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Important Information

Warranty

The SCB-68A is warranted against defects in materials and workmanship for a period of @noenyther date of shipment,
as evidenced by receipts or other docuiagon. National Instruments will, at itgtion, repair or nelace equipment that
proves to be defective during the warranty period. This warranty includes parts and labor.

The media on which you receive National Instruments softarar@arranted not to fail to execute programming instructions,

due to defects in materials and workmanship, for a period of 90 days from date of shipment, as evidenced by receipts or other
documentation. National Instruments will, at its option, irepareplace software media that do not execute programming
instructions if National Instments receives notice of such defects duringvédreanty period. National Instruments does not
warrant that the operation of the software shall be uninterrupted or error free.

A Return Material Authorization (RMA) number must be afed from the factory and cleantigarked on the outside of
the package before any equipment will be accepted for wamamk. National Instruments will pay the shipping costs of
returning to the owner panghich are covered by warranty.

National Instruments believes that théoimation in this document is accurate eTdocument has been carefully reviewed
for technical accuracy. In the @vt that technical or typograjehi errors exist, National Instruments reserves the right to
make changes to subsequent editions of this document wjthouhotice to holders of this edition. The reader should
consult National Instruments if errors are suspected. Inewt shall National Instruments be liable for any damages arising
out of or related to this document or the information contained in it.

ExcepTAs SPECIFIEDHEREIN, NATIONAL INSTRUMENTSMAKES NO WARRANTIES, EXPRESSOR IMPLIED, AND SPECIFICALLY DISCLAIMS ANY
WARRANTY OF MERCHANTABILITY OR FITNESSFORA PARTICULAR PURPOSE CUSTOMER S RIGHT TO RECOVERDAMAGES CAUSED BY FAULT

OR NEGLIGENCE ON THE PART OF NATIONAL INSTRUMENTSSHALL BE LIMITED TO THE AMOUNT THERETOFOREPAID BY THE CUSTOMER
NATIONAL INSTRUMENTSWILL NOT BE LIABLE FOR DAMAGES RESULTING FROM LOSSOF DATA, PROFITS USE OF PRODUCTS OR INCIDENTAL

OR CONSEQUENTIALDAMAGES, EVEN IF ADVISED OF THE POSSIBILITY THEREOR This limitation of the liability of National Instruments
will apply regardless of the form of action, whether in cacttor tort, including negligence. Any action against National
Instruments must be brought wittone year after the causeastion accrues. National Instrumeshall not be liable for any
delay in performance due to causes beyond its reasonabiel cbhe warranty provided herein does not cover damages,
defects, malfunctions, or service failures caused by owndtse o follow the National Instruments installation, operation
or maintenance instructions; owner’s modification of the prodwmer’s abuse, misuse, or negligent acts; and power failure
or surges, fire, flood, accident, actions of thirdtiga, or other events outside reasonable control.

Copyright
Under the copyright laws, this publicationay not be reproduced or transmittediry form, electronic or mechanical,

including photocopying, recording, storing in an informatioriee&l system, or translating, in whole or in part, without the
prior written consent of National Instruments Corporation.

National Instruments respects the intellectual property of otredsyve ask our users to do the same. NI software is prtecte
by copyright and other intellectual propelaws. Where NI software may be ugedeproduce software or other materials
belonging to others, you may use NI safte only to reproduce materials thatiyoay reproduce in accordance with the
terms of any applicable license or other legal restriction.

End-User License Agreements and Third-Party Legal Notices

You can find end-user license agress (EULAS) and third-party legal notices in the following locations:

« Notices are located in th@ational Instruments>\_Legal Information and<National InStruments>
directories.

¢ EULAs are located in thenational Instruments>\Shared\MDF\Legal\license directory.

* Review<national Instruments>\_Legal Information.txt for more information on including legal information
in installers built with NI products.

Trademarks

LabVIEW, National Instruments, NI, ni.cqorthe National Instruments corporate lpgad the Eagle logo are trademarks of
National Instruments Corporation. Refer to Tiademark Informatiomtni . com/trademarks for other National
Instruments trademarks.

Taptite and Trilobular are registered trademarks of Res&agineering & Manufacturing Inc. Other product and company
names mentioned herein are trademarksagie names of their respective companies.

Members of the National Instruments Alliance Partner Riragare business entities independent from National Instruments
and have no agency, partnership, or joirtuee relationship with National Instruments.

Patents

For patents covering National Instruments prodtestenology, refer to the appropriate locatisieip»Patentsin your
software, the@atents . txt file on your media, or thBational Instruments Patent Notiegéni . com/patents.

Export Compliance Information

Refer to theExport Compliance Informatioatni . com/legal/export-compliance for the National Instruments global
trade compliance policy and how to obtain rele\ih codes, ECCNs, and other import/export data.

WARNING REGARDING USE OF NATIONAL INSTRUMENTS PRODUCTS

(1) NATIONAL INSTRUMENTS PRODUCTS ARE NOT DESIGNED WITH COMPONENTS AND TESTING FOR A
LEVEL OF RELIABILITY SUITABLE FOR USE IN OR IN CONNECTION WITH SURGICAL IMPLANTS OR AS
CRITICAL COMPONENTS IN ANY LIFE SUPPORT SYSTEMS WHOSE FAILURE TO PERFORM CAN
REASONABLY BE EXPECTED TO CAUSE SIGNIFICANT INJURY TO A HUMAN.



(2) IN ANY APPLICATION, INCLUDING THE ABOVE, RELIABILITY OF OPERATION OF THE SOFTWARE
PRODUCTS CAN BE IMPAIRED BY ADVERSE FACTORS, INCLUDING BUT NOT LIMITED TO FLUCTUATIONS
IN ELECTRICAL POWER SUPPLY, COMPUTER HARDWARE MALFUNCTIONS, COMPUTER OPERATING
SYSTEM SOFTWARE FITNESS, FITNESS OF COMPILERS AND DEVELOPMENT SOFTWARE USED TO
DEVELOP AN APPLICATION, INSTALLATION ERRARS, SOFTWARE AND HARDWARE COMPATIBILITY
PROBLEMS, MALFUNCTIONS OR FAILURES OF ELECTRONIC MONITORING OR CONTROL DEVICES,
TRANSIENT FAILURES OF ELECTRONIC SYSTEMS (HARDWARE AND/OR SOFTWARE), UNANTICIPATED
USES OR MISUSES, OR ERRORS ON THE PART OF THE USER OR APPLICATIONS DESIGNER (ADVERSE
FACTORS SUCH AS THESE ARE HEREAFTER COLLECTIVELY TERMED “SYSTEM FAILURES”). ANY
APPLICATION WHERE A SYSTEM FAILURE WOULD CREATE A RISK OF HARM TO PROPERTY OR PERSONS
(INCLUDING THE RISK OF BODILY INJURY AND DEATH) SHOULD NOT BE RELIANT SOLELY UPON ONE
FORM OF ELECTRONIC SYSTEM DUE TO THE RISK G&YSTEM FAILURE. TO AVOID DAMAGE, INJURY, OR
DEATH, THE USER OR APPLICATION DESIGNER MUST TAKE REASONABLY PRUDENT STEPS TO PROTECT
AGAINST SYSTEM FAILURES, INCLUDING BUT NOT LIMITED TO BACK-UP OR SHUT DOWN MECHANISMS.
BECAUSE EACH END-USER SYSTEM IS CUSTOMIZED AND DIFFERS FROM NATIONAL INSTRUMENTS'
TESTING PLATFORMS AND BECAUSE A USER OR APPLICATION DESIGNER MAY USE NATIONAL
INSTRUMENTS PRODUCTS IN COMBINATION WITH OTHER PRODUCTS IN A MANNER NOT EVALUATED
OR CONTEMPLATED BY NATIONAL INSTRUMENTS, THE USER OR APPLICATION DESIGNER IS
ULTIMATELY RESPONSIBLE FOR VERIFYING AND VALIDATING THE SUITABILITY OF NATIONAL
INSTRUMENTS PRODUCTS WHENEVER NATIONAL INSTRUMENTS PRODUCTS ARE INCORPORATED IN A
SYSTEM OR APPLICATION, INCLUDING, WITHOUT LIMITATION, THE APPROPRIATE DESIGN, PROCESS
AND SAFETY LEVEL OF SUCH SYSTEM OR APPLICATION.



Conventions

The following conventions are used in this manual:

<>

»

|> VN )

bold

italic

monoSpace

Angle brackets thabmtain numbers separateddayellipsis represent
a range of values associated vatbit or signal name—for example,
AO <3..0>.

The» symbol leads you through nesteeénu itemsnd dialog box
options to a final action. The sequel@ptions»Settings»General
directs you to pull down th@ptions menu, select th8ettingsitem,
and selecGeneral from the last dialog box.

This icon denotes a tip, which aegou to advisory information.

This icon denotes a note, whickeds you to important information.

This icon denotes a caution, whiativises you of preaitions to take
to avoid injury, data loss, or a system cra8hen this symbol is
marked on a product, refer to tRead Me First: Safety and
Electromagneticompatibilitydocument for information about
precautions to take.

Bold text denotes items that you mastect or click in the software,
such as menu items and dialog boxams. Bold text also denotes
parameter names.

Italic text denotes v@bles, emphasis, a cross-reference, or an
introduction to a key concept. Italiext also denotes text that is a
placeholder for a word afalue that you must supply.

Text in this font denotes text oharacters that you should enter from
the keyboard, sections of coggpgramming examples, and syntax
examples. This font is also used fbe proper names of disk drives,
paths, directories, pgrams, subprograms, sohtines, device names,
functions, operationsjariables, filenamg and extensions.
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Getting Started with the
SCB-68A

The SCB-68A, shown in Figure 1-1, is a shieldl€ connector block with 68 screw terminals
for easy signal connection goNational Instruments §&n or 100-pin DAQ device.

Figure 1-1. SCB-68A Parts Locator Diagram

1 Top Cover (Required) 4 Strain-Relief Screws
2 Quick Reference Label 5 Strain-Relief Bar
3 Enclosure Base 6 SCB-68A Board Assembly

The SCB-68A features a generadadboard area for custom ciiity and through hole pads for
interchanging electrical compams. These through hole paaltow filtering, 4 to 20 mA

© National Instruments | 1-1



Chapter 1 Getting Started with the SCB-68A

current input measurement, open thermocougiectien, and voltagattenuation. The open
component pads allow you to easily add sigaaditioning to the aalog input (Al), analog
output (AO), and PFI 0 signals of a 68-pin or 100-pin DAQ device.

