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Multisim Digital Primer

Introduction

MultiSim is an interactive circuit simulation package that allows the student to view their circuit in
schematic form while measuring the different parameters of the circuit. The ability to create a
schematic quickly and then analyze the circuit through simulation makes MultiSim a wonderful
tool to help students understand the concepts covered in the study of electronics.

This appendix will introduce the reader to the features of MultiSim that directly relate to the study
of Digital Electronics. The topics covered are:

o Work Area

e Opening a File

¢ Running a Simulation

e Saving a File

e Components

e Sources

e Measurement Equipment
e Indicators

e Circuit Examples
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Work Area

The power of this software lies in its simplicity. With just a few steps, a circuit can be either
retrieved from disk or drawn from scratch and simulated. The main screen, as shown in Figure 1,
is divided into three areas: The drop down menu, the tool bars, and the work area.

#= Circuit] - Multisim - [Circuit1]

File Edit Yiew Insert Place Format Simulate Transfer Tools Reports  Options  Window Help )
IDELEDR BB EE A A E C)
o —

0 | 3 | 4 | 5 | E | i 7 W

This "drop down" menu
provides access to all the
functions of MultiSim. This "switch" activates the
simulation. Be sure to turn it
on when you wish to view the
displays of the instruments.
The push button to the right

B pauses the simulation.

AW

Work Area: The circuit is drawn in this white area. The instrument toolbar

provides easy access to all
of the virtual instruments.
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Figure 1 Main Screen
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The drop down menu gives the user access to all the functions of the program. Initially, the user
will only utilize a few of the different menu selections. Each of the drop down menu main topics
can be accessed by either a mouse click or by pressing the <Alt> key and the underlined letter.
For example, to access the File menu simply press <Alt><F> at the same time. The File menu
will drop down as shown in Figure 2.

% Circuit] - Multisim - [Circuit1] (=0(E3]
File Edit Wiew Insert Place Format Simulate  Transfer Tools Reports  Options  Window Help ﬂﬂﬂ
g Mew 'B El-EBl-E-#-E-B-F-E-EH-El- L)
— = Open... Chrl4+0
. 3 | 3 | 4 | 5 | [ 7 | Al
| [ Open Samples... Lzl
Mew Project ey
o Open Project. .. ff
o
Close =
Close all -
&l Save Chr4s -
Save As... :
Recent Projects 11 1 (||
B
. Ll save Al o
& Prirt... Ctrl+P m
|| E‘ Prink Prewiew i)
Prink Cptions 3 s
s
[u] Recent Circuits 3 T
]
#AG
Exit —
E
*
E
A4y
B v
< ¥
[y Circuit1 o
P P P FTITTTTE

Figure 2 File Drop Down Menu

Initially, there are only two selections from the drop down menu that need be mastered: Opening
a file and saving a file. The rest of the menu options can be explored as time permits.

The tool bars beneath the drop down menu provide access to all of the menu selections.
Typically, a user will access them through the tool bars instead of the drop down menus. The
most important icon in the assorted tool bars is the on-off switch. The on-off switch starts and
stops the simulation. The push button next to the on-off switch will pause the simulation.
Pressing the Pause button while the simulation is running allows the viewing of a waveform or
meter reading without the display changing.
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Opening a File

To open a file, either mouse click on the word “File” located on the drop down menu bar and then
mouse click on the Open command or mouse click on the open folder icon located on the tool bar
as shown in Figure 3. Both methods will cause the Open File dialog box shown in Figure 4 to pop
open. Navigate to the appropriate folder and retrieve the file needed.

%% Circuit1 - Multisim - [Circuit1] =3
iﬁ@ Edit Yiew Place Simulate Transfer Tools Reports Options  ‘Window Help ﬂﬂﬂ
() & BQRAGR @YD /6 - BrEE b |4 7 |G
PPN BE A pO =Y oE % [ 5E-E-EB 6B BB OB
o |\1_\ | 3 | 3 | 4 | 5 | ] | 7 | ] ~ )
A To open a file, mouse click 2
on "File" and then "Open" o
or mouse click on the "open i
B folder" icon. With sither -
method, a window will pop =
B up and allow you to select o
the file that you wish to =
open
. i
-
| ';
b
o e
s
| |3
% > b
-Circuitl oy
For Help, press F1 N N 5 TTTTTTT

Figure 3 Opening a File
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Open file
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Figure 4 Open file Dialog Box




Multisim Digital Primer 8

Running a Simulation

Once the circuit is constructed in the work area of the screen, the simulation must be started.
Until the simulation is started, the instruments will not display correct values.

The simulation can be started three ways:
1. Selecting “Simulate” from the drop down menu and then selecting “Run.”
2. Pressing the <F5> key.
3. Pressing the toggle switch with a mouse click.

All three of these ways are illustrated in Figure 5.

2 Circuit1 - Multisim - [Circuit1]
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Postprocessar, .. MWouse click on "Simulate" and b
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-
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3 Ed
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- - - FTTTIIT

Figure 5 Starting the Simulation
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Saving a File

If the file has been constructed or modified, it needs to be saved under a new file name as the
default file name is “Circuitl.” As shown in Figure 6, select “File” with a mouse click located on
the drop down menu bar. Then select “Save As” from the drop down menu. This will cause the
“Save As” dialog box to open. Give the file a new name and “press” the save button with a
mouse click. The process is demonstrated in Figure 7.

