FF_MEGSR
SR_FF_POSSA
SR_LATCH
SR_LATCH_MEGSR

Symbol [ANSI)

I

I
i

Function:

TOGGLE FLIF FLOP

Model b anuf 4D:

Foatprint kM anuf 4T ype:
1
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N w4 Select'a Component

=

| B Flace Source | C'atabasze: Compornent; Syrmbol (AR5

|Master Database v | | AC_POWER

Group: DC_POWER
I = Sources j DGEND
Farnily: GROUMD

POWER_SOURC...
() SIGNAL_VOLTAG..
(7 SIGMAL_CURRE...
T cONTROL_FUMC... DD

MOM_IDEAL_BATTERY
THREE_PHASE_DELTA 1
THREE_PHASE wE

%+ Select a Component

j F‘Iacflr'-“lisc Database: Comparient: Symbal [AMN5I)

NOT Digital IMasterDatahase LI MORE h]
Group:
|l MiscDigtsl | [OCTALREG
Farnily: OR2

Lr 1L 0R3 ] o

p— QR4
4 MICROCOMTROL...

YHOL "»HDL ORE
M ERILOG_HOL OR7?

HEW | .. _ =T

%+ Select’a Component

‘L Databaze: Component: Symbol [&M5I]
e |Master Database  » | | CURRENT_CONTROLLE
Key = A Flace Basic Group: DIPSwA
|W Basic j DIPSW10
F arnily: DIPSWw2
= DIPSw3
Wi RESISTOR_S.. | Cere o
Suf RPACK DIPSWS
- POTENTIOME . DIPSWE
{} capaCiTOR DIPSwW?
J€ Cap ELECTR.. DIPSwS
IF cepsciTor_. | | |DIPSwA Function:
4T cep ELECTR.. | || TP-PPST SPST Switch
SFDT
A vaRISBLE_Ca. .
= |NDUCTOR D S
~% |NDUCTOR_S... YOLTAGE_COMTROLLE
A ARIABLE_IN... Madel M anuf AD:
s SwiTCH = Genench LLUMINATED
BE rmauieranL
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‘ J AR Place

Indicator

Computer and Electronics Engineering

#s Select a Component

' Databaze: Compatent: Symbal [ARHS]]
I b aszter D atabasze j FROBE
Group: FROBE_ELLE
I Indicatars j PHDEE_GHEEN
Family:

VOLTMETER
AMMETER,

| B8 Proee

Lk BUZZER

i LAMP

PROBE YELLOW

Function:
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DCD_HEX

25V

SET oY SET | oY SET | 5Y SET graT
¢ T ¢ 7 Q T Q T

e

— CLKe :\< — -~ Lk :\< " ] CLEK, :\< — LK :-<

RESET RESET NOT RESET NOT RESET NOT
T_FF | T_FF | T_FF T_FF

Circuit 2: Four Bit Binary Counterl

Use COPY PASTE on Circuit 1 to make the four bit binary counter of Circuit 2. Add the proper
connections between the flip-flops and add the digital display.
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Place D atabaze: Compaonent; Symbal [ARS]]
Indicator ||Master Database v | | ALPHA_NUMERIC_C| &
DCD_HEX Group: ALPHA_NUMERIC_C
| Indicators j ALPHA_NUMERIC_C
Farnily:
Bl VOLTMETER OCD_HEX BLUE
= OCD_HEX DIG_BLU
AMMETER DCD_HEX_DIG_GRE
B rroee OCD_HEX_DIG_DRA
I} BUZZER OCD_HEX_DIG_RED
L
+
()t s
A

Circuit 3 consists of a signal generator 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.
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OEQ@Q@.SQE.SV WCC

_vec
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ABCDEFG

L1
1 14t T qa L2
L L Lop INE Qe 2
0c
100 Hz Ror an
9y .
e R51
| Raz
0
FAL590M

2
2 7 3 )
s e o8 fz 7. |
- : | oc pAL o —
- E 1D oD fid -
0E
WL wooo g | ﬁE TT
oo ~LT aF e
g S ~RET o5 oL
4~ LBpT/RED

