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Hello, and welcome to the Tl Precision Lab supplement which gives an overview of
the National Instruments VirtualBench. The VirtualBench is a very powerful piece of
hardware which combines multiple pieces of traditional lab equipment into one
compact and easy-to-use device. This presentation will describe the features of the
VirtualBench, as well as give a tutorial on how to configure the VirtualBench

hardware and software.



VirtualBench Specifications
Bandwidth 100 MHz
Channels 2 analog, 34 digital
Ranges 10mV/div, 100mV/div,....10V/div
Sampling Rate 1 GS/s (single channel), 500 MS/s/ch (dual channel)
Waveform Measurements cursors, 22 automatic measurements
Waveform Math add, subtract, multiply, FFT
Record Length 1 million samples
Max Frequency 20 MHz (sine), 5 MHz (square)
Channels 1
Waveform Types sine, square, ramp, triangle, DC
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| won’t go into detail on all of the specifications, but they are copied here. Some key
specs to note are the 100 MHz oscilloscope bandwidth, up to 1 gigasample per
second sampling rate, and up to 20MHz sinusoidal function generator.



VirtualBench Specifications

Digital Mulitimeter

Resolution 5 7 digits

Measurement Functions VDC, VAC, IDC, IAC, continuity, resistance, diode
Max Voltage 300 V max input voltage

Max Current 10 A max input current

Basic Accuracy up to 0.015% VDC

Programmable DC Power Supply
Channels 3

Voltage/Current (Ch1) 0to+6V/0to 1A
Voltage/Current (Ch2) 0 to +25V /0 to 0.5A
Voltage/Current (Ch3) 0to-25V /0 to 0.5A
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The specs are continued here for the multimeter and power supply. The multimeter
has 5 and a half digits of resolution, and the three-channel power supply can support
both single supply and split supply devices.



VirtualBench Rear Panel — USB & Power

100-240VAC
50/60Hz
100W MAX

usB AC Power
Connection to PC Connection
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This slide shows the VirtualBench rear panel.

Connect the included AC power cord to the back of the VirtualBench. Plug the other
end of the cable into an available AC power outlet.

Connect the included USB cord to its port on the back of the VirtualBench. Plug the
other end of the cable into an available USB port on your computer.



Power button

VirtualBench Front Panel

Two-channel
oscilloscope

Function
generator
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The front panel of the virtual bench is used to make connections to your system
under test. You must turn on the VirtualBench by pressing the power button on the
top left before using the device. Then, you can connect to the oscilloscope, function

generator, digital 1/0, DC power supply, and digital multimeter as required in your
experiments.



VirtualBench Front Panel — Power LEDs

Blue LED = VirtualBench power ON

NATIONAL Mixed Signal Oscilloscope FGEN TRIG
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Blue LEDs = DC power supply ON
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The front panel of the VirtualBench also has several power LEDs. The power button
on the top left of the unit will glow BLUE when the VirtualBench is on. 3 LEDs in the
DC Power Supply area will also glow blue when the DC Power Supply is on.



Connect the Instrument to the Test Board

DC power supply
connection

CH1 to Vin1
FGEN to Vin2
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Let’s now make some connections between the VirtualBench and the Test Board. Use
the included cable to connect to the DC power supply. Use a BNC cable to connect
CH1 of the VirtualBench oscilloscope to Vinl on the test board. Use another BNC

cable to connect the VirtualBench function generator, labeled FGEN, to Vin2 on the
test board.



