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» . PC-Based Electronic Circuit design

“We have never really, as educators, gotten these three elements [of theory,
simulation, and experimentation] to work together well. The weakest has been
the laboratory. With the advances in simulation with [NI] Multisim and the
advances in experimentation with [NI] myDAQ, we'll be able to bring all of
these elements together in a more exciting way.”

- Adel Sedra, Dean and Professor of Engineering at University of Waterloo

Dr. Adel Sedra

Author of Microelectronic Cireults
Doan and Professor of Enginearing, Univers

http://www.ni.com/academic/circuits.htm
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Offering graphical system design solutions for Test and Measurement and

Industrial Embedded $1200

Long-term track record of growth and

Non-GAAP Revenue: $1.04B revenue in profitability
2011, $280M revenue in Q4 2011 §1,000

Global Operations: Approximately 6,200

employees; operations in more than 40 5800

countries

Broad customer base: More than 35,000 $600

companies served annually

Diversity: No industry >15% of revenue

5400
Culture: Ranked among top 25 companies
to work for worldwide by FORTUNE

Magazine and the Great Places to Work 5200
Institute

Strong Cash Position: Cash and short-term $0 -

i f M D 1
investments of 5366M at December 31, 77179 '81'83 '85 '87 '89 '91 '93 95 '97 99 '01 03 '05 '07 '09 11

2011
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National Instruments tools address challenges of circuit
education

THEORY DESIGN PROTOTYPE DEPLOY
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e ELVIS — Electronic Laboratory for Virtual

Instrumentation
e ELVIS addons

 MyDAQ
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* LabVIEW / DAQ based system
* Removable prototyping board
* Integrated instrument capability

MM

NI ELVIS I

NI ELVIS workstation

/ N Rk h I_.ﬁ‘PmHIIy
= Eflﬁr Ty
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What is NI ELVIS? |

Data Acquisition
& Generation

POWERED BY
CRCERCR

{

LabVIEW

13.4. 2012
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Internal Circuit

Oscilloscope .
= 16-bit resolution Protection
= 1.25 MS/s single channel, " Resettable fuses ——— yUSB Connectivity
500kS/s two channel aggregate = Plug-and-play capability
= 1to 1.5 MHz Bandwidth — = USB 2.0 Connection
= 1x and 10x probe .

= +10 Vinput range
= AC/DC coupling

ey -4 — Function Generator

vy Y = 10 bit, +5V range

' ‘ = (0.2 Hzto5 MHz Sine

"= 0.2Hzto1MHz
Triangle/Square

= Software or manual

Digital Multimete
= |solated measurements

= 5% digit resolution control
= 60VDC, 20Vrms, 2 ADC, 2 Arms, = BNC or prototyping
100MQ board connection

N

INVESTICE DO ROZVOJE VZDELAVANI EVROPSIKA UNIE. W




Integrated DAQ

Impedance Analyzer = Al sampling rate 1.25 MS/s single
= (0.2 Hz to 35 kHz Range channel, 500kS/s two channel
= NPN, PNP, Diode = 16-bit resolution

Other Analyzers:
= Bode Analyzer
= 2-wire Current Voltage

Analyzer

= 3-Wire Current Voltage

Analyzer

Prototyping Board

INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNE

= AO 2.8 MS/s update rate
el | = 24 DIO lines,15 PFI, 2 CTR

Variable Power Supply
= 10-bit resolution

Updated connections

Detachable = Oto+12V,0to-12V
User-defined Banana Plugs, = 500 mA current range
BNC, D-Sub connectors

B8\, 7
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Oscilloscope
= 100MS/s Sampling Rate
= 50MHz Bandwidth(-

3dB)
= 8-bit resolution
= +20 V max. input range
= AC/DC/GND coupling
= 20MHz Optional Noise
Filter
= BNC connection

INVESTICE DO ROZVOJE VZDELAVANI
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NI ELVISmx Driver |

 Ready-to-use instruments — Soft Front Panels
Customizable instruments

W NI ELVISmx Instrument Launcher

=]

= | @

DMM SCope

FGEH ‘

=i e

E
Ende

‘ DSH ‘

=

ARE

g | @

DigIn DigDut
J

=

Imped

=

2-Wire

E]

F-Wire

13. 4. 2012
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50
DA

LabVIEW Express Vs
DAQmx AP
LabVIEW SignalExpress

|M Voltage =

Analog Wm

1Chan M5amp M

NI ELVISmXx Driver |

¥
ma

MI ELVISmmx
Oscilloscope

]

Trigger

CHO Enable

J# NIELVISmx

9 Ll

Rickgangig

Configuration | Trigger

Device

Dev3(MEVIST) [+]

7] Channel 0 Enable

[¥] Channel 1Enable

Auto Setup

L

Ausfiihren

Channel 0

Source

-
Einmal ausfiihren

Channel 1

SCOPECHO [+

Range (V) Coupling

52 oc [«

Vertical Position Probe

0fz [

14m

1m  18m  20m

Sample Rate (Sfc)
100k

Record length
%

Acquire
NSamples  [=]

&
Hilfe ausblenden

Czuracc

NI ELVISmx
Oscilloscope

Acquires and displays
data for one or two
channels, The NI
ELVISmx Oscilloscope
supports analog and
digital triggering. For
digital triggering, you
must connect a TTL-
level signal to the
TRIG line on the NI
ELVIS I Benchtop
Workstation. For
analog triggering, you
can set the trigger
level and slope.

0 Measure
Signals Using the NI
mx Oscilloscope

Device

Specifies the device to

| ok

==

ER

| [Abbrechen|

ELVIS/Channel 0

ELVIS/Channel Q¢

* ¥
* *
* *
* *

LS
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© «  DMM

13 Digital Multimeter - NI ELVIS o

| | Labview

e v~ [ 4= [a~ | [4F [omm | o | ) |

Mode Banana Jack Connections
Auto
El DMM
Range - 1B v
- -
il COMm
Mull Offset
Device Acquisition Mode
Devl (NIELVISII+) |[=] Run Continuously [
Run Stop Help
LR B2

13.4.2012 L
—wj
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Function Generator

m Function Generator - NI ELVISmx

Frequency Amplitude DC Offset
L) |
—_— \ - - j -
0.0 N 10.0 -5.0 B 5.0
o " "
1.00 51| Vpp 0,00 51|V
S . y
[l 200m M Duty Cyde Modulation Type
100 |4 Hz 5 None [ |
Start Frequency Stop Frequency Step Step Interval
100 5 Hz 1k 5| Hz 100 51| Hz 1000 5| ms
Device Signal Route
Devl (NIELVISII+) [« Prototyping board [ |
Fun Sweep Stop Help
Manual Mode
L® (]| m ]| @ ]

L ]
* -
i* tt ..
* * [ ]
'tw *t* ®
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Programable Power Supply

Manual

Manual
Voltage

Voltage
oty
et r".-',
%

\'\""'I""-'n',
Wt ‘x

™
v

Q

Lo

—
P

Supply Sourcn;_
Supply + E|

Start Voltage Step
0,00 |5 v

0.25 B[V

i

Stop Voltage
12,00 24|V

-

Step Interval
1000 [ me

Device

Devi (NIELVISII4) [

Run Sweep Stop Help

ESEOENIEY

Ef
* *

* *x

* +

* g x
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Bode Analyzer

5!

NI ELVISmx Bode Analyzer-XLV3 5

—
100
Freque

0.02

10000 600

Gain (dE)

Stimulus Channel Response Channel
SCOPECHO |w| | SCOPECH1 []

Start Frequency
20,00 5| Hz

Stop Frequency

60.00k |2 Hz
Steps
5 15 (per decade)
Op-Amp
Peak Amplitude Signal Polarity

1.00 |2 Mormal E|

Mapping

Logarithmic El 7| Autoscale

Cursors On

Device
Devl (NIELVISII+) [«

00 Run Stop Print Log Help

EINNENEIES

* % 3
* *
* *
* *

L 4
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Dynamic Signal Analyzer

Source Channel

ALD [+]

Freguency Span

10000 £
Resolution {lines)
0[]
Window
Mone El
Type

Immediate [=]

0.15 ) Units
® [
Scale
Auto Iz‘

vpk (V) 0.50 -

Sample Rate: 20.00
Stop

Run
L] [ m

Cursars On

Run Continuously

Dynamic Signal Analyzer - NI ELVISmx _

Voltage Range

+- 10w |

Mode

RMS (=]
Weighting
Exponential El

# of Averages

Acqguisition Mode

Help

[+]

]

* % 3
* *
* *
* *

L 4
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@ . Arbitrary Waveform Generator

449 Arbitrary Waveform Generator - NI ELVISmx .

= LabVIEW Update Rate : 1 .00 kS/ S

43 Waveform Editor - ramSine. E

File Edit Help

TS v BT+
[ -y | o b : : 200000

Plot Style R
View
Waveform El 0

¥ Axis 0.5
Time

Waveform Name

AO 0 + | |¥|Enabled ramsine. wdt CLEAR 1.00

AO 1 - Enabled < empty =

Sample Rate

0000.0 & LS

Units
Hz

Trigger Source

2
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 3.0 &
=
1.0k |25/ Immediate [+ e

ﬂll_ Index ﬂ

L ramsine.wdt (10sec) |
ramsSine, wdt

= Generation Mode Stop

1(NIELVISII4) [ Run Continuously El I = l | | | | ‘@|

Mew Name: ramsine, wdt
Segment

€ Librar Duration: | 10,0000 |4 sec

Mew ™ Ex
Component :

]

13.4.2012
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Impedance Analyzer

| |

1000.00 54| Hz

Impedance (Z)
2000.0 Magnitude L]

1500.0 1.70 kOhms Visible Section Mapping

1000.0 Phase (Deg) @ Linear El
|

Resistance (R) m
1.00 kOhms

Reactance (X) | = || | | |£|

-1.38 kOhms

* ¥ 5
* *
* *
* *
L 4
EVROPSKA UNIE hal?”
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Digital In/Out

—
13 Digital Reader - NI ELVIS

Mumeric Value x0

Lines to Read

8-15 [«|

Device Acquisition Mode
Devl (NIELVISIIH)  [=] Run Continuously [ ]

Help

| @]

13 Digital Writer - NI ELVIS_ = -

Mumeric Value =0

Lines to Write

-7 [
Pattern
Manual El
Manual Pattern ~|0

Lines: 7 B 5 S 3 2 1 0

Action Direction
| Toggle | |Rotate | | shift || Left [«]
Device Generation Mode

Devl (NIELVISII4) [+ Run Continuously [

Run Stop Help

ENE NI

Ef icl [ —wj 26
EVROPSKA UNIE il




@ . 2-Wire Current Voltage analyzer

l B |
13 Two-Wire Current-Voltage Analyzer - NI ELVIS C= e X
Start Megative
* Positive current limit exceeded * 0.00 |y -40.00 [ mA
Increment Pasitive
0,25 5y 40,00 5 mA
Stop
5.00 [y
Gain

Low |E|

Voltage Current
Linear El Linear El
/| Autoscale
Cursor On
0.00 -
Device

-2.50~ . . .
0.00 0.50 1.00 1.50
Voltage (V) Run Stop Print  Log Help

Devl (NLELVISII+)  [w]

Current (ma) 36,73 Voltage (v) 3.19 | L 4 || | | |:‘ | | E?’| |®' |

-

- Ef
* *
* *
L 4
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o & 3-Wire Current Voltage Analyzer

- Ny
43 Three-Wire Current-Valtage Analyzer - NI ELVISmx =X TO-92

NPN Transistor ||

Ve Start Ib Start
0.00 24| v 1500 (5 ua

V¢ Stop Ib Step
5.00 12 v 25.00 4] ua
u Vi Step Mumber of Curves
o 0.500 2]y 3
:];I
i Ic Limit
5 40,00 2] ma 1

to

2

Voltage Current 3
Linear El Linear El 7| Autoscale

1.Collector 2. Base 3. Emitter

Cursor On
-5 - e e ey

0 i 2 3 4 4.9

MPM Connections: Device
ouT+ Devl (NIELVISII4) [w]

Base Current Curve [l

Voltage (V) Current (&) Run Stop Print Log Help

by [(» [ = ]|[&]l[=][e]

13 4 2012 ***i*
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.****i
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Controls and Mechatronics

Digital Electronics

13. 4. 2012

INSTRUMENTS
NI ELVIS Platform

y NATIONAL

Circuits and Measurements

Jelecommunications

Embedded Design
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Digital Electronics FPGA

Xilinx Spartan 3E
FPGA

Integrated
Breadboard

Power Supply

ADC and DAC

LEDs

Push Button Encoder
7 Segment Display
Switches & Buttons

USB Connection

Hwk
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9 & Digital Electronics FPGA