This chapter describes how to connect aredthe NI SCB-68A with 68-pin or 100-pin data
acquisition (DAQ) devices and othidl products with a 68-pin S&1 or VHDCI I/O connector.
For a complete list of supported deviced amailable SCB-68A feates, refer to the
KnowledgeBase documer@pmpatible Devices and Cabling for the NI SCB-68/SCB-68A
Terminal Block To access this document, gaitd. com/info and enter the Info Code
Scb68Acables.

(W

Note To use the SCB-68A with devices without analog input functionality, as well
as R Series, AO Series, abtD/TIO Series devices, yauustuse direct feedthrough
mode, younustchange the default switch setting. Refer tddking the SCB-68A in
Direct Feedthrough Modsection for more information.

What You Need to Get Started

To set up and use your S@EBA, you need the following:

SCB-68A 68-pin shielded connector block kit(€ontaining the SCB-68A arg®iCB-68A
Quick Start

Compatible 68-pin or 100-pin DAQ diee, and devicelocumentation

The correct cable(s) for your deviceliated in the KnowedgeBase documer@pmpatible
Devices and Cabling for the NI 88/SCB-68A Terminal Blocko access this
document, go tai . com/info and enter the Info Code=b68acables.

For those not using M/X Series Connectoth@, correct quick reference label or PDF for
your device, which you can find the KnowledgeBase documewthere Can | Find

NI SCB-68A Quick Rerence Labels?To access this KnowledgeBase, go to
ni.com/info and enter the Info Code-b68alabels.

#2 Phillips screwdriver

0.125 in. flathead screwdriver
14-30 AWG wire

Wire cutters

Wire insulation stripper

1 You can use up to two SCB-68A accessories WilliM/X Series devices with two connectors and
E Series 100-pin devices. You can use up to four 888-accessories with R Series devices with four
connectors, and up to three SCB-68A accessoridsRvSeries devicesith three connectors.

1-2 | ni.com
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Setting up the SCB-68A

The following cautions contaimportant safety informatioronicerning hazardowsltages and
connector blocks.

JAN

A

Safety Cautions Do notconnect hazardous voltages (>3Q442 V,,/60 VDC).
Refer to your device documentation for inf@tion about the eledtal limits of your
device.

Install cover prior to use. Tavoid electrial shock, dootremove SCB-68A covers
unless you are qualified to do so. Befamoving the cover, dconnect any live
circuit from the connector btk. Replace cover for use.

The chassis ground lug on your SCB-684oisgrounding high-impedance sources,
such as a floating source (1 mA maximum).i@use the chassis ground lug as a
safety earth ground.

EMC Caution  To ensure the specified EMC panfnance, operate this product only
with shielded cables.

Figure 1-2 shows the SCB-68A PCB parts locator diagram.

© National Instruments | 1-3



Chapter 1 Getting Started with the SCB-68A

Figure 1-2. SCB-68A Printed Circuit Board Diagram
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1 Temperature Sensor 8 Switches S2.1, S2.2, and S2.3

2 Switches S1.1 and S1.2 9 Screw Terminals

3 Analog Input Pads 10 Printed Circuit Board Mount Screw

4 68-Pin I/O Connector 11 PFI 0 Pads

5 Breadboard Area 12 Analog Output Pads

6 1 A Self-Resetting Fuse 13 Printed Circuit Board Mount Screw and Chassis Ground Lug
7 +5V Power Pads, R20 and R21

@ Note If the kit is missing any of the ogponents in Figure 1-2, contact NI.

To get started with the SCB-68A, complete fbllowing steps while referring to Figures 1-1
and 1-2. If you have not already installed y&u#Q device, refer to the installation guide that
came with your DAQ device for instructions. Remove all cables from the SCB-68A before
getting started.
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(Optional) Mount the SCB-68A to amel or DIN rail, as described in tivounting the
SCB-68Asection.

Remove the cover.

Remove the film from both sides of the cover.

(Optional) If you are not ugirnthe SCB-68A with Connectérof an M/X Series device,
attach the quick reference label to the insifidtne cover as shown in Figure 1-1. For quick
reference label PDFsifonost compatible devices, rete the KnowledgBase document,
Where Can | Find NI SCB-688uick Reference LabelsPo access thiknowledgeBase,
go toni.com/info and enter the Info Code=b68alabels.

@ Tip You canstandthe cover in the SCB-68A faasy reference, as shown in
Figure 1-1.

Configure switches for the signal tyogou are using, as explained in B&ng the
SCB-68A in Direct Feedthrough Modection or théJsing the SCB-68A with MIO DAQ

Devicessection.

Adjust the strain-relief bdry removing the strain-relief screws with a #2 Phillips
screwdriver.

Connect the wires to the screw termirmisstripping 6 mm (0.25 in.) of insulation,
inserting the wires into the screw terminals, and securely tightening the screws with the
flathead screwdriver to a torque of 0.5-0.6 M (4-5 in. Ib).

A Caution To ensure the specified EMC performea, signal wires routed outside of
the enclosurenustbe contained within a shielded cable and connected to shielded
accessories. Cable shields must be termirtatéte chassis ground lug using as short
a connection as is practical.

8. Reinstall the strain-relief (if removed) anghtien the strain-relief screws. If the shielded
cable is too large to route through theistr@lief hardware, ¢her use multiple,
smaller-diameter cables or rewre the top strain-relief bar and add insulation or padding if
necessary to constrain the cable.

9. Replace the cover.

A Caution  You must install cover prior to use.

& Caution Do notconnect input voltages >30,)/42 V,/60 VDC to the SCB-68A.
The SCB-68A is not desigdéor any input voltages30 V,,442 V,,/60 VDC, even
if a user-installed voltage dder reduces the voltage tothin the input range of the
DAQ device. Input voltages >30,\/42 V,,/60 VDC can damagire SCB-68A, alll
devices connected to &@nd the host computer.

A Caution Do notuse for measurements with@ategories 1, I, or IV.

© National Instruments | 1-5
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10.

11.

12.

13.

Connect the SCB-68A(s) to the DAQ devicangshe appropriate cable(s) for your device.
For a complete list of calolg options for supported devicesfer to the KnowledgeBase
documentCompatible Devices and Cabling foethNl SCB-68/SCB-68A Terminal Block
To access this document, goid. com/info and enter the Info Codecb68acables.
Launch Measurement & Automation Exgo(MAX), in the left panel, exparidevices
and Interfacesto confirm that your DAQ device i®cognized, and then configure your
device settings.

(Optional) To take measurents with an MIO DAQ deviceonfigure the SCB-68A as an
accessory for a DAQ device byropleting the following steps.

a. In MAX, right-click yourDAQ device and sele@onfigure.

b. On theAccessorytab, selecECB-68Afrom the pull-dowrmenu and select
Configure .t

c. Inthe Accessory Configuration window,adrte or disable theemperature reference
sensor and clicloK.

d. ClickOK.

For more information abowbnfiguring the SCB-68A for a DAQ device, refer to the
Measurement & Automation Explorer Help for NI-DAQmXx

Test specific device functionality. RuTest Panel in MAX byight-clicking your DAQ
device and selectingest Panels Click Start to test the device functions.

When you have finished using the SCB-68A, poaféany external signals connected to the
SCB-68A before you power off your computer.

Using the SCB-68A in Direct Feedthrough Mode

Devices without analog inputifictionality, as welhs R Series, AO Serieand DIO/TIO Series
devicesmustuse direct feedthrough maddove the switches to ¢hdirect feedthrough mode
switch setting stwn in Table 1-1.

Table 1-1. Direct Feedthrough Switch Setting

Switch Setting Description

31 @@@ sz | * All 68 signals from the device connect directly to
(0D T2 3 screw terminals.

Direct feedthrough mode—Move switches S1.1, S1.2, S2.1,
S2.2, and S2.3 to the positiosisown at left. In this mode:

Refer to Figure 1-3 for a detailed diagram.

1 MAX 5.3 or later. You can select SCB-68 as your accessory in earlier versions of MAX.

1-6 | ni.com
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Figure 1-3. Direct Feedthrough Mode Switch Setting

Device Cable SCB-68A Screw
__________ ' feiin e __Terminal
R 1S 1
Refer to L2 L 5
Your Device | * @ 1! @ .
Documentation ;| | ! D o e
for Device fe7 b s e
' 67 . .
Signal - T S 67
Information :68 : — [S es
E : : : Temperature | Signal |
P . 1| Sensor NC Conditioning NC
i la @@@ >
! ! ' ' 1 2 3

Using the SCB-68A with MIO DAQ Devices

You can take measurementsiwthe SCB-68A and multifunatn 1/0 (MIO) DAQ devices, such
as E/M/S/X Series devices, amnumber of ways. The SCB-68xas a temperature sensor for
cold-junction compensation (CJC) to accommodaéemocouples; switches S1.1 and S1.2
configure the temperature sensor for differmilog input settings. Switches S2.1, S2.2, and
S2.3 provide power to the signal conditionarga of the accessory. Table 1-2 shows the
different switch setting®or MIO DAQ devices.

© National Instruments | 1-7
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Table 1-2. MIO DAQ Device Switch Settings

Switch Setting

Description

Z(II) 1 2 3

MIO with disabled temperature sensor mode (default

configuration)*—Move switches S1.1, S1.2, S2.1, S2.2, ahd

S2.3 to the positions shown at left. In this mode:

» The temperature sensor is not used.

e Al 0 and Al 8 are available on screw terminals.

« +5V power provided to signal conditioning area of the
accessory.

Refer to Figure 1-4 for a detailed diagram.

Z(ID 1 2 3

MIO with single-ended temperature sensor

mode-*—Move switches S1.1, S1.2, S2.1, S2.2, and S2.3

the positions shown at left. In this mode:

» The temperature sensor can be read using Al 0 in
referenced single-ended (RSE) mode.

* Al 8 is available on a screw terminal.

» +5V power provided to signal conditioning area of the
accessory.

Refer to Figure 1-4 for a detailed diagram.

MIO with differential te mperature sensor modé—Move
switches S1.1, S1.2, S2.1, S2.2, and S2.3 to the positions
shown at left. In this mode:

e The temperature sensor can be read using Al 0 and Al

8 in differential mode.
» +5V power provided to signal conditioning area of the
accessory.

Refer to Figure 1-4 for a detailed diagram.

Z(II) 1 2 3

Direct feedthrough mode—Move switches S1.1, S1.2, S2.1
S2.2, and S2.3 to the positiostsown at left. In this mode:

» All 68 signals from the device connect directly to
screw terminals.

Refer to Figure 1-3 for a detailed diagram.

