12G/SPI

NI-845x Hardware and Software Manual

August 2013 7 NAT'ONA'.
371746E-01 )‘INSTRUMENTS’”



Worldwide Technical Support and Product Information

ni.com

Worldwide Offices

Visit ni.com/niglobal to access the branch office Web sitesiciviprovide up-to-dateontact information,
support phone numbers, email agisltes, and current events.

National Instruments Corporate Headquarters

11500 North Mopac Expressway AustTexas 78759-3504 USA Tel: 512 683 0100

For further support information, refer to thechnical Support and Bfessional Serviceappendix. To comment
on National Instruments docuntation, refer to the Natiohénstruments Web site at.com/info and enter
the Info Coddeedback .

© 2005-2013 National Instruments. All rights reserved.



Important Information

Warranty

NI devices are warranted against defects in materials and woskipefor a period of one year from the invoice date, as evédkeby receipts
or other documentation. National Instruments will, at its optiepair or replace equipment that proves to be defectiveglthmwarranty
period. This warranty includes parts and labor.

The media on which you receive National Instants software are warranted not to faiexecute programming instructions, doelefects in
materials and workmanship, for a period of 90 days frormthe@de date, as evideed by receipts or bér documentation. Nathal Instruments will,
at its option, repair or replace software media that do remié® programming instetions if National Instruments receivestice of such defects
during the warranty period. National Instrunteedoes not warrant that the operatiothefsoftware shall be uninterruptedeoror free.

A Return Material Authorization (RMA) numbenust be obtained from the factory anéacly marked on the outside of the packiagfre any
equipment will be accepted for warramtgrk. National Instruments will pay the shippgicosts of returning to the owner pavtsich are covered by
warranty.

National Instruments believes that the information in this document is accurate. The document has been carefully ree@wéhf@ccuracy. In
the event that technical or typaghical errors exist, Ni@nal Instruments reserves the rightnake changes to subsequetitiens of this document
without prior notice to holders of this edition. The reader shoohsult National Instruments if errors are suspected. éverat shall National
Instruments be liable for amlamages arising out of oraged to this document orghnformation contained in it.

ExcepTAs SPECIFIEDHEREIN, NATIONAL INSTRUMENTSMAKES NO WARRANTIES, EXPRESSOR IMPLIED, AND SPECIFICALLY DISCLAIMS ANY WARRANTY OF
MERCHANTABILITY ORFITNESSFORA PARTICULAR PURPOSE CUSTOMER SRIGHT TO RECOVERDAMAGES CAUSEDBY FAULT ORNEGLIGENCEON 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 offdven of action, whether in contract or tort, including ngefice. Any action against
National Instruments must be brought witbime year after the cause of action acgridational Instruments shall not be lafor any delay in
performance due to causes beyond its reasonable control. Thetyvpreaided herein does not covdamages, defects, malfuiatts, or service
failures caused by owner’s failure to fol the National Instruments installationgogtion, or maintenance instructions; @wa modification of the
product; owner’s abuse, misuse, or negigacts; and power failure or surges,, filgod, accident, actions of third parties other events outside
reasonable control.

Copyright

Under the copyright laws, this publication may not be reprodacadnsmitted in any form,@ttronic or mechanical, includjrphotocopying,
recording, storing in an information retvid system, or translating, in whole or in part, without the prior written con$étmnal
Instruments Corporation.

National Instruments respects the intelletfroperty of others, and we ask our sgerdo the same. NI software is protedig copyright and other
intellectual property law&Vhere NI software may be usedéproduce software other materials belonging to others, you rasg NI software only
to reproduce materials that you nreproduce in accordance with the terms of @pplicable license ather legal restriction

End-User License Agreements and Third-Party Legal Notices
You can find end-user licee agreements (EULAs) and third-party legal notices in the following locations:

* Notices are located in th&lational 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

Refer to theNl Trademarks and Logo Guidelinasni.com/trademarks for more information on National Instruments trademarks.
ARM, Keil, and pVision are trademarks ogigtered of ARM Ltd or its subsidiaries.

LEGO, the LEGO logo, WEDO, and MINDSTORMS arademarks of the LEGO Group. ©2013 The LEGO Group.

TETRIX by Pitsco is a trademark of Pitsco, Inc.©2013

FIELDBUS FOUNDATION" and FOUNDATION" are trademarks dhe Fieldbus Foundation.