Digital Circuit development
platform based on the Xilinx
Spartan 3E FPGA

* |/O to teach basic to
advance digital
electronics concepts

* JTAG-over-USB
connectivity

e 6 Pmod connectors

13.4. 2012
‘”‘j
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b/ Traffic Light.vi Front Panel on Traffic Light.wprojFPGA Target
Flle Edit “iew Project Source Process ‘Window Help File Edt Wiew Project Operste Tocls Window Help
DBE@ &K%@X £ ¢ prﬂp@ %IE III}'N? 13pk Application Font |Yl=r_|v| ﬁl
W& [:0 QO0RAP:00:EFE ScAANY
E == - AR D W
1 -- Eric Kellermwann [
2 -- Traffic Light Demo for National Instruments Digital Electronics
=] Traffic_Light 3 -- 03/07/2009
= £ %c3sh00e-5i256 4
=] ;;u;;TraHic_Li 5 library IEEE:
@TraflicLi ] use IEEE.std logic 1164.all; L
7 use IEEE.numeric_std.all; 1
AR 8
=] entity Traffic Light i=s
Ee s Ef"wS"@L 10 port {btnd,btni: in std logic:
*® 11 LEDO,LEDL,LEDZ,LEDS, LED4, LEDS, LEDG, LED7: out std_logic; |
— 12 CLKBOMHEZ: in std logic);
P'DFESSES foy Trafhc._ 13 end Traffic Light:
O Add Evisti 14
M Create Ne 15 architecture Iwplimentation of Traffic Light is
E iew Des 16 =ignal state: integer range 0 to & :=0;
EJ"? Design Ut| 17 signal tick eount: integer range 0 to 300000 :=0;
3 15 hegin |
- Create I I
g Vi 19 process (CLEGOMHZ) 0L Green L2 Red 7]
20 begin
RERRC 21 if CLKSBOMHI'event and CLEKSOMHI='1' then e
2P Ueton || g5 if{ tick count = 50000 } then
~iZk Create 23 case state is
@3 Floorg 24 when O =»
@3 Flaar 25 if{ BTNO = '1' ) then
= L@ Synthesiae 26 LEDO <= '1'; LED1 <= 'O'; LEDZ <= '0'; LEDF < L
--@@V\ew! 27 LED4 <= '0'; LEDS <= '1'; LEDE <= '1'; LED7 <
@ View 28 gtate <= 5; tick count <= 0;
= 29 elsif({ BTN1 = '1' ) then
‘I‘”'l- TRTM <= IM! =« THAN1 ~= Il TRT? ~= 141« TWFN7
Processes
LJ ‘what's New in ISE Design Suite 10.1 || & Design Summary | Traffic_Light. vhd
Started : "Launching ISE Text Editor to editc Traffic Light.vhd". —
°Errors ” J'Sw’ammgs " @Tclshe\l " [ Find in Files | |I|
_ —
Open Map Report (Traffic_Light_map.mrp) C4P5 [ WM [SCAL [ Ln 1 Col 1 [ WHOL Traffic Light.Fvproj/FPGA Target £ | | I |

VHDL/Verilog NI LabVIEW
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BC

ANDOO D111 10
] rd l

1L 1

output = AB + BC + AC

Boolean Algebra
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S:QHKB S:QD—MB
. S:):QiAEDB
’ NOT ) A
Logic Gates

o
@
2
=

Digital Logic
Design

DE FPGA

* Eflﬁr : erumy
.

LS
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NI ELVIS |

QNET-010 DC Motor
Control Trainer

QNET-012 HVAC
Trainer

3 NEW! QNET-014 Mechatronics

QUANSER
INNOVATE EDUCATE. Sensors 1 Board

NEW! QNET-013 VTOL
1DOF Helicopter Plant

QNET-011 Rotary
Inverted Pendulum

13.4. 2012
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Exammple approach QPSK
Quadrature Phase Shift Keying
Start with Math and Theory

QPSK = xp(t) * cos(w*t) + xq(t) * sin(w*t)

where xp(t) and xq(t) are aternate elements of a digital
seguence

INVESTICE DO ROZVOJE VZDELAVANI
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o & DATEX

e Build it using DATEx modules

DIGITAL I/0 MULTIPLIER | TWIN PULSE NOISE CHANNEL SE UTILITES
GENERATOR MOOULE

i @ - TF |z
B 8|0
oONG OOUT3 ° L

°uc

O« ° byl AMPUFIER ot
= —>— y

MULTIPLEER ‘ = ‘

: i o

X0C

FUNCTION E SEQUENCE PCM MASTER
GENERATOR GENERATOR E SIGNALS

~

®
Q
o
(qV]
| 45
(<1}
=
@
=
(2]
£
o
(&}
@
o
<
=
]
=
w
®

s
© o
ANALOG 170

100842 s )
ACH1  DACY - i ° SERIAL TO
R § 100k PARALLE
gl ] -

o O

ACHO  DACO
VARIABLE DC

@l ocra. @ analos
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0, Teaching |

O

Analog message

ToCHO
WDM Filter
Red Receiver
T
/\_/ i » A ’;J > [—I > Ry — Recovered
1kHz = message

ToCH1

Step 1. Block diagram approach to optical

signal filtering, splitting and combining Scope CHO.
, “‘ Scope CH1
.
9.8 o
~m+..-ox. " & @ 2 a p
-0 ——‘4
N

Step 2: Connecting FOTEx Modules and
NI ELVIS Instruments

13.4. 2012 as
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SEQUENCE
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EMONA Signals & Systems 311 @
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:
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2%
g

5@

:

B
LX)

]
._@_’ INTEGHRATION GAIN
RATE . ADJUST

....................................................

-t

[DISCRETE-TIME _: " FUNCTION UNIT DELAYS with SAMPLE & HOLD

:\-@—00—@—00—@—00—@0

ox /
o, 8, o 8,

©
UNE CO0E ax 1EH
(2] RECTWIER ansconno 7| | @ [
s -@_ x0C nout  pow | fecim outeur
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REAL HARDWARE FUNCTIONAL BLOCKS
= FULLY INTEGRATED WITH NI ELVIS™
A Complete Suite of Signals & Systems Functional Blocks

The SIGEx-311 board includes all of the functional blocks - integrators, sample-and-hold, unit delays and supporting
blocks - required for all experiments, as well as access to powerful instruments from NI ELVIS™

A selection of

[T
: ;i.\?g;g% HrareA R NETIRK MULTIPLIER & %%%D ENCODER DECODER
- 0 m
independent functional REdy =+
o N
SYSTEM blocks'--._,___ o @w o"? Yow o
lllg °_| (=K g
RECTIFIER BASEBAND LPF
g _@_ %0 |r9r Fon || o cuteut
(o] o0 0 Q|0 ]
k] I T L2 Ut YOG XY L QuT CLK CL

T
PO

1
Three 1/s functions \E 510 O

DIGITAL by
\Sﬂ.
PULEE
0ouT]

\ lOWI'INUDl.E—'ﬂME 5 FUNCTION INTEGRATORS

s DOUTO u

e

oo e,
FUMCTION

GEMERATOR | TTTTTTTITTTTTTTTTTmmmmmmmmmmmmmmmmmmmmmman e
imi]

Access to NI ELVIS

lDISGHEI'E\-T"E £ FUMCTION UMIT DELA&YS with SAMPLE & HOLD

W @ .IN*DG
=

instruments, including

@] (o] [ ains
%/7 g
by m i

/-

- Clock generator ANALGE O

one-t Q)

- Function generator e O =
- Dual ARB generator

4,

60 ojzﬂfo-'ﬁf
:

_ﬁ'

= /swo Sﬂ?@ I

SIGEx add-on board for the NI ELVIS™ platform

INVESTICE DO ROZVOJE VZDELAVANI

Three input ADDERS
with user adjustable

Manual adjustment
of on-screen ADDER
gain values

Three UNIT DELAYS,
preceded by a
SAMPLE & HOLD

EVROPSKAUNIE gl i : i I




o v | NIELVIS|

Emona FOTEx ETT-203

Emona SIGEx ETT-311

13.4. 2012

Teaching materials
included

* ¥
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*
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*
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0, Cypress PSoc NI ELVIS board

PERFORM

Seegres e M

DIGILENT®

www digRenting. c

42
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PERFORM

|osc||vref || swe |

Digital Programmable Blocks

oO000=
SO0 00=
= lOoon=|
SOooo=

-— Analeqg Programmable Blocks

4414

_44iy -

CPU CORES
PSOC1 - MBC
PSOCS - 8051
PSOCS - ARM Cortex-M3

] Ef . J[mumy
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Example of daughterboard PSoC 3 kit

O
CapSense® Proximity Sensor
Voltage Regulator
CY8C3866AXI
General Purpose Switch PSoC 3 Dewce Acce|eromefer
CapSense Slider

J4 Voltage

Regulator

8 Red LED Outputs

Source Select

12-Pin Wirel
OV Battery —— 8% In Wireless

T Header
1 T O U @O0 EaRE., 28-Pin External
USB Mini B Thermistor /O (on reverse)
Port
CY/C68013A
J1 Vddio Power FX2LP High Speed USB
Source Select

Sl !gf i< EFr _wj 44
EVROPSKA UNIE il S




9 & In case it’s still not enough....

DYI boards for Elvis

13.4.2012 Ef Iﬁr
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Temperature Measurement Lab Dawnioad he Circult Dessgn Academic Information Kit

Integrated

struments This Iab intraduces the studentto the

therrnistor, a camman sensor for - N i o
TmeasUning termperature. It also ofiers an
introduction to the ELVIS 1 Variakle Pawer based on NI LaBVIEW, into Grcuts. contol, ¢

Supply. View Now. Iaboratones.

« Interactive Demo on the M Multisim Environment

‘+ Webcast: What's New in Mutisim for Education
L

Strain Measurement Lab + The NI Electronics Education Piatform White Paper .

o M Multisim Fundamental Circuits Instructor Materials.
Strain Gauge ents. desigas.
SPICE simulaton and analyses.

« Simulation Fundamentais: Simutation in NI Mustsim

e Compton Exchtin Thecrlcassceince Sran G
| o
s FLACENCHE OF THESE. . ‘complete crcult design and simulation,
FecToRS
[ Leam toncepts related to the strain gauge + Case Studies Using Mutisim, W ELVIS, and Nl LSOVIEW
Discoser how School ae Incorporating Wuim, N ELVIS. and LabEW in ther ircultcourses and laboraories

ownloa
Resource Kits

NI ELVIS Il Guided Tour Courseware

ni.com/nielvi

NI Multisim 101 S Design of an Atomic Force Microscope using NI ELVIS and LabVIEW

An Introduction to Capture and Simulation for Board-Level Design

o | Hep [Sowen

Srrint

Suppart

—— — — e ——
Vebn®z Georgia Institute of Technology Simplifies Teaching Circuit Design with NI ELVIS, NI

NI Textbook Community Portal LabVIEW, and NI Multisim
Document sty —
Ni Supported Yes & Print Electromec!
. . Publish Date: Aug 3. 2008 ESPrint
What's New in NI Multisim 10.1? et
[

3
Thorna s E Brewar- Baorgia Instiute of Technology

For Education B suvscrve o

W Adato Delicious

Ti Chien
Designing :
researchus ndustny:

packags  UniversiyEducation, Research

Nation

Bocsms!
. e Somsis pragucts:

Iplementl | apyigw SignalExpress, Mulbsim, NI ELVIS

Sandra Tso bl | )
National Instruments, Product Marketing progammk T Chende:  on . ol engingering
Engineer ‘ conce pis with real-world signals.
The Sonsion:

e T NATIONAL
INSTRUMENTS

using Muttisim i
0Mvrare 1o leach Iha Meary, design, and prololypINg of LU with 1ealwory  assipnments with Muisim, NI ELVIS,
signals. LSbVIEW, and LsbYIEVH SignsiExpress.

Textbook se
Webcast Resources Papers
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T

Plug & Play Instruments
DMM * Oscilloscope * Func Gen
Bode * DSA * ARB * Digital I/O A

o USB Bus Powered

Computer Interface
LabVIEW using
NI DAQmx

+15V and 5V
[ S—
Power Supply

- 8 Digital In/Out
1 Counter

Analog In/Out

: 2 ch, 200ks/s
*—1_ 3.5mm

Audio In/Out

Integrated DMM /

V, I, Q, Diode

** ] ‘PHUHI
i 3 |
****.& - M

EVROPSKA UNIE b LE '
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®» . MyDAQ connectivity board

49
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9 @ MyDAQ Agroentineering Farm plant

13.4. 2012




0, MyDAQ Dynamometer plant

51
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0 = Endless Possibilities...
O

Extend learning with custom modules

e Custom signal « Experiment kits
conditioning « Student design
« Custom control plants

i Active Bandp. 1.0 - Uktiboard - [Demo Lwithhighpass] [E=N[EoR =]
4F File Edit View Place Design Tpansfer Tools Autoroute Options Window Help =
LW s SdBE aaq %W EHE D | S ET S| M| T2
Copper Tap Automatic (10,0000 mil] = | mil - Z)
=] R T

Low Cost Mini-System Experiments

a
EVAOFSKA UNIE
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rwm W Cart | Hep [Sewrch |

NI Developer Zone

NI Textbook Community Portal
Document Type Termook
Wi Supparted Yes S Pt Oratings | 000 outof 5
Publis Date: 4ug 3, 2008

m

B sunscnve

W adato Daliciows

o166 st

Rate this document
SelectaRatng ¥,
Answered Your Queston?

Textbook
Resources

INVESTICE DO ROZVOIJE

hi.com/academic

Design of an Atomic Force Microscope using NI ELVIS and LabVIEW

ni.com/nielvis

Serint

Welinda 823
Nebjosa Js

sy
Electromes!

Products:
LAbVIEW, N

Ti Chien
Designing =
ressarchus
patkage

The Sohmior  py,

Implementi
seanner, pis

"
programmit

Temperature Measurement Lab

This lab introsuces the studentto the
thermistor, a common Sensor for
measuring temperature. it also offers an
introguction to the ELVIS Il Variable Power
Supply. View Now.

Strain Measurement Lab

Strain Gauge

Drege Conphoon Erctabon Trecrsicd wearecnce Sran Gme
¥ ot o vt |
o PESSTORS
7 Rotwis Leam concepts related 1o the strain pauge:

Labs & Curricula

Georgia Institute of Technology Simplifies Teaching Circuit Design with NI ELVIS, NI
LabVIEW, and NI Multisim
| —

Srrim

Auhor(s:
Thorma s E Brewar - Gaorgia Instiute of Technology

Industry:
UniversiyEducation, Research

aducts:
LabMEW SignalExpress, Multsim, NI ELVIS

The Challenge:

engineering
cance pls with real-werld signals.

