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Academic Year 2005

ABSTRACT

This thesis presents theory and implementation procedure of how to construct a virtual
instrument to measure a frequency response of any systems by the use of LabVIEW programming.
The goal is to construct a virtual instrument to measure a frequency response of any systems that
the user can control through a computer instead of using more expensive real measure instruments

The project has been conducted as in the following steps. First, learn to how to use
LabVIEW about its function. Then adapt those knowledge from programming by constructing a
virtual instrument that can measure a frequency response of the system. This program is designed
to output a sinusoid function which is a swept sine to your desired frequency without any aliasing
occurs. The next step is to design a system with a given transfer function, then we pass the sine
wave from previous step to this system. And the last step is measuring a frequency response of
the system by comparing the gain and phase of the output and input signals, and transfer the data

to plot a bode diagram for a further study to design a real control system in the future.
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Student Scope Using NI USB
Data Acquisition

Version 1.1: Dec 14, 2006 3:44 pm US/Central
Erik Luther

This work is produced by The Connexions Project and licensed under the
Creative Commons Attribution License

Abstract
The StudentScope is a software oscilloscope speci_cally designed to work
with the National Instruments Low Cost USB data acquisition devices. The
StudentScope was created in LabVIEW. The front panel controis are modeled after
those typically found on a traditional benchtop oscilloscope.

Student Scope Using NI USB Data Acquisition

1 LabVIEW Student Scope Using the NI USB Data Acquisition
The StudentScope is a software oscilloscope speci_cally designed to work with the
National Instruments USB-6009 data acquisition devicel. To simulate the
functionality of a scope, the StudentScope acquires anatog input data across two
channels and then searches for a user-speci_ed trigger level. This allows periodic
waveforms to be lined up and displayed as standing waves. Controls to scale
signals, apply vertical o_sets, adjust the timebase, and measure phase o_sets are
all meant to function similarly to a benchtop oscilloscope. Severai
expanded features are also available, including a option to log data to an Excel-
compatible spreadsheet _le or to export a screenshot to a printable HTML report.

1.1 Download the StudentScope The StudentScope source code can be
downloaded here: StudentScope Source (1.0)2. The StudentScope source requires:
LabVIEWS3 8.0 or tater, and NI DAQmx4 8.0 or later. The StudentScope stand-alone
executable can be downloaded here: StudentScope.exe (1.0)5. The StudentScope
source requires: LabVIEW RunTime Engine 8.06, and NI DAQmx7 8.0 or later.

http://creativecommons.org/licenses/by/2 0/

1http://digital ni.com/express.nsf/bycode/ex4v7m

2studentscope.zip
3http:/idigital.ni.com/demo.nsf/websearch/14f9ce475127ade786256ac60070926¢
4http://digital.ni.com/softlib. nsf/iwebsearch/11D505B7B355EBD68625722D006A6B97
5studentscope.exe
Gftp:/fftp.ni.com/pub/devzone/tut/cnx_Iv8_runtime exe
Thttp://digital.ni.com/softlib.nsfiwebsearch/11D505B7B355EBD68625722D006A6B97
http://cnx.org/content/m14166/1atest/
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1.2 Getting Started

First, be sure you have the LabVIEW Run-Time Engine version 8.0 and the
DAQmx driver version 8.0 or later instalied under the default installation options.
Both can be downloaded free of charge from ni.com. The installer included with the
Student Scope includes the LabVIEW Run-Time Engine, but DAQmx must be
downloaded separately. Next, connect your National Instruments USB-60098 to your
PC. Windows should detect the device and con_gure the appropriate driver. If this is
the _rst time that a USB-6009 device is installed on your computer, you might be
prompted to install a USB-6xxx Firmware Loader. Please complete the Windows
Hardware Wizard prompts to completely install this device.

To run the StudentScope, you will need to determine the device number of
your USB- 6009, which is how the hardware is identi_ed by the scope software. Find
this by opening Nationa! Instruments Measurement and Automation Explorer (MAX).
In MAX, expand Devices and Interfaces. Then expand NI-DAQmx Devices. If the
DAQmx driver is installed properly, and the USB-6009 is connected, you will see an
item such as USB-6009: "Dev1" where Dev1 indicates device 1. Make a note of the
device number. When you run the StudentScope, you will need to select the correct
device number. If the wrong device number is selected, you will receive an error
message. To _x this, be sure the USB-6009 pilugged in, select the correct device
number, and press the reset button.

1.3 Hardware Connections Connect input signals to di_erential channels 0 and 1 on
the USB-6009. Terminals 2 and 3 on the 6009 correspond to the positive and
negative inputs for di_erential channel 0. Terminals 5 and 6 the 6009 correspond to
the positive and negative inputs for di_erential channel 1. For more information on
terminals and connections, consult the help manual for the device.

1.4 Controls The following controls on the StudentScope front panel are used to
control the behavior of the scope. The controls are modeled after a traditional
benchtop oscilloscope.

« Device: Speci_es the Device Number of the 6009, which uniquely identi_es the
hard- ware. This number can be found in Measurement and Automation Explorer
(MAX). If you adjust this input, you will have to press reset for the changes to take
e ect.

« Channels: Speci_es the number of channels to scan. By acquiring only a single
channel of data, twice the sampling rate can be achieved over acquiring two
channels of data. If you adjust this input, you will have to press reset for the changes
to take e_ect.

» Input Voltage Range: Sets the internal programmable gain ampli_er on the 6009.
This applies an appropriate analog gain to the signal prior to digitization. For best
results, choose the smallest range setting that completely encapsulates the
expected signal. If you adjust this input, you will have to press reset for the changes
to take e_ect.
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* Reset: If Device, Channels, or Input Voltage Range values are changed, the Stu-
dentScope needs to be reset for the changes to take e ect.