* Not available on Connector 1 of NI 6225/6255 devices.
T Not available on S Series aBimultaneous MIO X Series devices.
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Figure 1-4. MIO DAQ Device Modes Switch Settings

MIO DAQ Device Cable SCB-68 Screw
.......... . T Terminal
R S s
Refer to : : P »| Signal
Your Device ; ! . Conditioning
Documentation ! : 1
for Device | 168 : Co m/erature
Signal ' H Vo Sensor
Information P Si2 68
Y S E
b Do o A S 34
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E : — S 1
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For detailed information about connections fitmating or ground-refererel signal sources to
analog inputs, refer to ti@onnecting Analog Input Signadection of Chapter Znalog Input
and Temperature Sensor Measurements

Mounting the SCB-68A

You can use the SCB-68A on a desktop, ount it to a panel or a standard DIN rail.

Panel Mounting
Three keyholes are located on the back of BB-88A for mounting it to a panel or wall. To
mount the SCB-68A to a board omad, complete the following steps.

1. Download and print the panel mounting téstg PDF attached ithe KnowledgeBase
documentSCB-68A Panel Mounting Templa€go toni .com/info and enter the Info
Codescb68amounting to locate the KnowledgeBase.

2. Using the template, mark the three points orptreel. Verify that the narrow ends of the
panel mounting screw lgholes are pointing up.

3. Screw #6-32 panhead machine screws opitthead machine screws into the points
marked on the panel, leaving room to easiyove the device from the panel. Installed
screw height for both screw typéfrom the wall to the top d@he screw) is 5 mm (0.2 in.).
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DIN Rail Mounting

The NI 9913 DIN rail mounting kit (part nuyer 781740-01) contains one clip for mounting
the SCB-68A on a standard 35 mm DIN rail. Easthe DIN rail clip to the accessory using
two FLH #6-32x 5/16” screws (included ithe kit) with a #2 Phillipscrewdriver, as shown in
Figure 1-5.

Note The threaded holes on the SCB-68A for DIN rail mounting should not be used
more than five times. Unscrewing and reinstalling the DIN rail clip will produce a
compromised connection betweer IN rail clip and accessory.

Figure 1-5. SCB-68A DIN Rail Clip Installation

Clip the chassis onto the DIN rail with the lar@prof the DIN rail clip positioned up, as shown
in Figure 1-6.

Figure 1-6. DIN Rail Clip Parts Locator Diagram

v

)

1 DIN Rail Clip 2 DIN Rail Spring 3 DIN Rail
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Securing the Cover on the SCB-68A

In most cases, attaching the cover with the integrated magnets is sufficient. To permanently
secure the cover to the SCBABase, you will need two M8 6 (4-40x 5/16) thread-forming
Phillips panhead screws, such as Taptitglobularf screws. You can purchase Taptite screws
from many vendors. Completke following steps.

1. Using a 3.5 mm (9/64 in.) diameter dhit, drill two holes through the silkscreened
crosshairs on the label side of the coverewdtrilling, place theover on a flat surface,
such as a drill press, andldslowly to minimize burrs.

2. Replace the cover on the base, lining up tiehdies with the holes in the enclosure.
Screw the M 6 (4-40x 5/16) screws in with a torque of 8-10 ith.

Soldering and Desoldering Components on the
SCB-68A

Some applications require yourtake modificationso the SCB-68A, usually in the form of
adding components to tipeinted circuit device.

Soldering Equipment

To solder components on the SCB-68A, you need the following:
#1 and #2 Phillips screwdrivers
0.125 in. flathead screwdriver
Soldering iron and solder
Long nose pliers
Components specifito your application

Removing the SCB-68A Board from the Base

Complete the following steps to remove the SCB-68A from the base.

1. Disconnect the 68-pin cable from the SCB-68Aonnected, and remove the top cover.
2. Loosen the strain-relief smvs, shown in Figure 1-1, with#2 Phillips screwdriver.

3.  Remove any signalires from screw terminals th a flathead screwdriver.
4

Remove the printed ciritiboard mount screws andadsis ground lug, shown in
Figure 1-2, with a #1 Phillips screwdriver.

5.  Remove the 68-pin concter screws, shown in Figure 1ith a flathead screwdriver.
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Figure 1-7. SCB-68A Back View

gl ¢ ‘ ) o)

I
© © o

1 68-Pin Connector Screws 2 68-Pin I/O Connector

6. Tilt the PCB up and pull tut of the enclosure base.

Note The threaded holes on the SCB-68Atte printed circuit board mounting
should not be used more than five timgascrewing and reinalling the PCB will
produce a compromised connection.

Soldering and Desoldering Guidelines
As you solder and desolder components on the SCB-68A, refer to Figure 1-2.
The SCB-68A ships with surface mount @esistors in the F and G positions. Youstremove

the resistors to use the positions. Use a low-gatsaldering iron (20 to 30 W) when soldering
to the SCB-68A.

To desolder on the SCB-68A, hot tweezer, lovitage tools work best. Be careful to avoid
damaging the component pads when desoldeldsg.only rosin-core ettronic-grade solder
because acid-core soldémmages the printed-cirita@evice and components.

The pads on the SCB-68A require that you satdemponents on in a vertical fashion, as shown
in Figure 1-8.

Figure 1-8. Recommended Resistor Installation

=
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Related Documentation

For more information about ugj the SCB-68A with your DAQ device, refer to the following
resources:

¢ Documentation for your DAQ deviceat . com/manuals
*« Measurement & Automation Explorer Help

¢ NI-DAQmx Help

¢« NI KnowledgeBase ati.com/kb

¢ NI Developer Zone ati.com/zone
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Analog Input and
Temperature Sensor
Measurements

This chapter covers many topiassociated with taking analogput measurements, including
information about the temperature sensorthedmocouple measurementhis chapter also
describes how to condition sigady adding components to tbpen component locations of
the SCB-68A for lowpass and highgs&filtering, current inpuneasurement, and attenuating
voltage applicabns, as well as inalling bias resistors.

Caution Add components at your own risk. Niristliable for any damage
resulting from impropdy added components.

In addition to the applications sleribed in this chapter, you chuild many other types of signal
conditioning using the componegpads and the general-purpdzeadboard area of the
SCB-68A. Refer to th8oldering and Desoldering Components on the SCBsé&8#fion of
Chapter 1Getting Started with the SCB-68fr more information about adding components
and for soldering and deldering instructions.

After building one of the applications describedhiis chapter or your custom circuitry, refer to
the Setting up the SCB-68%ction of Chapter Letting Started with the SCB-68far
instructions about how to configure thEB-68A in Measurement & Automation Explorer
(MAX). You can create virtual @nnels in MAX to create a stom scale or map your voltage
ranges to the type of transducer that you use.
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Analog Input Circuitry and Channel Pad
Configuration

When you use the SCB-68A with a 68-pin or 100-pin MIO DAQ device, you can use the
component pads on the SCB-68A to conditiénAl channels. Figure 2-1 shows the analog
input and CJC circuitry on the SCB-68A.

Figure 2-1. Analog Input and Cold-Junction Compensation Circuitry

AlO
Screw
Terminal

CJC Not Used (/O Pin 68)
B
1 }
I

Al GND

User-Configurable

+5V
AlO ¢
(I/0 Pin 68) S1.1
CJC Used C3
(0.1 WF)
+5V
: — alg
: ' Screw
RSE CJC : 1 Terminal
AlS or Non-MIO ' i (/O Pin 34)
(/OPin34) S1.2 : B
DIFF CJC : s
5 | AIGND

Al User-Configurable
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Figure 2-2 illustrates the basic Alafnel configuration. You can use Ail><and Al <+8> as

either a differential channel pair as two single-ended channels.

Figure 2-2. Analog Input Channel Circuitry for Al <i> and Al <i+8>

» Al <i>

Al <i+8>

Al GND
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To use the SCB-68A with groundfeeenced single-ended inputs, mimt use the open positions
that connect the input to Al GND, positioBsand D, for grounded sources as shown in
Figure 2-3. Build any signal conditioning circuitrgquiring a ground reference in the custom
breadboard area using Al SENSE as the grounderede instead of building the circuitry in the
open component positions.

Figure 2-3. Analog Input Channel Pad Configuration for Al <i> and Al <i+8>

+5V Al GND

7 i AO

Ali

Ali+8

+5V Al GND

2-4 | ni.com



NI SCB-68A User Manual

Table 2-1 correlates the component labekhefSCB-68A to component locations A through G

for analog input signals.

Table 2-1. Analog Input Channels Component Locations

Channel
Single-Ended Differential Positions A, B *, C, D", E, Ff,and G
Al O, Al 8 Al O+/— SCO
All, Al9 Al 1+/— SC1
Al 2, Al 10 Al 2+/— SC2
Al 3, Al 11 Al 3+/— SC3
Al 4, Al 12 Al 4+/— SC4
Al 5, Al 13 Al 5+/— SC5
Al 6, Al 14 Al 6+/— SC6
Al 7, Al 15 Al 7+/— SC7

in parallel.

TF and G positions contain a surface mounti@sistor; youmustremove the resistor to use the positign.
If you remove your custn components from tie or G position, younustreinstall a 0 resistor.

* B, D, and E positions contain through hole pads that can be used for two components to be connected

Connecting Analog Input Signals

Table 2-2 summarizes the recommended inpafiguration for both types of signal sources.
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Analog Input and Temperature Sensor Measurements

Table 2-2. Analog Input Configuration

Floating Signal Sources
(Not Connected to
Building Ground)

Ground-Referenced
Signal Sources *

Examples:
» Ungrounded thermocouple
 Signal conditioning with

Example:

* Plug-in instruments with
non-isolated outputs

Al Ground- isolated outputs
Reference : utpu
Setting " » Battery devices
Differential Signal Source DAQ Device Signal Source DAQ Device
(DIFF) Al+ Al
+ +
@ Al > g AL >
2 e
Non-Referenced Signal Source DAQ Device Signal Source DAQ Device
Single-Ended Al Al
(NRSE) (J; —
Al SENSE Al SENSE
Al GND /J7 :Ii GND
Referenced
Sing|e_Ended NOT RECOMMENDED
Signal Source DAQ Device
(RSE) Signal Source DAQ Device o
Al
Al +
V
AL GND 2 Ve Al GND

Ground-loop potential (V5 —Vg) are added
to measured signal.

* Refer to the documentation for your DAQ devicedescriptions of the RSE, NRSE, and DIFF mod
analog input signal sourceand software considerations.

114
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Floating Signal Sources

A floating signal sourcés not connected to the buildingogind system, but has an isolated
ground-reference point. Some examples oftit@asignal sources are quits of transformers,
thermocouples, battery-powerdedvices, optical isolatorand isolation amplifiers. An
instrument or device thétas an isolated outputasfloating signal source.

