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NATIONAL INSTRUMENTS PRODUCTS ARE INCORPORATED IN A SYSTEM OR APPLICATION, INCLUDING, WITHOUT
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The following conventions are used in this manual:

The » symbol leads you through nested menu items and dialog box options
to a final action. The sequence Tools»Clear ERC Markers»Entire design
directs you to pull down the Tools menu, select the Clear ERC Markers
item, and select Entire design from the resulting dialog box.

This icon denotes a tip, which alerts you to advisory information.
This icon denotes a note, which alerts you to important information.

Bold text denotes items that you must select or click in the software, such
as menu items and dialog box options. Bold text also denotes parameter
names.

Italic text denotes variables, emphasis, a cross-reference, or an introduction
to a key concept. Italic text also denotes text that is a placeholder for a word
or value that you must supply.

Text in this font denotes text or characters that you should enter from the
keyboard, sections of code, programming examples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms, subroutines, device names, functions, operations,
variables, filenames, and extensions.
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Introduction to NI Circuit Design
Suite

Some of the described features may not be available in your edition of
Circuit Design Suite. Refer to the NI Circuit Design Suite Release Notes for
a list of the features available in your edition.

NI Circuit Design Suite Product Line

National Instruments Circuit Design Suite is a suite of EDA (Electronics
Design Automation) tools that assists you in carrying out the major steps in
the circuit design flow.

Multisim is the schematic capture and simulation program designed for
schematic entry, simulation, and feeding to downstage steps, such as PCB
layout. It also includes mixed analog/digital simulation capability, and
microcontroller co-simulation.

Ultiboard is used to design printed circuit boards, perform certain basic
mechanical CAD operations, and prepare them for manufacturing. It also
provides automated parts placement and layout.

The Tutorials

This book contains the following step-by-step tutorials:

*  Multisim Tutorial—Introduces you to Multisim and its many
functions.

»  Ultiboard Tutorial—Shows you how to place the components and
traces for the circuit described in the Multisim Tutorial chapter. You
will also learn how to autoplace parts and then autoroute them.

*  Multisim MCU Tutorial—Leads you through the process of simulating
and debugging a circuit that contains a microcontroller.

For more detailed information on the features discussed in these chapters,
refer to the Multisim Help or the Ultiboard Help.

© National Instruments Corporation 1-1 Getting Started witn NI Circuit Design Suite



Multisim Tutorial

This chapter contains a tutorial that introduces you to Multisim and its
many functions.

Some of the described features may not be available in your edition of

Circuit Design Suite. Refer to the NI Circuit Design Suite Release Notes for
a list of the features available in your edition.

Introduction to the Multisim Interface

Multisim is the schematic capture and simulation application of National
Instruments Circuit Design Suite, a suite of EDA (Electronics Design
Automation) tools that assists you in carrying out the major steps in the
circuit design flow. Multisim is designed for schematic entry, simulation,
and exporting to downstage steps, such as PCB layout.

© National Instruments Corporation 2-1 Getting Started witn NI Circuit Design Suite



Chapter 2 Multisim Tutorial

Multisim’s user interface consists of the following basic elements:
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2 Design Toolbox 6 Simulation Toolbar 9 Instruments Toolbar 12 Spreadsheet View
3 Component Toolbar 7 Main Toolbar 10 Scroll Left/Right 13 Active Tab

4 Standard Toolbar

The Menu Bar is where you find commands for all functions.

The Design Toolbox is where you navigate through the different types of
files in a project (schematics, PCBs, reports), view a schematic’s hierarchy
and show or hide different layers.

The Component toolbar contains buttons that you use to select
components from the Multisim databases for placement in your schematic.

The Standard toolbar contains buttons for commonly-performed functions
such as Save, Print, Cut, and Paste.
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Chapter 2 Multisim Tutorial

The View toolbar contains buttons for modifying the way the screen is
displayed.

The Simulation toolbar contains buttons for starting, stopping, and other
simulation functions.

The Main toolbar contains buttons for common Multisim functions.
The In Use List contains a list of all components used in the design.
The Instruments toolbar contains buttons for each instrument.

The Circuit Window (or workspace) is where you build your circuit
designs.

The Spreadsheet View allows fast advanced viewing and editing of
parameters including component details such as footprints, RefDes,
attributes and design constraints. You can change parameters for some or
all components in one step and perform a number of other functions.

Overview

This tutorial leads you through the circuit design flow, from schematic
capture, through simulation and analysis. After following the steps outlined
on the following pages, you will have designed a circuit that samples a
small analog signal, amplifies it and then counts the occurrences of the
signal on a simple digital counter.

Helpful tips are indicated by the presence of an icon in the left column, as
in the tip below.

Tip You can access the online help at any time by pressing <F1> on your keyboard, or by
clicking on the Help button in a dialog box.
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Chapter 2 Multisim Tutorial

Schematic Capture

In this section, you will place and wire the components in the circuit shown

below.
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Opening and Saving the File
Complete the following step to launch Multisim:

1. Select Start»All Programs»National Instruments»Circuit Design
Suite 11.0»Multisim 11.0. A blank file opens on the workspace called
Designl.

Complete the following steps to save the file with a new name:
1. Select File»Save As to display a standard Windows Save dialog.

2. Navigate to the location where you wish the file to reside, enter
MyGettingStarted as the filename, and click the Save button.
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Chapter 2 Multisim Tutorial

Tip To guard against accidental loss of data, set up a timed auto-backup of the file in the
Save tab of the Global Preferences dialog box.

L)

Complete the following step to open an existing file:

1. Select File»Open, navigate to the location where the file resides,
highlight the file, and click on the Open button.

@ Tip To view files from earlier versions of Multisim, select the desired version in the Files
of Type drop-down in the Open dialog.

Placing the Components

Complete the following steps to start placing components:
1. OpenMyGettingStarted.ms11 as described above.

2. Select Place»Component to display the Select a Component dialog
box, navigate to the 7-segment LED display as shown below and click
OK. The component appears as a “ghost” on the cursor.

)

Tip Once you have selected the desired Group and Family, start typing the component’s
name in the browser’s Component field. As you type, the string appears in the Searching
field at the bottom of the browser. In the example below, type
seven_seg_decimal_com_a_blue. Matches are displayed as you type.
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Chapter 2 Multisim Tutorial

&A Select a Component
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Hyperlink:

Components: 1

Searching: seven_seg_decimal_com_a_blue

3. Move the cursor to the bottom-right of the workspace and left-click to
place the component. Note that the Reference Designator for this
component is “Ul”.
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Chapter 2 Multisim Tutorial

4. Place the remaining components in the Digital Counter area as shown

below.
VCC VCC
A 5V c
U1
HLEDY 8
)
R1 B
20001 R4
u? 5% u3 RPACKT 180 0 E
TTTTTTI
A5 L I e ol
a1 [ 1] T
ult g =7 s [ |
4 g Phii] - ) oo &LI:
0E
4 .LTEN e I o L
J Y R
Sy »%%D LSRN Bt ~!1;€IB,Ir1=¢50 il
e F
o TALSATN
GND
# TAHC190N ||

@ Note When placing resistors, inductors, or capacitors (RLC components), the Select a
Component dialog box has slightly different fields than for other components. When
placing these components, you can choose any combination of: the component’s value (for
example, the resistance value); type (for example, carbon film); tolerance; footprint and
manufacturer. If you are placing a component that will be ultimately exported to PCB
layout, and become part of a Bill of Materials, you must be careful that the combination
of values that you select in the Select a Component dialog box are available in a
real-world, purchaseable component.