EtherCAT is a registered trademark of diwtnsed by Beckhoff Automation GmbH.

CANoper? is a registered Community Trademark of CAN in Automation e.V.

DeviceNet" and EtherNet/IP are trademarks of ODVA.

Gol, SensorDAQ, and Vernier are registered tradema¥erofier Software & Technology. Vernier Software & Technology\amdier.com  are
trademarks or trade dress.

Xilinx is the registered trademark of Xilinx, Inc.

Taptite and Trilobular are regésed trademarks &esearch Engineegr& Manufacturing Inc.
FireWire® is the registered trademark of Apple Inc.

Linux® is the registered trademark of LinusFads in the U.S. and other countries.

Handle Graphic® MATLAB @, Real-Time Workshdh Simulink®, Stateflow?, and xPC TargetB&kare registered trademarks, and TargetBanrd
Target Language Compilérare trademarks of The MathWorks, Inc.

Tektronix®, Tek, and Tektronix, Enabling Technology argistered trademarks of Tektronix, Inc.
The Bluetoot® word mark is a registered tradark owned by the Bluetooth SIG, Inc.
The ExpressCaftiword mark and logos are owned byNPCIA and any use of such marks Rtional Instruments is under license.

The mark LabWindows is used under a license from Microsofi@ation. Windows is a registergeddemark of Microsoft Corpoiian in the United
States and other countries.



Other product and company nasmeentioned herein are trademarks atdérnames of their respective companies.

Members of the National Instruments Alliance Partner Prograrbuainess entities independenhirNational Instruments andveano agency,
partnership, or joint-wgure relationship with National Instruments.

Patents
For patents covering National Instruments prdsitechnology, refer to the appropriate locatideip»Patentsin your software,
the patents.txt file on your media, or thiational Instruments Patent Notieg¢ni.com/patents

Export Compliance Information
Refer to theExport Compliance Informatioat ni.com/legal/export-compliance for the National Instruments global trade compliance
policy and how to obtain relevant HTS 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 WTH SURGICAL IMPLANTS OR AS CRITICAL COMPONENTS IN
ANY LIFE SUPPORT SYSTEMS WHOSE FAILURE TO PERFORBAN 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 OPERATINGYSTEM SOFTWARE FITNESS, FITNESS OF COMPILERS
AND DEVELOPMENT SOFTWARE USED TO DEVELOP AN APPLICATION, INSTALLATION ERRORS, SOFTWARE AND HARDWARE
COMPATIBILITY PROBLEMS, MALFUNCTIONS OR FAILURES OF ELECTRONIC MONITORING OR CONTROL DEVICES,
TRANSIENT FAILURES OF ELECTRONIC SYSHMS (HARDWARE AND/ORSOFTWARE), 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 OF SYSTEM 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.



Compliance

Electromagnetic Compatibility Information

This hardware has been testettl found to comply with the plicable regulatory requiremenand limits for electromagnetic
compatibility (EMC) asndicated in the hardware’sddlaration of Conformity (DoC) These requirements and limits are
designed to provide reasonable protectigainst harmful interferenaghen the hardware @perated in the intended
electromagnetic environment. In special cakesexample when either highly sensitivenoisy hardware is being used in @os
proximity, additional mitigation masures may have to be employed to minirtiizepotential for electromagnetic interference.

While this hardware is compliant with tapplicable regulatory EMC requirementsithis no guarantee that interference will
not occur in a particular installation. Teinimize the potential for the hardwaredause interference to radio and televisio
reception or to experience unacceptabldéqumance degradation, install and use trasdware in strict accordance with the
instructions in the hardwa documentation and the DbC

If this hardware does cause interference with licensed radimcaications services or othexarby electronics, which can be
determined by turning the hardware off and on, you are enaaiitadry to correct the intierence by one or more of the
following measures:

« Reorient the antenna of the recei(thie device suffering interference).

« Relocate the transmitter (the device generdtiterference) with respect to the receiver.

« Plug the transmitter into @ifferent outlet so that the transmitter and teceiver are on different branch circuits.

Some hardware may require the use of a metal, shieldeasarel(windowless version) toeet the EMC rguirements for
special EMC environments such as, for marine use or in hedustital areas. Refer to the hardware’s user documentation and
the DoQ for product installation requirements.