+ Display On: Toggles the visibility of each channel's trace. Note: This does not
change whether or not the data is actually being acquired by the USB-6009:; it
merely allows the user to turn on or o_ the display of that data.

+ O_set: Adjusts the vertical position of the trace on the display by adding or
subtract- ing a voltage o_set.

« Zero: Removes any o_sets added with the O_set knob.

+ Center: Automatically adjusts the O_set knob so that the waveform is centered ver-
tically on the display.

« Scale: Sets the Volts per division along the vertical axis in order to "zoom"
vertically.

+ Timebase: Sets the time per division along the horizontal axis in order to "zoom"
horizontally. This does not change the rate of acquisition of the hardware.

« Trigger Channel: Speci_es which channel will generate the trigger.

» Edge: Toggles between triggering o_ of a rising or falling edge of the signal.

* Level: Speci_es the voltage level at which a trigger will be generated. Note: If the
level is never crossed by the periodic signal, the trigger will not work properly and
the waveform will not display correctly. Also, the trigger is de ned in software, and
will only correctly display periodic signals with a period of less than 1/8 second.

« Cursors (On/O_): Toggles display of the cursors onoro .

+ Lock Cursors: Toggles whether cursors are free- oating or locked to a channel
trace. If cursors are free _oating, the voltage level at each cursor will not be

displayed.

» C1: If Lock Cursors is toggle on, this selects the channel to which Cursor 1 is
focked.

« C2: If Lock Cursors is toggle on, this selects the channel to which Cursor 2 is
jocked.

+ X Axis Scroll: Adjusts the center frequency of the Spectrum Analyzer. Page Up and
Page Down can _ne tune this control left and right.

« X Axis Zoom: Adjusts the min and max range of the X axis of the Spectrum
Analyzer.









wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygalniluludssloguaiunisen

lunsdllag ey Bnnsmudludauadiion uasnaendidsaiveseonalsynasiniinisuiliuly



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygalniluludssloguaiunisen

lunsdllag ey Bnnsmudludauadiion uasnaendidsaiveseonalsynasiniinisuiliuly



MARUIN U

1PNa1500 NI USB-6009



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygalniluludssloguaiunisen

lunsdllag ey Bnnsmudludauadiion uasnaendidsaiveseonalsynasiniinisuiliuly



wnanstiuenansianubidmiunslsnuiionsfnwiniu lweygalniluludssloguaiunisen

lunsdllag ey Bnnsmudludauadiion uasnaendidsaiveseonalsynasiniinisuiliuly



Low-Cost Multifunction DAQ for USB

83

Specifications

Tepical at 25 “C unless otherwise noted.

Analog Inpui

Absolute accuracy, single-ended
Range Typical 81 15 °C tmvy Maxirmum [0 te 55°C} (nV)
110 N T

Absalute accuracy at full scale, ditferentiad

Rango Typicel at IS C (my) Elaxinur [G 1a 55 °C) (Y}

170 117 138

110 13 RO R

1% 1.1 5.4

4 39 S31

125 258 5.1

22 b} 425

1% 170 3|9
KL &N 55

@ single-enred/d differential
SuceEssie approximation

Nimhen of channels ... .
TpeofADC L

ADC resolution (bits)

Modsio Difforontiai” Siagle-Eacdad
USE-6008 iz n
U38.6008 14 13

Maxitmuim sampling rate {system dependent}

Modele Maxoun Sampling Rate {k&/t}
USE-600F 10

Usesom 43

Input range, single-endad... ... £V

Input range, differential... ... £20,£10, 45, #4, 2.5, #2,

12521V
Maximum working voltage .. 210V
Overvoliage pratection .. +HV

FIFO buffersize ... ........e..... 5IZB

Timing resolution ... 4167 NS {24 MHZ timebase)
Tining accutacy ...... ... 100 ppm of actual sample rate
Input impedance .......... 14k

Trigger sowce... Sottware ol exernal digital trigger
Systemroise. ... ... ... 03LSBinsi210V range)

Analog Outpul
Absolute accuracy fro lvadj ...

7 ¥ rypical, 36.d mV maximum
at ull scale
Nurnber of channels.....oocoeees 2
Tpe ol DAC . s v SucoesSMe approximation
AC resgltution. ... 12bils
Masimum dpdaie rate ... ... 150 Hz, software-timed

st sodtages mey oot sweed the woarking voliege range.

Cutpul lnge . e e
Cutput irgmsdance . ...

Cutput currest difse

Powegton 3182 . e s e
Sl ame. o e
Shur{-Cleuit QUL

Digitai /O

MNumber ot chanrebs. e

Diection control ... L.

Dutput direr vype

Do +h Y
wna
D
oy

1 Vs
D ma

12 tola!

3iPD<0. 75

4 P10 3

Each channel individually
progranmimable as input or vutput

Magimum input flequency........... ..
Minimign high pulse vadth.... ... ..
Mininum low pulse width. ...

Input high voltage ...

Inputlow VoltBge .o
Power available at /O connector
45V oulput (200 mA maximum..... .

+2. 5V autput {I mA maximumi..........

42.5V oliput aceuracy ...