When to Use Differential Connections with Floating Signal
Sources

Use differential input connectiorfier any channel that meetsyaof the following conditions:
e The input signal is low-level (less than 1 V).

e The leads connecting the signal te tfevice are greater than 3 m (10 ft).

« The input signal requires a separateugid-reference point or return signal.

e The signal leads travel through noisy environments.

e Two analog input channels, Al+ aAd-, are available for the signal.

Differential signal connections reduce noisépjgand increase commonsgde noise fiection.
Differential signal connectionssa allow input signals to floatithin the common-mode limits
of the NI-PGIA.

Refer to thdJsing Differential Conneatins for Floating Signal Sourcegction for more
information about diffrential connections.

When to Use Non-Referenced Single-Ended (NRSE)
Connections with Floating Signal Sources

Only use NRSE input connections if timpit signal meets tHellowing conditions:
e The input signal is higtevel (greater than 1 V).

« The leads connecting the signal te trevice are less than 3 m (10 ft).

Differential input connections arecommended for greater sigimaégrity for any input signal
that does not meet the preceding conditions.

In the single-ended modes, racelectrostatic and magnetioise couples into the signal
connections than in differentiabnfigurations. The coupling is the result of differences in the
signal path. Magnetic coupling is proportionattie area between tiwo signal conductors.
Electrical coupling is a function of how rolu the electric field differs between the

two conductors.

With this type of connection, the NI-PGIA refs both the common-mode noise in the signal and
the ground potential differee between the signadwrce and the device ground.

Refer to the documentation for your DAQuite for more information about NRSE
connections.
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When to Use Referenced Single-Ended (RSE) Connections with
Floating Signal Sources
Only use RSE input connections if th@un signal meets the following conditions:

¢ The input signal can share a common refergodat, Al GND, with oher signals that use
RSE.

e The input signal is higkevel (greater than 1 V).
¢ The leads connecting the signal te trevice are less than 3 m (10 ft).

Differential input connections arecommended for greater sigimaégrity for any input signal
that does not meet the preceding conditions.

In the single-ended modes, racelectrostatic and magnetioise couples into the signal
connections than in differentiabnfigurations. The coupling is the result of differences in the
signal path. Magnetic coupling is proportionattie area between the two signal conductors.
Electrical coupling is a function of how rlu the electric field differs between the

two conductors.

With this type of connection, the NI-PGIA refs both the common-mode noise in the signal and
the ground potential differee between the signadsrce and the device ground.

Refer to the documentation for your DAQ devieemore information about RSE connections.

Using Differential Connections for Floating Signal Sources

It is important to connect the gative lead of a floating sourée Al GND (either directly or
through a bias resistor). Otherwise, the sogerefloat out of the maximum working voltage
range of the NI-PGIA and the DAGevice returns erroneous data.

The easiest way to reference the source tGKD is to connect the positive side of the signal
to Al+ and connect the negative side of thigmal to Al GND as well as to Al— without using
resistors. This conneoh works well for DC-coupled soces with low source impedance
(<100 ).

Figure 2-4. Differential Connections for Floating Signal Sources without Bias Resistors

~L DAQ Device

o1—Al+

Floating T

Signal v
Source S

o+—Al-

Inpedance

<100 o+—AIl SENSE
o+—AI GND

-
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However, for larger source impedances, tbisrection leaves the differential signal path
significantly off balance. Noesthat couples electrostaticatiyto the positive line does not
couple onto the negative litecause it is connected tagnd. This noise appears as a
differential modesignal instead of a commonente signal, and thus apgrs in your data. In this
case, instead of directly conniect the negative linéo Al GND, connect the negative line to
Al GND through a resistor that#&bout 100 times the equivalenusce impedancéhe resistor
puts the signal path nearly in balance, sodbaut the same amountmdise couples onto both
connections, yieldingetter rejection of eledaistatically coupledhoise. This configuration does
not load down the source (other than they\eégh input impedance of the NI-PGIA).

Figure 2-5. Differential Connections for Floating Signal Sources with Single Bias Resistor

— DAQ Device

o+—Al+
Floating
Signal
Source
o+—Al-
R is about
100 times oAl SENSE
source o+—AI GND
impedance T
of sensor

You can fully balance the signadith by connecting another reesisbf the same value between
the positive input and Al GND, as shown in Figur6.ZFhis fully balanced configuration offers
slightly better noise rejectiobut has the disadvantage of loading the source down with the
series combination (sum) of the two resisttitgor example, the source impedance is 2dnd
each of the two resistors is 100 kthe resistors load down the source with 200akd produce
a —1% gain error.
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Figure 2-6. Floating Signal Source Differential Connections with Balanced Bias Resistors

Al+
Bias
Resistors | o 5 c
- N (see text) o _ 5
Fk_)atlng Instrumentation
Signal Vs i Amplifier
Source é ol —° & o—1
PGIA ?
Al-
_ Measured
M Voltage
o 5 ¢— o
Bias P
Current © .
Return . :;
Paths
P .
Input Multiplexers
o———o
Al SENSE

1/0 Connector

DAQ Device Configured in Differential Mode

Both inputs of the NI-PGIA require a DC pathground in order for the NI-PGIA to work. If
the source is AC coupled (cagtively coupled), the NI-PGlAeeds a resistor between the
positive input and Al GND. If te source has low-impedance, choose a resistor that is large
enough not to significantly load the source, $mall enough not to pduce significant input
offset voltage as a result efijut bias current (typically 100 kto 1 M ). In this case, connect
the negative input directly to Al GND. If theource has high outpimpedance, balance the
signal path as previously described usirgggame value resistor on both the positive and
negative inputs; be aware there is some gain error fromalding down the source, as shown
in Figure 2-7.
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Figure 2-7. AC-Coupled Floating Source Differential Connections with Balanced Bias

Resistors
. [ PAA Pavima
AC Coupling DAQ Device
o—Al+
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! h d o—Al-
% o+—AI SENSE
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Refer to thdnstalling Bias Resistorsection for information abounstalling bias resistors on
the SCB-68A.

Using Non-Referenced Single-Ended (NRSE) Connections for
Floating Signal Sources
Itis important to connect the gative lead of a floating signasurce to Al GND (either directly
or through a resistor). Otherwide source may float out of thalid input range of the NI-PGIA
and the DAQ device returns erroneous data.
Figure 2-8 shows a floating source corteddo the DAQ device in NRSE mode.

Figure 2-8. NRSE Connections for Floating Signal Sources

~- DAQ Device
ro+— Al
Floating
Signal o
Source

ro— Al SENSE

~o+— Al GND
L

All of the bias resistor coitfurations discussed in thésing Differential Connections for
Floating Signal Sourcesection apply to the NRSE biasigors as well. Replace Al— with

Al SENSE in Figures 2-4, 2-5, 2-6, and 2-7 for cgufiations with zero to two bias resistors.
The noise rejection of NRSEade is better than RSE modechase the Al SENSE connection
is made remotely near the source. Howevernibise rejection of NRS&Eode is worse than
DIFF mode because the Al SEN8&nnection is shared with @hannels rather than being
cabled in a twisted pair with the Al+ signal.

Using the DAQ Assistant, you eaonfigure the channelsrf®&SE or NRSE input modes.
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Using Referenced Single-Ended (RSE) Connections for Floating
Signal Sources

Figure 2-9 shows how to connectioating signal source to the DAQ device configured for RSE
mode.

Figure 2-9. RSE Connections for Floating Signal Sources

il
Al <0..16>
° 5
o 5 Programmable Gain

Floating + . h Instrumentation
Signal 6/; ol e - Amplifier
Source - PGIA +

Input Multiplexers
_ Measured
——o Al SENSE Vim Voltage

9

0 —

/"TAI GND V

1/0 Connector

Selected Channel in RSE Configuration

Using the DAQ Assistant, you aonfigure the channelsrf&SE or NRSE input modes.

Ground-Referenced Signal Sources

A ground-referenced signal souiisea signal source connected to the building system ground.
It is already connected to a common ground pweittt respect to the déce, assuming that the
computer is plugged into the same poweresysas the source. Non-isolated outputs of
instruments and devices th@tg into the building power syem fall into this category.

The difference in ground poteritizetween two instruments connected to the same building power
system is typically between 1 and 100 mV, thet difference can be much higher if power
distribution circuits are improperfyonnected. If a grounded sigsalurce is incorrectly measured,
this difference can appear asasurement error. Follow the conmeetinstructions for grounded
signal sources to eliminateigtground potential differe@ from the measured signal.

When to Use Differential Connections with Ground-Referenced
Signal Sources

Use DIFF input connectionsifany channel that meets aofythe following conditions:

e The input signal is low level (less than 1 V).

¢ The leads connecting the signal te tfevice are greater than 3 m (10 ft).

« The input signal requires a separateugid-reference point or return signal.

«  The signal leads travel through noisy environments.

* Two analog input channel8)+ and Al-, are available.

2-12 | ni.com



NI SCB-68A User Manual

DIFF signal connections reduce seipickup and increase commaiode noise rejgion. DIFF
signal connections also allanput signals to float withithe common-mode limits of the
NI-PGIA.

Refer to theJsing Differential Connections f@round-Referenced Signal Sourcestion for
more information about flerential connections.

When to Use Non-Referenced Single-Ended (NRSE)
Connections with Ground-Referenced Signal Sources
Only use NRSE connections if the in@ignal meets the lowing conditions:
e The input signal is higtevel (greater than 1 V).

«  The leads connecting the signal te trevice are less than 3 m (10 ft).
*  The input signal can share a commeference point vtih other signals.

DIFF input connections are recommended for gresigmal integrity forany input signal that
does not meet the greding conditions.

In the single-ended modes, melectrostatic and magnetioise couples into the signal
connections than in DIFF confications. The coupling is the resoldifferences in the signal
path. Magnetic coupling {groportional to the area betweer tiwo signal conddors. Electrical
coupling is a function of how nath the electric field differs between the two conductors.

With this type of connection, the NI-PGIA rejs both the common-mode noise in the signal and
the ground potential differee between the signadgrce and the device ground.

Refer to thdJsing Non-Referenced Single-Ended (ERSonnections for Ground-Referenced
Signal Sourcesection for more infornteon about NRSE connections.

When to Use Referenced Single-Ended (RSE) Connections with
Ground-Referenced Signal Sources

Do notuse RSE connections witltound-referenced signal soes. Use NRSE or DIFF
connections instead.

As shown in the bottom-rightmosgll of Table 2-2, there can bepotential difference between
Al GND and the ground of the sensor. InER®ode, this ground loop causes measurement
errors.
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Using Differential Connections for Ground-Referenced Signal
Sources

Figure 2-10 shows how to connect a groundrefeed signal sourde the DAQ device
configured in differential mode.