L)

Tip When placing RLC components, type the value of the device that you want to place
in the field at the top of the Component list. The value does not need to appear in the list
to be placed on the schematic.

Tip While placing the 200 Q resistor, rotate it to a vertical orientation by pressing
<Ctrl-R> on your keyboard.

Tip Reference Designators (for example, U1, U2) are assigned in the order the
components are placed. If you place components in a different order than in the original
circuit, the numbering will differ. This will not affect the operation of the circuit in any way.
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Chapter 2 Multisim Tutorial

5. Place the components in the Counter Control section. After placement,
right-click on each of the SPDT switches and select Flip Horizontal.

VCC

v

a1

—

—o\o—

Key = Space
J2

—,

—o\o—

Key = Space
<L-GND

Tip The SPDT switches are in the Basic group, Switch family.

&) &

Tip When a component is on the workspace and you want to place the same component
again, highlight it and select Edit»Copy, then Edit»Paste. You can also select it from the
In Use List and click to place it on the workspace.

6. Place the components in the Analog Amplifier section as shown below,
rotating as needed.

Vi1

0.2 Vpk
1kHz
0Deg

7. Double-click on the AC voltage signal source and change the Voltage
(Pk) to 0.2 V and click OK to close the dialog.

_l_
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Chapter 2 Multisim Tutorial

8. Place the components in the Bypass Capacitors section as shown
below.

VCC VCC

Y T v

c2 C3
+10|1F %"]UIIF

=— <L-GND

ﬂ_m
1uF
T

9. Place the header and associated components as shown below.

]

<IH[IIR'IX-I {76ND

|_

@ Tip J3 is in the Basic group, Connectors family.

@ Tip Once you have wired a circuit, you can drop two-pinned components like resistors
directly onto a wire. The connection is automatically made by Multisim.

Wiring the Circuit

All components have pins that you use to wire them to other components
or instruments. As soon as your cursor is over a pin, the pointer changes to
a crosshair, indicating you can start wiring.

@ Tip You can wire the circuit that you placed on the workspace or you can use
Getting Started 1.msl11 from the Getting Started folder (found inside the
samples folder).
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Complete the following steps to wire the circuit:

1. Click on a pin on a component to start the connection (your pointer
turns into a crosshair) and move the mouse. A wire appears, attached
to your cursor.

2. Click on a pin on the second component to finish the connection.
Multisim automatically places the wire, which conveniently snaps to
an appropriate configuration, as shown below. This feature saves a
great deal of time when wiring large circuits.

R1
2004}
U2 5%
s .
i E
T i
alg m
- .cTER
L LLoen
S v .Ero T
MESHIN
el ey

<> GND
TAHC190N

@ Tip  You can also control the flow of the wire by clicking on points as you move the mouse.
Each click “fixes” the wire to that point.
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3. Finish wiring the Digital Counter section as shown below.

vee vee
5V QY €
U
YALED .
!2&
R1 ‘ ‘ | ||
2000 } .
50, :
" o " ‘ | IRFACK? 180 0 .
18 ] k]
1]z @ [ 13 - T—
T i ] o ||
q b} oo 7 b o % 20 000000 |
o LCTEW —2o 1T F i - —
e P
. N%,%D NBI-EIDH T 2 «g?}RBD o .
aep ™ 7ALS4TN
GND
~ TAHC190N ]

Tip Use Bus Vector Connect to wire multi-pinned devices like U3 and R4 together in a
bus. Refer to the Multisim Help for details.

L)

Tip Virtual Wiring—To avoid clutter, you can use virtual connections between the
Counter Control and Digital Counter sections using on-page connectors.

)

© National Instruments Corporation 2-11 Getting Started witn NI Circuit Design Suite



Chapter 2 Multisim Tutorial

4. Finish wiring the circuit as shown below.

0.2V
@ 1kHz
u
ZALED
Counter Control 2
vee

Vi

- 0Deg

VCC

VCC Vi

cC
v s U4 v v
—— 1+ c3

.| et . ocz g_
- uF 10nF 100uF
L T T
741
* L GND

R3 R2
pk 1k S0k 50% v wee

5 Key=Space av B

<~ON

R1 ‘ |
5V
g1 ?00 L1l R4
| 5%
uz [15] | RRACKT |1BOB
—_— I TT
Key = Space E % % 1 g % L | |
r Qo r ar
iip an b op L
|
J2 i — F
1] s = e
™, A GED R ——%<{ .BL/EBD
MAILMIN
1 Hpe= 7ALS4TN
Key =Space .
D ¥ =5) T7GND

TAHC 190N

Simulation

Simulating your circuits with Multisim catches errors early in the design
flow, saving time and money.

Virtual Instrumentation

In this section, you will simulate the circuit and view the results with the
virtual oscilloscope.

Tip You can also use Getting Started 2.ms11 from the Getting Started folder
(found inside the samples folder).

Getting Started witn NI Circuit Design Suite 2-12

1. J1,J2 and R2 are interactive components.

Set up the interactive keys for J1, J2 and R2 by double-clicking on each

and selecting the Value tab. In the Key field, enter “E” for J1, “L” for
J2, and “A” for R2.

ni.com




)

Chapter 2 Multisim Tutorial

Press <E> on the keyboard to enable the counter, or just click on the
widened switch arm that appears when you hover the cursor over J1.
Enable is Active Low.

Select Simulate»Instruments»QOscilloscope to place the oscilloscope
on the workspace. Wire the instrument as shown in step 5.

Tip To easily differentiate between traces on the oscilloscope, right-click on the wire

connected to the scope’s “B” input and select Color Segment from the context menu that
displays. Select a color that differs from the wire connected to the “A” input, for example
blue. (Changing wire color or performing any other editing function cannot be done while

simulation is running.)

VeC

IEI 4. Double-click on the scope’s icon to show the instrument face. Select
Simulate»Run. The output of the opamp appears on the scope.
5. Adjust the Timebase to 2 ms/Div and Channel A’s Scale to
500 mV/Div. You will see the following displayed on the scope.
Oscilloscope-XSC1
X5C1

u4

% =

VAAVAVAAVEVAAVIAVIAVAVIAVIAVIAV VIAVIAVIAVIAVIAVIAVIRY

.||_L:

Y
Time: Channel_& Channel_B

E i‘i‘ 0.000 ¢ 0.000 ¥ BE2.986 My

0.000 s 0.000% GE2.486 my
T2-T1 00005 0.000 Y 0,000 ErR -
Timebase Channel & Channel B Trigger
scaler | 2 ms{Div seale; | 500 mY[Div scale: | B W/Div ‘% Edge: ,?H E]
% pos.(Dik): |0 ¥ pos. (Div): | O ¥ pos. (Div): | O Level: 0 W
(ee)(a Joc] (ac)(o )]

© National Instruments Corporation

As the circuit simulates, the 7-segment display counts up and the LED
flashes at the end of each count cycle.

Press <E> on your keyboard while the simulation is running to enable
or disable the counter. Enable is Active Low.

Press <LL> to load zeros into the counter. Load is Active Low.
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Press <Shift-A> to observe the effect of decreasing the potentiometer’s
setting. Repeat, pressing <A> to increase.

@ Tip Instead of pressing the above-mentioned keys, you can directly manipulate the
interactive components on the schematic with your mouse.

Analysis

In this section, you will use AC Analysis to verify the frequency response

of the amplifier.

Complete the following steps to perform an AC Analysis at the output of

the op-amp:

1. Double-click on the wire that is attached to pin 6 of the op-amp, and
change the preferred net name to analog_out in the Net Settings

dialog box.