£ Circuit1 - Multisim - [Circuit1] (=0(E3]
Eﬁ. Edit Yiew Insert Place Format Simulate Transfer Tools Reports  Options  Window Help ﬂﬂﬂ
! Tew rE E-E-FH-H-E-EB-F-E-FE-E- (]
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% 2 | 3 | 4 | 5 | § 7 | e
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Mew Project =
o Open Project. ..
| | Select "File" with a
Close mouse click.
- Select "Save As "
O save s with a mouse click.
Recent Projects 3
=
. Ll save Al =
& Prirt... Ctrl+P m
| E‘ Print Prewview L
Print Options 3 s
L v]
o Recent Circuits 3 || ks
ey
AL
Exit ]
]
L3
E
1w
[ | v
3 Ed
[y Circuit1 i
- - - FITTTIT

Figure 6 “Save As...” Screen
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Figure 7 "Save As ... " Dialog Box
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Components

There are two kinds of component models used in MultiSim: Those modeled after actual
components and those modeled after “ideal” components. Those modeled after ideal
components are referred to as “virtual” components. There is a broad selection of virtual
components available, as shown in Figure 8.

2 Circuit] - Multisim - [Circuit1] = [=11E3

File Edit Yew Place Simulate Transfer Tools Options  Window Help ﬂﬂﬂ
DE W E[R& El-EBl- EH-#H-E-B-FH-E - E-E- L
G | ; | 5 | B Place virtual Capacitor | 7 = | =
B Place Yirtual Coreless Coil Ll
Fe Place virtual Inductor ::
A fIB Place Virtual Magnetic Core :\‘E
It Place virtual NLT =
|| %% Place Yirtual Linear Potentiometer ﬁo
&L Place Yirtual Normally Open Relay =
B &% Place Yirtual Mormally Closed Relay =
&ZE Place Yirtual Combination Relay -
& Place Virtual Resistor §:=
| M Place virtual TS Audio -
HE Place virtual TS =
: M Place Wirkual TS Power =
I Place virtual TransFormer —”
. S Place Yirtual Capacitor e
&% Place virtual Wariable Inductor "‘_G-:
o % Place virtual Pullup Resistor 'é%
BE Place ¥irtual Yoltage Controlled Resistor ‘;&:
B £
*
E 14y
[ | w
< ¥
| [y Circuit1 i
Show Basic Farily - - - FTTrrrr

Figure 8 Virtual Component List

The difference between the two types of components resides in their rated values. The virtual
components can have any of their parameters varied, whereas those modeled after actual
components are limited to real world values. For example, a virtual resistor can have any value
resistance and percent tolerance as shown in Figure 9.
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BASIC_VIRTUAL &l %= Select a Component
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s SWITCH 580 o 5% Footprint Manuf s Type:
. GenerichRES0.25
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Replace ‘ QK. | Cancel Infio Help ‘ E priavy v |B04 1% v
Components: 265

Ok

[ ]

LCloze

Search...
Dietal Report....
Hodel...

i

Help

Figure 9 Configuration Screen for a Virtual Resistor Figure 10 Component Listing for Resistors

The models of the actual resistors are limited to standard values with either a 1% or 5%
tolerance. The same is true for all other components modeled after real components, as shown
in Figure 10. This is especially important when the semiconductor devices are used in a
simulation. Each of the models of actual semiconductors will function in accordance with their
data sheets. These components will be listed by their actual device number as identified by the
manufacturers. For example, a common diode is the 1N4001. This diode, along with many
others, can be found in the semiconductor library of actual components. The parameters of the
actual component libraries can also be modified, but that requires an extensive understanding of
component modeling and is beyond the scope of this appendix.

If actual components are selected for a circuit to be simulated, the measured value may differ
slightly from the calculated values as the software will utilize the tolerances to vary the results. If
precise results are required, the virtual components can be set to specific values with a zero
percent tolerance.

Two of the components require interaction with the user. The switch is probably the most
commonly used of these two devices. The movement of the switch is triggered by pressing the
key associated with each switch as shown in Figure 11. The key is selected while in the switch
configuration screen, Figure 12. If two switches are assigned the same key, they both will move
when the key is pressed.
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17 13
11 o _/
—o/c— Y - o
Key = A Key = B key = C
SPST Push Button DPST SPDT

Figure 11 Switches

SWITCH 3]

Label 1 Display  Yalue IFauIt ] Pins ]

Key for Switch; A A

Heplacs| akK Cancel | Info ‘ Help |

Figure 12 Switch Configuration Screen

The second component that requires interaction with the user is the potentiometer. The
potentiometer will vary its resistance in predetermined steps with each key press. The pressing
of the associated letter on the keyboard will increase the resistance and the pressing of the
<Shift> key and the letter will decrease the resistance. As shown in Figure 13, the percent of the
total resistance is displayed next to the potentiometer. The incremental increase or decrease of
resistance is set by the user in the configuration screen. The associated key is also set in the
configuration screen as shown in Figure 14.

F1

K0L_LIN

Figure 13 Potentiometer
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POTENTIOMETER 3

Label ] Display Value lFauIt ] Ping ]

Key: Space -
Increment: B =

Replace | ak. | Cancel Infa Help

Figure 14 Potentiometer Configuration Screen
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Logic Gates

The logic families are represented for both TTL and CMOS integrated circuits (IC). The logic
gates are shown as a single gate, not the entire IC. If an IC contains more that one logic gate,
the schematic symbol for the gate will contain a letter designation. For example, the 7408N is a
qguad 2-input AND gate. The logic gates located inside the 7408N are designated A, B, C, and D.
The process for selecting a logic gate is shown in Figure 15. The user selects either the TTL or
CMOS family of integrated circuits. Then the IC family is selected and finally the specific IC.