Figure 2-10. Differential Connections for Ground-Referenced Signal Sources

il
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0O—
o (0—4
Ground- o P
Refgrenced + : Instrumentation
ssé%nrgla Vs : Joe - Amplifier
+
Al—-
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Common- o o 0— o g
Mode v + o o o—4
Noise and cm : - \V4
Ground - .
Potential ° i
Input Multiplexers
o——— e
Al SENSE

ey

DAQ Device Configured in Differential Mode

1/0 Connector

With this type of connection, the NI-PGIA rejs both the common-mode noise in the signal and
the ground potential difference between theaigource and the device ground, shown gs V
in the figure.

Al+ and Al- must both remia within +11 V of Al GND.
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Using Non-Referenced Single-Ended (NRSE) Connections for
Ground-Referenced Signal Sources
Figure 2-11 shows how to connect grounférence signal sources in NRSE mode.

Figure 2-11. Single-Ended Connections for Ground-Referenced Signal Sources
(NRSE Configuration)

1/0 Connector J_

Al <0..16>
Ground- © K
Referenced + ° 5~
Signal 6/9 . Instrumentation
Source - ° Amplifier
o (o—, .
. Input Multiplexers ~ " Measured
Common- Al SENSE Voltage
+ L -
Mode Al GND I
Noise cm b
and Ground - Y4
Potential

DAQ Device Configured in NRSE Mode

Al <0..x> and Al SENSE must both remain within £11 V of Al GND.

To measure a single-ended, ground-referesagthl source, you must use the NRSE
ground-reference setting. Connéwt signal to one of Al <> and connect thsignal local
ground reference to Al SENSE. SENSE is internally connected the negative input of the

NI-PGIA. Therefore, the ground point of thgisal connects to the gative input of the
NI-PGIA.

Any potential difference he/een the device ground and the signal ground appears as a
common-mode signal at both the positive angatige inputs of the NI-PGIA, and this
difference is rejected by the amplifier. If timput circuitry of a devdie were referenced to
ground, as it is in the RSE ground-reference sgtthns difference iground potentials would
appear as an error in the measured voltage.

You can configure the channels for RSEN®RSE input modes using DAQ Assistant.
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Using the Temperature Sensor

To accommodate thermocoupleh DAQ devices, the SCB-68Aas a temperature sensor for
cold-junction compensation (CJC), shown in Figure $@B-68A Printed Circuit Board
Diagram To power the temperature sensor, sesthiéches for singleteded or differential
mode as described in thising the SCB-68A i MIO DAQ Devicesection of Chapter 1,
Getting Started with the SCB-68Fhis configuration also paoavs the sighal conditioning area
and circuitry. Refer to Figure 2-1 for aadram of the CJC circuitry on the SCB-68A.

Taking Thermocouple Measurements

You can measure thermocouples in difeial or single-eded configuration:

« Differential configuration has better noise immunity. Use bias resistors when the DAQ
device is in differential iput mode, as described in tmstalling Bias Resistorsection.

¢ Single-ended configuration hagice as many inputs. Fomgjle-ended configuration, set
your DAQ device for referencegingle-ended (RSE) input mode.

The maximum voltage level theocouples generate is typligeonly a few millivolts. You
should use a DAQ device with high gain fosbeesolution. For more information about
thermocouple measurements, refer to the NI Developer Zone tul@iéhg Thermocouple
Temperature Measuremen®® access this document, gato. com/info and enter the Info
Coderdtttm.

The DAQ device must havegaound reference because theomaples are floating signal
sources. For more inforation about floatig signal sources, refer to tBennecting Analog
Input Signalssection. For more information about fekiring, refer to tke NI Developer Zone
documentField Wiring and Noise Consédations for Analog Signal3o access this document,
go toni.com/info and enter the Info Codeifwn3.

CJC with the SCB-68A is accurate only if the temgiure sensor reading is close to the actual
temperature of the screw terrals. Therefore, when reading thermocouples, keep the SCB-68A
away from drafts or other temperature gradientsh si3 those caused byaters, radiators, fans,
and warm equipment.

2-16 | ni.com


http://www.ni.com/info
http://www.ni.com/info

NI SCB-68A User Manual

Temperature Sensor Output and Accuracy
The SCB-68A temperature sensor outdiitsnV/°C and has an accuracy of +1 °C.
You also can determine the temparatusing the following formulas:

Tc = 100x V;

TK = TC +273.15

Tp = PXTC}+32

5
where V, is the temperaturgensor output voltage;
and Te, Tk, andTg are the temperature readings in degrees Celsius, Kelvin, and

Fahrenheit, respectively.

Thermocouple Sources of Error

When taking thermocouple measurements WithSCB-68A, the possible sources of error are
as follows:

« Compensation erro—Can arise from two sources—inaccuracy of the temperature sensor
and temperature differences between the temperature sensor and the screw terminals. The
temperature sensor on the SCB-68A is spettifiebe accurate tol °C. You can minimize
temperature differences between the tewoee sensor and the screw terminals by
keeping the SCB-68A away from disfheaters, and warm equipment.

e Linearization error —A consequence of the polynomidlsing approximations of the true
thermocouple output. The linearization erdepends upon the degree of polynomial used.

«  Measurement erro—The result of inaccuracies the DAQ device. The&sinaccuracies
include gain, offset, and re®. Accuracy cabe calculated &m the DAQ device
specifications. For best results, youshuse a well-calitated DAQ device. NI
recommends that you run sedlibration on your DAQ devic&equently to reduce error.

e Thermocouple wire error—The result of inconsisteies in the thermocouple
manufacturing process. These inconsisteny@e nonhomogeneitieare the result of
defects or impurities in the thermocouplige. The errors vary depending on the
thermocouple type and the gauge of wire ubetian error of +2 °C is typical. For more
information about thermocouple wire els@and more specifidata, consult the
thermocouple manufacturer.

*  Noise error—Error due to inherent sfem noise. Use the average of a large number of
samples to obtain the most accurate readilogsy environments require averaging more
samples for greater accuracy.

white noise : ;
= resulting noise
number of samples
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For best results, use the average of at [£@8 readings to redadhe effects of noise;
typical absolute accuracies should then be about +2 °C.

Open Thermocouple Detection

You can build open thermocoeptietection circuitry by conngng a high-value resistor
between the positive input and ¥5 A resistor of a few M or more is sufficient, but a
high-value resistor allows you to det&n open or defective thermocouple.

Note Refer to theSoldering and Desoldering Components on the SCBsé8#ion
of Chapter 1Getting Started with the SCB-68ar more information about adding
components and for soldering and desoldering instructions.

« Differential analog input open thermocouple detectior-Use position A to connect a
high-value resistor between the pginvg input and +5 V. Leave the Oresistors at positions
F and G in place for each channel used. Reféable 2-1 for component positions for all
analog input channels.

Figure 2-12. Differential Analog Input Open Thermocouple Detection

+5V Al GND

B

1 gy aTi AOWO t _

Yo OO O Al
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G O

ole O
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+5V Al GND
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« Single-ended analog input open thermocouple detectierUse position A for one
channel and C for the next channel when gonnect a high-value sistor between the
positive input and +5 V. Leave the Oresistors at pdisons F and G in place for each
channel used. Refer to Table 2-1 for compump®sitions for all analog input channels.

Figure 2-13. Single-Ended Analog Input Open Thermocouple Detection on Al <i>

+5V Al GND

1 Ol aTi AOWO £ + .
ole) OO O Al
1 (D [ari +8 22 F Ol
G T OO
NGy O Q) OwO O Ali+8
OOy Tex

+5V Al GND

If the thermocouple opens, the voltage measuredadhe input terminals rises to +5 'V, a value
much larger than any legitimate thermocouple \ggtayou can create a bias current return path
by using a 100 k resistor between the gative input and Al GND.

Thermocouple Input Filtering

To reduce noise, you canrmect a simple one-pole RC lowpatterf to the analog inputs of the
SCB-68A. Refer to th®ne-Pole Lowpass RC Filtsection for more information.
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Installing Bias Resistors

To install a single bias s&stor on the negative lifdl-) of a differential pa, put the resistor in
position D on the SCB-68A, as shown Figure 2-14. Leave the Oresistors at positions F and
G in place for each channel used.

Figure 2-14. Al Differential Configuration with Single Bias Resistor

+5V Al GND

. i AO

Ali

Ali+8

’ O

+5V Al GND

To install balanced bias regiss$, put resistors in positionsa®d D on the SCB-68A, as shown
in Figure 2-15. Leave the 0 resistors at positions F andiGplace for each channel used.
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Figure 2-15. Al Differential Configuration with Balanced Bias Resistors

+5V Al GND
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Lowpass Filtering

Lowpass filters highly or contgtely attenuate signals wifrequencies above the cut-off
frequency, or high-frequepstopband signals. Lowpass filtets not attenuatsignals with
frequencies below the cut-off frequency, or {requency passband sidsadeally, lowpass
filters have a phase shift that is linear witBpect to frequency. Thimear phase shift delays
signal components of all frequencies by a cartdieme, indepedent of frequency, thereby
preserving the overall shape of the signal.

In practice, lowpass filters subject input silgn@ a mathematical transfer function that
approximates the characteristics of an ideal fiBgranalyzing the Bode Plot, or the plot that
represents the transfer function, you datermine the filter characteristics.
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Figures 2-16 and 2-17 show the Bode Plots for thd fieest and the real filter, respectively, and

indicate the attenuation

Analog Input and Temperature Sensor Measurements

ehch transfer function.

Figure 2-16. Transfer Function Attenuation for an Ideal Filter

A
Passband

Gain

Stopband

',

>

Log Frequency
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Figure 2-17. Transfer Function Attenuation for a Real Filter

Gain

The cut-off frequency,, is defined as the frequency beyond which the gain drops 3 dB.

an ideal filter causes the gadrop to zero for all frequencies greater
thanf.. Thusf. does not pass through the filter to itspuit Instead of having a gain of absolute
zero for frequencies greater thignthe real filter has a tranigin region between the passband
and the stopband, a ripple in the passbamd gastopband with a fir@ attenuation gain.