Starting the Software
ol x|

0\ 5 H ~ Computer v CD Drive (E:) NI VirtuaBench v v 3 | Search CD Drive (E:) NI Virtu... ’i']l
Organze v = Open Burn =y 1l @
*. Documents ﬂ Name - | — i
4. Music
. Pictures J | VirtualBenchLauncher.exe 3/19/201
B videos # VirtuaBenchHelp.chm 3/19/201"'

VirtualBench.exe.config 3/19/201

& Computer

= VirtualBench.exe

& 0SDisk (C:) SimulationDemo.vbcd 3/19/201
|J CD Drive (E:) NI VirtualBench SFPAALdI 3/19/201
< PA_Lineah Apps (\\dory) () .
nilciibsfp.dll 3/19/201
LN B e e o e snanng )
@ Network >4 _’]
Date created: 3/19/2014 3:16 PM
: 3/19/2014 3:16 PM
The VirtualBench shows up as a CD Double-click on
Drive when USB is connected and VirtualBench.exe to start
the device is turned on. software 8

&3 TExAs INSTRUMENTS

The VirtualBench software is pre-installed on the device. Once power is applied and
USB is connected, you can see the VirtualBench as a CD drive. Click the drive, then
double-click VirtualBench.exe to start the software.



Set Power Supply Voltage & Current Limits

Voltage and
current levels
displayed here Setto 15V, 0.2A

000.017av ~

DC POWER SUPPLY

0.001V o00.000 7.001V 07.000 -14.993 V- 15.000

0.000 A 01.000 0.008 A 00.100 0.008 A 00.200

+6V +25V 25V

0

Press the power button to turn
on the power supplies Setto 7V, 0.1A .
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Once the software opens, let’s first set the power supply voltage and current limits.
Set the +25V supply to +7V, 0.1A. Set the -25V supply to -15V, 0.2A. Press the blue
power button to turn on the power supplies.



Connect Probes to Multimeter

Connect probes
to multimeter
Hl and LO

VirtualBench

Probe the V-
supply with
respect to GND
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Let’s now measure the power supplies that we just configured. To do this, we’ll use
the built-in multimeter. Connect the included probes to the HI and LO inputs on the
multimeter. Probe the V- supply with respect to GND, by touching the red probe to V-

and the black probe to GND.



Use the Multimeter to Measure the Supply

Measured voltage

-015.006v is displayed

DIGITAL MULTIMETER
Range

-015.006vVv #=

Select function:
DC voltage
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In the software, select the DC voltage function of the multimeter at the bottom right.
The measured voltage will now be displayed in the large white text. It should read
-15V, the same as what was configured.



Configure the Function Generator

Turn on
the
function
generator

Frequency

1.000 000

Set the
frequency

000.017 =

003V g
-003vY

Program the
peak to peak
amplitude and
DC offset

Amplitude DC Offset
For this example: o0} e b
Frequency = 1kHz
Amplitude = 0.05Vpp
DC Offset = 0.00V
Function = Sine

Select the
function
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Next, we’ll configure the function generator. First, set the frequency to 1kHz. Then,
adjust the amplitude to 0.05Vpp with OV DC offset. Select the sinusoidal function.
Finally, press the blue power button to turn on the function generator.



Configure the Oscilloscope

Adjust the time scale
per division

N ' AR @

200 ps/ Single Auto Normal Stop

Set the

acquisition mode

000.022av ~

For this example:
Time scale = 200us/div
“Normal” acquisition mode
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Let’s now configure the oscilloscope. The overall acquisition and display settings are
configurable. Adjust the time scale to 200us/division. Set the acquisition mode to
“Normal.”



Configure the Oscilloscope

000.022av ~

For this example:

Enable CH1

CH1 range = 20mV/div
Math, Digital = Disabled
Trigger = Edge, CH1, Rising

Press to enable CH1

Math
Digital
Trigger
Edge

1

Rising

Force

Vertical scale =
20mV/div

Disable Math
and Digital
functions

¥~ Set trigger to
Edge, 1, Rising
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Press the red button to enable CH1. Set the voltage range to 20mV/div. Leave math

and digital functions disabled. Set the trigger to Edge, CH1, Rising.
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Oscilloscope Settings — Coupling & Probe

Channel Name

1

Coupling

AC AC coupling

DC

Math
Probe Attenuation

Digital 1x

E—— - 1x probe attenuation

Edge Vertical Offset

1 0.001 8 Vv

Rising

Force
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The icon at the top right of the oscilloscope opens a new window with more options
for each channel. Each channel can be given a custom name. Set the coupling mode
to AC. Set probe attenuation to 1x.