- Circuit! - Multisim - [Circuit1] =13

@ File Edit Wew Place Simulate Transfer Tools Reports Options  Window Help ﬂﬂﬂ
Step #4
DE &R =3 BERQ8R |BEITS 7 M-8 e List — ~| & 2 ||
+=  ane 3 - [=] » - RS -
* P £ d w @ #= Select a Component X H- El
] /A | | Database: Symbol (ANS1) 1
.Ste.p #1 |Master D atabase .
Select the logic BTy e
farmily with a mouse Search
click. [Fe—
[ ] 5 745TD ::]D—V Dretail Report...
E‘E 745 Model...
f s
B — Help
T 74F
Step #2 T raaLs a8 T
B Select the logic T uas Function:
farmily. QUAD 2-IMPUT AMD
i Step #3
. Select the specific
logic gate.
| 416N Made! Manuf AD:
T4125M d
1} T412EM
TN b
T4 e
[ | LRIk Foaotprint Manuf. AT ype: 1
ek Generic\ND 14 »
E 4145
4147 1.4
T4148M v
< 414N v b4
E‘:‘j Circuitl Components: 126 Searching: Backspace Delete 4|
For Help, press F1 - B B TTTTTTT

Figure 15 Selecting an IC for simulation

Once the IC is selected, MultiSim will prompt the user as to which logic gate inside the IC is to be
used. In Figure 15 the 7408N was selected. The 7408N is a quad 2-input AND gate. Therefore
the user will have to choose from gates A through D as shown in Figure 16.

Mew a | 8 | | o |

| Cancel |

Figure 16 Selection of individual logic gate

The schematic symbol for the 2-input AND gate will contain two important pieces of information.
The IC number will have a “U” prefix. The IC number will follow, with an A through D suffix
designating the specific gate within the IC, as shown in Figure 17.
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LA

1 -
408N

Figure 17 Schematic symbol for the 2-input AND gate

To change the properties of the logic gate, right mouse click on the gate and either select
“Properties” from the pop-up menu or type <CtrI><M> as shown in Figure 18 or simply double

mouse click on the logic gate. This will cause the configuration screen to pop up as shown in
Figure 19.

#= Circuit1 - Multisim - [Circuit1]

File Edit Yiew Place Simulate Transfer Tools Reports Options ‘Window Help

D LUER*FBBED ERC8® || BTEYDS 7 W-BLFEHE B —nuslt— MR 4
ey A BREIEMgaE=YSE BT |5 E-BE-E-E-EB-EEEE
0 | 1 | 2 | 3 | 4 | 5 | 5 | 7 | o~
L3
Flace Component. .. Chrl+w .
“ Place Schematic 3 b
Place Graphic 3

Flace Comment

3ot Chrl+
B L
Copy Chrl+C
aTre
| | 1A ¥ Delete Delete
| | Select all Chrl+a

Replace by HE Ctrl+Shift+H
Replace by 5C Ctrl+Shift+B =

5
ey
Chrl4+M whis

C D

To change the properties
aof this 2-input AMD gate:

Font...

Right mouse click an
the logic gate.

Properties. ..

|| Mouse click on it
"Fraperties" or type =
=Ctrl==hl= v
E Or double mouse click e
on the AND gate icon v
< >
| ) Circuit1 ==
For Help, press F1 - - - FTTTTTr

Figure 18 Accessing the Configuration Screen



Multisim Digital Primer 17

X

745D

Label ] Display “alue lFauIt ] Pirz ]

Walue: 7408H
Faatprint; MO14
b arufacturer: G ereric

Functiar QUAD 2IMPUT AND

Edit Camponent in DB |

Save Component to DB |

Edit Madel |

Replace k. | Ear‘u:el| Info | Help |

Figure 19 Configuration Screen for the 7408N

The logic families contain a comprehensive assortment of components from each family. This
includes logic gates, flip flops, counters, adders, and shift registers. Also included are encoders,
decoders, and memory devices.
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Sources

In the study of Digital Electronics, all of the circuits contain a DC voltage source to supply power
to the integrated circuits. A significant number of circuits also require a clock signal. The DC
voltage source can be represented two ways: As a battery in Figure 20 and as a voltage supply.

1wl
— 12 v
T

Figure 20 DC Source as a Battery

The voltage rating is fully adjustable. The default value is 12 VDC. If the component is double
clicked, the configuration screen shown in Figure 21 will pop up and the voltage value can be
changed.

POWER_SOURCES

Label ] Display Yalue ]Fault ] Ping ]

Viohage [V) [12 =
AL &nalysis Magnitude: |D | Y il
AL Analysiz Phase: lﬂi Deg
Diztortion Frequency 1 Magnitude: |D | Y il
Digtortion Frequency 1 Phase: IDi Deg
Distartion Frequency 2 Magnitude: |U | Y :I

Digtortion Frequency 2 Phase: 0 Deg

Replace | (] 4 | Cancel Info Help

Figure 21 Configuration Screen for the DC Source
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Figure 22 contains the V¢ voltage supply used in Digital Electronics circuits.

W

T 5w

Figure 22 Vcc Voltage Supply

The voltage rating is fully adjustable for the V¢ voltage supply. The default value is +5 VDC. If
the voltage supply is double clicked, the configuration screen shown in Figure 23 will pop up and
the voltage value can be changed.

Digital Power E|

Label ] Dizplay Yalue lFauIt ] Fing ]

Yaltage [v] 5 W -

| ak. | Cancel [nfo Help

Figure 23 Vcc Configuration Screen

The DC voltage sources are located on the drop down menu under the Power Source icon. To
view the Power Source drop down menu, mouse click on the arrow next to the Power Source
icon. The DC voltage sources can then be selected as shown in Figure 24.
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Circuit1 - Multisim - [Circuit1 *]

File Edit Wew Place 3Simulate Transfer Tools Reports  Options  Window Help =8
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]
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=
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A
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Figure 24 Placing the Voltage Source in the Work Area.
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The clock signal is produced by either the Voltage Clock source or the function generators. The
clock signal is typically comprised of a square wave alternating at a specific frequency, between 0
and +5 volts shown in Figure 25.