TALSATHM

Binary Coded Decimal (BCD) Counter

BCD to 7 Segment Decoder

Circuit 3 — Binary Counter — 7 Segment Decoder — Display

113
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Circuit 3:

%% Select a Component

-
T

1 Database: Component: Sumbal [AM 5]
— Place Source

[Master Database =] | AC_POWER

Group: DC_POWER

I = Sources j DGMD

GROUND 1
MOM_IDEAL_BATTERY -

=) POWER_SOURLC...

s - THREE_PHASE_DELTA
i) SIGHAL_VOLTAG... THREE PHASE WAYE
A0 SIGNAL_CURRE . fyoo

L CONTROL_FUNC... DD
0% CONTROLLED V.. |VEE
i CONTROLLED ... |¥5%5

Family:

Funchion:

h|
. s ¥ Select a Component
ﬁi %:g E’; EN D atabaze: Companent; Symbal [ANS51]
2l ST [Master Database | | 74L563D ~
2 |l roz Group: T4L569H
?— a1 |'_II§3- L j F4LS730 o "
R F arriily: TALSTIN = iy
L5740 o "
74LS90N 3:%: 74STD 7ALSTAN &
s 745 74L57ED .
T 74LS T4L57EN
o oraF 74LS76D
= S G 7ALSTEN
s T T 7485 TALSTIW Function:
h T4LSTED DECADE COUMTER
= F4L57EN
F4L5330
F4L583M
7415850
TAL5E5M Model banuf A D:
TALSEED Texas |Instrumentsh 74159
T4L58EM
7415900
L5310
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LI

Locate using the same menues as the 74LS90N except select
Y oa k2 74LS47N.
1 lg OB e
2 1c oc il
£ In oo g&
OE
2y ~LT OF fods
= ~REI oG okt
Ao cBI/RED
TALS54TN
#- Select a Component
W1 L D atabaze: Component; Syrbal [ARS1]
\Master Database v | | AC_WOLTAGE
1kHz  Place Source
Group: Ak VOLTAGE
| ¥ Sources j LOLh LI TALE
= EXPOMENTIAL_WOLTAL
() POWER_SOURC.. | "= DLTARE
() SIGNAL VOLTAG PIECEWISE_LINEAR_VI
- | PULSE_VOLTAGE
Double click on symbol @) SIGNAL_CURRE.. THERMAL_NOISE
to set values on the device. [T CONTROL_FUNC...
(k& CONTROLLED ...
If the circuit is running when (kb CONTROLLED_C... Furction:
you change its speed, you will Clack Woltage Source

have to stop it and start it again
for the new value to be

recognized.
CA i+ Select a Component
———
H H Databaze: Compaonent; Symbal (AR S]]
—— Ik |Master D atabasze j DCD_HEX LS
H H Group: DCD_HEX_BLUE
A B Iﬁllz G | Indicators j DCD_HEx_GREEN 1
Farnily: DCD_HEX_YELLOW ='|]
| | | | | | | Bl vOLTMETER LCD_DIPLAY_4DIGIT =-|]
& PLUS_MIMUIS_OME =l
AMMETER PLUS_KIMUIS_OME_ .IHHH
B8l Froee PLUS_MINUS_OME_
{1 EBUZZER PLUS_MIMUS_0OME_
@ LaP SEVEM_SEG_LUM_1
Pl = ) i
Indicato VIRTUSL_LAMP | SEVEN_SEG_COM_Z = | pypction
i IE] Hex_DisPLeY SEVEN_SEG_COM_£ 7 SEGMENT DISPLAY,
B - SEVEM_SEG_COM_E COMMON ANODE
.B'&'HGH'&'PH SEVEM SEG COM F
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%% Select a Component

D atabaze:; Companent; Symbal (AR S]]
[Master Database = | | AC_POWER
DC_POWER

Group:

I = Sources - |

Family:

M CAMTRALIFD T

=1 POWER_SOURC...
) SIGNAL_VOLTAG...
(1) SIGNAL_CURRE...
IFL CONTROL_FUNC...
(% CONTROLLED_ ...