Oscilloscope Settings — Triggering

Trigger

Delay
0.000 000
Math
Digital

Trigger

Edge . 0.000 0

Noise reject can
help with triggering

Minimum noisy signals.
Noise Reject

Hysteresis
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The icon at the top right of the trigger settings opens a new window with more
trigger options. The trigger time delay and voltage level can be set. Leave these both
at zero. Hysteresis is also available to help with triggering noisy signals. Try both
options, but for this lab use “noise reject” mode.



Oscilloscope Settings — Averaging

FUNCTION GENERA
Acquisition >

N on' AP @

100 ps/ Single Auto Normal Stop

Persistence »

Cle
Cl

/128 Averaged

Set sample, peak
detect, or averaging
acquisition mode
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The icon at the top right of the acquisition settings opens more acquisition options.
The acquisition mode can be changed to sample, peak detect, or average. Set the
acquisition to 128 times averaged.

Persistence of display may also be used. In general, we recommend leaving
persistence disabled throughout the Tl Precision Labs.



With and Without Averaging

No Averaging

128x Averaging
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When measuring periodic signals, averaging can help significantly reduce the amount
of noise displayed on the measured signal. This slide shows the difference between
no averaging, or “sample” mode, and 128 times averaging.



Oscilloscope Cursors

Cursors

Type

-000.052mv Voltage

Cursor 1 Channel

1

Select channels Cursor 2 Channel
and types of L
. cursors
For this example: 'N' Curl -26.8 mV
Type = Voltage cur2 23.3 mV
Cursor 1 Channel = 1 Press to set up DC POWER SUPPLY
Cursor 2 Channel = 2 cursors
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Cursors may be used to measured oscilloscope signals. Click the cursor icon, located
above the power supply settings, to open the cursor menu. Select voltage type, then
set Cursor 1 Channel to 1 and Cursor 2 Channel to 1.



Oscilloscope Cursors

Click and drag

' the cursors into
@o0.00Vv are
position

A7 “Curl -26.8 mV AY 50.2 mV
N Cur2 23.3 mV For this example:
T Use the cursors to
measure the peak to
Shows the cursor values and the peak amplitude.
difference AY (voltage in this case)
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The cursors location may be adjusted to make a measurement. Click and drag the
cursor indicators into position at the top and bottom of the sinusoidal waveform. The
voltage level at each cursor, as well as the delta Y, in this case voltage difference, will
be displayed next to the cursor icon. Use the cursors to measure the signal’s peak-to-
peak amplitude. You should see a result of 50mVpp, the same amplitude as the
function generator.
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Measurement Options

Select channel to measure

Meas:

Oscilloscope Time
1 Frequency PosPulseWidth  Pos Duty Cycle

1.0062 kHz 499.48 s 503%

Math

[ Period Neg Pulse Width ~ Neg Duty Cycle

993.87 s 49439 s 497%

Rise Rate Rise Time

137V/s 20409 s

Fall Rate Fall Time

135V/s 297.79 s

Voltage
Amplitude

502 mv.

Peak-to-peak

502 mv

For this example:

Channel =1
Measurement 1 = Frequency
Measurement 2 = Peak-to-peak Select measurement to display
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The VirtualBench can also make measurements automatically. Click the ruler icon,
above the digital I/O settings, to open the measurement options window. Here you
can select what channel to measure, and which measurement you want to display.

Select channel 1, and measure both frequency and peak-to-peak amplitude.
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Measurement Options

y Freq(1) 1.0052 kHz NI Curl -26.8 mV AY 50.2 mV
Pk-Pk(1) 50.1 mV Cur2 23.3 mV

Measurement Cursor results
options displayed displayed
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The measurement results are displayed next to the ruler icon. You should read a
result of 1kHz, 50mVpp — the same as the function generator. The amplitude should
be the same as the delta Y measurement from the cursor.



Thanks for your time!
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That concludes this lab — thank you for your time!
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