5 D 200 usOw
1000 us ar 1kHz

M Pos: 108us

Walts/Div WSO

Figure 25 Clock signal viewed on an oscilloscope

The Voltage Clock source is located on the drop down menu under the Signal Source icon. To
view the Signal Source drop down menu, mouse click on the arrow next to the Signal Source
icon. The Voltage Clock source can then be selected as shown in Figure 26.
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AL
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E
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< ¥
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Show Signal Source Family - Tran: 2,512 5 TTTTTTT

Figure 26 Placing the Clock Voltage Source in the Work Area.

MultiSim provides two function generators: The Generic model and the Agilent model. The
Agilent model 33120A has the same functionality as the actual Agilent function generator.

The Generic function generator icon is shown in Figure 27, along with the configuration screen.
The configuration screen is displayed when the function generator icon is doubled clicked. The
generic function generator can produce three types of waveforms: Sinusoidal wave, triangular
wave, and a square wave. The frequency, duty cycle, amplitude, and DC offset are all fully
adjustable.

Function Generator-... rz|

YFEL avefomms

PR e I W B

$ Signal Options

[ 'T T Frequency |1 | Hz
Dty Coypcle | |
Amplitude | 10 | W
Offset D | W
+ Camman -
i " "

Figure 27 Generic Function Generator and Configuration Screen
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The Agilent function generator is controlled via the front panel as shown in Figure 28. The

buttons are “pushed” by a mouse click. The dial can be turned by dragging the mouse over it or

by placing the cursor over it and spinning the wheel on the mouse. The latter is by far the

preferred method.

Simulated Agilent Function Generator-XFG1

A

ion fArkitrary WaveForm Genorator

IFG1
gt @
OO OO0 <«—
OO OO0 &—
: FUNCTIONY MOBULATION | S, R
_ AM _ Fit 5 FSH - Burst 3 TWeap .Alb List -Dm‘t}%f
Povrer N | ¥ | |’\z | ||.-"‘ | |Nuise | |-‘ub | | Enter |
iy, v 2 4 I ) 5 ) | L
= AMIFH o,
A Freq Level 0oty Internal Store Cancel
e Freq Ampl OFset Single Recall Entér
aon  f ] 8| | al ol - || Mumber |
< MODIFY: - TRIG STATE LOGAL

= MH=z

¥R

| KHz

mYrms

Hz
dEm

Back Spdce
Reécall Meny

Figure 28 Agilent Function Generator

MultiSim requires a ground to be present in the circuit in order for the simulation to function

properly. The circuit must contain a ground and all instrumentation must have a ground

connection. The schematic symbol for ground is shown in Figure 29.

L

Figure 29 Ground
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Measurement Equipment

MultiSim provides a wide assortment of measurement equipment. In the study of Digital
Electronics, the three main pieces of measurement equipment are the Multimeter, the
Oscilloscope, and the Logic Analyzer. The measurement equipment is located on the
Instrumentation toolbar, shown in Figure 30.
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Multimeters

There are two Multimeters to choose from: The Generic Multimeter and the Agilent Multimeter.
The Generic Multimeter will measure current, voltage, resistance, and decibels. The meter can
be used for both DC and AC measurements. The different functions of the meter are selected by
mouse clicking on the icon to the left in Figure 31. The mouse click will cause the Multimeter
display to pop up. The different functions on the display can be selected “pushing” the different

buttons via a mouse click.

Multimeter-XMM1 [X]

LB

—o+
—

Figure 31 Generic Multimeter icon and Configuration Screen

The Agilent Multimeter icon and meter display are shown in Figure 32. The display is brought up
by mouse clicking on the Agilent Multimeter icon. This Multimeter has the same functionality as
the actual Agilent Multimeter. The different functions are accessed by “pushing” the buttons.
This is accomplished by mouse clicking on the button. The input jacks on the right side of the
meter display correspond to the five inputs on the icon. If something is connected to the icon, the
associated jacks on the display will have a white “X” in them to show a connection.
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Figure 32 Agilent Multimeter Icon and Meter Display
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Oscilloscopes

There are three types of oscilloscopes to choose from: The Generic oscilloscope, the Agilent
oscilloscope, and the Tektronix oscilloscope. The Generic oscilloscope shown in Figure 33 is a
dual channel oscilloscope. The oscilloscope display is brought up by mouse clicking on the
oscilloscope icon. The settings can be changed by clicking in each box and bringing up the scroll

arrows.

%2 Dscilloscope-XSC1
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Time Channel_A Channel_B
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J Save Ext Trig.
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Figure 33 Generic Oscilloscope Icon and Oscilloscope Display

A four channel Generic oscilloscope is also available. As the four channel Generic oscilloscope
is very similar to the dual channel Generic oscilloscope it will not be addressed in this appendix.