The Soltior:

using Muttisim i
S0Mvrare 1o leach Iha meary, design, and DIOONPING of LU with realword  assipnments with Muisim, NI ELVIS,
signals. LabVIEW, and LabYIEVW SignalExpress.

Case Studies & White
Papers
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A
B
C.
D.
E
F
G

Introduction to the NI Multisim

. Schematic Capture

Simulation

Prototyping

Measurement and Comparison
Multisim Addons

. other SW tools for co-simulation
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NI Multisim

Unified environment for
teaching circuit theory and
design through capture and
simulation

SPICE-based simulation
Interactive mixed-mode simulation

NI ELVIS instruments inside Multisim

20 SPICE analyses

22 measurement instruments

MCU simulation support

Power and Machine components (motors..)
PLD design tools

Multisim and LabView Co-Simulation

INVESTICE DO ROZVOJE VZDELAVANI

C|s= 3«2 TJphBEa=0Y8 §|%T nime
B-B8-BH-B-B-FH-B-B-8-

o v
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.
* *
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Compare simulated data and measured signal on the same instrument

Theory and Measurement

Cursors Settings

DCursors COn

Sample Rate: 40 kS/fs

Display Measurements

[FlcHo  [FlcHi

NI ELVIS Il Instruments Compare simulated
Multisim data with measured signals from NI ELVIS
[l within Multisim

13. 4. 2012

.9
Channel 0 Settings Channel 1 Settings
Source Source
SCOPECHO e SCOPECH 1 -
Enabled [#]Enabled
Probe Coupling Probe Coupling
x hd DC  |» x hd DC  |»
Scale Vertical Scale Vertical
VolteDiv Position Volts/Div Position
| |
-~ =4 <’ 4
10my | w 0 10my |w 0
Timebase Trigger
Time/Div Source
Immediate |
N\
Sms |w
Instrument Control
Device Acquisition Mode
Devl (NI ELVIS IT) Run Continuously v
Multisim ) Ston e
 Devl (NIELVIS II) "
ENE
Instrument Control
Device
v "
Dewv1 (NI ELVIS IT) w

o Dev1 (NI ELVIS II)

Access NI ELVIS
hardware With one
click switch between
simulated signals and
acquiring signals from
your NI ELVIS I
hardware

s

[
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— General purpose EDA tool
— Schematic Capture

Edit Vew Place

L] L]
—_— DEEWLER =m0 e BEQQQ SEEESEHLE- @
Slnnljkatnar] *ﬁ:rwbﬂsmﬂaw!Y@m;hi$>ugoimw
2

U Simulsts  Transfer Tools Reports Options

Design Taolbox =l 0 | [ |
0 & g @

— Analyses rep, A

(=-[¥] POWERSUPPLY
POWERSLIPRLY

— Integrated e

| 3 | 4 | 5 | 5 | e

NPT T T ET T e T =

uz
LTaiseT

Lom ame |——
- WOLTEGE 135
H e apm— G e T
3Nz " " "
HOR 1 J_ J_ J_ J_
- Eoos e
i - .
Lom v [ ——1
o J: HiLTARE
L, L S
= PR =13 | " W
Pt - 1 T T I
<] M I
Hierarchy | Yisibility | Project View 5 Design1 |POWERSUPPLV|
=]
» | | Active sheet only &
RefDes | Shest | Section | Sectionname | Family | value | Tolerance | Footprink | Manuf... | Description | Label | Cnurdlnal
Sl POWERSUPPLY CAP_FLECTR...  4.7mF Chip-C1210 IPC-F351 B4
; 2 POWERSUPPLY CAP_FLECTR..,  100nF Chip-C1210 IPC-7351 B4
ila POWERSUPPLY CAP_FLECTR...  104F Chip-C1210 IPC-7351 3
% < m |
% ResultsINets Components | Copper lavers | Simulation

B = NN |

s s s
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iImulation

circuit
— Interactive Simulation
— Animated Parts
— Virtual Instruments

Analyses and Graphs

Effective use of your time!

INVESTICE DO ROZVOJE VZDEL

s s s

AVANI

ircuit - Multisim - rcui

Preparation for simulation is as simple as drawing a

File Edit Wiew Flace MCU Smuste Transfer Tools Reports Options Window Help 18]
IS8R IREYC BAQES POEEYDSE- @ 4 e [ Inse Lt e ?|
s T R YA
Design Toolbox x| =]
(il
0O 2 g 3 (Osn.lllosn.ope—i-(ﬂ’.l M =
Designl A iﬂ
Designl
OWERSLPPLY || =
POWERSUPPLY =
RLCCircutt o 1%
RLCCireuit 8 -
s
] i)
=
. -
AT 5
p-py 10.8 %
\.(rr:s)-sazv "
- e 250 W !J
< » 1 95.9 mA
o dall T Cemes  cheres goxattms =
o T ﬂj 261711 us 5.000 ¥ 7,566 4y 50,0 mas ==}
261711 us 5.000 ¥ 7.586 0
2T 0.000 5 0.000 ¥ 0.000 % B e AL o
- - Timeba: Channel & - Channel B - Trigger %
<] Gcales ‘55'3 ns{Div | Scale: |2 WiDiv ‘ Scale: ‘5 ¥[Div | Edge: l?ll@ B |[Ext o
Hararchy [Visbity | Frojectvw | ) Dot X P25 O 0 | ¥ pos.oiv): 0 | ¥ pos.(Div: | 0 Jleve: o v | 0 s
3
= (Fm](ecd | (5ia ) a6 ] | [ac] o J(BC) (EI)EIL] - e [
¥ o shose BREE
RefDes | Sheet | Section | Sectionname | Family | Value | Tolerance | Footprint | Manuf... | Description | Label | cUurdmat
iln RLCCircuit CONTROLLED,., OV5¥ Generic Dz
=y RLCCircuit POWER_SOU... 5V Generic D1
E xsc2 RLCCircuit o ss
% (%] m |
& Results | Nets  Components | Copper layers | Simulation

~ Tran: 0.266 ms

N |
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° @

Where does Multisim fit in the design flow?

SaNI Multisim™  55NI Ultiboard”  ©i LabVIEW

Capture &

Simulation Verification

Part Selection

= Efl\| ﬁ r,j‘ Jrlwumy
;t *: .. g
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Organized menus
Quick access toolbars
Design Toolbox
Spreadsheet View
Resizable Workspace

Design
Toolbox

Menus

Toolbars

Title Bar

Workspace
Area

N A S

BR) Fle Edt View ia:e MCU Simuate Transfer Yools Reports Options Window L-Ialp _|&l x|
DEEUER v e BAQad PAEERM-E B D e w- nwe-/ veo?| LT

R e I

Design Toalbox \ =l 0 I 1 | 2 | 3 | 4 7/ | L | ] %
kS
0@ &E\g = : -
=[] Designt . R " _voni og
i cesint ot ~ e
’ 1 A
(=[] POWERSUPPLY Lo W= =
B POWERSUFFLY o o e Y o] s e
AR Tu F (s :|_1|uuf Tmr !_'
b
i e FPULZ4 DV VR DV DO
s A o - e =
o] LTaiseT - A Ll
| | LINE WREG .
ol - s |m
‘l'zngnf t‘-?&:r = e ™ -
1 1 y -
) | T T =
HOR 15 L l l L
— oo _teez g
bzt = =]
LI s
o J: VILTAGE E
L L Lo =) =
= [ s 2 " W Z
S i T T \ T ==
<] I ] o
Hierarcty [ Wisioilty | Project view | B esiant | 7y poweRsupey | / Al
=] . /[ ;
RefDes | Sheet | Section | Sectionname | Family | Value | Tolerance | Footprint | Manuf... | Description /Lahel\ Cnnrdlnal
[ POWERSUPPLY CAP_ELECTR.., 4.7mF Chip-C1210 IPC-7351 B4
i 2 POWERSUPPLY A CAP_ELECTR...  100nF Chip-C1210 IPC-7351 B4
C|ca POWERSUPPLY CAP_FLECTR... 1OWF Chip-C1210 IPC-7351 b6 ~
£
% & w |
&
E Resulks | Mets  Components | Copper layer| IS\mu\atmn /

/

ATTTTTTTEE S

Spreadsheet

View

/

Instruments
Toolbar

* %
* *
* *

* *
* g
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0 = Global Preferences
©

=

* Options»Global Preferences
* VVary from computer to computer

 Stored in the User configuration file
— Change config file and database paths
— Save settings (security copy, backup, simulation data)
— Component Placement mode, symbol standard
— Rectangle behavior, mouse wheel behavior, bus wiring
— Message prompts and general simulation settings

13. 4. 2012




[T

m

. . | Paths | Message Prompts | Save | Parts | General | Simulation
— Netlist errors action

When a netlist error ocours: |Prnm|:ut me

— D efa u It b a C kg ro u n d When a netlist warning occurs: |Pr0ceed with simulationfanalysis

~iaraphs

—_— P h a S e S h ift d i re Ct i O n Default background colar For graphs |White |

and instruments:

~Positive phase shift direction

o NS ANl M i
(%) shift It 1: S A SOUFCES,

| ok | gencel || apply [ Help |

=[O
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m

IPaths " Message Prompts " Save H Parts ] General |Simu|ati0n|

— Selection rectangle

@, () Fully enclosed

— IVI O u S e _W h e e I b e h a Vi O r Hintl: Hald the Z’k.E'y' during selection to koggle modes.

~Mouse wheel behavior

() Zoom workspace () 5croll workspace

L ] L ]
- W I rl n g m O d e Hint: Hold the CTRL key during scrolling bo bogole modes,

Show line to component when mowving iks text

- LO Ca I I Za t I O n [#] shiow line ko ariginal location when moving parts

~wiring

Autormatically connect components when pins are touching

Autowire when wiring components

Hink: Hold the Shift key while wiring to toggle modes,

Autowire component an move, iF number of connections is Fewer than:

IR

Hint: Hold the Spacebar while moving component to toggle modes,

Delete associated wires when deleting component

~Language

|English

* %
* *
* *

* *
* g

s s s
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| o @ [ShestProperties SRR

* Options»Sheet Properties
* Saved with the design file, if opened in another
computer same settings will be used.
— Color scheme and display properties
— Sheet size
— Wire and bus options
— Font properties
— PCB settings
— Visibility status for annotation layers

INVESTICE DO ROZVOJE VZDELAVANI



— Component display propertie

— Net names display properties
— Bus entry display properties
— Color scheme

@ Tip: Experiment with changing the display
! properties of components, keep a balance
between good visibility and optimum
information display.

_________________________________________________________

f

eet Froperties

|

| Circuit | workspace | wiring | Fort | PcB__ | visibity |

S ~Show

et names

Campanent
Labels [Jwvariant data
RefDes Attributes
Yalues [E] ymbal pin names
Initial conditions [CJEootprint pin names
Tolerance

Bus entry

(%) show all Show labels
() Use net-specific Setting Show bus entry net names
O Hide 4l
~Color
|White background Eackground
Selection
hire

}I TEST_PT
ot P I L

Carmpanent with model

Carmpanent without model

()

Wirtual component

Save as default

] [ Cancel ] [ Apply ] [ Help

INVESTICE DO ROZVOJE VZDELAVANI
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o = Toolbars and Menus

< Click this section of the

F tonlbar and drag to relocate.
DE & WS

¥ Circuit1 - Multisim - [Circuit1|{
— Right-click toolbar area and toggle toolbars |B ge et vew pace mcu s

— Organized based in functionality

— All toolbar functions found in menus

. . . 2 @ L] &
— Customizable (functions, location) < ?‘J -
+ e HOpen a sample designti] T¥
— ToolTips —
[ircuit1 *]
— LOCk tOOIba ) ICU | Simulate  Transfer  Tools  Reports  Options  Window  Help
> BT ED W B
o e —
0 S e — ,’[}
Instruments 3 \/
Inker active Sipulskes—==—"———
WMenu commands use the
same icon as in the toolbar.
13. 4. 2012 #h ]
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Schematic area

— Multiple tabs

— Zoom in and out
with the mouse
wheel (default)

— Use View menu

to show/hide
Grid and Page
Border

INVESTICE DO ROZVOJE VZDELAVANI

Page
Borders

Design

Workspace

Area

m%/%

@ Fle Edit Yew Place MCU Simulate Transfer Tool/ Reports Options  Window  Help & x|
DEFLSR *eve B8Aa] PHEEFELE - B0D as- —nfs- o2 A
LR T . L @msrg/“r@m % J'| 3 ||]io‘7§[f§‘-§*§‘mq®‘ ==

Design Toalas =l A I | I [ 5 [ P / s [ 5 [ EPY &

0O & = ™ =
= Design1 voDi ag
"B Desiant # et e o ||z
(= [7] POWERSLRELY om o =
- B POWERSUFFLY +_|_m J— o e J_c. B =
. W _—_l:muf Tmr EA
T =
B ﬁ <L-eun e 47::” %m L
Li==] :
a wher | -
=iis =] P
o] HOLTARE 15|
J—?&:nr = ar e ™ -
: T T T -
e
1 L 1L 1 =
- WoC2
I =
LMTBISCT = R ]
L wEs
B OLTARE 15 |E=
-I-?n'n[:r L“T‘m_‘ — J-?n'ni.r ™ g
T \ T e
<] J o
Hierarchy | Wisibilty | Project view | B esiant | 7y poweRsupey | A oy

x| A = — -
RefDes | Sheet | Section | Secnnn\ame | Family | Value | Tolerance | Footprint | Manuf... | Description | Label | Cnnrdlnal
[ POWERSUPPLY CAP_ELECTR...  4.7mF Chip-C1210 IPC-7351 B4
i 2 POWERSUPPLY CAP_ELECTR...  100nF Chip-C1210 IPC-7351 B4
Bl POWERSUPPLY CAP_FLECTR... 1OWF Chip-C1210 IPC-7351 b6
2 €] u \ ]
&
& Resdts | Nets  components | Copper layers | Simulation \
\ - IR |