2. Select Simulate»Analyses»AC Analysis and click on the Output tab.

AC Analysis

Frequency parameters | QUEput | dnalysis options

variables in circuit:

All variables v

W2 Y
Y(z0) |
Yz1)
(22}

=
Y(z4) & £

Y(7)

Yl

WA <
Wanalog_out)

Wgnd)

Wivec) ™

Surmmary
Selected variables for analvsis:

All variables W

[ Filter unselected wariables. .. ] [ Add expression... l [ Filter selected variables. ..

Maore options

’ Add device/model parameter. .. ]

[ Delete selected variable ]

Show all device parameters at end
of simulation in the audit trail

’ Select variables ko save ]

Simulate

J1

oK || comcel ||  Hep |
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3. Highlight v (analog_out) in the left column and click Add.
V (analog_out) moves to the right column. This indicates the voltage
at node v (analog_out) will be displayed after simulation.

4. Click Simulate. The results of the analysis appear in the Grapher.

&4 Grapher View

=%

& L X B

AC Analysis ]

File Edit Miew Graph Trace Cursor Legend  Tools  Help

= S T R AR R e = L R VRN 7% Bp | R

Getting Started Final
AC Analysis

010k 46k 280k TOM  T00M  1000M  1.0G 100G
Hz)

0 1.0k 4Bk 1.0k4 10,064 100.0m 1.0G 100G

Selected Trace:V{analog_ouk)

The Grapher

The Grapher is a multi-purpose display tool that lets you view, adjust, save
and export graphs and charts. It is used to display the results of all Multisim
analyses in graphs and charts and a graph of traces for some instruments
(for example the results of the oscilloscope).

Complete the following steps to view results of a simulation on the
Grapher:
1. Run the simulation with the oscilloscope as described earlier.

2. Select View»Grapher.
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= Grapher View @
File Edit View Graph Trace Cursor Legend Tools  Help

= = X B | B () e AN |G E B A 7 B | M

AC Analysis  Oscilloscope-R5C1 ]

Getting Started Final

B.0m 8.0m 10.0m

Channel & Channel B

Legend

The Postprocessor

Use the Postprocessor to manipulate the output from analyses and plot the
results on a graph or chart. Types of mathematical operations that can be
performed on analysis results include arithmetic, trigonometric,
exponential, logarithmic, complex, vector and logic.

Reports

You can generate a number of reports in Multisim: Bill of Materials
(BOM), Component Detail Report, Netlist Report, Schematic
Statistics, Spare Gates and the Cross Reference Report. This section uses
the BOM as an example for the tutorial circuit.

Getting Started witn NI Circuit Design Suite 2-16 ni.com



Chapter 2 Multisim Tutorial

Bill of Materials

A bill of materials lists the components used in your design and therefore
provides a summary of the components needed to manufacture the circuit
board. Information provided includes:

e quantity of each component needed.

*  description of each component, including the type of component
(example: resistor) and value (example: 5.1 kohm).

*  Reference Designator of each component.

*  package or footprint of each component.

Complete the following step to create a BOM (bill of materials) for your
circuit:

1. Select Reports»Bill of Materials.

The report appears, looking similar to this:

Bill of Materials (From Document: Getting Started 2) @
B E R @ Vi @q
Quantity | Descripkion RefDes | Package |
1 CAP_ELECTROLIT, 1uF C1 IPC-73510Chip-C1210 |
2_1 CAP_ELECTROLIT, 10nF 2 IPC-735 10 Chip-C1210
3_1 CAP_ELECTROLIT, 100uF 3 IPC-735 N Chip-C1210
4 |2 SWITCH, SPOT i, 12 Generic|SPOT
5_1 COMMECTORS, HDR1x4 13 GenericiHDR x4
(& |1 LED_blue LED1 Ultiboard|LEDSR2_SWh
(7 |1 RESISTOR, 2000 5% R1 IPC-7351)Chip-R0O30S
8_1 POTEMTIOMETER, S0k RZ Generic\LIN_POT
9_1 RESISTOR, 1k 5% R3 IPC-735 10 Chip-RO30S
Hl RPACK_WARIABLE_Z%7, 150 Ohm R4 IPC-Z221A)2222\DIP-14
111 |1 SEVEM_SEG_DECIMAL COM A BLUE U1 Generic, 7SEGEDIP 104
12 [1 7415, TALS190N Uz IPC-2221 A/Z222)NO1G
131 F4LS, 74L547N U3 IPC-2221 AfZZ22NO1E
14| < >
% To print the Bill of Materials, click the Print button. A standard Windows

print dialog box appears, allowing you to choose the printer, number of
copies, and so on.

E To save the Bill of Materials to a file, click the Save button. A standard
Windows file save dialog box appears, where you specify the path and file
name.
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Because the Bill of Materials is primarily intended to assist in procurement
and manufacturing, it includes only “real” components—it excludes
components that are not real or available for purchase, such as sources or
virtual components. Components without assigned footprints do not appear
in the Bill of Materials.

To see a list of components in your circuit that are not “real” components,
click the Virtual button. A separate window appears, showing these
components only.

Yir

Detailed information on this and other reports can be found in the Multisim
Help.
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The tutorial in this chapter places the parts and traces for the circuit
described in Chapter 2, Multisim Tutorial.

Some of the described features may not be available in your edition of
Ultiboard. Refer to the NI Circuit Design Suite Release Notes for a list of
the features available in your edition.

Introduction to the Ultiboard Interface

Ultiboard is the PCB layout application of National Instruments Circuit
Design Suite, a suite of EDA (Electronics Design Automation) tools that
assists you in carrying out the major steps in the circuit design flow.

Ultiboard is used to lay out and route printed circuit boards, perform certain
basic mechanical CAD operations, and prepare boards for manufacturing.
It also provides automated parts placement and wire routing.
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Ultiboard’s user interface is made up of several elements.

Tve |
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Menu Bar

Standard Toolbar
Select Toolbar

Draw Settings Toolbar

11 Design Toolbox
12 3D Preview
13 Birds Eye View

8 Status Bar
9 Workspace
10 Spreadsheet View

5 View Toolbar
6 Main Toolbar
7 Autoroute Toolbar

Getting Started witn NI Circuit Design Suite

The Menu Bar is where you find commands for all functions.

The Standard toolbar contains buttons for commonly-performed functions
such as Save, Print, Cut, and Paste.

As you add more parts and traces to a board, it can become difficult to select
only those which you want to use. The Select toolbar contains buttons used

to control selections.
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The Draw Settings toolbar is where you select the layer, thickness and unit
of measure of a line or object that is being drawn. It also contains buttons
for functions that control the appearance of lines and shapes drawn on a
layer.

The View toolbar contains buttons for modifying the way the screen is
displayed.

The Main toolbar contains buttons for common board design functions.
The Autoroute toolbar contains autorouting and part placement functions.
The Status Bar displays useful and important information.

The Workspace is where you build your design.

The Spreadsheet View allows fast advanced viewing and editing of
parameters including part details such as shapes, Reference Designators,
attributes and design constraints.

The Design Toolbox lets you show, hide, or dim elements of your design.
The 3D Preview shows you a three-dimensional preview of the board.

The Birds Eye View shows you the design at a glance and lets you easily
navigate around the workspace.

Opening the Tutorial

Complete the following steps to open the tutorial file:

1. Select Start»All Programs»National Instruments»Circuit Design
Suite 11.0»Ultiboard 11.0 to launch Ultiboard.

2. Select File»Open Samples and double-click on the Getting
Started folder to open it.

3. SelectGetting Started.ewprj and click Open. The project file is
loaded into Ultiboard.

Tip For instructions on exporting a design from Multisim to Ultiboard, refer to the
Multisim Help and the Ultiboard Help.