Volizge refeience 1empeuanue mﬂ

USB-605............ Open-drain
USB-60g. ... ... Each channel indedduatly
progiamamable as gsh-pult o
upen-drain

Cumpatibility ... .. ... CMOSTIL, VTt

Intetnal pull-up resistor . 47k W45V

Powwer-un stale. . Inpuit thigh impedancat

&bsohte maxinrumn \fu!lage range 05t0+685Y

Digital tagic levels
Level Mn = M Usits
npun leaseltogs 03 08 v
Inpis tegh volage 20 53 v
Inpun l3atape current - S0 23
Ouipui ke vellage (= 85 A - 08 v
Outpun tugh vskege (pash-pul. 1= -8.5 M) 20 15 v
Ounput bigh vokage fopsa-digin, 1= -0 6 mA, ngaraal) 0 50 v
Ouitput Bigh 2R age (ppoa-drsin, 1= -85 mé,

__'.\'ilh Qauzendl pu-up 1e8istar) 20 - K
Counter

Number of counters. .. 1

Resalution ... 32 bits

Counter measumnenis Edge cownting {falling edge)
Pull-up resistor ... ...... 47kYi05V

5 MHz
100 ns
100 ns
20V
0BV

+5 V typical
+4.85 V minsnum
+2.5V typical
0.75% max

50 ppm°C max
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Physicai Characteristics

it you need to clean the module, wipe it with & dry towel.

Diraensions [without connectors).. ...

Cimensions fwith conneciors)

Weight pwithout connectorsj ... .

Weight fwith connectors)

0 connettors... e e

Screw-terminal wiring .......

Screw-lerminal toigue . .. s

Powar Requiremant

USB {41010 525 VD).

Enviromnental

GSby g5l by 231 em
{250 by 3.350y 0.91 in)
81Bby8S51 by 7 3t em
{322by335bv 09110
Sagi2ten

84 g(302)

USB series B receplacle
(2) i6-pasition {screw-terminal)
plug headess

16 to 28 AWG
07210025 Nem
(2010 2.2 thein}

80 mA rypical
500 mA maximum
300 p4 pypical
500 uA magimum

The USB-6008 and U3B-6009 are intended for mduat use only,

Dparating amvironmeni

Anbient lamperaiwe rangs ..

Ralative humdity range .

Sturage environment

Ambient temperature range ...

Refative humidity range ... ...

Mazimum altiude ...

Pollution deqree... . ..o

01 55 *Citested i accordance
wiih 1EC-60063-2-1

ang 1IEC-60063-2-2)

10 1o 0%, noncotdensing
1ested inaccudance

with 1EC-G00GS-2-56)

-40 to 85°C itested in
accomlance with |EC-GO0BS-2-1
and {EC-ED68-2-2

510 90%, nuncondensing
itested in accordance

with 1EC-60(63-2-56)

2000m

iat 29 °C ambient emperatura)

A
4

Safety and Campliance
Safety

This preductis designed to meet the requirements of the folloving
standards of sately fur electrical equipment for measuiement, contiol,
and Isharatory use:

= JECBI0ID-1, ENBI0I0-1

« UL61010-7, CAN/CSA-C2Z.2 No. 610101

Nate: Fur UL and other safeiy certifications, refer to the procduci labe!
of visit ni.com/certification, search by model rumber o product line,
and click the appropriate link in the Cerntification column.

Elzctromagnetic Compatihility

This product is designed 1o meet the requirements of the following
standads of EMC for electiicat equipment tor measwement, contiol,
and laboratory use:

« EN 61326 EMC requirernents; Minimnm Immunity

* EN 59011 Emissions; Group 1, Class A

+ CE, C-Tick, ICES, and FCC Part 15 Emissions; Class A

Note: Fur ERIC compliance operate this device actwiding to
prduct dosmmentation,

CE Campliance

This prodnct mects the essential reguirements of applicalde Ewopean
Dirgctives, as amended for CE marking, as iolkows:

o FSZAEEL; LneVollage Direntive (safety)

+ B9/33G/EEC; Elecuomagnatic Campatibility Dire¢tive (EMC)

Note: Refer 1 the Declaraton of Confurmity iDeCh fur this frothct for
any additional regulatory compliance information. To obtain the DuC for
this praduct, visit ni.conycentification, search by model number o
product line, and click the appropriate kink in the Centification column.

Waste Electrical and Electronic Equipment {WEEE)

EU Customers: 41 tha end of their life cvcle, all protugts mast be
sant toa WEEE recyeling centar. For mare infarmation about WEEE
recycling centers and Mationa! Instiuments WEEE initiatives, visit
ni.convenviromnentiveee hun,
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insranuals))

CORXA A POBAERIZOVTIE, ni . comd jpsmanuals
EEML TS0, (For o Japanese lanpuage versun, go toni _com/

This guide deseribes heav to use the National Instruments USB-6008/6009
data acquisition (DAQ] devices and lists specifications.

Introduction

The NI USB-6LIS/A00Y provides connection (o ¢ight analog input (Al)
channels. two analog ouiput {AQ) channels, 12 digital inputfoutput {DIO)

channels, and a 32-bit counter with a full-speed USB intesface.

Bl

5

Nole Thix manuval revision updates naming conventions 1o reflect the conventions used in

NI-DAQmN. Table | notes the comelation betwean the old and updated names.

Table 1. Digital Qutput Driver Type Naming Conventions

Hardware Fonctionality

NI-DAQmx Terminology

Open-drain

Open cellector

Push-pull

Active drive
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Table 2. Ditierances Batween the USB-6002 and USB-6009

Feature LSB-6008 USB-6009
Al Resalution 12 bits differential. 14 bus difterential.
L bits single-ended 13 hits single-ended
Maximum Al Sanple Rate. 10 kS#s 48 kS#s
Single Channel”
Maximum Al Sample Rate. HO kS4 48 kS«
Multiple Channels ( Aggregate)
DIO Cenfiguration Qpen collector Qpen callector or active drive

* System dependent.