\

Multiple
Design Tabs

* %
* *
* *
* *

* 4o
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— Multisim offers click-and-place
capture mode

— Integrated with simulation

Three step process:

sssss

SSSSSSSS

| seect g Plce gy Wi

Automatic

Component Database Rotate
In-Use List Flip

Copy Multi-section
Replace

Touching-
Dropping

pins

** * ** :
* * ..
* *
* 5K A 3
EVROPSKA UNIE b LE
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— Symbolic representation of actual parts

— All components have a symbol

— Many components have a SPICE model and footprint

Capture Area

.SUECET LM741 1 & 2

* 2 Terminal Op-amp Model

* A= 00000 RI= Zet00E6 RO=

* Uor= 0,001 Ib== Se-005 I

* fa= 1. 5et00E £pZ= letD2Z
Vor ¢ 1 DC 0.001W

Ibl 4 0 Pe-0082
IbZ & 0 Te-0082

Fl 0 5 & & 0.055430%
—— FE OE6 5 0 07797325
F3 03 6 0 0.77TR73EE

Ei 4 £ Zet0DEohm
LM741J EL 5 0 1000chm
B2 & 0 75chm
B2 2 0 75chm
£l 5 0 2.12207=-005
£Z B 0 2.12207=-035
fc § 0 Ze-0ll
.ENDZ

Simulation Engine

PCB Layout
o Foolprint

O 00O
)LH741CJ
00O

Ui

* ¥ 3
* w
r x
* *
* 5K
EVROPSKA UNIE i
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* Double-click component to:

— Change Label, RefDes
— Display properties

In the Value tab, click

— Value Edit Component in DB
~ to customize the
— Faults ~ component.
(not for RLC components)

— Check Pin assignment
— Set Variant information

— Modify User Field information

INVESTICE DO ROZVOJE VZDELAVANI
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General

Symbol

Model

Pin Parameters

Footprint

Electronic Parameters

User Fields

INVESTICE DO ROZVOJE VZDELAVANI Evnopsrd\umegf i : Il ;

Component name, creation date, author, function.

Mumber of pins, number of sections, symbol set, editicopy symbol, pin

mapping table.

Wodel name, model data, addfeditidelete model, pin mapping table.

Component type, pin table.

Footprint type, addideleteichange footprint, symbol pinto footprint pin mapping

table, footprint preview.

Common parameters, device specific parameters.

|User-defined fields,

)




9

Components — Virtual, Real, Layout-only

O

Component

Symbol

Model

Footprint Default Color

Virual

(simulation amly)

4

L

Lty (Black)

L
L

Real
[simuation ahd lzyout)

) L1

- ~Twraicy (biuz)

Lanyout-only
[layout oniy)

LA

LM741cy  [grees)

13. 4. 2012
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o & Component Database

* Tools»Database»Database Manager
* Three levels:

+| - [2} Master Database
+| - [2¥ Corporate Database

+|--|SH User Database
e Parts bin up to 17,500 parts (Power Pro edition)

e Master database cannot be edited

e Database utilities let you merge other user’s
database, or convert a database from a previous
version

)

13. 4. 2012
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=
9 & Component Database

* Corporate database

— Share components with colleagues

— Located in local disk or network drive
* User database

— Store your own custom components

* If you modify a Master database component, save it
into the Corporate or the User database.

_________________________________________________

3 Caution: Always backup your Corporate
or User database.

_________________________________________________
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* Place»Component

* Most common tool to place components.

* You can select:
e Database
* Component
* Model
* Footprint

e Search for components
Tip: Right-click anywhere in the !
workspace and select Place Component !
to access the Component Browser. |
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To place a part,
select:

1. Database
2. Group

3. Family

4. Part

5. Model

6. Footprint

You can also:
*Search

*Obtain datasheet
*Print a detail report
*\/iew model

M

Database: Component: Swymbol (AMNST) =
Master Database m | ADEOSAN | _I
_C ose
Group: AD549IH _—
T= analog a ADS49KH =
Family: ADS49LH Detail report
AD5495H [—ﬁ
. Select all Families Wiew model
ADS495HS536 = o
B8 cuisLoc_vrTund i a | | Help
OPAMP
E ADS3321Q Funckion:
ORAMP_NORTON ADS5375Q Dual, Loww Maoise, Single-Supply Yariable Gain Amplifier
5 comparaToR ADSS3950/5538
P WIDEBAND_AMPS ADBODAQ
ADE00AR.
B8 SPECIAL_FUNCTION
ADa00IM
ADG0ZAG Maodel manufFacturer'I0:
ADE0ZAR.
ADEOZIN o e
ADE034A0
ADEOIAR Fookprint ranufacturer)type:
ADE0SAR.
ADe20AMN e
ADE20AR :
ADE20EN Hyperlink:
1 o =] (a]
ADEZ0ER | hikkp . v, analog. comleniprod /0% 202 8779 2CADEOS Y2 COI
Camponents: 5923 | Searching:

s

** * ** s
* * ..
* *
* 4 K . B
EVROPSKA UNIE b LE
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— After selecting a component, a ghost image is
attached to the mouse pointer

— Click to place
— Next RefDes is assigned

B LM741CJ
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Select any section for

a new IC T agedcts

Select C or D to place /

unused sections of

Ul
U1, section A and B are already 016

U1A

placed, therefore they are not 1 |
selectable i o
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° @

e Access Master database Groups from the
Components toolbar.

Fed A BB R Jy B A SR F T

* Use the In-Use List to place another instance of an
already placed component.

||ﬁ® || H i [ ~ D = @ O - |- InUse Lisk -— +'g ?
--- In Use List --- ”
ZM3904
246 =

CAP_ELECTROLIT 1000
CAP_ELECTROLIT 10u

CAP_ELECTROLIT 2.2m
CAP_ELECTROLIT 4.7m

DGMD
Frise

2 4 9017 o Eflﬁr ﬂj{mumy
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Chrl+3
Chrl+C
B
CEEH-Y
> Delete Delete
Flip Horizontal Bk
Flip Yertical Al

': Zhdedgse  CukR

A 90 Countercw Chrl4+-Shife-+R

or Conneck, ..

INVESTICE DO ROZVOJE VZDELAVANI

 While placing

Wihile dragging the —» Press <Cll+R>  — Then click
cormpanent... to place.
—A A — AR
; \ R1
h '. §% ; 1k0)
T

*
* w
* gk
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* From the Component Browser, click Search

* Use * asawildcard a0y

GROURY | AL

i Search i

Farnily: | g1

Component: | kpgq#

Funckion:

Madel I

Model manufacturer:

Foatprink type:

Advanced search using "user fields"

| < Back |

Title | walue

5]

Yendor

Skatus

Price

Hyperlink,
Manufacturer
Manufacturer Part Mo,

1

INVESTICE DO ROZVOJE VZDELAVANI
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Number of
components
matching search
criteria

List of
components
matching search
criteria

/|

/

LCDmpDnentI{s} found: 127

Refine search
Farmnily s

AL < Back

Carmponent: Function: i

s A Cancel
741 m
741003 Help

741000
74107N Model manufacturer (10

74109M Orimerdata
7100

74116M

—

741250 Footprint ranufacturer 10
Tz pezRRON
412N

74132

Title | walue
‘“endor
Stakus
Price

Hyperlink.
Manufacturer

*] T 3 I[ III

’. - i |

OK will take you
to the exact
database
location

Details of
component
selected
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— Wires are the graphical representation of nets

— Modeless (no placing vs. wiring mode)

— Mid-air wiring is allowed

— Real-time netlist is updated behind the scenes
— Easy to change wire connections once placed
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* Multiple wires can make one net or node

C2 LM
2
LF356EM*
SE0RF ]
R 4
gqanm §§'—Dm —— ffgn,: WSnegy This is & one-ware
2% 5o, *— net Methame is
Yianer.
L w2
15
0
= I:I
-4

This is a multi-wire (&)
net. Metname s 0,
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* Junction dots represent a wire connection

iires crossing, notconnected.

/Wire connected, junction present.

2
I

]
SEOpF
R

430k0

3
—10nF
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1. Click start

pin of the first
component.
2 A wire will be
l attachedtothe |
crosshair cursar. |
R1 ! R1
My T ATAY
1kQ i kO
c1 C1
300pF : —300pF
3. Clickthe T 4 Awire wil T
destination pin i connect the
on the second i components.

carmponent,
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_%__I

2. Move
cormpanent and 3. Drop the
1. Selectthe tauch pins to be companent. 4. Drag the 5. Drop the
companent wired. Notice Connection is component Eqrnp_nnent.
 towire.  reddot  made. , away. : Wire is ready. :
i R1 i R1 i R1 i R1 i R1 i
i Tk} i Tk{} i Tki} i Tk{} i Tk} i
I I I Cr I I
: : N I R B = N :
: - ZET R | TEE] :
VT T e B I ' I I
Lol a1 |
T T T e
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1. 5elect component to wire.

2. Move the component and place
it ower the wire to be connected in

SEres.

2. Drop the component. The
connection Is made.

C1

R1 1
—Ay 1
I r——19  300pF
_-“r"‘r"“r"‘q_
'__1mH
_R1 0
: 1
LLi [ 1|T__I1 300pF
L
IRITIEN
R1 L1 t
— Ay s 1
1k " 300pF
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— Right-click the wire to access the run-time menu
— Change colors, net name font and properties

R1 L1
— AN = T
1kt [ ¥ Delete Delete | +— Delets
J::(]:i hange Calor, .. 7 Change Color

Seqgment Colar., ..

Fank...

*— et Properties
(renarmne]

Properties
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R1

STAT
1. Click the Tkf}
segment of
interest. E"'_ %
J00pF
R1
3. Drag the 1k(}
line to the 4=
news positian. C1
300pF

INVESTICE DO ROZVOJE VZDELAVANI

R1
2. Motice the
drag points Tki}
and double C1
Arrow CUrS0r, |
300pF
R1
—
4. Clickto 1k(}
drop the wire
and finish. ¢
J
300pF

‘* * ** .
* *
* 4k * 3
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1. Mowe cursor close to pin or junction.

R1
IATEY

Tk{}

C1
I

I
300pF

L1
TmH

2. Click on new location to connect.

R1
ST

Tk{}

C1
I

B
300pF

2. When cursor changes click to attach

wire 1o cursar,

R1
A

Tk{}

C1
1!

i

N
300pF

L1
TmH

4. Mew connection 15 ready.

R1
AP
1k
ci1
[ s
1mH
300pF "

* ¥ 3
* w
by o
* *
* *
EVROPSKA UNIE i
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o & Virtual Wiring

— Useful in large designs
— Avoids unnecessary wires crossing the schematic

— Give a net a name that already exists to create the
virtual connection
— Use Global or On-page connectors
Global connectors are visible to the whole design
On-page connectors are visible to the sheet

On-page connectors may connect to Global
connectors

¢

13. 4. 2012
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Place/connectors/..

INVESTICE DO ROZVOIJE VZDEL

ile Edit Wiew | Place MCU  Simulate Trapsfer Tools Reports Options Window Help

E; = | é Component... Chrl+W
a4 I 4 Junction Ctrl+]
= Wi Ctrl+ Shift+W
% [ Wire rl+ +
in Toolbox I Bus Ctrl+U
E.?:; Elﬂ 1 Connectors

¥| Designl New hierarchical block...

=l Fa Hierarchical block from file... Ctrl+H

Replace by hierarchical block... Ctrl+Shift+H

Mew subcircuit... Ctrl+B

Eeplace by subcircuit... Ctrl+5Shift+B

Mew PLD subcircuit...
Mew PLD hierarchical block...

Multi-page...

Bus vector connect...

Comment
Text Ctrl+Alt+ 4
Graphics

= [l

Title block...
— Place Ladder Rungs

3

Ch)|

HEEODR-® @

% ®n

= H’—lH —
G ==

b ui[m @S

|
ﬂ On-page connector
+ Global connector
o— HB/SC connector
O— Bus HBE/SC connector
&— (ff-page connector
%— Bus off-page connector

Cirl+ Alk+0 h
Ctrl+Alt+G
Ctrl+I

* *
* 5K

A V A N I’ EVROPSKA UNIE i




I

My Design

INVESTICE DO ROZVOIJE

VZDELAVANI

Page X
40kHz
0.3V
R1 ¢
Sy 1
40.2k0) 270pF
15
&
TSy 50 -
y= - Cutput
<
o U1A
5 LM358N
*
+15

Page Y

Cutput
&

R4

Mty

+1]

5

&

—

Tk}

01

ZN3904

—K

Q2

ZN3906

*
15

* pKk

EVROPSKA UNIE i
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— Multisim provides analyses for examining circuit
behavior

— Analyses require a circuit ready for simulation
— Custom expression can be added
— Grapher View helps to take precise measurements
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* The following analyses are available:

DC Operating Point Distortion Analysis Transfer Function

AC Analysis DC Sweep Worst Case

Single Frequency AC Analysis  Sensitivity Monte Carlo
Transient Analysis Parameter Sweep Trace Width Analysis
Fourier Analysis Temperature Sweep Batched Analysis
Noise Analysis Pole Zero User Defined Analysis

INVESTICE DO ROZVOJE VZDELAVANI
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e Simulate»Analyses»...
* Four step process:

N S T I

Select analysis Enter expressions

Select output
variables

Configure analysis
parameters and
options

Click Simulate Grapher View

______________________________________________

Tip: Click Help on any window to .
access analysis-specific information.