L)
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S GettingStarted - Ultiboard - [GS1]

§} File Edit Wiew Place Design Transfer Tools Autoroute Options Window Help

U US » B PE ®aqq % EES O | S 2T L AR
VD VZVAV:% Vi VA % Copper Top & || Automatic (10,0000 mily | || mil - Z)
ElE oo AT T
IR = |
= Gettingstarted
{F G5t
{F a5z
{F as3
{F G54
{F G55

Projects | Layers | | q2 G5t | 43 a5z | 43 a53] 43 as4] 4 a5 |

=
= = — ==
I EREEEHELESEB DR &2 m
RefDes Walue Shape Locked Trace clearance Part spacing Pin swap |
@ O wr 0O capcsz,, B No ¥ 10,0000 [0 0.0000 ¥ Yes
@ 2 1onF CAPCIZ,.. Mo 10,0000 0.0000 fes
[ L] 100uF CAPCIE,.. Mo 10,0000 0.0000 ‘fes s
< >

Results | DRC Parks | Part groups ] MNets Met groups | SMT Pads | THT Pads ] Wias Copper areas I Keep-ins/Keep-outs ] Copper layers ] Parts position ] 4| »

il

4. To select a design from the project (for example, GS1), either click on
its tab, or click on its name in the Projects tab of the Design Toolbox.

Creating a Board Outline

There is already a board outline, however, you can create one that is a more
suitable size for the parts in this design in one of the following ways:

e Draw a board outline using the drawing tools.
e Import a DXF file.
e Use the Board Wizard.

Complete the following steps to experiment with the Board Wizard:

1. Double-click on Board Outline in the Layers tab to make it the active
layer.
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2. Click on the existing board outline in the GS1 design and press
<Delete> on the keyboard.

3. Choose Tools»Board Wizard.

Board Wizard - Board Technology

[Jichange the layer technology

(iChanging laver technology may cause DRC errors when vias or parts are already placed on the design and copper placed
on layers that are remaoved will be deleted)

Technology

[ MWest = |[ Cancel ][ Help ]

4. Enable the Change the layer technology option to make the
Technology options available.

5. Choose Multi-layers constructed with double-sided boards and
single layer stack-ups, and click Next.
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The next dialog box is where you define the Lamination settings for
the board. (For this tutorial you will not change settings.)

Board Wizard - Copper Layers

Lamination setkings

Laver pairs: 1 3 [ Through Board Via From Copper Top to Copper Bottom
Single laver stack-ups:

Top: =

Bottom: o3
Inner lavers: 1]

< Back | [ Mext = ] [ Cancel ] [ Help

6. Click Next.
In the Board Wizard - Shape of Board dialog box:

¢ make sure the Reference Point is set to Bottom-left for
Alignment.

* make sure the Rectangular option is selected for Board shape
and size.

¢ setthe Width to 3000 and the Height to 2000 (a more suitable size
for the parts in this design).

e set the Clearance to 5.00000. This is the distance from the edge
of the board that is to be kept free of parts or any other elements.

7. Click Finish. The board outline is placed on your design.

@ Note For complete details on the Board Wizard, refer to the Ultiboard Help.
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Complete the following steps to move the board outline:
1. Double-click on Board Outline in the Layers tab.

2. Click anywhere on the board outline in the workspace and drag the
board to a location just below the row of parts.

Complete the following steps to change the reference point:

1. Select Design»Set Reference Point. The reference point is attached to
your cursor.

2. Move the cursor the the lower-left corner of the board outline and click
to place it.

Placing Parts

You can place parts on your GS1 design file in several different ways:

*  select one or more parts from outside the board outline and drag them
into place.

* use the Parts tab in the Spreadsheet View to locate parts and place
them.

* select and place parts from the database.

Tip Use the Place»Unplace Parts command to quickly remove all non-locked parts from
the PCB and experiment with a different placement technique.
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Dragging Parts from Outside the Board Outline
By default, parts are placed outside the board outline when you open a

netlist from Multisim or another schematic capture program.

Before you begin, double-click the Copper Top layer in the Design
Toolbox to make it the active layer.

Complete the following steps to drag Ul from outside the board outline:

1. Find Ul in the collection of parts outside the board outline. To make
this easier, use the mouse wheel to zoom in until you can see U1.

@ Tip You can also search for a part with the Edit»Find command. While this command
N works much like a Find function in other applications, it also allows you to search for a part
by name, number, shape, value, or by all variables. Refer to the Ultiboard Help for details.
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2. Click on Ul (the 7-segment display) and drag it to the location shown
in the figure below.

Il ]“-, {
o RSty

1 Force Vector (orange line) 2 Ratsnest (yellow line)

Ul remains selected. This is an important point for Ultiboard that
holds throughout the application—you need to explicitly end any
particular action. In this case, simply clicking somewhere else
de-selects the part. Right-clicking also ends the current action.

3. Goto the Parts tab in the Spreadsheet View and scroll to U1. You will
notice that the green light beside the part is slightly brighter—this
indicates that the part has been placed.

© National Instruments Corporation 3-9 Getting Started witn NI Circuit Design Suite



Chapter 3 Ultiboard Tutorial

Dragging Parts from the Parts Tab
Complete the following steps to drag parts from the Parts tab:

1. In the Parts tab, scroll down until you see J3.

RefDes Value Shape Locked Trace clearance Part spacing Pin swap [
a2 SPOT SW_S3P Mo 10,0000 Use Design Rule 0., Yes
13 [0 HOR1x{1 HOR1x%4 Mo ¥ 0.0000 [0 Use Design Rule 0. Yes
LED LED ... LEDSRZ ... Mo 10,0000 Use Desion Rule 0., Yes 5 .

Resulks ] DRC Parts |Part groups ] Mets ] Met groups ] SMT Pads ] THT Pads ] Vias ] Copper areas ] Keep-insfkesp-outs ] Copper layers ] Parts position ] 4|

2. Click on J3 and drag it from the Parts tab onto the workspace. J3 is
attached to your mouse pointer.

3. Drop J3 on the left edge of the board, roughly in the middle. As before,
in the Parts tab J3’s green light is slightly brighter, indicating that the
part has been placed.

Placing the Tutorial Parts

Using any method or combination of methods, make your layout look like
the illustration below. You can also simply open the next design file in the
project, GS2, which has already been set up this way.

Your design should look like this:
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Placing Parts from the Database

In addition to placing parts imported as part of your design file, you can
place parts directly from the database. The following uses this method to
place the mounting holes.

Complete the following steps to place parts from the database:

m_' 1. Choose Place»From database. The Get a Part From the Database
dialog box opens.

2. In the Database panel, expand the Through Hole Technology Parts
category and navigate to the Holes category. The parts appear in the
Available parts panel.

3. Inthe Available parts panel, select the Hole35 part. The part displays
in the Preview panel.

&4 Get a Part From the Database
iter: | All bypes v
Database: Available parts: Preview @S 8 qQ
= Through Hole Technology & | |HOLESS
’ i)?odes . %BOS_D _
— B3 1
Bridge Rectifiers al = %BOS_Z
Yaolkage Requlatars rh . ﬁBOS_S
DC-DiC Converkers . -
+-LED Displays EBOS—“
+- Connectors . ﬁBOS_ﬁ
Batteries & Sockets . ﬁBO3_?
Holes M 30 s
Buzzers . ﬁBOS_Q
+- Capacitors . ﬁBCH_D
% Buttons & Switches Ml 425050
Crystals/Oscillators
+- Relavs
Power Rectifiers - w
< TT— > < >
[ ]show subtree contents [ oK, ] [ Cancel ] [ Help ]

4. Click OK. The Get a Part From the Database dialog box disappears,
and you are prompted to enter the RefDes and Value.

5. Enter the hole’s reference designator (1) and value (HOLE) and click
OK.

6. Move the pointer over the board. The part is attached to the pointer.
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7.  When the hole is in position in the top-left corner, click to drop it on
the board.