When the hardware is connected to a tefatlor to test leads, the system magdme more sensitive to disturbances or may
cause interference in the loaékctromagnetic environment.

Operation of this hardware in a residential area is liketatgse harmful interference. éfs are required to correct the
interference at their own expensecease operation of the hardware.

Changes or modifications not expressly appd by National Instruments could void the user’s right to operate the hardware
under the local regulatory rules.

1 The Declaration of Conformity (DoC) contains important@kbmpliance information andstructions for the user or
installer. To obtain th®oC for this product, visiti.com/certification , search by model number or product line,
and click the appropriate link in the Certification column.
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About This Manual

Conventions

This manual explains how to use the NI-846ftware. It contains
installation and configuration information, function reference for a
LabVIEW or C-based API, and a USB-84ardware overview and
specifications.

Use this manual to learn the basics?af &and SPI communication with
NI-845x, as well as how to develop an application.

»

bold

italic

monospace

© National Instruments

The following conventions are used in this manual:

The» symbol leads you through nested menu items and dialog box options
to a final action. The sequen@ptions»Settings»Generabirects you to

pull down theOptions menu, select thBettingsitem, and seleceneral

from the last dialog box.

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

This icon denotes a caution, which advises you of precautions to take to
avoid injury, data loss, or a system craatnen this symbol is marked on a
product, refer to th8afetysection in Appendix ANl USB-845x Hardware
Specificationsfor information about precautions to take.

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

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

Text in this font denotes text oratacters that you should enter from the
keyboard, sections of code, programmexamples, and syntax examples.
This font is also used for the proper names of disk drives, paths, directories,
programs, subprograms,tsoutines, device names, functions, operations,
variables, filenames, and extensions.

XXi NI-845x Hardware and Software Manual



Introduction

12C Bus

This chapter introduces the Inter-ICE) and Serial Peripheral Interface

(SPI) buses.

12C Terminology

© National Instruments

NXP (formerly Philips Semiconductors) developed #@&hus in the early
1980s to connect a CPU to peripheral chips in televisié@sslalso used
to communicate with temperaturensers, EEPROMs, LCD displays, and
other embedded peripheral devices.

This manual uses the followingd bus terms:

12C

SMBus
Transmitter
Receiver

Master

Master Code

Slave

Multimaster

1-1

Inter-IC.

System Management Bus.

Device transmitting data on the bus.
Device receiving data from the bus.

Device that can initiate and terminate a
transfer on the [®1 The master is
responsible for generating the clock
(SCL) signal.

Unique 3-bit code designated to each
High Speed master tdentify the master
initiating a High Speed operation and
arbitrate the3C bus.

Device addressed by the master.
The ability for more than one master to

co-exist on the bus concurrently without
data loss.
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Chapter 1 Introduction

12C Bus

12C Arbitration

Arbitration The procedure to allow multiple masters
to determine which single master controls
the bus for a particular transfer time.

Synchronization The defined procedure to allow the clock
signals provided by two or more masters
to be synchronized.

SDA Serial DAta (data signal line).

SCL Serial CLock (clock signal line).

The BC bus is a two-wire half-duplex serial interface. The two wires, SDA
and SCL, are both bidirectional. TRE€Ispecification version 3.0 defines

four speed categories: Standard mode at up to 100 kbits/s, Fast mode at up
to 400 kbits/s, Fast mode Plus at up to 1 Mbits/s, and High Speed mode at
up to 3.4 Mbits/s.

Each device connected to tR€ Ibus has a unique 7-bfQ address to
facilitate identification and communication by the master. Typically, the
upper four bits are fixed and assigned to specific categories of devices
(for example, 1010 is assigned to serial EEPROMS). The three lower bits
are programmable through hardware address pins, allowing up to eight
devices of the same typehie connected to a singkCl bus.

Each device on the bus (both masteat alave) can be a receiver and/or
transmitter. For example, an LCDtigically only a receiver, while an
EEPROM is both a transmitter and receiver.

I2C is a multimaster bus, meaning thatltiple masters can be connected

to the bus at the same time. While a master is initiating a transfer on the bus,
all other devices, including other masters, are acting like slaves. However,
if another master is trying to control the bus at the same t#eldfines

an arbitration mechanism to determiwhich master gets control of the

bus.