1 USB Cable Strain Relif

Figure 1. USB-6008/6009

[ ]

Figure 2. USB-6008/8009 Back View
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Safely Guidelines

/!\: Caulion  Operate the hardware only as deseribed in these operating instructions.

The following section contains important safety infarmation that you must
follow when installing and using the LISB-60QY600%.

Do not aperate the LISB-60GS/6209 in a manner not specified in this
document. Misuse of the device can resultin a hazard. You can compromise
the safety protection built ima the device if the device is damaged in any
way. [f the device is damaged. contact National Instruments for repair.

Do not substitute parts or modify the device except as deseribed in this
document, Use the device only with the chassis. modules. accessories. and
cables specified in the installatian instructions, You must have all covers

and {iller panels instatled during operation of the device.

Do not operate the device in an explosive atmaosphere or where there may
be flammable gases or fumes. If vou must eperate the device in such an

environment, it must be ina soitably rated enclosure.

Il you need to clean the device. use a dry clath. Make sure that the device
iv completely dry and {ree from contaniinants befere retuming it to service,

Crperatethe device only at or below Pollution Degree 2. Pollution is foreign

mater in a sohid, liquid., or zaseous state that can reduce dielectric strength

or surface resistivity. The following is a descriptinn of pollution degrees:

¢« Pollution Degree | means no pollution or only dry. nonconductive
pollution vecurs. The pollutien has no influence.

+  Pollution Degree 2 means that oaly nonconductive pollution occurs in
mast cases. Gecasionally, however, 2 temporary conductivity caused
by condensation must be expected.

+  Pollution Degree 3 means that conductive pollution occurs, or dry,
nonconductive pollution oceurs that becomes conductive due to

condensation.

You must insulate signal connections fr the maximom voliage Tor which
the device is raed. Do aot exceed the maximum ratings far the device, Do
not install wiring while the device is live with elecrrical signals, Do o
remove or add connectar blocks when power is connected to the sysem.
Avotd contact between vour budy and the connector block signal when hot
svapping madules. Remove power from signal lines befors connecting

them e or disconnecting thers from the device.
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Operate the devies atvr below the Measurement Category 11 Measuremen
clrcuits are subjected o oworking veltages? and transient stressex
foverveltage ) from the cirewt b which they are connected during
meastiemelit or test. Measorament catcgorios estabiish standard imputse
withstand veltage levels that commonly oceor in electrical distribution
systems. The fallowing is o descnption of measurement categories:

+  Measurement Categeory Fis for measurements performead on circuits
not directly eonnected t the electrical distnbution system refered
as MAINS? voliage. This categary is for measurements of vohages
frem specially protected secondary circuits. Such voltage
measurements include signal levels, special equipment, limited-enerpy
parts of equipment. circuits powered by regulated low-vollage sources,
and clectronies,

»  Measurement Category 1 is for measuraments performed on cireuits
directly connacted 10 the electrical distribution system. This category
relers o locual-level electrical distributicn. such as that provided by a
standard wall ootlet iforexample, 115V for VLS. or 230 V for Evrope).
Examples of Measurement Category Il are measurements performed
on household appliances, portable tooly. and similar E Serites devices.

+  Meosurement Category HI is for measurements performed in the
building installation au the distribution level. This category refers 1o
measurements on hard-wired equipment such as equipment in fixed
installations. distribution boards. and circuit breakers. Other examples
are wiring. including cablex. bus-bars, junction baxes, switches,
socket-outlets tn the fixed installation. and stationary moters with
permanent connections to fixed installations,

+ Measurement Catcgory IV is for measuremenms performed at the
primary electrical supply installation (<1000 V). Examples include
electricity maters and measurements on primary evarcureent’
protection devices and on ripple control units,

i\’, Nole

Software soppent for the USB-60DE/6009 for Windows 2000/XP is
provided by NI-DAQmx.

The N-DAQmM €D contains example programs thal you can use (o get
started progrunming with the USB-800S/G009. Reter we the AT-DAOmy iy
USB Devices Getting Staried Guide, hat shipped with yvour device and is
alse aocesstble from Starts AN ProeramsNutional Enstromentss
NLE-DAQ for more nforansion,

For informanon about non-Windows aperating syxtem suppaort, refer o

ni.comsinfo wnd cnter radglcd

ViLogger

The NEDAQx CD includes Vi Logper Lite which is an eusy-1o-use
configuration-based ool specifically desipned for data logging
applications, The application is avalable af St Al Programss
National InstromentssV7 Lovaer,



Hardware

The foHowing bleck diwgram shows Kev funciionaf compencnts of the
LIS B-6008:/6004,
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Flgie 3. Device Block Diagram
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Setting Up Hardware

Complete the following steps 10 set up the hardware:

1. Insiall combicon screw terminal blocks Ly inserting ther inio the
combicon jacks,

B Mote  The USB-6008/6009 kit ships with signal labels. You cun apply the signal labels 10
the screw tarminal blocks for easy signal identification.

2. Refer o Table 3 anid Figure 4 for sigaal label orientation and affix the
provided sienat fabels to the screw terminal blocks. Until the signal
Labets are applied. you can inseit the screw terminal blocks into ilher
of the combicon jacks.

1 QOverlay Labelwith Pin Qiientalion Guides 3 Signal Labels
2z Combicon Jack 4 USBCable

Flgure 4. Signal Label Application Diagram

;L; Note Once vou habel ibe sorew terminad blocks, you muost only insert them jnfo the
matching combicon jack. as indicated by the averlay tabal on the LISB-605/600Y device.