______________________________________________

** * ** .
* * ..
* *
* 4 K .
EVROPSKA UNIE b i
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9 & Selecting Output Variables
* Choose output variables from the list

 \Voltages and currents per node (net) are listed as well
as current and power per component

* Add model or device parameters fiw

Frequency parameters | QUtPUE | Analysis options | Summary

° R . ‘tariables in circuit: Selected variables for analysis:
e S I Sta n C e Device/Model Parameters v All variables w

@rrload[resistance] s (W{output) ™2 @rrload[resistance
I(C1) W{output)

* Capacitance, and so on i
L((P&LSAD)
[e)

— Add expressions o

P{vZ)
Pi3) 7 < >

[ Filker unselected variables. ., ] [ add expression,.. [ Filter selected variables. .,

More options

- Show all device parameters at end
[ Add device/madel paramster. .. l of simulation in the audit trai
[ Delete selected varisble ] [ Select variables to save ]
Simulate ] [ [o]'4 ] [ Cancel ] [ Help l

13. 4. 2012 ry — ..-.
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— Double-click variable or operand to add it to the
expression

— Type expression manually

— Use built-in functions to help create custom analysis
outputs

INVESTICE DO

‘ariables: Functions: Recent expressions:

|.0.II wariables |.C\II

@rrioadfresistance] A |- S

1) = s ]

Iz * H

IR1) =

IiR2) —

IRLOAD) ~

Iivz) +

Iiw3) abs()

PiC1) and

P{iZ2) atani)

P(R1Y avgl)

( Change filter ] ) | Delete sekcted

[Copy iahle ko expre: ] [C py function to expression ] Copy ko expl

Expres:

|('v'(output)"Z)I@rrload[resistance]l |[ Clear ]
ok || cancel || Hep |

ROZVOJE VZDELAVANI
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* Displays simulation
results from:
* Virtual Instruments
* Analyses

* View, adjust, save, print
export data

* Precise cursor
measurements

Overlay different results
to compare

* Make annotations and
place data labels

INVESTICE DO ROZVOJE VZDELAVANI

M

File Edit Wwiew Graph Trace Cursor Legend Tools Help

BEYXBe gEkaAA QG @RAO AV B BB

Bode Flotter-xBF1 | Osciloscope-x5C1  AC Analysis |
Design1
AC Analysis

10 46 280 2a0.0 2.8k 28.0k 108 100M  1000M  1.0G 100G
Frequency (Hz)
] [V [output 2] rload fesistance ] HZV[ uuuuuu |

2007
100

D_

Phase (deq)

1004

-200

10 46 280 280.0 2.8k 28.0k 108 100M 1000M  1.0G 100G
Frequency (Hz)
= [loutput] “2)i@rdaad [fesistance ] Hz\u"[output]

Selected Trace:Wi{oukput)

e ﬂj{luumy
* x . '
' L]
***ﬁ* Ll 8

EVROPSKA UNIE b LE '
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— Take precise measurements with the cursors

— Right-click cursor to access functions for positioning
and data labels

m

File Edit VYiew Graph Trace Cursor Legend Tools Help
BYwxbe i Aeas a88EaRn Ay o By
AC Analysisl AC Analysis  Transient Analysis |
40kFILTER3_complete
Transient Analysis
. w -
Z (137.5969p. 1.3577)
947 ] —| ! ! \ h * ‘ / ‘ { \
? Cursor B
HG—; V(output) Viinput)
B‘ 21m q
’6 =1 43,4974 43.4974n
= 1 -1.0315 1.0000
Ha 138.2172n 138.2172pn
-504m A e 1.1653 1.0000
] ax 94, 7198n 94, 7198p
dy 2.1968 0. 0000
dy/dx 23.1922k 0. 0000
-2 1/dx 10.5575k 10.5575k -
14p 123p = ——p 152p
Time (s)
Hz\u"[output] lz\t"ﬁnput]
Selected Trace:W({output) | Selected Cursor: 2 J

L G
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 Compare different graphs

M

File Edit M“iew Graph Trace Cursor Legend Tools Help

BEHYXbhamMEna AR @ ad Ay sk BB

Eode Plotter-XEBP1 | AC Analysis  Bode Plotter-KBP1(Merged_1) |

Bode Plotter-XBP1(Merged 1)

10.00 ]

0.00 4

-10.00 A

(dB)

-20.00 +

In

Gal

! -30.00 4

-40.00 4

-50.00

1.00k 4.00k 700k 40.00k 100.00k 400.00k  1.0084

E Bode Result IZV[oulpul][Merged]
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— Set custom properties for pages and graphs
— Modify the appearance of traces and axes

~Label

Left 205 | Bioktom axis | Right axis | Top axis |

Label: | Gain (dB)

[ Fon

-~ fxis

Enabled

Pen size: | 1

| | W5k

I Fonk

INVESTICE DO ROZVOJE VZDELAVANI




* Some analyses output table data instead of

10.0000
-5.0000
=20.00004_ —.
20.0000k 40.0000}, a0.0000k
Frequency (Hz)
HE Woutput]. Nominal Fun E"-p"[oulput], Run #1 E‘v"[output], Run #2 E‘v"[oulput], Run #3 E\-"[ﬂutpul], Run 84 j
150.0000] . )
214286, ‘\X;‘
-150.0000] — - - -
20.0000k, 40.0000k, a0.0000k
Phase (deq)
HE W[autput]. Mominal Run IZ'\-’[Dutput], Run #1 E“v"[output], Run #2 IZ\-"[cuutput], Run #3 E\-"[Dutput], Run #4 |]

Fun Log Descriptions

# of run | time [sec] | output value |
Mominal Bun [Mean Frequency: 2.2392 2.20422 [same as nominal, low
16 Standard Deviation Frequency: 0.045 er than mean by -0.0350466]
2
|3 Run i 2.32573 (5.51293% higher than
4]
|5 Run #2 2.19695 [0.32961 3% lower than

plot data

* %
L]
o L)

INVESTICE DO ROZVOJE VZDELAVANI EVROPSIKA UNIE. W j—
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° @

* Use the Postprocessor to:
— Mathematically manipulate analyses results
— Plot results in a graph or chart
— Customize results output

* At least one analysis run is required

* Simulate»Postprocessor

 Examples:
— Add voltages
— Calculate power from voltage and current

INVESTICE DO ROZVOJE VZDELAVANI

=31

** * **
L]
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Run Analysis

Add Expression (s)

:

Add Page (s)

Add Graph (s)

At least one
analysis is
required

Create re-usable
expressions

Add Grapher
pages

Create graphs or
charts for each

page

Attach Expression (s)

!

Calculate

:

Review Results

Customize Output

Add expressions
to graphs

Click Calculate

Grapher View

Set Grapher
properties

** * ** :
* * ..
* *
* 4o .
EVROPSKA UNIE i
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— Select from
available results

— Select from

available
variables

Expression | Graph

M

Select simulation results: Yariables: Functions:
= ** 40KFILTER4_complete ** &l Ll
‘o Transient Analysis (tran01) IR1) i
Lime %o E
Wifb1) *
Y(input) '
W{oukput) !
Fa
abs()
and
atani)
avg()

[ Sek defaulk ] [ Delete ] E&Fresh i |Cu:u|:uy wariable to expressinn| [Cu:upy function to expressiun]

— Build

Defaulk analysis: trandl

Expressions:

Or,.. | Expressions

| add

expressions

| Zalculate |[ Zlose

* ¥ * e

k * ..

* 4 " A 3
EVROPSKA UNIE b LE
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Expression | @raph

—_— Add Pages Pages: | Or... | MName | Display |
— Add Graphs or

Charts to Pages et [ or. | tane R

— Assign
EX p re S S i O n S Expressions available: Expressions selected:

W{Fb1+Woutput)
— Click Calculate

s

W

[ Zalculate ][ Close J _

INVESTICE DO ROZVOIJE VZDELAVANI Emopsm,,.ng i : Il
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— The Grapher displays Postprocessor results like any
other instrument or analysis

— Use the cursors to make precise measurements
— Set the graph properties to fit your results
— Save, print or export results to external applications
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 Build a library of commonly used circuits
* Reuse circuit models

* Changes propagate

* Cleaner, modularized architecture

e Use the Design Toolbox to browse through the
hierarchy

* Three options:
* Hierarchical Blocks

e Subcircuits
* Multi-page

INVESTICE DO ROZVOJE VZDELAVANI
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1

REZET

WATZHDOG

45 X2 X3
BRESET - ane o
X4 WATCHDOG AGT AGC
SUR SHM
3] 0]
INTO IMTO
THD INT1
) PURMP
Pl REL&Y
|7 P12 D&l AHALOG
P13 Daz
Pl PG
POWERSUPFPLY pis %6
PURMP
X5 DIGITAL Pump
nad
THD nas
) P
Pl
iz
Pi3
Pt
Pis IHOUT
CoMM

s

* ¥ 3
* *
¥ *
* *

* 4o

s s
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— Interconnect circuits with HB or SC connectors

— Rename connectors x1 x1

——L8 1 Eap LN

— Connector name = nethames| | - {_Wﬁ:

I
Ser.:ur;ﬂ_Stage_ﬂmp
¥ 1

L]
Secgnd'Stage Amp
I A

(MerarchicatBlockProperties &)

File name af hierarchical block;

| My lenHE |[ Browse, ., ]
HB1
Murmber of inpukt pins: _Io] 101 103 103
Lo T4
Mumber of aukpuk pins: 102 104
i (0] 4 i [ Cancel ]
| MyNewHB

= Efl}ﬁ - . ‘PHM”%
INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNIE. ; |




L g &g 3

E- . | FerromagneticMaterialbetectarProject E
|___| @ FerromagneticiaterialDetectorProject
- [H] POWERSUPPLY(x4)

o

H] RESET(x1)
H| DIGITAL(%2)

Bl commixs) —
H] AMALOGE3)

£

P [P [P R

. 5[] Variants

..- EKHZMOTCH(1)
=+ [l AMPBLOCK#1(x2)

lllI

2 Child Nested Circuit (HB/SC)

1% Child Nested Circuit (HB/SC)
Page Level (Single or Multi-Page design)

Design Lewvel (Main filename)

Design Mame
Top Level Circuit Page
Hierarchical Block

Subcircuit

— Hierarchy tree organization

— Use Design Toolbox

** * ** :
* * ..
* *
* 5K A 3
EVROPSKA UNIE b LE
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Creating Design Blocks
© = 8 8
 Multiple options to create or use blocks
— Place»New Subcircuit (or Hierarchical Block)
— Place»Hierarchical Block from File
— Place»Replace by Subcircuit (or Hierarchical Block)

LF3356

237
|
= "Illr-
5 § iu-. =

13. 4. 2012
118
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— For flat design

Single File Design

— Split in pages =T
1

+—

+
+—
Ih-
L+

+—
I'-
T

Lw-g——l
4
i )
T
l-—:#—-l

Page 1 Page 2 Page 3

INVESTICE DO ROZVOJE VZDELAVANI
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— Same hierarchy level as top-level page
m

0 = = ™
E|--- MyDesign

MyDesign# 1
MyDesign#2

----- MyDesign#3

i |

Hierarchy | Wisibiity | Project Wiew |

— Workspace tabs per page (reorder in Design Toolbox)

<
MyDanq%' n#1 | MyDesign#2 | BT MyDesign#3 *

INVESTICE DO ROZVOIJE VZDELAVANI Emopsm,,.ng i : Il




— Interconnect pages with Off-page connectors.

— Alternatively, you could use Global with On-page

connectors.
Offpage connectors
for net "Output!’
MyDesign#1 /\ MyDesign#2
7 3 V 1 2
R1 "4 d
Outputl
m Cutputl o . . Outputl L.
Output?2 =
,‘Eﬁv Output? "“tpuf
- 2 C1
Tk{} ]
"H-.H\/ =300pF ==300pF

for net "Outputz”

B Offpage connectors
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Pros Cons

* Good for flat designs * Not for reusing blocks in a later project
* Every page saved in the same circuit file * Not recommended for non-flat designs
Multi-page B& Organized horizontal view of design * File size is bigger

» Updating a section requires the complete
circuit to be open

o e Every page saved in the same circuit * Not for reusing blocks in a later project ?
Subcircuits i « File size is bigger =
(SC) e Symbol is editable * Updating a section requires the complete 3
e Easy to visualize functional blocks circuit to be open §
o
* Best option to reuse circuit blocks * HBs need to accompany the main design
« Symbol is editable file every time you move it

Hierarchical

1S ERUIEIR .« Easy to visualize functional blocks
+ Updating the HB updates all designs where
itis used

« Smaller file size

4. 20 > Eflﬁr : Jrlwumy
: . m |
> .
* gk
EVROPSKA UNIE i g S
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* Buses simplify wiring
e Carry multiple nets

e Used within:

Data

* a page

* across pages

* across design blocks

Offpage connector

Data

% Data

\
//"

HB/SC connector

] BusIOol

INVESTICE DO ROZVOJE VZDELAVANI
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L7 |1
pra e
Ly T .
L 1 Tan l& .
£ RasTorKI 4
I
4! wrim N
L& g3r1rLKIR e

E7 ki

£ wen 03C2CLEOUT R

PIC16F84 Display

** * **
L]
. y
* 4o
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— Set mode in Options»Sheet Properties»Circuit tab

— Bus wiring modes:

* no labels,
* net names,
* busline nam_____

Busl

|

Bu

10|

Do3

s1

|

Bus enkry

[]show labels

[] shows bus entry net names

Bus entry

Show labels

[ ] show bus entry net names

Bu

Bu

D ()

[BLOEE

s1

|

s1

|

Bus entry

[ ] 5how labels
Shiow bus entry ek names

Bus entry

Show labels
Show bus entry nek names
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FEEFRREE