8. The Enter Reference Designation for Part dialog box reappears,
with the reference designator automatically incremented to H2.

9. Enter the value (HOLE) and click OK to place the next mounting hole
in the top right corner, and repeat to place H3 in the bottom right
corner, and H4 in the bottom left corner.

10. Click Cancel to stop, and click Cancel again to close the Get a Part
From the Database dialog box.

Moving Parts

You can use the same methods for moving parts as you do for placing them.
To select a part already on the board, simply click on it. To specify the X/Y
coordinates to which the selected part is to move, press the <*> key on the
numeric keypad. Alternatively, in the Parts tab, select a placed part
(indicated by a bright green light beside it) and drag it to a new location.

)

Tip The part’s label and pads are separate elements from its shape. When selecting a part
on the board, be sure to select the whole part, not just the label or pads. Use the Selection
Filters to assist with this. Refer to the Ultiboard Help for more information.

)

Tip Once a part is selected, you can also move it around on the board by pressing the
arrow keys on your keyboard.

Getting Started witn NI Circuit Design Suite 3-12 ni.com



Chapter 3 Ultiboard Tutorial

You can also select a group of parts and move them together. To do this, you
can do one of the following:

* hold down the <Shift> key and click on more than one part.

* drag a box around several parts.

All the selected parts will move together when you drag the cursor.

Tip These are temporary groups—once you select another part, the group connection is
lost. To make a group that remains until you remove it, you can use the Group Editor. For
details, refer to the Ultiboard Help.

Another option for moving parts is to use the Edit»Align commands to
align the edges of selected parts or to space them relative to each other.

Use the Edit»Align commands to align the mounting holes you just placed:
1. Select H1 and hold down the <Shift> key to select H2.

2. Choose Edit»Align»Align Top. If H2 was not originally placed
exactly in line with H1, you will see it move.

Click on an empty space on the board, then select H2 and H3.
4. Choose Edit»Align»Align Right.

5. Continue in this manner to align the bottoms of H3 and H4, and the left
sides of HI and H4.

Placing Traces

You have the following options for placing traces:
* manual trace.
e follow-me trace.

e connection machine trace.

A manual trace is placed exactly as you specify, even running through a
component or trace if that is the path you set out. A follow-me trace
automatically draws a valid trace between the pins you select with your
mouse movements—you can move from pin to pin, leaving a valid trace. A
connection machine trace automatically joins two pins by the most efficient
route, though you have the option of changing it.

As you place a trace, and before you click to fix it in place, you can always
remove a segment by backing up over it. Each time you click while placing
a manual trace, or each time a follow-me trace or connection machine trace
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changes direction, a separate segment of that trace is created. When
performing operations on traces, be sure to select either the appropriate
segment or, if you wish, the whole trace.

Placing a Manual Trace

You can continue with the design you have been working on, or open GS3.
Be sure you are on the Copper Top layer before beginning—Copper Top
should be highlighted in red in the Layers tab of the Design Toolbox.

&)

Tip If necessary, press <F7> to show the whole design.

Complete the following steps to place a trace manually:

1. Choose Place»Line.

@ Tip The Line command is used to create a line on any layer. The results differ depending
on the layer selected. For example, if the selected layer is silkscreen, you will create a line
on the silkscreen layer of the PCB. If the selected layer is a copper layer, then the “line” is
actually a trace.

2. Locate J3, toward the left-hand part of the board. Find the start pin
shown below:

1 PartJ3 2 Start Pin

@ Tip You can turn off or dim the Force Vectors to see the nets more clearly. Do this using
the Force Vectors checkbox in the Layers tab of the Design Toolbox. Refer to the
Ultiboard Help for more information about Force Vectors.
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@ Tip If you have trouble locating the part, use the Find function of the Parts tab. Select the
< part in the Parts tab, then click the Find and select the part button. The part is shown in
the workspace. If necessary, zoom in further using the mouse wheel.

3. Click on the pin specified in the above step. Ultiboard highlights all the
pins that are part of the same net as the pin you clicked on with an X.
(The color of the highlighting can be changed in the Colors tab of the
Global Preferences dialog box.) This is how you know which pins to
connect to match the connectivity from your schematic.

1 Pins in the Same Net

4. Move the cursor in any direction. A green line (the trace) is attached to
the selected pin. Each time you click, you anchor the trace segment, as
shown in the figure below (2).

5. Click on the destination pin.

1 Trace 3 Destination Pin
2 Click to anchor trace

6. Right-click and choose Cancel to stop placing traces.
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% 7. Click the Select button on the Main toolbar to exit line-placing mode.

Placing a Follow-me Trace

Complete the following steps to place a follow-me trace:

ig) 1. Choose Place»Follow-me.

2. Click on the top pin of J3.
3. Click on the second pin from the bottom on the left side of U4.
4

Ultiboard draws the connection for you.

@ Tip You do not need to click exactly on a pin—you can also start by clicking on a ratsnest
- line.

Placing a Connection Machine Trace

Complete the following steps to place a Connection Machine trace:

=S 1. Choose Place»Connection Machine.

2. Click on the segment of the ratsnest indicated below.

1 Click Ratsnest

3. Move your cursor—UItiboard suggests various trace placement
options routed around obstacles.
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4. When you see the route you want, click to fix the trace. You don’t have
to click on the ratsnest or the destination pin.

‘ 1 Trace Segments Appear Between Pins

5. Right-click to end trace placement.

Auto Part Placement

As well as placing parts as described earlier in this chapter, you can use
Ultiboard’s advanced automatic part placement functionality.

@ Tip Before autoplacing parts, pre-place and lock any parts that you do not wish to be
moved during the autoplacement process. (The mounting holes, and U1, J1, J2, J3, and
LED 1 in ¢S5 have been pre-placed and locked.) For details on locking parts, refer to the
Ultiboard Help.
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Complete the following steps to autoplace the parts in Getting
Started.ewprj:

1. Open the Gs5 design in Ultiboard.

2. Select Autoroute»Start Autoplacement. The parts are placed on the
circuit board.

Autorouting Traces

You can place traces in Ultiboard using the methods described earlier in
this chapter, or automatically route the traces as described below.

Complete the following steps to autoroute the traces in Getting
Started.ewprj:

1. Open the Gs3 design in Ultiboard.

2. Select Autoroute»Start/Resume Autorouter. The workspace
switches to Autorouter Mode and trace autorouting begins.

As autorouting proceeds, you will see traces being placed on the board.
When autorouting is complete, Autorouter Mode closes and you are
returned to the workspace.

3. Optionally, select Autoroute»Start Optimization to optimize the
placement of the traces.

The autorouter can be stopped at any time and you can make manual
changes as desired. When you restart the autorouter, it will continue with
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the changes you made. Remember to lock any traces that you have placed
manually and do not wish to be moved by the autorouter.

@ Tip Use the Routing Options dialog box to modify autoplacement and autorouting
options. Refer to the Ultiboard Help for details.

Preparing for Manufacturing/Assembly

Ultiboard can produce many different output formats to support your
production and manufacturing needs. This section explains the functions
performed to output your board for production and documentation
purposes.

Cleaning up the Board

Before sending the board for manufacturing, you should clean up any open
trace ends (trace segments that do not have any terminating connections in
the design) and unused vias that have been left on the board.