A Connect the wiring 1o the appropriate screw lerminals.



I/0 Connector

The USB-600%/6009 ships with one detachable serew terminal Mock for
analeg siznals and one detachable serew weminal block for digial signals.
These terminal Dlacks provide e connections that use 16 AWG w
2RAWG wire, :

Table 3 Hsts the analog wrminal assignments, and Table 4 lists the <igial
terminal assiznments.

Table 3. Analog Terminal Assignments

Sianal. Sienal.
Maodule Terminal Single-EFnded Mode Hifferential Muode
! GND GND
T 2 AlD AT O+
. : Al 4 Alo—
EEpu 4 GND GND
==
=i s At Al 1+
N |~
=
HELD fes 6 AbS All-
L) |
Exile 7 GND GND
L)
=i E - $ Al2 Al 2+
==
=L} i1 9 Alb Al 2-
=i
&li= 10 GND GND
i =
]|~ 1 Al3 Al 3+
mARES N
= \ 12 Al? Al 3=
EDI= ||
=L ! 12 GND GND
=) E
[ i 14 AQ0 ADO
N —
S = 15 AO | AO |
16 GND GND




Tahle 4. Digital Tarminal Assigniments

aModule

Terminal

Stenal

X3 £

i

By

.2

20 PO
21 PO .4
22 P03
23 P 6
24 Fo7

25 P10
26 PL.
27 P12
28 PP

29 PEIC
R +2.5V
3 +3V

32 (GND




Signal Descriptions

Table S describes the siansls mvailable on the KD connectors.

Tahle 5. Signal Descriplions

Nignal Name

Reference

Direction

Deseriptivn

CGND

Gronnd—The reference point for the
siitgle-ended Al measurements. bins
current retum peint {Or diffecential mode
measurements. AQ voltages. dizital
signals at the KO connector, +3 VDO
supply. and the +2.5 VDC reference.

Al 0. 1>

Varies

nput

Analog Inpul Channels 0 10 7—For
single-ended measurements, each signal is
an amatog input voltage channel. For
diffeential measurements, Al 0 and Al 4
are the posinve and negative inpuis of
differential analog input channel 0.

The following signal pairs also form
differential input channels:

<AL L ALS> <Al 20 AL 6>, and

<Al 3, Al 7>,

Cutpul

Analog Channel iy Quiput—Supplies the
voltage output of AQ channel 0.

GND

Quput

Anadow Channel T Ouotpot—Supplies the
voltage output of AQ channel 1.

GND

hput or Cutput

Divital /O Sienals—You can
ndividually contigure each signal as an

input or euput.

Output

+2.3 ¥V External Relerence—Provides o
relerence for weap-back testing.

+3V

Outpul

+3 V Power Source—Provides +5 ¥
power up o 200 mA.

PEID

npul

PFIO—This pinis configurable as either x
digital rigoer or an eveni counter nput.
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Analog Input

You can connect analog inpuE signals 1o the USB-600% 6009 throuel the
/O connectorn, Refer o Table 5 for mare information about connecting
anafag input siznals,

Analog lapul Circtitry

Fizure 3 ilhusirates the analog wput circtiry of the USB-6003/6009,

| : I~ /

309 K

]

ADC ~ Al FIFO

127 k{2
AI C'_-'q‘.f\-f\‘,

> 00 o ki Input Ranga
wEE Seleclion

L

VA e
L] L]
Ay
kN
N

A

Flyure 5. Analog Input Circuitry

MUX

The USB 6008/6009 has ane analog-to-digital coaverter (ADC). The
muitiplexer tMUX) routes one AT chanoel ata time to the PGA.

PGA

The progammable-pain amphiier provides iaput gains of 12,4 5,8,
10, 16, or 20 when configured for differential measurements and guin
of 1 when configured Tor single-cnded measuremenis. The PGA gain is
attomatically catculated based on the voltage rnge selecied in the

measteement apphicalion.

A/D Converter
The analog-to-digital converter tADCY digitizes the Al signad by

converting ihe analog volluge into a digital code.
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Al FIFO

The LIS B-6D0S/6009 can perfor bath single and muitiple A/D
conversions af w nxed oy infinie number of samples. A fiest-in-firse-oul
TFIFO) butter bolds data dining Al acquisiions i angire that no dats
i fost

Analog Input Maodes

You can configire the Al channels on the USB-6008/6009 to take
single-ended or differential measurements. Refer to Table 3 for more
infarmation aboul YO connections for single-endled or differential
MEIsUrRMENLs.

Connecling Differential Voltage Signals

For differentinl signals, connect ihe positive lead of the signad o the Al+
terminal, and the negative lead to the Al- terminal.

Al

Voltage *N 1 g econicons |
Scuwce \___/J : ) .
: i

AR

Flgnre 6. Connecting a Differential Yoltage Signal

The differatial inpui mode can measure 20 V Signals in the £20 V range.
Henwever. the maximmom vollage oo any one pinis x 10V with respect 1o
GND. For example o Al s +10 ¥V and AL S is -0V then the
measurement returned from the device is +20 V.
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Flyure 7. Example of a Differential 20 V¥ IMeasurement

Connecting a signal greater than £10 V on aither pin sesolis i a clipped
cutput.

Figure 8. Exceeding +10 Y on Al Returns Clipped Outpui

Connecting Reference Single-Ended Voltage Signals
To connect reference single-endlad veltage siznals (RSE) 10 the
LISB-60OOS/6009, comnact the positive vollage signal (o the desived

Al terminal. and the ground signal to o GND @rmmal.