The Agilent oscilloscope icon in Figure 34 has all of the functionality of the Model 54622D dual
channel oscilloscope. The Agilent oscilloscope is controlled via the front panel as shown in
Figure 35. The buttons are “pushed” by a mouse click. The dials can be turned by dragging the
mouse over it or by placing the cursor over it and spinning the wheel on the mouse. The latter is

by far the preferred method.
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Figure 34 Agilent Oscilloscope Icon
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Simulated Agilent Oscilloscope-X5C1

Figure 35 Agilent Oscilloscope Display

The Tektronix oscilloscope icon shown in Figure 36 has all of the functionality of the Model
TDS2024 four channel Digital Storage oscilloscope. The color of the four channels is the same
as the channel selection buttons on the display: Yellow, blue, purple, and green for channels one
through four respectively. The Tektronix oscilloscope is controlled via the front panel as seen in
Figure 37. The buttons are “pushed” by a mouse click. The dials can be turned by dragging the
mouse over it or by placing the cursor over it and spinning the wheel on the mouse. The latter is
by far the preferred method.
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Figure 36 Tektronix Oscilloscope Icon
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Simulated Tektronix Oscilloscope-XSC1
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Figure 37 Tektronix Oscilloscope Display
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Voltage and Current Meters

When voltage or current need to be measured, MultiSim provides very simple voltmeters and
ammeters as shown in Figure 38. These meters can be placed throughout the circuit. The
meters can be rotated to match the polarity needs of the circuit. The defaultis “DC.” If the
meters are to be used for AC measurement, then the configuration screen shown in Figure 39
must be opened and that parameter changed to reflect AC measurement. To open the
configuration screen, double click on the meter.

Voltmeter E‘
Label ] Display  Value IFauIl ] PFing ]
Fesistance (R MOhm ==
Mode oC =
VC‘ -l tme t a2y Amme t 2 Replace | ok | Cancel | Info ‘ Help |

Figure 38 Voltage and Current Meters Figure 39 Voltmeter Configuration Screen
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Logic Analyzer

The logic analyzer allows the user to view up to sixteen digital signals simultaneously. The timing
for the sampling of the signals can come from an internal clock or from an external clock source.
The logic analyzer icon is shown in Figure 40.

:

PPr

18 Input
Terminals

T
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|
External Clock T Trigger Cualifier
Clock Qualifier

Figure 40 Logic Analyzer Icon

When the logic analyzer icon is double clicked, the instrument’s display pops up. The display in
Figure 41 shows the waveforms for the sixteen input channels, the internal clock, the external
clock, the clock qualifier, and the trigger qualifier. Only the basic functions of the logic analyzer
will be explored at this time. Further exploration of the logic analyzer can be accomplished with
the help of the MultiSim “Help” menu.

Up to sixteen input waveforms can be connected to the logic analyzer icon. The internal clock
can be used to set the sampling rate, or the external clock connection can be used to bring in an
external signal to be used as the clock.



Multisim Digital Primer

32

- Logic Analyzer-XLA1

Time ()
0 0000m  40000m  A0000m  S0000m  100.000m

1 | i | II | i | i |

| - o/t - 1 |

3 | L ]

n R

B T T i TR T B T e T B T 0 0 B
=
g

[ »

Stop
Rezet

T1
T2 4=

Rewverse

T2-T1

Clock Trigger
fd40.000 ps | DOOD ClockssDiwv Iﬁ Tat
20.656ms | 000 5 Bitemal Qualifier ifi
99 656 ms ke = = Duallfler

Figure 41 Logic Analyzer Display
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Logic Converter

The Logic Converter is a virtual instrument. This virtual instrument can perform several unique
conversions that are very useful in the study of Digital Electronics. The logic converter can
perform the following conversions:

e Derive a Truth Table from a digital logic circuit

e Convert a Truth Table to it's Boolean Expression

e Convert a Boolean Expression to a Truth Table

o Simplify a Boolean Expression

e Convert a Boolean Expression to a Circuit

e Convert a Boolean Expression to a circuit using only NAND gates

The logic converter is located on the Instrumentation tool bar. The logic converter icon is shown
in Figure 43.

XLC1

1 +———=AB

Fov OF % F % F ¥ F
T 17T T 1T 17T 17T T
Figure 43 Logic Converter Icon

When the logic converter icon is double clicked, the instrument’s configuration screen pops up as
shown in Figure 44. Only the basic functions of the logic converter will be explored at this time.
Further exploration of the logic converter can be accomplished with the help of the MultiSim
“Help” menu.

Click the "?" to change to a "1", "0",

Inputs
oran "®" (%= Don't Care)
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| Possible
Conversions

Figure 44 Logic Analyzer Configuration Screen
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The two most fundamental uses of the logic converter is the conversion of a truth table to it's
Boolean expression and the simplification of that Boolean expression. As shown in Figure 45,
there are three steps involved in creating a truth table and then converting it to it's Boolean
expression.

e Select up to eight inputs for the truth table.

e Choose the desired output for each set of input conditions. A logic “0”, a logic “1”, or a
Don’t Care “X” can be selected.

e Press the truth table to Boolean expression conversion button.
e The Boolean expression will be displayed at the bottom of the configuration screen.

1st Step
Select the inputs

2nd Step

Choose the desired output values

= Logic Converter-XLC1

A B ot O
opon oo o 1] - Conversions
oo oo i
ooz 01 D ?
003 o1 1 =
po4 | 1 0 o 0 = ol |
0os 1 0 1 -
D06 1 1 0D } 110l i |I
oo7 11 1
Tolt 5%’5 AlE
L
3rd Step el
3 Bit Truth Table Select the desired T
rcunversmn T |
ABCHAR CHABC AR

Mote: The apostrophe represents the "NOT" symbaol.

The conversion produces
the Boolean expression

Figure 45 Conversion of a Truth Table to it's Boolean Expression

Once the Boolean expression is obtained, it can be simplified with just one more button press as
shown in Figure 46.
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Conversion b MAND
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The conversion produces the
simplified Boolean expression

Figure 46 Boolean Simplification with the Logic Converter

Using the Boolean expression displayed, the logic converter can create a circuit from the
expression. The conversion from the Boolean expression to an actual circuit requires a single
button press, as shown in Figure 47.
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Conversions
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T W R =D
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——oo——oo |2
e kxle
-1

Select the desired
Conversion
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The circuit is created from the
Eoolean expression.