To delete open trace ends, open the Gs4 design and choose Edit»Copper
Delete»Open Trace Ends. This deletes all open trace ends in the design.

To delete any unused vias, make sure the design is open and choose
Design»Remove Unused Vias to delete all vias that do not have any trace
segments or copper areas connected to them.

Adding Comments

Comments can be used to show engineering change orders, to facilitate
collaborative work among team members, or to allow background
information to be attached to a design.

You can “pin” a comment to the workspace, or directly to a part. When a
part with an attached comment is moved, the comment also moves.

For details, refer to the Ultiboard Help.

Exporting a File

An exported file contains complete information describing how a finished
board is to be manufactured. Files that can be exported include Gerber
RS-274X and RS-274D files.

For complete details, refer to the Ultiboard Help.
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Viewing Designs in 3D

Ultiboard lets you see what the board looks like in three dimensions at any
time during the design. For complete details, refer to the Ultiboard Help.

@ Tip You can use the Internal View to look between the layers of a multi-layer PCB. For
details, refer to the Ultiboard Help.

Getting Started witn NI Circuit Design Suite 3-20 ni.com



Multisim MCU Tutorial

Overview

The tutorial in this chapter leads you through the process of simulating and
debugging a circuit that contains a microcontroller.

Some of the described features may not be available in your edition of
Circuit Design Suite. Refer to the NI Circuit Design Suite Release Notes for
a list of the features available in your edition.

The files used for this tutorial install with your NI Circuit Design Suite
software at . . . \samples\Getting Started.

This tutorial uses Getting Started MCU.ms11, which accesses the
contents of folder LCDWorkspace as required.

The LCD Graphical Display circuit example demonstrates the use of a PIC
microcontroller to control a graphical LCD display component in Multisim
based on a combination of the Toshiba T6963C controller and an external
display RAM. To control the LCD display, the microcontroller sends
signals to the LCD through the LCD’s data and control lines. A software
program written for the microcontroller determines the logic behind setting
the lines on its pins to high or low to send commands and data to the LCD
display.
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The data lines of LCD U2 are connected to pins RBO-RB7 on
microcontroller Ul. The control lines of the LCD are connected to
RAO-RA2 on the microcontroller. The MCU Ul communicates with the
LCD U2 via these wires. Data is sent to U2 in parallel and signals on the
control lines determine the timing and type of data being sent (that is,
address or data).

The LCD Graphical Display can operate in three modes: text mode,
graphical mode and a combination text and graphical mode. This example
demonstrates the controlling of the LCD Graphical Display in a
combination text and graphical mode. The software that the MCU runs is
contained in an MCU workspace that displays in the Design Toolbox as
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LCDWorkspace. The workspace contains one project projectl that

cons

ists of a single source code file main.asm.

Complete the following steps to view the file:

1. Double-click on main.asm in the Design Toolbox. A tab appears in
the schematic capture workspace called main.asm that displays the
assembly program.
2=l 74 RETLU 0x43

0 = — 75 RETLW  Oxdd
76
= Circuit1 7 START
[3 Circuitt 78 BCF STATUS, RPO :BANE O
= Getting Started MCU b=t CLEF PORTL
=-[BM Getting Started MCU 50 CLRF FORTE
=B LCDWorkspace g1
= [ project1 g2 ESF STATUS, RPO ;BANE 1
main. asm g3 MOVLY  0xa80 ;DISAELE WEAK PULLUP RESISTORS
Getting Started MCU-Description =R HOVWE  OFTICH_REG
85 HOVLY  0x00 :SET PORTL A3 OUTPUTS
g6 HOVWF  TRISA
g7 HOVLY  0x00 :SET PORTE A3 OUTPUTS
] I MOVWF  TRISE
Hierarchy | Yisibility | Praject iew [ Circuit l Getting Started Mcu] main.asm‘

To display the line numbers, select MCU»Show Line Numbers.

Complete the following step to run this circuit:

1.
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Select Simulate»Run. If you did not build your program beforehand,
a dialog box displays stating that the configuration is out of date and
asks if you would like to build it. Click Yes. The results of the build
display in the Results tab of the Spreadsheet View.

Switch back to the design tab. The program displays the line
“Graphical LCD T6963C for Multisim” characters in text mode; the
LCD then switches to graphical mode and draws an inverted “V”
dot-by-dot on top of the text.

Once the lines are drawn, the text scrolls right and then left. This is
achieved by moving the start address of the text buffer of the LCD
display. This also demonstrates that there are two buffers in the LCD,
one for storing graphics and another for storing text. Other features of
the LCD such as text flashing and erasing of characters are also
demonstrated.

The LCD display program continues to cycle through each of these
effects.

To stop the simulation, select Simulate»Stop.

4-3 Getting Started witn NI Circuit Design Suite



Chapter 4 Multisim MCU Tutorial

Understanding the Assembly Program

Constants and data
Switch back to main.asm.

To make the program easier to understand, the LCD display commands and
temporary buffers for storing addresses and data in the MCU are predefined
in constants at the start of the program:

DATL BUFFER
DATL BUFFERZ
CHMD_EUFFER
REF_BUFFER

ADDR INDEX
ADDE L

ADDE_H
COUNTER_INDEX
BIT INDEX

CHD SET CURSCR EQU
CHMD_TXHOME
CHD_TXAREL
CHMD_GRHOME
CHMD_GRIREL

CHD OFFSET
CHMD_ADPSET
CHD_SETDATRE INC
CMD_AWRCHM
CHD_AWROFF

EQT
EQT
EQU
EQU

EQU
EQT
EQn
EQU
jeli)

Z21H
EqQn
EQn
jeli)
EQU
EQU
EqQn
EQn
jeli)
EQT

40H
41H
4:2H
43H
ZEH
Z4H

QCOH
OEBOH
OEZH

Oxz0
Oxz1
Oxz&
Oxz4

Ox25
Oxze
Oxa™
Oxz9
Oxzh

:3ET
P 3ET
:3ET
:3ET
:3ET
:3ET
P 3ET

:WRITE DATA AIND INCREASE ADP

P3ET

;RESET AUTO WRITE MODE

;ATARTING ADDRESZ IN EEPROM
;3TARTING ADDRESS L
s 3TARTING ADDRESS H
; COUNTER
;BIT INDEXE

CURSOR.

TET HM ADD

TET AREA

GE HM ADD

GE AREL

OFFSET ALD

ADD PTE

AT WRITE MODE

Getting Started witn NI Circuit Design Suite

The text to be displayed on the LCD display is stored in data tables for some
microcontrollers, but there is no PIC assembly instruction that allows you
to directly address a data value in the program memory space. Instead, you
can load literal values into the W register so you can write a routine that
returns a value in your string based on an index. The RETLW instruction
loads a constant value into the W register and executes a RETURN in one
instruction.
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The TXPRT routine retrieves the text data to be displayed on the LCD
display. The character codes for the LCD display are defined in the T6963C
controller reference manual (for example, 0x27 is the code for the letter
“G”, 0x52 for “r”, and so on):

;  DATL

DATA NUH

TEPRT
ADDWF
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW
RETLW

PCL,
axz7
Ox52
Ox41
0x50
0x45
Q=49
0x43
Ox41
Oxde
[ub{uln}
oxzZC

1

EQU 23H
; Text data "Grapical LCD TE963C for Multisim"

© National Instruments Corporation 4-5
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Initialization

The initialization code begins at the START label as shown in the excerpt
below. The pins in the microcontroller are set up as output pins, and the
values are reset. The LCD display component is initialized by the
microcontroller and set to graphical and text mode. The home addresses for
the internal graphical and text buffers in the LCD display component are
set to 0x0000 and 0x2941 respectively, which determines where on the
display the LCD starts to display the buffer data. Finally, the control signals
are set up for the proper read/write operation on the LCD display.