Digital Trigger

Analog Output
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RPN : ;
ollage 70N ) USB.cooRE00D !
~ = \"-r/ ': E

; :
GNDY

Flyure 9. Connecting a Relerence Single-Ended Voitage Signal

When an Al task is defined, vou can configure PFLO as o digital tripger
input. When the digital trigger is enabded. the AT task waits for arising edge
on PFI 0 before starting the acquisiiion. To use a/Sturt Trigzer with a
digital source, specify PFL 0 as the source and select rising edge.

The USB-600S/6009 has two independent AOQ channels Ut can generate
awpats from 0-3 VoAl updaies of AQ lines are soltwire-timed.

Analog Oulput Circuitry

Figure (4 illustates the anddag autpul circuiby {or the USB-oQ08/6009,

: DAC s Bu“{a:.r/ -~
i / f/’/
GND

Figure 10. Analog OQutput Circuitry

DACs

Digital-to-matog convens tDACs) convert digital codes to analog

voltages,



99

Connecting Analog Output Loads
To contedt fosuds wr the UST-RUORG0I/ . cennect the pessitive 16wl of the
Foadd e ihe AD wermmal, and connedt the eround of dhe foad to o GND
terrnned.,

USP-5008/5009

Figure 11. Connecling a Load

Minimizing Glitches an the Oulput Signal

When v use w DAC to generate aowave forii, vou may observe ghiches in
the anput siznal. These glitches are nermial; when a DAQ switches from
one velwge o another, it produces plitches due w released charges. The
Frrgest glitehes occur when the maost significant bit of the DA cade
changes. You can budd o towpass deglitching fHiter 1o remove some of
these zlitehes, depending on the frequency andd nature o Lhe outpul signai.
Refer toni . eomysupport for more information about minimizing
slirches

Digital 1/0

The USB-6008H9 bas 12 digital lines, PO.<). 7> and PL<0..3>, which
comprise the DIO par, GNDY is the ground-reiarence siznal for the DIO
pont, Yen can individually p umn all ioos as inputs o auputs.

Digital I/0 Circuitry

Fizure 12 shows FL<O. 7= connected to example signals configured a8
dicital inpuis and digitad ctpuis. Yau can configure PL<D. 3> similasly.
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[

TTL Signal

Pe

P02

P03

i

PC.4

Po.5
Po.6

A . 3
Switch

40—

10O Conrector

Y
GND

Y

Po.7

PO.O

1 PO configured as an opan collector digital output ¢hriving a LED
2 P0.2 configured as a active ditve digital outpot driving & LED
3 P4 configured as a digital input recerving a TTL sigral from a gated invertor
4 F0.7 configurad as a digital input recering a 0 ¥ or 5V signal from a switeh
Flgure 12. Example of Connecting a Lead
\ . " . . . . .
/TN Cautlon  Exceeding ihe maximun inpui vollaze ratings or maximun cutput ratings, which

are listed i the Speciiearions seetion, can damage the DAQ device and the computer.

Nubienal Instruments is nat Liable for any damagze sesulting rom sach signal conneclians.

Source/Sink Information

The default configuration of the USR-6008/6009 DIO pors is open

collector, allowing 5§ ¥ operation, with an onboard 4.7 kG2 pull-up resistor.

An external, user-provided, pull-up resistor can be added o increase the
soucce Surrent drive up o a 8.5 ma limit per line a8 shown in Figure 13.

The USB-6009 parts can also be configured as active drive using the

DAQmx APL allowing 3.3 ¥V operation with a source/sink current imit of
£8.5 mA. Refer to the N-DAOmx Help foe more information about how to

set the DIO configuration.
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UsE-

+3V

A

I/0 Protection

-ifl ".'f
] ¢
Re Rp
R el .
Exizmal < | § 4.7 Ko Onboard Resistor
¥ ¢
Pull-up PO - Port Pad
Resislor o & X
!
=T
Load <
I
e N g GND
A
Flgure 13. Example of Connecting External Usai-Providad Resistor
Compiate the following steps o determine the value of 1he user-provided
pHl-up resistor;
Foo PRace sn ammerr in seres with the food.
200 Place ovartable resistor between the dipital ontput bine and the +3 V.-
300 Adjust the viwiable resistor until the ammeter curent raads as the
inteaded carreat. The intenced current must be ess than $.5 mA.
4. Remove the ammeter and variable resistor from veur ¢ircuil.
S. Measure the resistance of the variable resistor. The measured
resistance 15 (he ideal value of the putl-up resistor.
0. Sclect astanc resistor value for vour pull-up resistor thatis greater than

or equal o the ideal resistance,

Re-comiect the Joud circuit and the pull-up resistor.

Tuo pretect the USB-6D0S/6009 ugmnst overveltage, undervoliage, and
overctrrent conditions. s weall us ESD events, you should avoid these fault

conditions by psiag the fellowing puidelines:

I vou configure a DIO fine as an outpul, do not Connget i 1o any
cxteraad signal source. ground signal. ac power supply,
[V vou canfligure a DIO oo us an output, anderstandd the current

requiremants of ihe oad connected to these signals. Do notexcead the
specified current autpud limiis of the DAQ device.




National fnstrumenis hos several signat cendidening solutions far
digital applications reguiring high current diive.

s Afyou configure a DIO e as i input. do oot drive the Hine with
voltages outside of s normal operating range. The DIO lines have a
soaller operating range than the Al sigmals.

«  Treat the DAQ device as vou wonld treat any s1anc sensitive devige,
Always properly pround yourself and the equipmentwhen handling
the DAQ device or connecting o it.