Figure 47 Circuit creation from a Boolean expression



Multisim Digital Primer

36

The universal NAND gate is often used to construct combinational circuits. The logic converter’'s
ability to create a circuit comprised of only NAND gates from the Boolean expression in Figure 47

is demonstrated in Figure 48.
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Select the desired
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The circuitis created from the Boolean
expression, using only MNAMD gates.

Figure 48 Circuit creation using the NAND gate from a Boolean expression
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Indicators

MultiSim provides very easy to use indicators to give visual feedback to the user. Indicator
probes and seven segment displays are often used to provide information to the user. A typical
use of an indicator probe is to display the logic level of the output of a logic gate. The two circuits
in Figure 49 show the two logic conditions. The probe on the left indicates a logic 1 is present at
the output of the AND gate. The probe on the right indicates a logic O is present at the output of

the AND gate.

MCC
oV 35y Oasy
o T
408N 7408N

Figure 49 Indicator Probes

The default voltage level needed to light the lamp is 2.5V. This value can be changed in the
probe’s configuration screen. If the probe is double clicked, the configuration screen shown in
Figure 50 will pop up and the voltage value can be changed.

Digital Probe X

Label ] Display  Walue lFauIt ] Ping ]

Threshhold voltage 2.4 W

Replace 1] | Cancel| Info | Help |

Figure 50 Indicator Probe Configuration Screen

The probes are available in a variety of colors. The different colors can be useful in tracing a
signal through a logic circuit. The different colors the logic probes come in are shown in Figure

51.



Multisim Digital Primer 38

ey

Figure 51 Probe Colors
Seven segment displays are often used in digital circuits to provide feedback to the user. The
seven segment display is available with a common anode or a common cathode. The display
comes in the five colors shown in Figure 52.

Figure 52 Seven Segment Display colors

The default current level needed to light the lamp is 10 mA. This value can be changed in the
display’s configuration screen. If the display is double clicked, the configuration screen shown in
Figure 53 will pop up and the current value can be changed.

HEX_DISPLAY x]

Label ] Display “alue ]Fault ]Pins ]

On Current [lan): |1 0 |mt’-\ il

Feplace | (u] | Cancel Info Help

Figure 53 Seven Segment Display Configuration Screen
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Circuit Examples

Example 1 Voltage measurement using a voltmeter.

A voltmeter in Figure 54 is placed in parallel with the resistor to measure the voltage across it.
The default is set for “DC” measurement. If AC is required, double click on the meter to bring up
the configuration screen. All circuits must have a ground. Figure 55 contains a Quick Hint on the

use of the Voltmeter.
VCC
' S
F1

J LA
2200

)

|||—
-
=
Wty

Figure 54 DC Voltage Measurement with a Voltmeter

Yoltmeter. E|
Label | Display Value |Faut | Pins | Internal resistance
™ of the voltmeter
Fesistance [R)
Mode
| Select DT or AC
operation.
Voltmeter
{Horizontal)
-_ Double clicking on
the vaoltmeter will
bring up this
Voltmeter ) )
(Vertical) configuration screen.
The voltmeter will measure the
amount of voltage across a

dQVICG. It ls.placed m para\lel Replace | ak | Cancel | Infa | Help |
with the device being measured

Figure 55 Voltmeter Quick Hint
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Example 2 Voltage measurement using a Generic Multimeter in

a series DC circuit.

A Generic Multimeter is placed in parallel with the resistor to measure the voltage across it. Be

sure to double click the Generic Multimeter icon to bring up the meter display as shown in Figure
56. Press the appropriate buttons for “Voltage” and then “DC” or “AC” measurement. All circuits

must have a ground. Figure 57 contains a Quick Hint on the use of the Generic Multimeter.

1

ici MMl
S * % —m, 2 Multimeter-... @
4 —
LA g %
) >
g
T432M §2RE1EI[]

Figure 56 DC Voltage measurement with a Generic Multimeter

Zenerc Multimeter lcon
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Double clicking on the Multimeter
brings up this display.

Multimeter -XMM1 @ These buttons select
Current, Voltage,
Resistance, or Decibel

measurement.

These two buttons
select AC or DC
measurement.

Simply mouse click on the appropriate
buttons to set up the multimeter for the

type of measurement you wish to make.
Figure 57 Generic Multimeter Quick Hint
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Example 3 Voltage measurement using an Agilent Multimeter

In Figure 58, an Agilent Multimeter is connected between Vcc and ground. Be sure to double
click the Agilent Multimeter icon to bring up the meter display. Press the appropriate buttons for
“Voltage” and then “DC” or “AC” measurement. All circuits must have a ground. Note the two
white circles and black x’s on the right side of the display to indicate a connection to the meter.
Note: This instrument requires that its power button be pressed to “turn on” the meter. Figure 59
contains a Quick Hint on the use of the Agilent Multimeter.
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Figure 58 DC Voltage measurement with an Agilent Multimeter
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Agilent Multimeter
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Be sure to turn on the power to
the meter, by pressing this
button with a mouse click.
The buttons select the type of measurement. Mouse click on a button to "depress” it.

Figure 59 Agilent Multimeter Quick Hint
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Example 4 The use of switches and probes to test the function
of an AND gate.

Switches are an excellent way to change the input voltage levels of a logic gate. Probes can be
attached to the input and output leads of the logic gate to provide a visual indicator of the logic
level present as shown in Figures 60 and 61.