When two masters are tng to control the bus simultaneously, or if a
second master joins the bus in the middle of a transfer and wants to control
the bus, the?C bus has an arbitration scheme to guarantee no data
corruption.
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Chapter 1 Introduction

With 12C, a line (both SDA and SCL) is either driven low or allowed to be
pulled high. When a master changes a $itage to high, it must sample the

line afterwards to make sure it really has been pulled high. If the master
samples the SDA bus after setting it high, and the sample shows that the line
is low, it knows another master is driving it low. The master assumes it has
lost arbitration and waits until it detects a stop condition before making
another attempt to start transmitting.

When in High Speed mode, arbitration occurs only during the master code
transfer. Each master code must be unique orfhbus so the arbitration
is finalized once the entire mastcode has been transferred.

SCL:
so 7 Cao ) XraXpa )Xz XX o )i K or Koo )X o5 Xpa X 03 )Xz KoL Xo Ko7 X e Xos X Xoa Xz XL X oy [sTP

Occurs n-1 times
(where n is the number of bytes to transfer)

© National Instruments

Figure 1-1. 12C Transfers

To initiate a transfer, the master issta start condition by changing the
SDA line level from high to low while keeping the SCL clock line high.
When this occurs, the bus is considdvady, and all devices on the bus get
ready to listen for incoming data.

Next, the master sends the 7-bit addrand 1-bit data transfer direction on
the bus to configure for the appropriate data transfesl@éles compare the
address with their own adeBs. If the address matches, the slave produces
an acknowledge signal.

If the master detects an acknowledignal, it starts transmitting or

receiving data. To transmit data tdevice, the master places the first bit

onto the SDA line and generates a clpakse to transmit the bit across the

bus to the slave. To receive data from a device, the master releases the SDA
line, allowing the slave to take contaf it. The master generates a clock
pulse on the SCL line for each bit, reagithe data while the SCL line is

high. The device is not allowed toarige the SDA line state while the SCL

line is high.

After the data transmission, the master issues the stop condition by
changing the SDA line from low to high while keeping the SCL clock line
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12C ACK Polling

high. When this occurs, the bus amsidered free agafor another master
to initiate a data transfer.

For High Speed mode, the transfemitiated with a start condition

followed by a master code transmittata non-High Speed clock rate.
Because master codes are unique onBéilis, the master code never
should be followed by an acknowlige signal. Once the master code has
been transmitted, a restart condition is transmitted followed by the control
byte and data transmittedatigh Speed clock rate.

In some cases when the masterdsean address, a slave may not
immediately acknowledge (ACK) its addss. The slave may be busy and
thus temporarily detached from the bus. Typically EEPROMs do this while
storing a page of data. Once the writele)completes, they reattach to the
12C bus.

When ACK polling, the master repeatedly resends the start, address, and
direction bit to the slave until theddress is acknowledged. Once the
address is acknowledged, the dagensfer continues normally.

I2C Clock Stretching

Because the master controls the clock, #iespecification provides a
mechanism to allow the slave to sldawn the bus traféi when it is not
ready. This mechanism is known as clock stretching. When not in High
Speed mode, a slave may additionally hold down SCL to prevent it from
rising high again to slow down the SCL clock rate or pa#Ge |
communication during any SCL low abe. When in High Speed mode,
SCL may be stretched only afteetheception and acknowledgement of a
byte.

When the master attempts to make SCL high to complete the current clock
pulse, it must verify that it has really gone high. If it is still low, it knows a
slave is holding it low and must wait until it goes high before continuing.

I2C Extended (10-Bit) Addressing

Typical PC devices use a 7-bit addressing schefaralso defines a 10-bit
addressing scheme that allows ud @24 additional addresses to be
connected to théC bus. This 10-bit addressing scheme does not affect the
existing 7-bit addressing, allowing to7-bit and 10-bit addressed devices
to share the bus. A device thapports 10-bit ad@ssing receives the
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address across two bytes. The first lpdasists of the NXP-designated

10-bit slave address gro(pl110), the 2 MSBs dhe device address, and

the Read/Write bit. The next data byte sent across the bus contains the eight
LSBs of the address.

I2C High Speed Master Code

12C vs. SMBus

© National Instruments

For High Speed mode, the NXP sgiegition defines a master code
transferred in Standard, Fast, osfmode Plus to arbitrate ti€lbus. All
High Speed masters must have a maside defined, and all master codes
must be unique on the bus. The mastete consists dhe NXP-designated
master code address gro{@®001), then the thremaster code bits. This
allows up to eight High Speed mastén be connected to the High Speed
I2C bus; however, the NXPQ specification describes master code 0 as
reserved for test and diagnostic purposes.