Power-On States

At system startup and reset, the hardware sets all DIO lines w
hgh-impedance wputs. The DAQ device does not drive the signal hugh or
fow . Each {ing has a weak pull-tp resistor connected to L.

Static D10

Each of the USB-6008/6009 DIO fines can be used as a static Dl or DO
line. You can use static DIO hines o manitor or control digital signals. All
samples of static DI lines and updates of DO lines are software-timed.

Event Counter

Youcan configure PFE0O as a source Tor o gated invertor connter input édge
caunt task. In this mode, alling-edge events are counted using a 32-bit
counter. For inore information aboutevent iming requirements, refer to the
Specificarions section.

Reference and Power Sources

The USB-6003/6009 creates an external reference and supplies a power
source, All voltages are relative to COM uniess otherwise nated.

+2.5 External Reterences

The USB-6003/6009 creates a high-purity reference voltage supply for
the ADC using a multi-state regulator, amplifier, and filter circuit. The
resulting 4+2.5 V reference voltage can be used as a signal for self test.

+5 VY Power Source

The USB-6008/6009 supplies a 5V, 200 mA output. This source ¢an be
used {o power external components.

U Nole While the davice 1sin USB suspend, the ouiput is disabled.



Specifications

Analog Input

Tha loilowing specifications are tvpical at 23 *C. anless atherwise noted.

CONVErTAr VPR e Successive approximation

AMAOZ INPUES ceveeee e e § single-ended, 4 differeatial.
software selectable

Input resolution

USB-6003 oo 12 bits differential,
11 bits single-ended
USB-600% e, 14 bits differential,

13 bits single-ended

Max sampling rate!

USB-6008 10 kS/s

USB-6009 .48 kS/sts
ATFIFOD e e 312 byvies
Timing resolution.......coveevceneercinnnes 41.67 ns (24 MHz timebase)
I ACCUIACY e 100 ppmy of actual sample rate

Input range
Singla-ended oo =iV

Differential 20V, 210V, 25V, 24V,
253V 22V 2123V, 21 ¥V

Working voltage ..o 0¥

TRPUL IMPEAANCE oo 144 kQQ

Overvollaee prafecion ..o, £33

TrigQer SOUITE it s Sefltware or external digital

ngger



Sysica: noise!
Smgle-ended
{0V ranae
Ditterentinl
+ 20V range

=1 Vorange...

e MVIMS

0.5 mvirns

Absoluic accuracy at full scole, single ended

Fepical af 25 ¢ Alaxitmum over Teamperature
Range {myh {imvi
=10 14.7 138
Absolute accuracy at full scale, differentiat!
Typical at 28 °C NMaximunt over Temperasiure
Range (my) AW
+20 17 138
*10 1.3 34.3
5 4.28 584
4 3.59 331
+25 156 45.1
+2 2.21 42.5
+1.25 1.70 389
=i 1.53 315
Ulnput voltages may awt exeeed the working voltage tange.

Analog Output

Converler IVPe woeeiereeeeereeeeeeeee
Analog QUIPULS e
OUPUL reSOIUHON v
Maximum update rate ..o,

OUIPHT FANZE (et

Successive approximation

5

....... 12 bits

....... 150 Hz. software-timed




Digitai I/0

OuPIH IMPEdanee e MG

Output current drive o, S A

PUawer-omn SIae . e (Y

SIeW Fate. [ Vius

SHOrt CIircuil Clment v viecinr s SO mA

Absolute accuracy o loady TmV typical, 36.4 mV maximum

Digital 11O
PO e

Output driver type
USB-6008 ..o v
USB-6009 ...

CompatibDility oo
Absolute maxinui vollage range ...
PUll-up resiston e

POVeer-001 SEHE .o

at full scale

Each channei individually
programmable as input or oulput

Open collector (open-drain)

Each channel individually
programmable as active drive
(push-pully or open collector
(apen-drain)

TTL. LVTTL. CMOS

—0.5 w58 Vwithrespect to GND

47RQW Y

Tnput



Digital logic levels

Eevel Min Max Linits
Input low voltage -0.3 0.8 \
Input high voltage 20 5.8 \
[nput leaskage current — 50 LA
Output fow voltage (I = 3.5 ma) — 0R v

Quiput hich voltage

Active drive rpush-pulli. | =-835 mA 20 33 \
Open collector (apen-draing, | = =0.6 mA, nonunal 2.0 5.0 v
Open coljector fopen-draing, 1 = =3.5 mA, with external 2.0 — V
pull-up resistor
External Voltage
+3 V output {200 mA maximuny ... +5 ¥V tvpical, +4.85 V¥V minimum
+2.5 Voouiput {1 mA maximumi........ +2.5 Vaypical
+2.5 V ACCUIACY i 0.25% max
Reference emparature drifl. ..o 30 ppin=C max
counler
Ninnber of counters . !
Resollion oo 32 bits
Cotmter Measurements o Edge counting (falling-edge)
Connter direClon .o v e Count up
PUll-Up FeSISI00 e e 47RKQOIV
Maximum inpue frequency e MHZ
Minimum high pulse width. 100 ns
Minimum low pulse width. 100 ng
Input high voltaze .., 20V

Input low voltage 0.8V
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Bus intertace

USB apediBention USE 2.0 full-speed

UISE Bus speed .o 12 Mb/s

Power Requirements

usk
40000 523 VDC o 30 mA typical, 500 mA max
USB suspend ..., 300 wA typical. 500 LA max

Physical Characteristics

If you need to clean the module, wipe it with a dry towel.