W
Y O

o
O 405N

Fressing the key associated with the
switch will cause the switch to change
position.

Figure 60 Switches as inputs
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The probes will light when the voltage present i5 at least
+2. 5% Since this is well above the level required for a
logic 1, each it probe represents a logic 1.

Figure 61 Probes as logic indicators
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By cycling through each switch combination, the truth table for the AND gate can be verified
experimentally. The results of each switch combination are shown in Figure 62A through D.

Table 1, Truth Table for a 2-Input AND gate

O

A B | X Status of Probe
0 0 0 Off
0 1 0 Off
1 0 0 Off
1 1 1 On
i
. O
s
Koy < &
= 1A J
W T408H
Y O
52 J aA=0,B=0
1 Key < B

Figure 62A Both A and B =0, the output =0
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Figure 62C A=1and B =0, the output =0
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Figure 62B A=0and B =1, the output=0
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Figure 62D A=1and B =1, theoutput =1
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Example 5 The use of switches to verify the function of a Seven
Segment Display.
The seven segment display is often used as an indicator in digital logic circuits. Switches are an

excellent way to change the input voltage levels of a seven segment display as shown in Figure
63. The position of the switches simulates binary data being sent to the seven segment display.
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Figure 63 Testing the seven segment display with switches.

This particular seven segment display is a “common anode” device. A ground at the inputs A
through G causes each of the respective LED segments to light up.
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The effect of ground on the different inputs is demonstrated in Figure 64

YWCT WCT WCE YT VT WCE YT
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Figure 64 The LED segments of the display

Numbers and letters used in Hexadecimal can be formed by tying multiple pins to ground. In
Figure 65, pins A, B, C, D, E, and F are tied to ground and the number zero is formed.
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o

ABCDEFO

Figure 65 Grounding pins A, B, C, D, E, and F to form the number zero
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Example 6 Voltage measurement using a Generic Oscilloscope
in a Counter circuit.

In Figure 66, channel 1 of the Generic oscilloscope is connected to the positive side of the clock
signal generator. The ground connection of the scope and the circuit must be grounded. The
oscilloscope will use this ground as a reference point. This Generic oscilloscope’s operation
follows that of an actual oscilloscope. The oscilloscope display is brought up by mouse clicking on
the oscilloscope icon. The settings can be changed by clicking in each box and bringing up the
scroll arrows. Adjust the volts per division on the channel under measurement until the amplitude
of the waveform fills the majority of the screen. Adjust the Time-base such that a complete cycle
or two are displayed. Figures 67, and 68 contain Quick Hints on the use of the Generic
oscilloscope.
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Figure 66 Voltage Measurement with a Generic Oscilloscope
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Figure 67 Generic Oscilloscope Icon Quick Hint
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Example 7 Voltage measurement using the Agilent Oscilloscope
in a Counter circuit.

In Figure 69, channel 1 of the Agilent oscilloscope is connected to the positive side of the clock
signal generator. The ground connection of the scope and the circuit must be grounded. The
oscilloscope will use this ground as a reference point. This Agilent oscilloscope’s operation
follows that of a dual channel, +16 logic channel, 100-MHz bandwidth Agilent Model 54622D
Oscilloscope. The oscilloscope display as shown in Figure 70, is brought up by mouse clicking
on the oscilloscope icon. The settings can be changed by placing the mouse over the dials and
spinning the mouse wheel or by “pressing” the buttons with a mouse click. Adjust the volts per
division on the channel under measurement until the amplitude of the waveform fills the majority
of the screen. Adjust the Time-base in the Horizontal section such that a complete cycle or two
are displayed. This instrument requires that its power button be pressed to “turn on” the
oscilloscope. Figures 71, 72 and 73 contain Quick Hints on the use of the Agilent oscilloscope.
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Figure 69 Voltage Measurement with an Agilent Oscilloscope
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Simulated Agilent Oscilloscope-X5C1
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Figure 71 Agilent Oscilloscope Icon Quick Hint
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The Horizontal section controls the units for the
"K' axis. The "X axis represents time and the
LNits are seconds per division.

Simulated Agilent Oscilloscope-XSC1
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forthe ™" axis. The "Y" axis Logic Input
represents Voltage and the units are

wolts per division.

Figure 72 Agilent Oscilloscope Quick Hint
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The Measure section includes cursor operation.
The YWaveform section allows for waveform storage.
The File section saves, recalls, and prints.

Simulated Agilent Oscilloscope-XSC1

The Trigger controls when the oscilloscope starts to
display the waveform. It can display it onthe rising edge
ar the falling edge. The voltage level at which the
oscilloscope is triggered is also selected here.

Figure 73 Agilent Oscilloscope Quick Hint
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Example 8 Frequency and Voltage measurement using the
Tektronix Oscilloscope in a Counter circuit.

In Figure 74, channel 1 of the Tektronix oscilloscope is connected to the positive side of the clock
signal generator. The ground connection of the scope and the circuit must be grounded. The
oscilloscope will use this ground as a reference point. The Tektronix oscilloscope has all of the
functionality of the Model TDS2024 four channel Digital Storage oscilloscope. The oscilloscope
display is brought up by mouse clicking on the oscilloscope icon. The settings can be changed
by placing the mouse over the dials and spinning the mouse wheel or by “pressing” the buttons
with a mouse click. Adjust the volts per division on the channel under measurement until the
amplitude of the waveform fills the majority of the screen. Adjust the Time-base in the Horizontal
section such that a complete cycle or two of the waveform is displayed. This instrument requires
that its power button be pressed to “turn on” the oscilloscope. The voltage and frequency can be
measured by the user or by using the “Measure” function of the oscilloscope.
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Figure 74 Voltage and Frequency measurement with a Tektronix Oscilloscope
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Sdiv. x 20 mSidiv. = 100 ms

2odiv. x2Vidiv. =3

The oscilloscope displays The oscilloscope displays
the volts per division for the Time-base in seconds
each channel. per division and calculates

the frequency.