GROUND
NOM_IDEAL_BATTERY
THREE_PHASE_DELTA
THREE_PHASE wYE
WL

YO
YEE

Y55

L

Functiomn:
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Mee
_wee X1 oWz X * —
*a > “n Ozszzspzsv was 1]
of 2.2 2 "
S e II L% AECDEFG
AECDEFG u = | uz
I et gl Sy gl

_}E:Im = - I A o e 1 1000 Hz % ! EE 1 ; ; o ) CL

., ”H;'l‘ QE X = : E §§ R S o] et g At b 3 i
me © oo PO D — H F it i
v i s‘f:&ﬁ:i}m o5 ' e ALz P

aHe pppp—— = L LraHp ECDto 7 Segrmernt Decoder

GO ECDtc 7 Segmert Decoder Binary Coded Decimal (BCO) Courter
Binary Coded Decimal [ECD) Counter
EES
Circuit 4. Two Decade Counter

e
+

()t s
R

Do a COPY PASTE of Circuit 3 to make the two decade counter of Circuit 4. Remove the count generator ! from the

left digit. Connect the QD output of the right counter to the count input of the left counter. This will cause the 10’s digit to increment
when the units digit goes from 9 back to 0.
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Circuit 4:

Changing Page Size: Edit | Properties |

Edit, Wiew Place Simulate  Trz

7Y [hida iy
[T Redo il
I (2br
i oy (s
R Paste kel
19 Delete Dl
Select Al Chel+5
Delete Mulki-Page
Paste as Subcincuit
4 Find... Chrl+F
Zarnnment

Graphic Annokation
Cirder
Assign bo Laver

Layer Sekkings. ..

Title Block Pasitian

Orientation

Edit SymbalTitle Block, ..

Faonk. ..

Properties. ..

Chrl+-M

Circuit Workspace | \wiing| Font | PCB | wisibily |

— Shiow

™ Show grid
i

g [ Show page bounds
¥ Show border

— Sheet zize

& =l

Custom size

widh 17 =
Height 11 =

O 7R Eolliles

After you have completed the above circuits to your satisfaction, you can, as
time permits, experiment with the remaining circuits.

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.
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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 VVcc 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
vee —
S¥ 4 |3 |2 (1
L1
L% i l't‘} A D-P' 1z E
) — e 5 —
ac
o Rtﬁ?.' J_'L =]
T e
1W00Hz swog | oo
Y ey = Space e E
. 74LS90N
< > GND
Circuit 5. Counter with Display
Page 15
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Circuit 5:

2 %% Select a Component
D atabaze:; Component; Symbal (&R S]]
——
| zorcelDaabore | [N~
— Group: DCD_HEX _BLUE

I I DCD_HEX | Indicators ] | DCD_HEX_GREEN
|

Famil: DCD_HEX_YELLOW I
LCD_DIPLAY_4DIGIT I

|4 |3 |2 L LI VOLTHETER PLUS_MINUS_OME
[F AMMETER PLUS_MINUS_ONE_ IEEEE
I8 rrose PLUS_MINUS_OME_
T} BUZZER: PLUS_MINUS_ONE_
{5 LAMP SEVEN_SEG_COM_2 | .

EAViRTUAL Lamp | SEVEN_SEG_COM ¢

[E] HEx_DispLay SEVEN_SEG_COM_¢
- SEWEM SFIR k4 &

Met x|

Met name |H ezet

Naming a Wire

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

—PCE
Trace “Width kin

Trace Width

—&nalyziz

I—
I—

[ Use IC for Trangient fnalysis ||:| o

IEI W

[~ Usze MODESET for 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. IF pou continue, the nets will be wirtually connected.