Ditensions

WIhOUL CONMECIONS coreeeeerieeseeernnees 6.35cmx 8.51cmx 2.3 ém
(2.50in. % 235, % 091 i0))
WiLth cOnectons e .83 cmx 8.5l cmx 231 cim

{32210 335 in.x 0.9t in)

O CONMNRTIONS ot ceeiee e vee e e s USB series B receplacle,
(2) 16 position terminal block
plug headers
Weight
Wt COMMETIONS oeiieee e 84 2 (3 o)
WHHOUL COMMBCIONS v S42(1.90z)
Screw-terminal Wirinf.. ... 161028 AWG
Torcue for scraw tlermminals ... 0.22-025N-m

(2.0=-2210-in)

Safety
Standards

The USB-6008/6009 is desianed © meet the recquirements of the {ollowing
standards of safety for electrical equipment for measurement, control. and
labaratory use:

«  IEC 61010-1. EN 61010-1
+ UL 61010-1
¢ CAN/CSA-C22.2 No. 61010-1
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[} Hole For LIL aed anher safeiv certifications, refer io the product Iabel, or visii
- nicomioertification search by medel number ar product line. and click te
appropuate bnk in the Cenification colmmn.

Voltages
Connect only voltages that are within these Hmits.

Channel-10-GND 230V max,
Measurement Catezory |

Measwrement Category Fis Tor measuraments performed on Circuits ol
directhy connected 1o the electrical distnbntion system referved 10 as
MAINS voltage, MAINS is & hazardous live electsical supply system that
pasvers equipment. This category 15 Tor maasurements of valiages from
speciatly protected secondary circuits. Such voltage measurements include
sienal levels. special equipment, limited-energy parts of equipment,
circuits poswared by regulated low-voliage sources, and electronics.

f!} Cautlon Do not use this madule for connection to signals or for measuraments within
Measurement Caregories LI or 1V,

Hazardous Locations

The USB-60D8/6009 are not certified for use in hazardous jocations.
Environmental
The USB-6008/6009 device 15 inlended for indoor use only,

Operating emperature
(TEC 60068-2-1 and IEC 60068-2-2)......0 10 55 *C

Operating humidity

HEC 6K68-2-36) . 2 10 953% RHL noncondensing
Maximum altiide. e 2,000 m (at 25 “C ambient
emperature)

Stewage lemperaiure
(IEC 60068-2- | anct IEC 60068-2-2)......-40 10 85 °C

Storage humidity
HTEC B006S-2-361 (i, 2 090G RH. noncondensing

Patlution Degree 1TEC 60664) ....ceneee. 2
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Electromagnetic Compalibility

ENSSHONS oo cresraen e ENSSDLI Class Aot 10 m
FCC Part 15A above § GHz

T PUMITY e e Indusuial levels per
EN 61326:1997 + A2:200%,
Table |

EMC/EME oo e, CE. C-Tick. and FCC Part 15

(Clags A) Compliant

Nole The USB-6008/6009 may experience @mporary variations in anajog input readings
when exposed w radiated and conducted RF noise. The device raturns to normal operation
after RF exposure is removed.

CE Compliance

This product meeats the essential requirements of applicable European
Directives. as amended for CE marking. as follows:

Lovw-Valtage Directive (safewvy ... T32VEEC

Electromagnetic Compatibility
Directive (EMC) SOIMGEEC

Nole Refer 10 the Declaration of Conformity (DoCh for this product for any additional
reculatory compliance informition. To oblain the DoC for this product, visit
ni.com/certification. search by model number or product line, and click the
apprdpriae link in the Certification column.

Where to Go for Support

The National Instruments Wels site is your complele resource for technical
supporl. At ni. com/support you have access o averythng from
troubleshooting and application development self-help resources o email
and phone assisiance from NI Application Engineers.

A Declaration of Cenformity (DoC) 1s our chiim of compliance with the
Council of the Europenn Communities using the manufacturer's
declaration of conformity. This system affords the user protection for
electronic compatibility (EMCY and produet safety. You can obtain the DoC
{or vour preduct by visiting ni.comseertification. If your product
supports calibration. you can abtatn the calibration certificate for your
product st ni.comicalibration.



110

Natienal Instrunents corporate headguartars s Jocated at

LUS00 North Mopac Expressway. Austin, Texas, 78759-3504.

Natienal Tnstrume s also has offices Tocated around the warld to balp
adctress vour support ageds. For telephone suppant in the United States,
creade your service request al ni . comy zuppor ko and follow the calling
instructions or dial 312 795 8248 For telephone supporet ouiside the United
States, contact ¥our local branch nffice:

Ausiralia 1500 300 §40, Austria 43 0662 45 79 900,
Belgium 3202757 0020, Brazil 55 11 3262 3399,

Canada 800 433 3488, China 86 21 6555 7838,

Czech Republic 420 224 235 774, Denmark 45 4576 26 040,
Finland 385 09 725725 11, France 33 0 1 48 14 24 24,
Germany 49 0 89 741 31 30, India 91 3G 41 {90000,

Israel 972 03 6293727, htaly 39 02 413091 Japan 81 33472 2970,
Karea 82 02 3451 3400, Lebanon 961 0 | 33 28 28,
Malaysia 1800 887710, Mexico 01 300 010 0793,
Netherlands 21 0 348 433 466, New Zealund 0800 553 322
Norway 47 0 66 90 76 60, Poland 48 22 3390130,

Portugal 351 210 311 210, Russia 7 495 783 68 51.
Singapore 1800 226 5886, Slovenia 336 3 425 42 00,

Sauth Africa 27 0 11 305 S197. Spain 34 91 640 00385,
Sweden 46 0 8§ 387 8§95 00, Switzerland 41 56 200051 31,

United Kingdem 44 ¢ (635 523345
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