~CE
~0E
~F

27 CO1009%0

Data

1

a0 a0 1% on

At 0% 15 1}

2 s }: Bg
&5 05

an o i1 ik

~ Zomponent

Marne: |LI1

Pirs:

‘Right

|

Select which component pins to connect to which bus lines or nets

-~ Bus

Bus lines:

Dol (| <Unconnecked =)
021 {<Unconnected =)
D0z {<nconnecked =) E
003 (<Unconnecked =)
L4 { <Unconnected =)

add bus lines

M Al

~=[E
~0E
~F

Bk [FERFBEREFPCEFEEE

2rC010090

Do {<noonnecked =)

Dol i::LInc-:unnected:bi

D03 (<Unoonnecked =)
04 C<Unconnected =)
D05 {<noonnecked =)
w | D06 (Unconnecked =)

: Auko-assign

s s s
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U1 ‘Bus Enuy Connection 9,

o Bus: [ata
o1
o2 Bus line: | [Bar! |
03 Met:
04
05 Avvailable bus lines:
D6 \\BU{Line | et Mame |
o7 DO0 1
(o) 2
DiDZ2 3
L3 4
D5 @ “lnconnected =
[0} nconnected =
™7 | Im-mmmae o -

~ Show bus line label
IUse global display]settings
Show label

[ | 3how net name

/

i 04 (@ k Cancel ] [ Help

.
:
Ly T
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Busl

Verical

457 angle

Harizontal

BUS1

%3
Iol InGg
I02 N O
107 I
104 ol —mm——
I0ll Inlz
I0lz It
105 I P———
1015 I0lE /7
These two buses ik
are virtualhy WRITE DISPLAY
gconnected since BUS1 <4
they have the ToL Toe ——
IOz D O
same name 1o e —
104 o /m—m——
I011 Iy ——mm——
I0lz It
IOs I0E
IOl I
1017

* % .
IIIHI!!?!E|?<§$ '1#-3
* * L
= Li
[~ 4 i

READ DISPLAY
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o @ Tools Available to Customize Components

— Component Properties — edit components

— Corporate/User DB — save custom components

— The Component Wizard — Ccreate new components

— Model Makers — create new SPICE
models

— The Symbol Editor — create new symbols

— Database Manager — manage custom components

13. 4. 2012
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O

Component Properties

— Double-click a component to access the Properties window

— Click Edit component in DB to edit the component

— Use the tabs to modify component information or

configuration

=4 Component Properties

.E

=4 Component Properties

.E

&0 Component Properties

General | Symbol | Model | Pin parameters | Footprint | Electronic param, | User Figlds Genetal | Symbol | Madel | pin parameters | Footprint | Electronic param, | User fields General | Symbol | Model | Pin parameters | Footprint | Electronic param. | User figlds
Mumber of pins: | 10 2 Sy{'nbol set Section: a ] = 1 add From comp. F;octp;;lﬂélm:;uafacturer,l’type:
Mereiees R = (*) ANST = Model name: | mM3ss addEdt - 150- Add From database
) ) LM155_2
< oo -
Copy from DB LMzz4 Delete a model —
i g ___ ange
Section name: Copy ta.. Copy ka...,
Modeldata: |«  SUPPLY VOLTAGE: +/—GV ~
Symbol pin table: * CONNECTIONS: HON-INVERTING
Symbaol pins Section * | INVERTING IN
e A * | | POSITIVE F |« Symbal pin ko Fookprint pin rmapping table:
1IM- I3 3 2 Symbaol pins Footprint pins Pin swe#
WS- COM 1IN+ 3 &
Wi+ COM 1IM- 2 B
10Ut & . I _ W3- 4 *
STt B ymbol ko model pin mapping: WS+ 5
PTM- B Symbaol pins Model nodes 10UT 1 C
¥5- Com 1+ 1 2N+ 5 A
Wi+ COM 1In- 2 ZIN- & B
ZoUT B ¥5- 4 WS- 4
W+ 3 Wa+ g b
1ouT 5 < >
Werify symbol-to-footprint mapping against
1 ] E the datasheet when adding or changing
A—JB—J Show template L] Footprint,
Eok [ conesl |[ Heb | ok | comeel [ mep | Fo8 [ concd | [ beb
13.4.2012 ~ .
* * .l
* * °
* * . =
it & 129
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0, The Component Wizard

O

» Step by step assistant guides you in the new
component creation

* Store the new component in the User or Corporate

database
* Number of steps depend on intended use of
component:
* Simulation and Layout (model and footprint)

* Simulation only (model)
¢ Layout onIy (footprint)

* Tools»Component Wizard

13. 4. 2012 e = ..-' FJ@
ST e
EEEEEEE AUNIE ¥ LT
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0, The Component Wizard Step 1

O

Name, author, function

* Component type:
— Analog for most
components
— Digital if you have XSPICE

* Select use of component

13. 4. 2012

Step 1: Enter Component Information

Component Wizard - Step 1 of §

Enter compaonent information
Camponent name: Funckion:
LT1075 Micropower Dual Opamp

Author name:

Your Username

(%) 5imulation and lavout (model and Fookprink

() simulation anlky {rodel)
() Layout anly (Fookprink)
() Simulation and PLD export (rmodel and YHDOL export]

Camponent bvpe:

Analog w

[ Mexk = ][ Cancel ][

Help

BEREE (O 7 e
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O

* Step 2: Enter Footprint
Information

— Select footprint from
database

— Use custom footprints
from Ultiboard

— Define number of
sections

— Define number of pins
per section

13.4. 2012

The Component Wizard

Step 2

Component Wizard - Step 2 of §

Enter footprint information

Footprint manufackurer: IPC-2221A[2222

Select a Fookprink ]

Footprint bype: PDIP-5

'f::' Single section component {?} Mulki-section component

Murber of seckions: | 4. Taotal number of pins: | 4

Section details:

Mame: | 4

Murmber of pins: | 5 -

< Back ][ Mext = ][ Cancel ][

Help

EVROPSKA UNIE il ? I I
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0, The Component Wizard

O

* Step 3: Enter Symbol
Information

— Copy symbol from
database components

— Copy symbol to DIN
— Create symbol per
section

— Click Edit to launch
Symbol Editor

13.4. 2012

us
tep =
Component Wizard - Step 3o0f 8
Enter symbal infarmation
Symbol sek i
(%) aNsI =
(DN —

< Back ][ Mexk = ][ Cancel ][ Help

133



Specialized graphics editor

* Create / modify symbols

Save symbol files

Also access from:
* Tools»Symbol Editor

INVESTICE DO ROZVOJE VZDELAVANI

M

File Edit Wiew Pins Graphics Lavout Tools Help

DEW e @@ ve &8 2?2 QaQ[ [ O\NGeIRIHNLAR| ¥

e e

| e wE e aa < nEHo

=
5 Mame | Shape | Length | Symbol Pins | Mame Orientation | Mame Font | Mame Fonk Skyle | F
1IN+ —* Line Pin Regular Hidden Auta Courier Mew Regular 7
1IM-  — Line Pin Regular Hidden Auto Courier Mew Regular 7
W3- —= Line Pin Regular Hidden Auta Courier Mew Regular 7
W3+ —= Line Pin Regular Hidden Auto Courier Mew Regular 7
10UT —* Line Pin Regular Hidden Auta Courier Mew Regular 7
| 4| v [m["Pins £ 1 Draw Layer ] i | _

w=97v=20 |Smallest Grid  |Zoom: 200% |40 [MUM
|

* %

* pKk

*

EVROPSKA UNIE i
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e Define pin
shapes

Line

Dot

Clock
Dot-Clock
Input-Wecdge
Output-Wedge

Zero-Length

* _EHHI[I]%
INVESTICE DO ROZVOJE VZDELAVANI MOPSK*UN'EUgI i j Il ‘ |

—X

O—x¢

 Define pin names and properties using the
Spreadsheet View

[Spreadsheet

Mame | Shape | Length | Symbol Pins | Mame Crientation | Mame Fonk e

WIN-  —* Line Pin Short Wisible Auko Courier Mew

WCCT+ —* Line Pin Short Wisible Auko Courier Mew

WCCT-  — Line Pin Short Wisible Auko Courier Mew

REF  — Line Pin Short Wisible Auko Courier Mew

SHOM — Line Pin Short Wisible Auko Courier Mew

a0 — Line Pin Short Wisible Auko Courier Mew

Gl — Line Pin Short Wisible Auko Courier Mew

a2 —+ Line Pin Short Wisible Auko Courier Mew
4| 4| »|[w["Pins /1 Draw Layer / Mal | ’




single pin
representing
multiple pins

—~

Duplicated footprint
pins mapped to one
single symbol pin

.

INVESTICE DO ROZVOJE VZDELAVANI

Multisim Symbol

e Method 1: One L

’
vss ! AW VDD

RE4 ToOCKL
RES  ~MCLR/Vpp
BEE OSCl/CLEIN
RET 0OSC2/CLEOUT

LLLEEEE LA

~rd s
RE1 REl
REZ 2
RE3

PIC16C54

Symbol Pin to Footprint Pin Mapping Table:

Symbol Pins | Fagtprint Pins | Pin Swa &
Y55 — -: 56 )

REO vl

RE1 8 i
REZ 9 1
RE3 10

REB4 1

RES 12 |
RE6 13

RE7 4.

VOD — ::115,16 N

RAD 19 - v
<] m ()

Footprint Package*
RAZ ==« ."~._.4-"r 200 =—= RA1
O 190 == RAD

TOCK] —=

o =

-

T
8
8

1

-

1]

2
180 =— OSC1/CLKIN
] 170 == OSCACLKOUT
- ¢~ 180 =— Voo s

4
5

5
B

w 150 =-— 'l.l'E.q_ #
14[T==="RB7
PIC16C54 130 =—= RBG
SS0P-20 121 ] =— RB5
110 == RB4

* Microchip® PIC16C54 Datazhest

*

*

*

* pKk
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 Method 2: One pin with an appended suffix

OUT] —=
GND1l —=

QUTZ —
GHNDZ —

OUTI —
GND3 —

INVESTICE DO ROZVOJE VZDELAVANI MOPSMUN'EEf i : II
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O

The Symbol Editor — One Shared Pin

* |f a component shares one single pin across multiple sections, such as a

GND connection:

— Create a duplicate pin per section
— In Step 5 assign the same footprint pin to every instance of that pin in

each symbol
 The other option
is to add that pin as
a hidden pin, which is
part of the model
and/or footprint but
does not show in the
schematic.

13.4. 2012

_y—

U2A

745TD
Label | Display | Walue | Fins | variank | User figlds
Visible pins:
Marne Type MNet ERC... Wi /
14 INPUT Include Mo
1B IMPUT Include Mo
1y QUTPUT Include Mo

Hidden pins:

Marne Type MNet

WCC MO WCC
GND GO GHD

On-page conneckars | ERC skaktus

s Include hdl }
GND Include

[ QF ][Qancel ][ Info ][ Help ]

~ —_—

N
-/
7408N

w**
EVROPSKA UNIE il ? I I

—uj
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0, The Component Wizard

O

* Step 4: Set Pin
Parameters

* Set sections:

— A, COM, Power, ...
 Set pin types for ERC
* Set ERC status

e Add hidden pins (not in
the symbol but needed
for model and/or
footprint

13.4. 2012

Step 4

Component Wizard - Step 4 of §

Set pin parameters

Firn kable:
Symbal pins Section Type ERLC skatus
IMN+ & IMPUT INCLUDE
IM- & IMPUT IMCLUDE
W5- & PR INCLUDE
W5+ & PR INCLUDE
ouT & COUTPUT INCLUDE
ZIMN+ B IMPUT IMCLUDE
2IN- B IMPUT INCLUDE
Wa- =] PR INCLUDE
W5+ =] PR INCLUDE
2i0UT B QUTPUT IMCLUDE
< Back 1 [ Cancel ] [ Help
-®
_ [ RN
Tk * _uj 139
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The Component Wizard

Step 5

e Step 5: Set Mapping Information Between Symbol

and Layout Footprint

— Multiple footprint pins
can be mapped to a single
symbol

— Set Pin and Gate Swap
Group Information

————————————————————————————————————————————————————

! Caution: The accuracy of this mapping will
impact the PCB layout design. '

13. 4. 2012

Component Wizard - Step S of 8

Set mapping information between symbol and layout Footprint

Symbal pins
IMN+
IM-
W5-
W5+
ouT
ZIMN+
2IN-
Wa-
W5+
2i0UT

Fookprint pins Pin swap gro

et I = R o T ) B xR L )

‘ :

|[ Cancel ][

| < Back |

Mexk =

Help

)

OPSKA UNIE il ? I I
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0, The Component Wizard  Step 6

O

* Step 6: Select Simulation Model

— Define model per section
— Copy model from database
— Load model from file

— Use the Model Maker

@ Note: The quality and sophistication of a SPICE model
directly impacts the ability to simulate that component
correctly and accurately.

13.4. 2012

Component Wizard - Step 6 of §

Select simulation model

Seckion: & ] B ]

Select from DB ]

Copyto.. |

Model name: LT1073
Maodel data:

= CONHECTICHS: + - ¥
= SUBCET 1T10734 2 7
.SUBCET 1T10738 3 4
= THPUT

RC1 4 80 2 653E+04

RC2 4 90 2. 653E+04

01 20 102 10 QM1

02 90 103 11 QM2

EE1 2 102 & . 000E+02

REBZ 3 103 & .000E+02

Load From File ]

[
[
[
[

Model maker ]

L

« Back ][ Mext = ][ Cancel ][ Help

o ? I I
EVROPSKA UNIE il
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[T

— Automatically generate okttt &

simulation models

— U S e d ata S h e et Buck Boost Converter

Buck Converter

Cuk Converker

parameters Dinde

Lossy Line
MOSFET (4 pins: O, G, 5, Sub)
Microstrip Line

—_— Preset Va I ues prOVided Open End Microstrip Line

Cperational Amplifier
v

Interdioital Capacitor
i_ﬂu:u:ept i[ Zancel J
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o @ The Component Wizard  Step 7

* Step 7: Set Mapping
Information Between
Symbol and Simulation
Model

— Model nodes are in order
of appearance

— Set model node per pin

— Set model nodes per
section

————————————————————————————————————————————————————

L\’ Caution: The accuracy of this mapping WI||
impact the simulation results.