Figure 75 Measurement of the Period of the Waveform

Using volts per division and the seconds per division settings, the amplitude and frequency of the
waveform in Figure 75 can be determined. The amplitude of the waveform is two and one half
divisions above zero volts. (The yellow arrow points to the zero reference point.) The volts per
division setting is set to 2 V per division.

V=2.5 divisions X L
division

V=5V

The period of the waveform is measured to be 100 mS. Since frequency is the reciprocal of the
period, the frequency can be calculated.
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The Tektronix oscilloscope can also perform the voltage and frequency measurements
automatically through the use of the “Measure” function. The four steps and the resulting display
are shown in Figures 76 and 77. To set-up the oscilloscope to measure these values
automatically:

Press the Measure button.

Select the channel to be measured.

Select what is to be measured: Vpp, Frequency, etc.
Return to the Main Screen.

Repeat for other channels and or values.

a ks wnpRE

1st Step

Press the Measure
button to bring up the
"Measure” menu.

Simulated Tektronix Oscilloscope-X5C1
2nd Ste
I'DS 2024 (SRS calect the chanra o
he measured.
3rd Step
Select what istobe [\
measured.

POSITION

4th Step c~
Return to the Main :

SCreen.

Mane

CHI1
Mone

CHi1
Mane

Figure 77 Tektronix Oscilloscope Measurement Display

Figures 78, 79 and 80 contain Quick Hints on the use of the Tektronix oscilloscope.
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SR Trigger

I c; Frty =
Probe Comp. / \
/ Analog Inputs

Internal 1 kHz signal Ground

Channels 1-4

Figure 78 Tektronix Oscilloscope Icon Quick Hint

Hint: The buttons are "pressed” by a mouse click. The dials
can be turmed by dragoing them with the cursor or by placing
the cursor over the dials and spinning the mouse wheel.

Simulated Tektronix Oscilloscope-XSC1 |
Tektronix

© 3y FOUR CHANNEL 200 Mk
I'DYS 2024 hahiorase osonwoscore Toms

YOLTS/DIY

oME g

= R\il awfﬂg%

/

Be sure to turn on the The Vertical section has 4 The Horizontal section
"POWER" button. identical sets of cantrols for the 4 controls the Time-base for
input channels. The Vertical all input channels.

section controls the wolts per
division for all input channels.

Figure 79 Tektronix Oscilloscope Quick Hint
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These buttons bring up the This button automatically
different menus. sets up the oscilloscope.

Simulated Tektronix Oscilloscope-XSC1

i T FOUR CHANMEL 200 MH.
-Ikktmn;x I'IYs 2024 LERi S oRise asowoscore 2 osi

(o}

A=
Fo'wRE
Be sure to turn on the These dials move the This dial moves the
"BOWER" button. traces up and down on traces left and right on the

the screen. SCreen.

Figure 80 Tektronix Oscilloscope Quick Hint
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Example 9 Using the Logic Analyzer to view the output of a
Counter circuit.

The logic analyzer allows the user to view up to sixteen digital signals simultaneously. The timing
for the sampling of the signals can come from an internal clock or from an external clock source.
The logic analyzer shown in Figure 81 has channels 1 through 4 connected to the four outputs of
the binary counter. The logic analyzer is using the internal clock to provide timing for the display
of the waveforms. As shown in Figure 82, the internal clock speed is set at 100 Hz, the same
value as the clock signal generator in the circuit. Double mouse clicking on the logic analyzer

icon will cause the display screen to pop up.

11
I - e L
e & ¥LA1
b E— mo1 % . Chi
* ™ 100 Hz 1 Rz Ch2 !
m Ch3
o Ch4 I
7482H -
: I
_F

—m
—=
—-

Figure 81 Using the Logic Analyzer to view the outputs of a Counter circuit.
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Figure 82 The output screen of the Logic Analyzer

Figures 83, 84 and 85 contain Quick Hints on the use of the logic analyzer.

XLA1
4
] iy
— I
16 Input ]
Terminals -
Fnt: 0T
/'I I I'\
External Clock T Trigger Qualifier

Clock Cualifier

Figure 83 Logic Analyzer Icon
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16 Input
Channels
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130.000

Time (S)

240000m  260000m  220.0

1
2 [ S

1. Stop the acquisition of data
2. Resetthe display to 0 mS

3. Reverse the screen colors

I')"\)"‘J"\) piniaielelninie ool
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measure the difference
in "time" between them.
They can he dragged
with the mouse or
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W nextto T1 and T2.

Clock_(u
K Trig_Qu|
v

x~

Access to the Trigger settings
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and T2 is the time at cursor
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in time hetween the two
cursors.

Access to the Clock settings

Figure 84 Logic Analyzer Display Screen
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The Clock setup screen provides

Clock setup

Clock Source

Sampling Setting

Pre-trigger Samples
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Threshold Wkt

The Trigger Settings screen
provides access to when the
clock is triggered and trigger
patterns.
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Figure 85 Clock Setup and Trigger Settings Screens
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Conclusion

The ability to create a schematic quickly and then analyze the circuit through simulation makes
MultiSim a wonderful tool to help students understand the concepts covered in the study of Digital
Electronics.

This appendix introduced the reader to the features of MultiSim that directly relate to the topics
covered in this textbook. The features covered in this appendix will help the student to explore
the topics of this textbook to their fullest extent.
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