Figure 2-16 shows how

Real filters have some nonlinearitytheir phase response, cangssignals at higher frequencies
to be delayed longer than signals at lower fregies and resulting in averall shape distortion
of the signal. For example, when the square wslvewn in Figure 2-18, enters a filter, an ideal
filter smooths the edges of thegut, whereas a real filter casssome ringing in the signal as

A

Passband

Stopband

Transition —p»
Region

4 »
1 Ll

fe Log Frequency

the higher frequency componeiwisthe signal are delayed.
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Figure 2-18. Square Wave Input Signal
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Figures 2-19 and 2-20 show the difference ipoese to a square wakietween an ideal and a
real filter,respectively.
Figure 2-19. Response of an Ideal Filter to a Square Wave Input Signal
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Figure 2-20. Response of a Real Filter to a Square Wave Input Signal
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One-Pole Lowpass RC Filter

Figure 2-21 shows the transfer function of a dangeries circuit consting of a resistorR) and
capacitor C) when the voltage acro&sis assumed to be the output voltayg)(

Figure 2-21. Simple RC Lowpass Filter

The transfer function is a mathematical representation of a one-pole lowpass filter, with a time
constant of:

1
2 RC

Use Equation 2-1 to design a lowpass filter for a simple resistor and capacitor circuit, where the
values of the resistor drcapacitor alone determifie

G (2-1)

T = 77z Ros

whereG is the DC gain andrepresents the frequency domain.

Selecting Components for Lowpass Filtering

To determine the value of the components in the circuiR {0 k is reasonablegnd isolate
C from Equation 2-1 as follows:

C=->1r (2-2)

The cut-off frequency in Equation 2-2fis

For best results, choose a resishat has the following characteristics:
« Low wattage of approximately 0.125 W

*  Precision of at least 5%

e Temperature stability

e  Tolerance of 5%

e AXL package (suggested)

e Carbon or metal film (suggested)
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Choose a capacitor that has thkofeing suggestedharacteristics:
e AXL or RDL package

e Tolerance of 20%

¢ Maximum voltage of at least 25 V

Adding Components for Lowpass Filters on Analog
Input Signals

Using the circuit shown in Figure 2-21, you cae astwo-component cirduio build a simple
RC filter with analog input. You eebuild a lowpass filter for thfollowing analog input modes:

« Differential analog input lowpass filter—To build a differential lowpass filter, refer to
Figure 2-22. Add the resistor to position Flahe capacitor to position E. Refer to
Table 2-1 for component positiofar all analog input channels.

The SCB-68A ships with a surface mount @esistor in the F position. Yaanustremove
the resistor to use the position.

Figure 2-22. SCB-68A Circuit Diagram for Differential Analog Input Lowpass Filter

1 Ol a1i A0 O OBO 6 Al
QWO |
1 (Dl AT +8 F< Sas® @E
[ME]
GF OO
5 ® O Q) OwO]|O Ali+8
Y QO X

+5V Al GND

* Single-ended analog input lowpass filter-To build a single-ended lowpass filter, refer to
Figure 2-23. Add the resistor to position F3ydepending on the Al channel you are using.
Add the capacitor to position B or D, deperglon the Al channel you are using. Refer to
Table 2-1 for component positiofar all analog input channels.

The SCB-68A ships with a surface mount @esistors in the F and G positions. Youst
remove the resistdo use the position.
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Note Filtering increases the settling time of the instrumentation amplifier to the

time constant of the fi#tr used. Adding RC filters to scanning channels greatly
reduces the practical scanning rate, since the instrumentation amplifier settling time
can be increased to T@r longer, wherd = (R)(C).

Figure 2-23. SCB-68A Circuit Diagram for Single-Ended Analog Input Lowpass Filter
on Al <i>

+5V Al GND
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Analog Input Lowpass Filtering Applications
The following applications benefit from lowpass filtering:

* Noise filtering—You can use a lowpass filter to higtattenuate the noise frequency on a
measured signal. For exarappower lines commonlydd a noise frequency of 60 Hz.
Adding a filter withf.<60 Hz at the input of the measurement system causes the noise
frequency to fall into the stopband.

Referring to Equation 2-2,Xithe resistor value at 10 kto calculate the capacitor value
and choose a commercial capacitor vaha satisfies théollowing relationship:

1

©> 510, 00060)

(2-3)
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« Antialiasing filtering —Aliasing causes high-frequencygsal components to appear as a
low-frequency signal, as Figure 2-24 shows.

Figure 2-24. Aliasing of a High-Frequency Signal

14

— Input Signal
» Sampled Points
--- Reconstructed Signal

The solid line depicts a higirequency signal being sampledla indicated points. When
these points are connected to reconstriettaveform, as shown by the dotted line, the
signal appears to have a lower frequency. siggpal with a frequency greater than one-half
of its sample rate is aliased and incorreatialyzed as having a frequency below one-half
the sample rate. This limiting frequency of draf the sample rats called the Nyquist
frequency.

To prevent aliasing, remove all signahgmonents with frequencies greater than the
Nyquist frequency from input sigtsbefore those signals arergzled. Once a data sample
is aliased, it is impossible to accurately reconstruct the original signal.

To design a lowpass filter thattenuates signal componentshaa frequency higher than
half of the Nyquist frequecy, substitute the hayquist value for thé, value in
Equation 2-3.

@ Note (NI 6115/6120/6289 Devices Only) Some devices, such as the
NI 6115/6120/6289, providiiters and may not rexl antialiasing filters
implemented at the SCB-68Aainal block. Refer to youtevice documentation for
more information.

Highpass Filtering

Highpass filters highly or completely attenuate signals with frequencies below the cut-off
frequency, or low-frequency stopband signalghiass filters do nottanuate signals with
frequencies above the cut-off frequeneoy high-frequency passband signals.

The cut-off frequencyf,, is defined as the frequency below which the gain drops 3 dB.
Figure 2-25 shows how an ideal filter causes tlie edrop to zero for all frequencies less than
f.. Thus,f. does not pass througtetfilter to its output.
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In practice, highpass filtersigject input signals to a mathatital transfer function that
approximates the characteristics of an ideal fiBgranalyzing the Bode Plot, or the plot that
represents the transfer function, youa determine the filter characteristics.

Figures 2-25 and 2-26 show the Bode Plots for thd fies and the real filter, respectively, and
indicate the attenuation efich transfer function.

Figure 2-25. Transfer Function Attenuation for an Ideal Filter
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Figure 2-26. Transfer Function Attenuation for a Real Filter
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Instead of having a gain of abstuero for frequencies less tHarthe real filter has a transition
region between the passithand the stopband, a ripple i thassband, and a stopband with a
finite attenuation gain.
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One-Pole Highpass RC Filter

Figure 2-27 shows the transfer function of a dangeries circuit consting of a resistorR) and
capacitor C) when the voltage acro&sis assumed to be the output voltayg)(

Figure 2-27. Simple RC Highpass Circuit

PR | S

Vin R Vout

The transfer function is a mathematical repreatéon of a one-pole highpaélter, with a time
constant of:

1
2 RC

Use Equation 2-4 to design a lowpass filter for a simple resistor and capacitor circuit, where the
values of the resistor drcapacitor alone determifie

G

T = 77z Ros

(2-4)

whereG is the DC gain andrepresents the frequency domain.

Selecting Components for Highpass Filtering

To determine the value of the components in the circuiR {ik0 k is reasonablegnd isolate
C from Equation 2-4 as follows:

C= o (2-5)

The cutoff frequency in Equation 2-5fjs

For best results, choose a resishat has the following characteristics:
« Low wattage of approximately 0.125 W

*  Precision of at least 5%

e Temperature stability

e Tolerance of 5%

e AXL package (suggested)

e Carbon or metal film (suggested)
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Choose a capacitor that has thkofeing suggestedharacteristics:
e AXL or RDL package

e Tolerance of 20%

¢ Maximum voltage of at least 25 V

Adding Components for Highpass Filtering on Analog
Input Signals

Using the circuit shown in Figure 2-27, you cae aswo-component cirduio build a simple
RC filter with an analog input.

- Differential analog input highpass filter—To build a differential highpass filter, add the
resistor to position E and the capacitor toifims F, as shown in Figure 2-28. Refer to
Table 2-1 for component positiofar all analog input channels.

The SCB-68A ships with a surface mount @esistor in the F position. Yanustremove
the resistor to use the position.

Figure 2-28. SCB-68A Circuit Diagram for Differential Analog Input Highpass Filter
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¢ Single-ended analog input highpass filte~~To build a single-ended highpass filter, refer
to Figure 2-29. Add the resistor to positiBror D, depending on the Al channel you are
using. Add the capacitor to position F@rdepending on the Al channel you are using.
Refer to Table 2-1 for component paits for all analog input channels.

The SCB-68A ships with a surface mount @esistor in the F and G positions. Yowst
remove the resistdo use the position.
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Figure 2-29. SCB-68A Circuit Diagram for Single-Ended Analog Input Highpass Filter
on Al <i>
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Analog Input Highpass Filtering Applications

One of the most common applicais for highpass filteffor analog inputs is to use the filter to
do AC coupling. AC coupling can be achievmdcreating a highpass filter with a very low
cutoff frequency. This filter alles most dynamic signals througthile it blocks any DC offsets
in the signal. This can be uskxincrease the resolutiorittvwhich you can measure a dynamic
signal that is riding on top of an offset, as shown in Figure 2-30.

Figure 2-30. Signal before Passing through Filter
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Without the AC coupling you would use the ff@ange or the 0—10 V range. After passing
through the filter, the dynamic portion of the sigisaletained and centered around 0, as shown
in Figure 2-31.

Figure 2-31. Signal after Passing through Filter

Time (1)
You can now reduce your range to +1 \irtorease the resolution of the measurement.

Current Input Measurement

Some DAQ devices canndirectly measure current. Thégction describes how to add
components for measuring current up to 20 mA.

The conversion from current to voltage iséad on Ohm’s Law, summarized by the following
equation:

V=IxR
whereV is voltage] is current, andR is resistance.

By putting a resistor wh a known value in series withetlturrent and measuring the voltage
produced across the resistor as shownguiféi 2-32, you can calculate the current flowing
through the circuit.

Figure 2-32. Current-to-Voltage Electrical Circuit
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Transducer R V.
Input n
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The application software mugtearly convert voltage back tarrent. The following equation
demonstrates this convars, where the resistor is the denominator ¥fds the input voltage
into the DAQ device:

R

Selecting a Resistor for Current Input Measurement

For best results when measuring current, choossistor that has thelfowing characteristics:
e Low wattage of approximately 0.125 W

¢ Precision of at least 5%

¢ Temperature stability

e Tolerance of 5%

e 232 (suggested)

¢ AXL package (suggested)

e Carbon or metal film (suggested)

If you use the resistor describabove, you can convert a 20 mAraunt to 4.64 V by setting the
device range to either (-5 to +5 V) or (O to 5 V).

Adding Components for Current Input Measurement on
Analog Input Signals

Caution Do notexceed +10 V at the analog inputs. N liable for any device
damage or personal injury résng from imprope connections.