START
BCF
CLEF
CLEF

B3F

HMCWLW
JuLeiTng
MCWVLW
MCWTTF
MCWLW
MCWTTF

ECF
MOVLW
MCWTTF

MCWLW
HNCWTTF
CALL

STATUS, RPO SBANE O
PORTA
PORTE
STATUS, RPO SBANE 1
Oxs0 ;DIZABLE WEAE PULLUFP REIIZITORS
OFPTION REG
Ox00 ;SET PORTA AZ OUTPUTS
TRIZA
Ox00 ;3ET PORTE AZ CQUTPRUTS
TRISE
STATUS, EREPO ;BANE O
0x0F ; 1111 no commands ready
FORTL
;1 3ET DISPLAY MODE to GRAPH + TEXT mode, curscr off
Ox9C
CHD_EBUFFER
CHD
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Drawing Text and Graphics

The rest of the program sends commands to the LCD graphical display via
the control lines through MCU pins RAO to RA2 and data through the data
lines:

;5 write string

MOVLW Ox7D

MOVIF DATL BUFFER

MOVLW Oxz9

HOWWF DATA BUFFERZ ; external CG start at: 1400h
CALL DT2

MOVLW CHD ADP3ET

MOVWF CHD_EBUFFER

CALL CHD

HCOWLW MDD AWRON
HCOWWF  CMD BUFFER
CALL CHMD

MOVLW Q=00 ; Initial the counter
NCWTF LDDR_INDEX

LOOP_READ DATAZ
HOVF ADDR TIMLDEX,0 ; 3TARTING data ADDERESS

CALL TZPRT
MOVUF  DATA BUFFER : LOAD CHAR dats TO W
CALL ADT

INCF ALDDE_INDEX, 1

NCWEF ADDER_INDEX, O

SUELW  DATA NUH : 35 chars
BTF33  STATUS, Z

GOTO LOOP _FEAD DATAZ

HOWLW  CHD AWROFF
MOVITF CHD BUFFER
CALL CHMD

For example, the above excerpt from the main loop in the program sends
the characters defined in the TXPRT subroutine to be displayed in text mode
on the graphical LCD.

The following sets the LCD to auto write mode:
MOVLW  CMD_AWRON
MOVWF  CMD_BUFFER
CALL CMD

At this point, the program starts counting, and executes through the loop
LOOP_READ_DATA2 35 times. This loop calls TXPRT to retrieve the text
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data and load it into the W register. It then calls to the subroutine ADT,
which calls SEND_DATA, which writes the values in the W register to port
B, to be sent to the data lines of the LCD display. Once the data is sent, the
proper value on port A of the microcontroller is sent to the control pins of
the LCD display to let it know that the data is ready to be read. The
subroutines all return at the end to the instruction just after the call to them
and the same thing happens until all 35 characters have been transmitted.
The final three instructions in the excerpt turn off the auto write mode in the
LCD display after exiting the loop:

MOVLW CMD_AWROFF
MOVWF CMD_BUFFER
CALL CMD

The next few instructions draw the horizontal and sloped lines in graphical
mode:

;6 draw wave once

MOVF ADDR_L, O
BTFSC STATUS, Z
CALL DRAW_WAVE

Working with the MCU Debugging Features

This section provides a step-by-step walkthrough of Multisim’s MCU
debugging features. It is important to follow the steps exactly as scripted,
otherwise, the descriptions will no longer apply. Once you understand the
breakpoint and single stepping features you can explore the possibilities of
advanced MCU debugging.

Debug View Overview

To write a program for a microcontroller either in C or assembly, you create
source code files (.asm, .inc, .c, .h) as part of the MCU workspace,
which can in turn be edited in the source code view.

Complete the following step to access the source code view:

1. Double-click on the file item (for example, main.asm) shown in the
MCU workspace hierarchy in the Design Toolbox.

During simulation, additional debugging information displays to help you
understand what is happening inside the MCU. For example, you can
switch between viewing events happening in the high level source and at
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the assembly instruction level which also displays the actual opcodes for
each instruction that are being executed by the MCU.

The source code view is not capable of displaying all this extra information.
Instead, each MCU component in the circuit design has its own
Debug View that displays debugging information.

Complete the following steps to access the Debug View:
Select MCU»MCU PIC 16F84A Ul»Build.

1.

Note The Debug View is available only after you have successfully built your code, so
the preceding step is only necessary once.

2.

© National Instruments Corporation

Select MCU»MCU PIC 16F84A Ul»Debug View.

Or
Use the right-click context menu on an item in the MCU workspace of
the Design Toolbox.
= | 74 RETLW 0x49
D Ef;n EI" e | z.z REETLW Ox4d
= Circuitl 2 HSTART
M circuitl g BCF F
= zetting Starked MCU 79 CLEF B
=B Getting Started MCU &0 CLREF :
=B LCDWorkspace g1
= projectl =3 ESF 5
P — 83 HOVLY
Getting Started | Remove MCU Source File sS4 MOWTIF
MU Code Manager B3 HOVLI .
Debug Yiew Bf HOVIF 1
Memory Yiew 87 HOVLI .
Build 5a HOVTE ]
i Iy

Another tab opens in the schematic capture workspace called
Debug(<reference designator of MCU>), in this case Debug(U1).

4-9
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Source file debug listing: main.asm
Project disassembly: projectl
@ Source file debug listing: main.asm

1 [-—=—- 17 #include "plefada. inc' ; This includes PIC16FE4L
Z [-———- ]
] [-———— ] ¢ Controlling a Toshiba Te963C controller bhased graph
4 [---— ]
5 [-———— ] error level —-302
6 [-———- ]
7 [-———— ] DATA EUOFFER EQU Ox20
=] [———— ] DATJA.:BUFFERZ EQU 0=zl
9 [-———— ] CHD_ EBUFFER EQT OxZ2Z
1 [-————- ] REF_EUFFER EQT OxZ4
11 [----- ]
12 [-————- ] ADDE_INDEX EQT OxZ25

<]

cireuit1 | () etting Started MU | ) main.asm | [7] pebug(ut)

1

Drop-down List

Getting Started witn NI Circuit Design Suite

Use the drop-down list at the top of the Debug View to select between the
disassembly instructions generated internally by Multisim and the listing
file generated by the assembler or compiler (the format of the listing file is
dependant on the tool that you choose to build your code).

In the LCD graphical display example, the code was written in assembly
and built by the Microchip assembly tools. The Microchip assembler
generates a listing file (. 1st) that contains all of the opcodes generated for
each assembly instruction. The debug listing view displays information
from this listing file. Multisim generates the disassembly format using its
internal disassembler to disassemble the opcode instructions into assembly
instructions.

This format is not necessary for this example since the debug listing
contains all of the information needed. In cases where an MCU project
loads only the machine code (. hex) file, the disassembly view shows the
disassembled opcode instructions so that you can see what’s happening in
the MCU. Since no listing file for MCU projects of this type is available,
the disassembly view is very useful.
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You can add breakpoints in the source code view when simulation has
stopped, as well as during simulation. You can add breakpoints to a
microcontroller project in two ways.

One way is to add them in the source code view. In this example, the
main.asm tab in the schematic capture workspace is the only source code
view available.

Note If your MCU design contains more than one file, there will be a source code view
for each of your source code files.

You can also set a breakpoint in the Debug View window. You can set
breakpoints in the disassembly view or the debug listing view, but for this
example, you will only use the debug listing view.