13. 4. 2012

Component Wizard - Step 7 of §

Set mapping infarmation between symbal and simulation madel § The symbal must
conkain at least as many pins as the model has connection points. )

Section: i ] E |

Pin mapping kable: Symbal pins Model nodes

IN+
IMN-
W3-
W3+
QuT

L) IV I R LV

< Back ] [ Mext = ] [ Zancel ] [ Help

EVROPSKA UNIE il ? I I j
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Example 1
.SUBCKT  MURLEOSCT AL K A2

Example 2
LSUBCKT Y41 1 2 3 4 5

Example 3
LSUBCKT OP19= 51 52 99 L0 32 —

1 g G0 O

R = L2 D

INVESTICE DO ROZVOJE VZDELAVANI
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The Component Wizard

Step 8

e Step 8: Save Component to Database
— Select User or Corporate Database

— Select Group and
Family

— Modify Family icon
from the Database
Manager

13.4. 2012

=n Component Wizard - Step 8 of §

=%

Farnily kree: Database: User Database
L = IUser Database Group:  Analog
= Sources Farity:  Gpamp
AN Basic Farnily
L4 Dindes
Def
4 Transistors
= Q= Analag ®anst O
Def COpamp
T Add Family
% cmos
WOou
- i MCL
< Back . Finish | [ Cancel ] [ Help
E‘f i<§a’ uj 145
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° @

(3 atabase Maneer  ®
atabase ﬂ.l'lﬂ.gE I

- Ma nage MaSte r, m Components |RLC Components || Iser field titles| N
Cor Orate and Database name: |Master Dakabase
Component lisk: _
Use$ database ia] | Family | Mame | Function | wendaor | Sl:atus
_ d d I 2 | ZEMER. 02BZ2.2
E It’ Copy’ e ete 3 ZEMER. 02024, 7
and move pa rts 4 ZEMER 05a72.2
_ _— o 30 ArpPuss
Import and
t 7 LAMP 100% _ 1004 1004y 100Y Lamp
expor S T N N
Components ) |
— Filter allows you rrrr— ——| ymbol (A0
to browse quickly vove | [Cepor ) [ wmpor ]
Reset user fields Detail repor “—FL—'“
— Create and o gt
modify new
Families
— Set User Fields e L shor JL o0 ]

= Efl\| ﬁ e J[mumy
INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNE b ; —




9 & Converting and Merging Databases

 Tools»Database»Convert Database
— Convert an older version (2001, 7, 8, 9 or 10) database to
1 1 &M Convert Database E]

Twpe:

Source Database

--- Processing the family datas A0C_DaC---PiCM1754

Families; (Estimated time remaining: 13 sec)

Components:

1002 1 1

* Tools»Database»Merge Database
— Merge an existing version 11 database

13.4. 2012
_Nj 147
EVROPSKA UNIE il




[T

o)

f

)

Components IRLC companents | User field titles |

Database name: |Cn:nr|:u:nrate Database

Component lisk:

| Status

=] 0805 _Capacitors
a] 0805 _Capacitors
7 02805 _Zapacitars
g 0805_Capacikors

1]

MO, | Family | Mame | Function | vendaor
1 0805 _Capacitors 0,001uF_25Y Ceramic Capacitor
z2 0805 _Capacitars 0.001uF_S0Y Ceramic Capacitor
3 0805 _Capacikors  0,010F_S0Y Cerarmic Capacitor

Ceramic Capacitor
Ceramic Capacitor
Cerarmic Capacitor
Ceramic Capacitor

| Edit || com || el |
[ Mowe: ] L Export J [ lnygu:urt ]
) elzpert |

Symbol (AMSI)

A=

m

o

My Recent
Drocuments

&

Desktop

@

My Documents

®

My Computer

&

Fdy M etwonrk,

Save in: | 1) samples

Q@ @

) advanced

) analyses

| Educational Sample Circuits
() Fundamental Circuits

| Getting Started

I LabYIEW Inskruments
ICTIMCU Sample Circuits
[C)PLD Sample Circuits

|0 QuizShowProject

I 5MPS Circuits

File narne: MyCampanant Save

i

Cancel

Save as type: Component packed file [*.prz]

Uzer Fieldz Only [Comma delimited] [* cav]
User Fields Only [Tab delimited] [~ tat]

Help

Close

INVESTICE DO ROZVOJE VZDELAVANI
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— Adds co-simulation capabilities

* Corassembly with SPICE components

— Simulate like any other circuit
I

Multisim MCU Module

Digital, analog, mixed-mode MCU (Assembly & C-Code)
SPICE Simulation programming & debugging

Discrete Components m Microcontrollers

INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNE -




ol

PIC Driven LCD Display

* Supports: "

. 1 2 Llelcome Lo the
8051, 805 MCU Module 161

— PIC16F84, PIC16F84A
* Includes peripherals like -7

ROM and RAM g
f_i_gw___@_l T Igi— %
T -
* Advanced peripherals: | v
—END |
— Keypads S -
— LCD Displays

— VTERM terminal

INVESTICE DO ROZVOJE VZDELAVANI



— Dedicated hierarchy in the Design Toolbox

— Organized in projects

Multisim Page Mame

MO Source Files

INVESTICE DO ROZVOJE VZDELAVANI MOPSMUN'EEf i : II

0 = = 3
El--- PIC_UpDown_Converker
» E| PIC_UpDown_Converker

(=B PIC UpDown Counker

El Assembler Project -+

> UpDown Counker,asm
=g € Code Project =

.. ..... @ main.c

Hierarchy | Wisibiity | Project Yiew

MCLIWWaorlkspace

MCL Projects




— Manage MCU files
— Enter build settings for source code

— Define compilers

— Create new projects

— Define external ROM (XROM)

— Set special Link or library calls

— MCU»<MCU name>»MCU Code Manager

INVESTICE DO ROZVOJE VZDELAVANI



M

= B MyMCUProjsct
EI{E Z Code Project

...... @-

~ Add ko workspace
INew MCU project. .. l [ Remove selected l

~ Bdd ko project

[ Mew File ] [New folder ]

[ Files. .. ]

~ ackive project

General | Classembly " Librar';-']

Reset to defaulk

~Qutput directories
Intermediate files:

| C\ExercisesiMUltisinLab 1 0YMyMCUProjecC Cods | |

Cukput files:
| C1\Exercises\MultisimiLab 1 0YMyMCUPrajectiC Code | | E]

~Dukput generation

Select assemblerfcompiler kool
|Hi-Tech PICC-Lite compiler

Oukput generation

|Machine code file

~Machine code

Machine code file For simulation:
| C:\Exercises\MultisirmiLab 100MyMCUProject) C Code Projec |

Show machine code file for simulation location on disk: @l

[ ] Load machine cade (*.hex) file only inta the attached

|C Code Project
- BROM used by MCU
|-- Mone --

#ROM {nak inka the MUY

I ok ” Cancel H Help

INVESTICE DO ROZVOIJE VZDEL

s s s

AVANI

EVROPSKA UNIE i




— Color coded text editor

— Similar to other programming IDEs

Design Toalboo: ;lil
O &g 8
El"' PIC_pDaven_Converker
=B PIC_UpDaown_Convert
=B PIC UpDawn Coun

m

&

Assembler Pro

i - IpDvavn
E| Z Code Projec

. [E) main.c

finclude "pic.h™
fidefine hitset (var,bitno) [ [war)
fidefine hitclr (var,bitno) [ [war)

f4 Hex Data for 7-Seqg Display [inwvg
/i =40, 1, 2, 3, 4, 5, &, 7, 8, 9
const char HexTable[16] = { O0=xCO, [

wvold init (woid)
{
bitelr (STATUZ, RPO): A Bels

PORTL = 0Ox00;
PORTE = 0Ox00;
bitset (S3TATUI, RPO): A4 Bels
TRISL = OxFF: df Set
TRISE = 0Ox00; A Sec

INVESTICE DO ROZVOJE VZDELAVANI

— Click source file in the Design Toolbox to open editor

n L]
. ™31
' L]
**ﬁ* A 3
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— MCU»<MCU name>»Memory

View

— Pause simulation to view memory

addresses in real-time

— Click an address to change
its value

— Load or save EEPROM
hex values

INVESTICE DO ROZVOJE VZDELAVANI

ROM

ali}

01

0z

03

04

05

00oo

018

01sh

018E

018F

ZBCA

o7ez

000E

444

3480

3499

3492

3482

J4F3

ooio

3458

3483

oy o]

3441

3486

345E

nols

oooo

Qaoo

oooo

oooo

oooo

0ooo

0020

ulaulu]

aalala]

ao0a

ulaulu]

ooaon

aaaa

0025

uu]uln]

aluui]

oooo

uu]uln]

0ooo

aoo

0030

0ooo

ululu]

0ooo

0ooo

0ooo

0ooo

003s

oooo

Qaoo

oooo

oooo

oooo

0ooo

ERSESER

B Configuration

* ¥ 3
* w
r x
* *
* 5K
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* Build Process messages in the Results tab of the
Spreadsheet View

MCU U1 [CAExercises\MultisimiLab1YPICUpDownCounter.ms11] v
Mulkisin - Thursday, January 258, 2010, 52718 PM

Maoke: -E compiler option was not present, This opkion has been added to the compiler build cormmand tempararily,

Moke: -0 compiler opkion was nok present, This option has been added to the compiler build cormmand termpararily.

Compiler results: 0 - Errors, O - Warnings

Linking...

Maoke: Due ko path length limikations in the Hi-Tech Linker otilities, the path CExercises\MulkisimiLab 10 MyMCUPrajectyC Cade Project) has been r
Linker resulks: 0 - Errars, O - Warnings

1l |

Results INets I Components I Copper lavers I Simnulation I

* Debug View lets you follow and track a sequence of events
— Breakpoints
— Debug Stepping

B
**ﬁ* .. i
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— Place breakpoints

in left margin

— Simulation stops
at breakpoint

— Use stepping
functions
* Step Into
* Step Over

Simulation
Marker

INVESTICE DO ROZVOJE VZDELAVANI

Shndaﬁun E!

||» I B @ G=(=t=-z &

_(

LY

i

Y

[

Source file debug listing: main.c

wioid
i

wioid

init(wvoid)

bitclr (STATUS, RPO); // Select Bank O
PORTA = 0Ox00;
PORTE = 0Ox00;

bitset (STATUI, RPO): ff Belect Bank 1
TRIZA = OxFF; A4 Z3et Port B
TRISE = 0Ox00; // Zet Port H
delay(wvoid)

int mIndex = 0O;

for (mwIndex = 0; mwIndex < 100; mIndex++)

i
1

*x

*
*
*

* pKk

B8 7 7 e
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* Debug View drop-down list lets you select

— Source Code View

— Disassembly View

Project disassembly: C Code Project |+

INVESTICE DO ROZVOJE VZDEL

B =

Design Toolbox

O &g &

PIC_UpDown_Converker
E| PIC_UpDown_Converter
Em PIC UpDown Counter
Assembler Project
E|  Code Project
imEjlnmnx

| 10l

: [ADDE ]
[00000]
[00001]
[0000zZ]
[00003]
[00004]
[00005]
[00006]
[00007]
[00008]
[00005]
[00004]
[OOO00E]
[0000C]
[0000D]
[OOO00E]
[0000F]

<],

HEZCOP
013c
015D
013E
O18F
ZBCL
ovae
34C0
34F9
EETE
34EB0
3499
3492
11
34F5
3480
3490

Higrarchy | Wisibilty | Proje « | » |

LABEL: Disassembly
LE1 CLEF Oxe L
CLEF Oxd
CLEF Oxe
CLEF 0xf
GOTO _main
LBZ LDDUF PCL, Ox1
_HexTable: RETLW Oxc0
RETLW  Oxf9
RETLW  Oxad
RETLW  Oxh0
FETLW  0Ox99
RETLW  0x92
RETLW  0Ox82
RETLW  Oxf8&
FRETLW  0Ox&0
RETLW  0x30
]

PIC_UpDawn_Converter | DebugiU1) |

s s

AVANI

* %
* *
* *
* *

* 4o

EVROPSKA UNIE

n

)




ol 107
102 108
T03 TO%
104 1010
I05 Ioll

106 012

BUS1

* Demo

buffers

r U2 |
| ; PLEDTZ vee ;'; -
! < PIBEITZEX POEDADD Tl
EERCTY POBLADL 32—
= Fled rlB2AD2 TE"
! P1E4 POE3ADT [
| L | P1BSMOST POB4ADE 30— |
P1EGBMTSO POBSADS
—Q—E P1E7SCK FOBGADG -f:'i; |
| —7 RST POB7AD7 1=r—
-1 P3BORXD EAVPP oo |
| P3B1TXD ALEPROG |20
57 PIEZINTO PSEN [—=p |
o PIEITNTI F2BTALS |
T R3asri p2oal3 [22 |
PIBEST P2ESA
| —— P3BEWR PIBAALZ | |
| SR PIETRD PZE3IALL Bl
5 XTALZ P2E2A10 | 55—
| KTaLl P2B1AT Lo |
GND PZBOAE |—— |
| 8052

s

INVESTICE DO ROZVOJE VZDELAVANI

GND

BUS1

e 17

e 2
Key = Space )

Crosswalk Button

* ¥ 3

* *
* *
-

* gk
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@ . PLD/FPGA modul

Interconnection
Logic Block Resources

\QQQQDQQ@—'OCG"
o
H
8.