You can build a one-resistor circuit for measgrcurrent at the single-ended or differential
inputs of the SCB-68A:

« Differential analog inputs—To build a one-resistor circuitat measures current at the
differential inputs of the SCB-68A, add ttesistor to position E for each differential
channel pair that is used. Leave the @esistors in place for g@ions F and G. Refer to
Table 2-1 for component positis for all analog input chaels. Calculate the current
according to the following equation:
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Figure 2-33. Measuring Current with Differential Analog Inputs
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¢ Single-ended analog inputs-To build a one-resistor circuitat measures current at the
single-ended analog inputs of the SCB-68A, tddresistor to position B or D, depending
on the channel being used. Leave the g&sistors in place for channel positions F and G,
respectively. Refer to Table 2-1 for compahpositions for alhnalog input channels.
Calculate the current according to the following equation,

Vm

| =
RBorD

whereRg (, p is the resistance of thiesistor in position B or D.
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Figure 2-34. Measuring Current with Single-Ended Analog Input (Al <i>)

+5V Al GND

B
1 Ol a1i A0 O + |
00%4_8(% Al
N0 AIi+8F% E
% OsteOrfC)
5 M 9, OwO||O Ali+8
A Al X

+5V Al GND

Attenuating Voltage

Transducers can generab@re than 10 VDC per channbljt DAQ devices aanot read more
than 10 VDC per input channel. Therefoyeu must attenuate output signals from the
transducer to fit within the DAQ device spécdtions. Figure 2-35 shanhow to use a voltage
divider to attenuate the outpsignal of the transducer.

Figure 2-35. Attenuating Voltage with a Voltage Divider

R4

Vin Ro Vin

. e -

The voltage divider sgh the input voltage\,,) between two resistor®{ andR,), causing the
voltage on each resistor be noticeably lower thaw,,. Use Equation 2-6 to determine tfg
that the DAQ device measures:

v ooy 2 s (2-6)
m in R1+ R2©

Use Equation 2-7 to determine the oWegain of a voltage divider circuit:
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v R,

TRTR, &)

The accuracy of Equation 2-7 depends ondterances of the séstors that you use.

A Caution The SCB-68A isotdesigned for any input voltages
>30 Vimd42 V{60 VDC, even if a user-installed tage divider reduces the voltage
to within the input range of the DAQ device. Input voltages >3(/42 /60 VDC
can damage the SCB-68A, any devicesrected to it, and the host computer.
Overvoltage can also cause an gleshock hazard for the operator.

Selecting Components for Attenuating Voltage
To set up the resistors, complete the following steps.
1. Select the value fd®, (10 k is recommended).
2. Use Equation 2-6 to calculate the valueRar
Base ther; calculation on the following values:
¢ MaximumV;, you expect from the transducer
¢« Maximum voltage (<10 VDC) that you want to input to the DAQ device

Accuracy Considerations for Attenuating Voltage

For best results when attenuatirgitage, choose a resistor thas Itlae following characteristics:
« Low wattage of approximately 0.125 W

*  Precision of at least 5%

«  Temperature stable

e  Tolerance of 5%

e AXL package (suggested)

e Carbon or metal film (suggested)

Verify thatR; andR, drift together with respect to temperature; otherwise, the system may
consistently read incorrect values.
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Adding Components for Attenuating Voltage on Analog
Input Signals

You can build a two- or three-resistor cirdait attenuating voltages #ite single-ended analog
inputs and differential analog inputs of the SCB-68A:

Differential analog input attenuators—To build a three-resistor circuit for attenuating
voltages at the differentianalog inputs of the SCB-68A, refer to Figure 2-36. Refer to
Table 2-1 for component positiofar all analog input channels.

The SCB-68A ships with a surface mount @esistor in the F and G positions. Yowst
remove the resistors tese these positions.

Figure 2-36. SCB-68A Circuit Diagram for Differential Analog Input Attenuation
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Install resistors in positions [E, and G of the chosen difential channel pair. Use the
following equation to determine the gain of the circuit:

Re

Sl (= Re+Rg)

Single-ended analognput attenuators—To build a two-resistor circuit for attenuating
voltages at the single-ended analog inputhefSCB-68A, refer to Figure 2-37. Refer to
Table 2-1 for component positiofar all analog input channels.

The SCB-68A ships with a surface mount @esistor in the F and G positions. Yowst
remove the resistdo use the position.
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Figure 2-37. SCB-68A Circuit Diagram for Single-Ended Analog Input Attenuationon Al <i>

Install resistors in positiorB and F, or positions D and G, depending on the channel you
are using on the SCB-68A. Use the following @gurato calculate the gain of the circuit:

whereRg o, p IS the resistance of the reigir in position B or D, anBg , g is the resistance
of the resistor in position F or G.

Analog Input Voltage Dividers

When calculating the values fBf andR,, consider the input impedance value from the point of
view of V;,, as shown in Figure 2-38.

~ (Rg oo * Re or6)

Figure 2-38. Input Impedance Electrical Circuit
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The following equation showtbe relationship among aif the resistor values:
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(R, x Input Impedanck
in = 17 (R, + Input Impedance

Z,, is the new input impedance. Refer to the device specifications for the input impedance of
your device.
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Analog Output Waveforms

This chapter covers many top&ssociated with generatingedog output waveforms, including
how to condition signals by adding componentthe open component locations of the
SCB-68A for lowpass filtering araktenuating voltagapplications.

Caution Add components at your own risk. Niristliable for any damage
resulting from impropdy added components.

In addition to the applications sleribed in this chapter, you chuild many other types of signal
conditioning using the componegpads and the general-purpdseadboard area of the
SCB-68A. Refer to th8oldering and Desoldering Components on the SCBsé&8#fion of
Chapter 1Getting Started with the SCB-68fr more information about adding components
and for soldering and deldering instructions.

After building one of the applications describedhiis chapter or your custom circuitry, refer to
the Setting up the SCB-68%ction of Chapter Letting Started with the SCB-68far
instructions about how to configure thEB-68A in Measurement & Automation Explorer
(MAX). You can create virtual @nnels in MAX to create a stom scale or map your voltage
ranges to the type of transducer that you use.

Analog Output Channel Pad Configuration

When you use the SCB-68A with a 68-pin or 100-pin MIO DAQ device, you can use the
component pads on the SCB-68A to condition &0 channels. Figure 3-1 shows the circuitry
for both analog output emnels on the SCB-68A.

Figure 3-1. Analog Output Circuitry

AOO A _
(1/0 Pin 22) AO 0 Screw Terminal
SC8 B
AO GND _
(/O Pin 55) AO GND Screw Terminal
AO 1 A _
(I/0 Pin 21) AO 1 Screw Terminal
SC9 B
AO GND _
(/0 Pin 54) AO GND Screw Terminal
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Chapter 3 Analog Output Waveforms

Figure 3-2 illustrates the gene\O channel pad configuration.

Figure 3-2. Analog Output Channel Pad Configuration

AO O

AO 1

B SC8 56
(=)

O Ag%NDZZ

&) O
v DD

O

A SC9 21
CWED

O Bl

B G
OpO=20

o b 9|l o

AO GND

Table 3-1 correlates the component labels ef3EB-68A to componeidcations A and B for
analog output channels 0 and 1.

Table 3-1. Analog Output Channels Component Locations

Channel Positions A “and BT
AOO SC8
AO 1 SC9

* A position contains a surface mount Oresistor; younustremove the resistor to use the position.
If you remove your custom corapents from the A position, yauustreinstall a 0 resistor.
B position contains through holegsathat can be used for two copments to be connected in parall

=y

Lowpass Filtering

Lowpass filters highly or contgtely attenuate signals withequencies above the cut-off
frequency, or high-frequepstopband signals. Lowpass filtets not attenuatsignals with
frequencies below the cut-off frequency, ovifrequency passband sidsadeally, lowpass
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filters have a phase shift that is linear withpect to frequency. Thimear phase shift delays
signal components of all frequencies by a cartdiene, indepedent of frequency, thereby
preserving the overall shape of the signal.

In practice, lowpass filters subject input sigrn@ a mathematical transfer function that
approximates the characteristics of an ideal fiBgranalyzing the Bode Plot, or the plot that
represents the transfer function, you datermine the filter characteristics.

Figures 3-3 and 3-4 show the Bode Plots for thel ifiléer and the real filter, respectively, and
indicate the attenuation efich transfer function.

Figure 3-3. Transfer Function Attenuation for an Ideal Filter

A
Passband

Gain

Stopband

',

Ll
fe Log Frequency

Figure 3-4. Transfer Function Attenuation for a Real Filter

A

Gain

Passband

Stopband

Transition —p»
Region

»

fe Log Frequency

The cut-off frequencyf,, is defined as the frequency beyond which the gain drops 3 dB.
Figure 3-3 shows how an ideal filter causesghim to drop to zero for all frequencies greater
thanf.. Thusf. does not pass through the filter to itspuit Instead of having a gain of absolute
zero for frequencies greater thignthe real filter has a tranisin region between the passband
and the stopband, a ripple in the passbamd sastopband with a fitl@ attenuation gain.

Real filters have some nonlinearitytheir phase response, cangssignals at higher frequencies
to be delayed longer than signals at lower fregies and resulting in averall shape distortion
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Chapter 3 Analog Output Waveforms

of the signal. For example, whéme square wave, shown in Fig8-5, enters a filter, an ideal
filter smooths the edges of thegut, whereas a real filter casssome ringing in the signal as
the higher frequency componeufisthe signal are delayed.

Figure 3-5. Square Wave Input Signal
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v
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Figures 3-6 and 3-7 show the difference in resptmaesquare wave betwean ideal and a real
filter, respectively.
Figure 3-6. Response of an Ideal Filter to a Square Wave Input Signal
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\

Time (t)
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Figure 3-7. Response of a Real Filter to a Square Wave Input Signal
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\
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One-Pole Lowpass RC Filter

Figure 3-8 shows the transfer function of a dergeries circuit consting of a resistor) and
capacitor C) when the voltage acroBsis assumed to be the output voltagg)(

Figure 3-8. Simple RC Lowpass Filter

The transfer function is a mathematical representation of a one-pole lowpass filter, with a time
constant of:

1
2 RC

Use Equation 3-1 to design a lowpass filter for a simple resistor and capacitor circuit, where the
values of the resistor drcapacitor alone determifie

G

1+ (2 ROs (3-1)

T(s) =

whereG is the DC gain andrepresents the frequency domain.
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Chapter 3 Analog Output Waveforms

Selecting Components for Lowpass Filtering

To determine the value of the components in the circuiR {0 k is reasonablegnd isolate
C from Equation 3-1 as follows:

C= (3-2)

The cut-off frequency in Equation 3-2fis

For best results, choose a resishat has the following characteristics:
« Low wattage of approximately 0.125 W

*  Precision of at least 5%

e Temperature stability

e  Tolerance of 5%

e AXL package (suggested)

e Carbon or metal film (suggested)

Choose a capacitor that has thkofeing suggestedharacteristics:
e AXL or RDL package

e Tolerance of 20%

¢ Maximum voltage of at least 25 V

Adding Components for Lowpass Smoothing Filters on
Analog Output Signals

Using the circuit shown in Figure 3-8, you can aseo-component circuit to build a simple RC
filter with analog output. To build a lowpass filfer analog output, put a resistor in position A
and a capacitor in position B, as shown in Figure 3-9.