73 RETLU 0x53
74  EETLT 0x49
78 RETLT Ox4d
76
THATART
® | s
CLEF
@ CLEF
BSF
HOVLT
HOVHE
HOVLY
HOVHE
MORTT.IT

S3TATUS, RFO sBANE O

PORTA

PORTE

STATUS, RPO sBANE 1

Ox30 ;DISABLE WEAE PULLUP REIISTORI
OFTION_REG

Ox00 s3ET PORTR AS OUTPUTS

TRISA

[nitinin} SFT PARTE 15 OTTTRITTS

< "
Circuitl l@ Getting Farted Mqu B main.asm DebuglUL)

1 Grey Column

Complete the following steps to add a breakpoint in the source code view:
Open the Debug View for Ul.

Double-click on main.asm in the Design Toolbox.

1.

2.
3.
4
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Scroll to the line just below the START label: BCF STATUS, RPO.

Double-click on the first (grey) column on the left side of the
main.asm window next to the line BCF STATUS, RPO. A red circle
appears at that location indicating that a breakpoint has been set at that

line.
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Select Simulate»Run. The simulation automatically pauses at the
breakpoint that you have just set. The Debug View automatically
displays with a yellow arrow showing where the MCU program
execution is paused.

Complete the following step to remove the breakpoint:

1.

il

Double-click on the breakpoint in the Debug View or the main.asm
source code view.

Or

Select MCU»Remove all breakpoints to remove all breakpoints.

@ Note You can add and remove breakpoints in the Debug View in the same manner as the

source code view.

Break and Step

Select MCU»Remove all breakpoints to remove all breakpoints.

Go to the circuit design view (the Getting Started MCU tab) and
select Simulate»Run. The words “Graphical LCD T6963CC for
Multisim” start to display on the graphical LCD component.

Select Simulate»Pause.

Go to the Debug View for U1 and notice that the line of code in the
debug listing view where the MCU has stopped its execution is
indicated by a yellow arrow in the left-most column.
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= x| Source file debug listing: main.asm
s o 599 [-———- 1
Name | Hex | Bit-7 | Bt 600 [----- 1 READ_DATA
g01 [O01&A] CALL SET _FORT B_INPUT
Working register 27 00 §02 [D018E] MOVLI Ox04 ;o100
< > g03 [O015C] MOVWF  PORTA
g04 [O018D] MOVF PORTE, D : GET
Name|AddrBSS|He><|Bit-?|B“ §05 [O015E] MOUWF  DATAL BUFFER
g06 [O018F] RETURN
INDF |00 om0 o &07 [---—- 1
T — 1
ko Lo o |1 lobe BO09 [————- ] SEND DATL
< 5 §10 [00190] CALL SET _FORT E_OUTPUT
g11 [00191] MOVF DLTA_EUFFER, O joutput
C» 61z [00192] MOVWF  PORTE
£13 [00193] MOVLT Ox0OL ; 1010
514 [00194] MOVWF  PORTA
§15 [00195] ESF FORTE, 2
= g16 [00196] RETTURI
PC: 0193 o ]
B18 [-———- ] SEND_CHD
pom| oo ||;.1 |gg |g;A §19 [0D197] CALL SET _PORT E_OUTPUT
B0EaR| 2534 | 0000 (0000 |00 g20 [O0198] MOVF CMD_BUFFER, O routput cf
g21 [00195] MOVWF  PORTE
B0 000D | 0000 10000 |00 §22 [00194] MOVLY Ox0E ;1011
0010 (0782 3427 3452 o4 £23 [OO019E] MOVHF PORTA
0018 |3441 344C 3400 34 624 [0019C] BSF FPORTL, 2
0020 [3416 3419 |3416 |34 625 [0013D] RETURN
(ulnl e, ddFE = d 626 [ _____ ]

Select MCU»MCU PIC16F84A Ul»Memory View to view the
current state of the memory inside the microcontroller U1. Notice that
the value of the program counter PC in the IROM section is one higher
than the address value of the line the yellow arrow is pointing to. In the
example in the above figure, the address in the Debug View is 192 and
the PC value in the Memory View is 193.

Note If the MCU has not finished executing the current command when you pause the
simulation, the value in the program counter will be the same as the address value.

IlﬁI
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You can also look at the other sections of the Memory View to see the
values inside the other parts of memory in the microcontroller.

Click the Step into button in the Simulation tool bar.

The current instruction is executed and the simulation pauses at the
next instruction.

Select Simulate»Stop.
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Break and Step Out

=

i+
Il

1.
2.

Break and Step Into

il

P
b=

Break and Step Over
1.

>
L=

Run to Cursor

il

+
Il

Place a breakpoint in the SEND_DATA subroutine at MOVWF PORTB.

Select Simulate»Run. The simulation pauses at the breakpoint.

Click the Step out button in the Simulation toolbar to step out of the
SEND_DATA subroutine.

The simulation executes all of the remaining instructions in the
SEND_DATA subroutine and pauses at the first instruction after the call
to the SEND_DATA subroutine.

Select MCU»Remove All Breakpoints.

Place a breakpoint at the call to SEND_DATA where you had just
stepped out of just above the yellow arrow.

Select Simulate»Run. The simulation pauses at breakpoint that you
just placed.

Click the Step Into button on the Simulation toolbar. The simulation
pauses inside the SEND_DATA subroutine.

Select Simulate»Run. The simulation pauses at the same breakpoint
that you set previously at the call to the subroutine SEND_DATA.

Click the Step Over button on the Simulation toolbar. The entire
SEND_DATA subroutine is executed and the simulation pauses at the
instruction after the CALL. SEND_DATA instruction.

Select MCU»Remove All Breakpoints.

Click on a line inside the SEND_DATA subroutine since we know that
this subroutine will be called again to send data to the LCD display.

Click the Run to Cursor button in the Simulation toolbar. The
simulation runs until the MCU hits the instruction that you clicked on
inside the SEND_DATA subroutine. It then pauses and places the yellow
arrow next to that line.
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Technical Support and
Professional Services

Visit the following sections of the award-winning National Instruments
Web site at ni . com for technical support and professional services:
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Support—Technical support at ni . com/support includes the
following resources:

Self-Help Technical Resources—For answers and solutions,
visit ni . com/support for software drivers and updates,

a searchable KnowledgeBase, product manuals, step-by-step
troubleshooting wizards, thousands of example programs,
tutorials, application notes, instrument drivers, and so on.
Registered users also receive access to the NI Discussion Forums
at ni.com/forums. NI Applications Engineers make sure every
question submitted online receives an answer.

Standard Service Program Membership—This program
entitles members to direct access to NI Applications Engineers
via phone and email for one-to-one technical support as well as
exclusive access to on demand training modules via the Services
Resource Center. NI offers complementary membership for a full
year after purchase, after which you may renew to continue your
benefits.

For information about other technical support options in your
area, visit ni.com/services, or contact your local office at
ni.com/contact.

Training and Certification—Visit ni . com/training for
self-paced training, eLearning virtual classrooms, interactive CDs,
and Certification program information. You also can register for
instructor-led, hands-on courses at locations around the world.

System Integration—If you have time constraints, limited in-house
technical resources, or other project challenges, National Instruments
Alliance Partner members can help. To learn more, call your local
NI office or visit ni.com/alliance.
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Appendix A Technical Support and Professional Services

If you searched ni . com and could not find the answers you need, contact
your local office or NI corporate headquarters. Phone numbers for our
worldwide offices are listed at the front of this manual. You also can visit
the Worldwide Offices section of ni . com/niglobal to access the branch
office Web sites, which provide up-to-date contact information, support
phone numbers, email addresses, and current events.
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