]

ly

2535”35353
O0O00oaoao

Lh
L L ML B HE |

o[ ]
I

13.4. 2012
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e Create new PLD Design in Multisim

-
57 Multisim

(=] O oo

Tools Options Help

[ Design Ctrl+M

Ctrl+0
-| 2 Open samples...
Open snippet file...

[ NIELVISI design

[£2. NIELVIS I design

(g8 NI myDAQ design

Projects and packing *

Recent designs r

Recent projects r

Exit

@ PLD design...

Hierarchy | Project View |

wl » B

NI ELVIS | design

=

-

r

Create a new PLD design.

0ogogno l|

EVROPSKA UNIE
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° SeleCt PLD Target NEWPLDDesign—SteplufE‘

Select how to create the Programmable Logic Device,

@) Use standard configuration:

MI Digital Electronics FPGA Board
"_ NI Digital Electronics FPGA Board (7 Segment)

() Create empty PLD

| [Eruwse...]

The selected configuration enables programming a connected PLD, generating
a programming file, and exporting to VHDL.

I | <Back || nNext> || Frsh || cancel || Hep |
INVESTICE DO ROZVOIJE VZDELAVANI mopsmmEEf i : Il




° SeleCt PLD famlly NEWPLDDesign—StEPEEfE‘

PLD design name:
Programmable Logic Device 1

FLD part number:
|XC35500E -

Lu‘““ | e ) Crm ) o ) )
INVESTICE DO ROZVOJE VZDELAVANI EVROPSKA UNIE N -




- ==
Mew PLD Design - Step 31:#3‘

e Select1/Os

Default operating voltages
Input connector: 33 v
Output connector: 33 v
Bidirectional connector: 3.3 v

Select the defined connectors to place on the PLD:

[]AD_CONV []como VIGPIO4 [lGPIO12
[]JAMP_CS [Jcom1 W|GPIOS [1GPIO13
[JAMP_DO [IDAC_CLR V|GPIOG [IGPIO14
[JAMP_SHDN [DAC_CS VIGPIO7 [1GPIO15
[w|BTNO W|GPIOD V|GPIOS [1GPIO16
WIBTN1 WIGPIO1 W|GPIOY [1GPIO17
[w|BTNZ WIGPIO2 []GPIO10 [IGPIO18
W|BTN3 WIGPIO3 [IGPIO11 [1GPIO19

4 I 3

| Checkall | | Uncheckall |

[ < Badk ][ Mext = ][ Finish ][ Cancel ][ bcln _]:5

.
:
Ly T
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I | | | [
—%_ Switches 7 Segment g -
2 LED| |
ro
I i &h|w 12 n]
i ] Buttons '
=3 -
=
G
e
- General
= Purpose
1=
| INPUTS

e Define the PLD..
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[T 6
e

Transfer»Export to PLD... LT

(@) Program the connected PLD

-

PLD Export - Step 1 of 2

Save generated programming file
() Generate and save programming file

(7 Generate and save YHOL files

| <pede [ Net> ]| Fnsh [ Candl [ hep |

INVESTICE DO ROZVOJE VZDELAVANI MOPSMUN'EEf i : II
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— Place components in 3D

I_le_

2000

on a virtual breadboard + -
.

— Practice wiring a
breadboard based on a
circuit diagram

— Component symbols and
wires turn green when

placed correctly on
breadboard

INVESTICE DO ROZVOJE VZDELAVANI
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| o @ |SDEWVISBreadboart SRR

N —

— File»New»NI ELVIS | Design ... Or NI ELVIS Il Design
— Interact with NI ELVIS instruments
— Place and verify diagram similar as the virtual breadboard

/] 0 Rk h X hd +I Hlllly
;***: I: %
INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKAUN'“'?I i : Il | - -




“In theory, theory and practice are the same.
In practice, they are not.”

INVESTICE DO ROZVOJE VZDELAVANI

- “Yogi” Berra

NATIONAL INSTRUMENTS

* X
* *
w x
* *
* 4o
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Introduction to LabVIEW

ot

43 LabVIEW Demo.vi

IONCRCECECET

LabVIEW

GRAPHICAL PROGRAMMING

FOR ENGINEERS AND SCIENTISTS

Elle Edt Wiew Project Operate Iook Window Help
s
~
Time Damain voltage
Wi Frequency Limit Settings
0.3-]
0.2+ 600 1000 1200 Detected Peak He
; ! 140 1422.73
o ;
4
El 400~ 1600
2 Cver Limit?
T 2007 1800
g J
2000
1
Time:
Filter Settings
FFT - (RMS) Filtered (FFT - (RMSY) C
Lower Cut-Off Upper Cut-Ff
300 *90 soo 1zo0 MO0 o
Ly v
L 600 3
- T3 LabVIEW Demo.vi Block Diagram
2 Fle Edt Yiew Project Operate Tooks Window Help
: (]2} [t ][]
! v [Calculate Frequency]
& e Spectrum
imuisted Sangles| = Fiter Signal =
= ower Cut-Off| s
b o 5 3 )
f | Spectral
DAQ Assistant Filter Measurements
data Sianal o
Phase:

13.4. 2012

Filtered Signal

[Find Dominant
Frequenc,

Tone
Measurement
s

i Sigab

Detected Peak Hz|

T

Freguenc:

Per Limit?)

* % 3
* *
* *
* *

* Kk
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0, LabVIEW Graphical Development System

O

* Graphical Programming Environment

 Compile code for multiple OS and devices

e Usefulin a

3 LabVIEW Demo.vi =%

5

nnnnnnnnn

vvvvvvvvvv

oroad range of applications

LabVIEW Graphical Development Platform for Design, Control, and Test
Embedded Design Industrial Monitoring Automated Test
and Prototyping and Control and Measurament
. . Advanced . Data Logging Communications
Filter Dasign/DSPF Coriyol HMIFSCADA and NVH Tost

Machine Vision

ATE

System Prototyping Industrial Control (P10 and Mation

Computing Targets

13. 4. 2012

PN Dae” a® FJ@
+* L
* * .. =|
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L NI

* Design
— Signal and Image Processing

— Embedded System Programming Graphical System Design
e (PC, DSP, FPGA, Microcontroller)

— Simulation and Prototyping
— And more...
 Control

— Automatic Controls and Dynamic
Systems

— Mechatronics and Robotics
— And more...

* Measurements
— Circuits and Electronics

— Measurements and
Instrumentation

— And more...

4.20 S, Efl\ ﬁ Iﬂ : %”"“'9
.*t**: : g
INVESTICE DO ROZVOIJE VZDELAVANI EVROPSKA UNIE P | - -

DESIGN PROTOTYPE DEPLOY

LabVIEW

Demo




* Easily create interactive control
design and analysis Vls

e Use both textual .m file and
graphical approach

* Model construction, conversion and
reduction

* Time and frequency response
e Dynamic characteristics

* Classical control design including
analytical PID

* State-space control and estimation -
LQR, LQG, Model Predictive Control,
Kalman Filter..

gos | Hasisee |

* ¥ 3
* w
r x
* *
* *
EVROPSKA UNIE i
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Powerful textual programming for
Control Design, Signal Processing, and
Math

— Hundreds of built-in functions

— Reuse many of your m-file scripts created
with The MathWorks, Inc’s MATLAB®
software and others

— Partially based on original math from

PowerY=abs(Y)."2;

MATRIX,

A native LabVIEW solution

— Interactive and programmatic interfaces
— Does not require 3™ party software

MATLAB® s a registered trademark of The MathWorks, Inc.

B8 "Crr

EVROPSKA UNIE i
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* Graphical and textual programming
* |nteractive user-interface

Equation

”E,m N

2nd Order ~ Step Response Graph

it

MathScript Step Response

INVESTICE DO ROZVOJE VZDELAVANI EVROPSIKA UNIE. W j—



9

Both signal flow and .m file

O

development

Single environment for:

Simulation of dynamic systems

control prototyping or
hardware-in-the-loop simulation

Real-time implementation for rapid

453 CDEx Simulation 3DoF Helicopter

Eile Tools

Edit View Project Operate

#[2[@1

Window Help

Dynamic System Simulation & Control

' Travel Angle

desired [

measured ,_

—

i
2000

Angle (degree)

i i
40.00 60.00
Time (s)

Elevation Angle
200-

|
80.00
desired [

measured [

150

(degree)

10.0-
2 50-
‘07| 1 1 1
00 100 200 300
Time (s)

Control Effort [Vf,Vb]
1‘0—‘

' ' ' '
400 500 600 700

N
800 900 1000
vE [
Vb [

{3 Hierarchical Model.vi Block Diagram E]@
Eile Edit Yiew Project Cperate Tools Window Help '!
@ | 13pt Application Fant | H;pv Hﬁv |
= ' '
-Controller ail Surface Deflection [rad 00 300
. Time (5]
Ffees = = :
o e = i
ez o Eio Sy n Setpoint o
= U ail Rate [radfs 150 7 150
- Bctuator Model = 120
= 5 blize &
90—
Angle of Attack {alpha) [rad Jured Elevation
Bz 47
[Dryden Wind Gust Model
[ r; a Pitch rate (q) [rad/s
i Bz
[pertical velocity relatius =
[128 I
Sensar Filkering
L= |Alpha Sensar Errar Model —
=t _ F = = |
G &
N -—
v
< >

13. 4. 2012

-120

) =52 Measure Angle

| | | ' ' ' '
400 500 600 700 @800 900 1000

Position Angle Setpoint

o372

|
100.00

Simulation Time  Time Scale
00:00:21.5 o5 X
‘ Redesign | | e |

Alpha Sensor Error Model !

0,023
s+10

* % 3

* *

* *

* *
LS
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o @ Standard Notation Reduces Learning Curve

* LabVIEW Control Design & Simulation Module

F‘ul inal Transfer Function

_ Saturation| [Transport Delay| |Transfer Functiont | aveform Chart|
— Ot ¥ o e =
WA 6—3 Erses = S g [”EE;JJ

» The Simulink® software environment

=+ 1
[]] + » Ry — ]
S+g+3 il
Fulse Transfer Fen =aturation Tranzport Transfer Fend Sco
Genera tor Delay

177
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Convert plant and controller models you create in
the Simulink® environment into LabVIEW Control

Design

oooo 1

oo I —
5t

Signal Transfer Fcn
Generator

[TTITTT

= w
i
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Data preprocessing

— Down Sampling, Remove
Trends, Split Signal, Filters

Parametric model estimation

Nonparametric model
estimation

MIMO capability
Nonlinear model estimation
Grey box system identification

Closed-loop system
identification

Model validation
System identification assistant

13.4. 2012

LabVIEW System Identification Toolkit

Configure SiModelEstimation [Estimate ARX Model (SIS0)]
Select Model Type Select System Dims Model Diagram
Our ®s150
[OF:H Omso
[@FTI S
O outp
@Gl Select Data T:
O ceners | Linear @ Array
e Owaet M) = Blamlz—ky+e ()
Set Model Drders
A orde B ord: del
7 g 7
[s]'3 ] [ Zancel ] [ Help
fa
L3 F
Estimate ARX
Maodel {5150
systemn model ouk ¢ . .
. Windows Real-Time

13

13

miodel coefficientsk
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13. 4. 2012

Solving ODE Example

| | vdot = -(L/RC)*
RC (time constant)

o,

Ty

43 First Order Systemwi

=)

File Edit View Project

Operate

Tools Window Help

L
@1

10-
5
5
4

P
o
2

o

RC (time constant)

Waveform Chart

Amplitude

Simulation Time

1

pioto NG

m

* % 3

*
*

*
*

* *
L 4
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LabVIEW Development Environment

(.:ontro! Design & System ID Toolkit Statechart Module
Simulation Module
DFD Toolkit Simulation Interface NI Motion Control
Toolkit

LabVIEW Real-Time LabVIEW FPGA LabVIEW Microprocessor

Targets

RN K hd ‘EHHI[IIy
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* 92 new component models of power
and electromechanical devices

* Reconfigurable transformers

I o 1 2 I 3 | 4 | 5 3 7

* Power switches Ni

* Power controllers 1 e [ e 353
° Non_ideal RLCS . e A . ::U:1E|2'C)':_—D ':::::ZZZZZ S .

o[BS e

"ZZ‘;Z;ZH;T'R'A,N'srgToﬂﬁ_DIQQEﬁﬁ‘ZHZ;ZZ‘Z‘ZZZZZZZZZZHZZZZ‘ S

: mn : : : ] . . : . . : . L i
) DC Motor - Ideal H Bridge | BRI
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Measure power quality and
energy features to IEC, EN, and
IEEE standards

Harmonics (IEC 61000-4-7)
Flicker (IEC 61000-4-15)

Sag/sell/interruption with
standard or custom levels (IEC
61000-4-30)

Rapid voltage change with
standard or custom levels (IEC
61000-4-30)

Compatibility with the
COMTRADE (IEEE 37.111) file
format

INVESTICE DO ROZVOJE VZDELAVANI



0, Multisim-LabVIEW Co-simulation

O
* Control Design and Simulation VE 22 1o outt,
2 | cr R4 20k} '“‘*\
Module @m A \
— External Modeling Interface (EMI) =iv —wn L w - 1
T i
* Prototype features: Vneg 0 e33072e
~ l - sVpos 1

— Lock-step synchronization
— Step-size negotiation /

— Support for all continuous-time 1
LabVIEW solvers \

— Multisim block configuration

Demo

13.4. 2012
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