The SCB-68A ships with a surface mount @esistor in the A position. Yomustremove the
resistor to use the position. feeto Table 3-1 for componepbsitions for both analog output
channels.
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Figure 3-9. SCB-68A Circuit Diagram for Analog Output Lowpass Filter

S8 56 0
B@+O D

Opmoo | o
A(Wo)
AO O 5 55 @ .

Analog Output Lowpass Filtering Applications

The following applications benefit from lowpass filtering:

*  Protection for external circuitry —Lowpass filters can smdostairstep-like curves on
AO signals. If the curves are not smoothéé, AO signals can be a hazard for some
external circuitry connected ib Figure 3-10 shows the output of a lowpass filter when a
stairstep-like ginal is the input.

Figure 3-10. Lowpass Filtering of AO Signals

A

Volts (V)

\

Time (1)

«  Deglitching analog output signals—Lowpass filters can be ustaldecrease glitches from
an analog output signal. When you use a Dé&@enerate a waveform, you may observe
glitches on the output signal. These glitches normal; when a DAC switches from
one voltage to another, it produces glitches ttureleased charges. The largest glitches
occur when the most significant bit of tB&C code changes. You can build a lowpass
deglitching filter to removeome of these glitclsedepending on theeiquency and nature
of the output signal. To select a cutoff freqay for the deglitching filter, refer to your
DAQ device documentation forétmaximum glitch duration.
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Chapter 3 Analog Output Waveforms

Attenuating Voltage

Transducers can generate mtivan 10 VDC per channddut DAQ devics cannot read

more than 10 VDC per input channel. Therefgi@) must attenuatsutput signals from the
transducer to fit within the DAQ device spécdtions. Figure 3-11 shahow to use a voltage
divider to attenuate the outpsignal of the transducer.

Figure 3-11. Attenuating Voltage with a Voltage Divider

R1

Vin R2 Vin

— e -

The voltage divider sgh the input voltageM,,) between two resistor®{ andR;), causing the
voltage on each resistor be noticeably lower thaw,,. Use Equation 3-3 to determine tfg
that the DAQ device measures:

V.=V L§ (3-3)
m = Uin R+ RO
Use Equation 3-4 to determine the oVWegain of a voltage divider circuit:
V, R
G=_"M___"2 (3-4)
Vin Ri+R,

The accuracy of Equation 3-4 depends ontdterances of the séstors that you use.

A Caution The SCB-68A inotdesigned for any input voltages
>30 Vimd42 V3/60 VDC, even if a user-installed tage divider reduces the voltage
to within the input range of the DAQ device. Input voltages >3(/%2 V,/60 VDC
can damage the SCB-68A, any devicesrected to it, and the host computer.
Overvoltage can also cause an leshock hazard for the operator.
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Selecting Components for Attenuating Voltage
To set up the resistors, complete the following steps.
1. Select the value fd®, (10 k is recommended).
2. Use Equation 3-3 to calculate the valueRar
Base ther, calculation on the following values:
¢ MaximumV;, you expect from the transducer
e Maximum voltage (<10 VDC) that you want to input to the DAQ device

Accuracy Considerations for Attenuating Voltage

For best results when attenuatirgftage, choose a resistor thaslae following characteristics:
* Low wattage of approximately 0.125 W

e Precision of at least 5%

e Temperature stable

e  Tolerance of 5%

«  AXL package (suggested)

e Carbon or metal film (suggested)

Verify thatR; andR, drift together with respect to temperature; otherwise, the system may
consistently read incorrect values.

Adding Components for Attenuating Voltage on Analog
Output Signals

To build a two-resistor circuit for attenirag voltages at the AO 0 and AO 1 pins on the
SCB-68A, refer to the pad positis in Figure 3-12. The SCB-68hips with a surface mount
0 resistor in the A position. Yomustremove the resistor to use the position. Refer to
Table 3-1 for component positiofar both analog output channels.

Figure 3-12. SCB-68A Circuit Diagram for Analog Output Attenuation

B S8 56((| O d
=)

'Ag>GND22 @ .
WO
AO 0 56 55 @ .
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Chapter 3 Analog Output Waveforms
Install resistors in positions A and B andatenine the gain according to Equation 3-5:

Re

G=
(Rg+Ry)

(3-5)

Analog Output Voltage Dividers

When you use the circuit shown in Figure 3-1rlafoalog output, the outpimpedance changes.
Thus, you must choose the valuesRprandR, so that the final output impedance value is as
low as possible. Refer to tldevice specifications for theutput impedance for your device.
Figure 3-13 shows the electrical circyiiu use to calculate the output impedance.

Figure 3-13. Electrical Circuit for Determining Output Impedance

Ry Z

out

Output R,
Impedance

The following equation shoswthe relationship betwedl, Ry, andZ,,,, whereZ,is the old
output impedance arif}, ;» is the new output impedance:

(Zout+ R xRy

d rout Y ¢4
Zoutt R +Ry

out2 =

3-10 | ni.com



PFI 0 and Digital Input
Measurements

This chapter covers many topics associated taking digital inpuand PFI 0 measurements
and generating PFI 0 signals, including hovedadition signals bydding components to the
open component locations thie SCB-68A for lowpass féring and attenuating voltage
applications.

Caution Add components at your own risk. Niristliable for any damage
resulting from impropdy added components.

In addition to the applications sleribed in this chapter, you chuild many other types of signal
conditioning using the componegpads and the general-purpdzeadboard area of the
SCB-68A. Refer to th8oldering and Desoldering Components on the SCBsé&8#fion of
Chapter 1Getting Started with the SCB-68fr more information about adding components
and for soldering and deldering instructions.

After building one of the applications describedhiis chapter or your custom circuitry, refer to
the Setting up the SCB-68%ction of Chapter Letting Started with the SCB-68far
instructions about how to configure thEB-68A in Measurement & Automation Explorer
(MAX). You can create virtual @nnels in MAX to create a stom scale or map your voltage
ranges to the type of transducer that you use.

PFI 0 Channel Pad Configuration

When you use the SCB-68A with a 68-pinl@0-pin MIO DAQ device, you can use the SC10
component pads on the SCB-68A to conditioh ®A-igure 4-1 shows the digital trigger
circuitry for PFI 0.

Figure 4-1. Digital Trigger Circuitry

PF1 0/Al START TRIG A PF1 0/Al START TRIG
(I/0 Pin 11) Screw Terminal
SC10 B
D GND

(/O Pin 44) D GND Screw Terminal
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Chapter 4 PF1 0 and Digital Input Measurements

Figure 4-2 shows the digital inpabannel configuration for PFI 0.
Figure 4-2. Digital Input Channel Pad Configuration

1 @ |45 C10
CGwWed

D (Dt~ © A
OO
b Oepeeidd=OgO

PFI 0

D GND

The SCB-68A ships with a surface mount @esistor in the A posiin. You must remove the
resistor to use the positiokiyou remove your custom cgonents from the A position, you

must reinstall a 0 resistor. The B position containgaligh hole pads that can be used for
two components to be noected in parallel.

Lowpass Filtering

Lowpass filters highly or contgtely attenuate signals wifrequencies above the cut-off
frequency, or high-frequepetopband signals. Lowpass filtehs not attenuatsignals with
frequencies below the cut-off frequency, ovifrequency passband sideadeally, lowpass
filters have a phase shift that is linear withpect to frequency. This linear phase shift delays
signal components of all frequencies by a cartdiee, indepadent of frequency, thereby
preserving the overall shape of the signal.

In practice, lowpass filters subject input silgn@ a mathematical transfer function that
approximates the characteristics of an ideal fiBgranalyzing the Bode Plot, or the plot that
represents the transfer function, youn determine the filter characteristics.

Figures 4-3 and 4-4 show the Bode Plots for thel filéer and the real filter, respectively, and
indicate the attenuation efch transfer function.
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Figure 4-3. Transfer Function Attenuation for an Ideal Filter
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Figure 4-4. Transfer Function Attenuation for a Real Filter
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The cut-off frequency,, is defined as the frequency beyond which the gain drops 3 dB.
Figure 4-3 shows how an ideal filter causesghimm to drop to zero for all frequencies greater
thanf.. Thusf. does not pass through the filter to itspuit Instead of having a gain of absolute
zero for frequencies greater thignthe real filter has a tranigin region between the passband
and the stopband, a ripple in the passbamd sastopband with a fitld@ attenuation gain.

Real filters have some nonlinearitytheir phase response, cangssignals at higher frequencies
to be delayed longer than signals at lower fregies and resulting in averall shape distortion
of the signal. For example, whéme square wave, shown in Figut-5, enters a filter, an ideal
filter smooths the edges of theput, whereas a real filter casssome ringing in the signal as
the higher frequency componeiwisthe signal are delayed.
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Figure 4-5. Square Wave Input Signal
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Figures 4-6 and 4-7 show the difference in resptmaesquare wave betwean ideal and a real
filter, respectively.
Figure 4-6. Response of an Ideal Filter to a Square Wave Input Signal
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Figure 4-7. Response of a Real Filter to a Square Wave Input Signal
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One-Pole Lowpass RC Filter

Figure 4-8 shows the transfer function of a demgeries circuit comsting of a resistorR) and
capacitor C) when the voltage acro&sis assumed to be the output voltayg)(

Figure 4-8. Simple RC Lowpass Filter

The transfer function is a mathematical representation of a one-pole lowpass filter, with a time
constant of:

1
2 RC

Use Equation 4-1 to design a lowpass filter for a simple resistor and capacitor circuit, where the
values of the resistor drcapacitor alone determifie

G

T = 77z Ros

(4-1)

whereG is the DC gain andrepresents the frequency domain.

Selecting Components for Lowpass Filtering

To determine the value of the components in the circuiR {0 k is reasonablegnd isolate
C from Equation 4-1 as follows:

C=-— (4-2)

The cut-off frequency in Equation 4-2fis

For best results, choose a resishat has the following characteristics:
* Low wattage of approximately 0.125 W

e Precision of at least 5%

e Temperature stability

e  Tolerance of 5%

* AXL package (suggested)

e Carbon or metal film (suggested)
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