Continue?
] me |
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Copy the circuit three times to make a four digit counter. Double click the wire connected to R01 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.
1[4
ua I
I I DED_HEX

I DCO_HEX
"ERR
"ERFR us
ur 14 2 1= ic
I R
I e r & e gg e —
[l THe E LT RIL 1
o — e 1
E& L =12 GHD f
[ k
i | o ] kit
1] gaz
GHD Td 50
TALTAH
\—\?GHD
vacul]
uz
Ud I
I DCD_MEX
I DCD_HEX | VoS I
w L 5 |
ui
"ERFR
Ul S It oo e E
1 5 3 . [ 1 1he QE +
e e o o — H Reret .
—p I o LA — — W
ﬂ%% qr H1 iy o0 He . LU
LLLE - | I Ky = Spmoe ] k32
o R P | TALZAN
L
TALZA0H =L wLrEHD
<L
Circuit 6
Page 17
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Use of the Breadboarding Trainers

The trainers we will be using are a self-contained unit which has its own power source, switches,
displays and an area in which to build prototype circuits. The integrated circuits have already
been placed horizontally on the breadboard. This orientation places pin 1 on the lower left
corner. The pin numbering progresses counter clockwise. The largest pin number will be on the
top left corner. The 74LS08, 74LS32, and the 74LS90 have 14 pins. The 74LS47 has 16 pins.

Jumper wires are placed in the holes adjacent to pins which are to be connected. The horizontal
rows of pins adjacent to the red lines have been connected to +5 volts (Vcc). The horizontal rows
of pins adjacent to the blue lines have been connected to ground.

The figure below shows where the integrated circuits are installed on the breadboard. On the
74L.S90, a wire connects pin 1 to pin 12, another wire connects pin 7 to the ground strip, and
another connects pin 5 to the Vcc strip. The four holes which are vertical to a pin are connected
together so it doesn’t matter which of the four holes is used. The upper row is used for the first
circuit and the bottom row is used for the second circuit.

sEEan LR B = LB
¢ BBERE SEREALE SRASS
o - » ) 2
“# B4 K 8 8 sy
=B B BB AR N
Ef 2 8 A E &8 880 508 888w
GEE AR EAEL BN RS AN BTN
. R R N AR A
R I T
R = AR A A RN N R
DE & 5 5 5 E TS EFYESEERS
US & 8 5 8 9 8 & &8 53 88 888888
O8f 5% &3 588N EEN S
LS R R N
o - 2 z ]

srass smEES L &

FEEen sEEEN L S

sesss Seess ssass
a. i 5 sagen
¥ ¥
T BRS ER e
(i E AR EERE RS
(SRR R R Rl
EE BB AR
Ba s s am b
AR T N
A A B e RS *
‘A EB RN AN ] »
E R R - .
SBEB AR RN * . .
ISR E PR ;i
3 % : ® g
- T ada - 1
EN S EEE

The automobile buzzer circuit and the counter circuit will be built on the prototyping boards. It
can be confusing as to what has been wired and what still needs to be wired. A good method of

keeping track of which wires have been connected is to put a check mark on the schematic or
highlight wires as they are connected.
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To help keep track of
which wires have been
placed, place a checkmark
on the wire or highlight the
wire on the schematic.

> A-LED4
> D-LED7
o B-LED5S
o C-LED6

t Pulse

pu
4B\

< +B\

Counter In

This is the first part of the
counter circuit you will
build in the lab. Wire the

7490 and 7447. Connect AL

the counter outputs to T o = =

LEDs 4,5, 6, & 7 on the 4 o oo e s om oo o om om
trainer. Apply power and -
toggle the Pulse switch. 74L.S90 74LS47

The LEDs should count in oo

binary from 0 through 9. - — ey oL L
When this is working —
properly, connect the
remainder of the circuit as Moo=
shown on the following
page. A picture on page 17
shows how the completed
circuit will look. = =

BCD Counter BCD to 7 Segment Decoder

14

10
O
g

16

5

Circuit 7A BCD Counter on Trainer
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Circuit 7B — BCD Counter on Trainer
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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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