Intel defined the System Management Bus (SMBus) in 1995. This bus is
used primarily in personal computeand servers for low-speed system
management communications.

The BC bus and SMBus are very similar; at frequencies at or below
100 kHz, they tend to be interchangeable. However, the following sections
describe some important differences.

Timeout and Clock Rates

I2C has no minimum clock rate, and as such there is no minimum clock
frequency duration. However, SMBus does allow the clock to be slower
than 10 kHz; a device will reset if the clock remains low for more than
35 ms.

I2C allows clock rates of 100 kHz, 400 kHz, 1 MHz, and 3.4 MHz, whereas
SMBus is limited to a maximum clock rate of 100 kHz.

Logic Levels

Logic high is defined or?C as 0.7 * \4p. On SMBus, logic high is defined
as2.1V.

Logic low is defined on2C as 0.3 * \4p. On SMBuUSs, logic low is defined
as 0.8 V.
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SPI Bus

Current Levels

The sink current alsearies betweerfC and SMBus. IN2C, the maximum

is 3 mA for Standard and High Speed mode. For Fast mode, the maximum
sink current is 6 mA, and Fast mode Plus allows 20 mA. SMBus has a
maximum of 350 pA. This determines the lowest acceptable value of the
pull-up resistor. At 3 V in Standard mode, & bus should have a pull-up

of >1 k ; SMBus should have a pull-up of > 8.5 kHowever, many

SMBus systems violate this rulegammon range for both SMBus ari€|

tends to be in the 2.4-3.9 kange, but may vary significantly for various
speeds and bus capacitance ranges.

For more information aboutC current limitations and pullup resistor
selection, refer to the NXPQ specification.

Throughout this document, we will refer to the bus ag@rbus. For
information about compatibility of your NI 84%levice with SMBus,
refer to Chapter NI USB-845x Hardware Overview

SPI Terminology

The SPI bus is a de facto standard originated by Motorola and is used to
communicate with devices suchElSPROMSs, real-time clocks, converters
(ADC and DAC), and sensors. Implementations may vary, as SPI does not
have a formal specification.

This manual uses the following SPI bus terms:

CLK CLocK. The clock is generated by the master device
and controls when data is sent and read.

MOSI Master Output, Slave Inpurhe MOSI line carries
data from the master to the slave.

MISO Master Input, Slave Output. The MISO carries data
from the slave to the master.

CSorSS Chip Select or Sla®elect. Conneicin from the
master to a slave that sija the slave to listen for
SPI clock and data signals.

CPOL Clock POLarity. The polarity indicating whether the
clock makes positive or negative pulses.
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CPHA Clock PHAse. This controls the positioning of the
data bits relative to the clock edges.

Shift Register A shift register mnnected to the MOSI and MISO
lines. As data is read frothe input, it is placed into
the shift register. Data from the shift register is
placed into the outputreating a full-duplex
communication loop.

Master The master device pides the clock signal and
determines the chip select line state.

Slave The slave device receives the clock and chip select
from the master. The maximum number of slaves is
dependent on the number of available chip select
lines.

SPI Bus

The SPI bus is a four-wire, full-dupleerial interface. Tiee of the wires,
SCK, MOSI, and MISO, are shared alomigh a fourth wire, known as the
chip select, which is a direction caution between the master and a single
slave.

Communication across SPI uses a system known as data exchange.
Whenever a bit is written to an BRevice across the M8 lines, the SPI
device concurrently returns a bit the MISO line. Because data is
transferred in both directions, itugp to the receiving device to know
whether the received by iseaningful or not. For emple, to receive data
from an EEPROM, the master masinfigure the EEPROM to sendbytes

of data and then must sendbytes to be exchanged for valid data. These
bytes can usually be any value, and writing them serves only to clock the
data out of the receiving device.

Clock and Polarity

Parameters called clock polarity (CPOL) and clock phase (CPHA)
determine the clock idle state and the edge of the clock signal when the data
is driven and sampled. These paeders are sometimes expressed as

four modes, as shown in Table 1-1.
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Table 1-1. SPI Modes
SPI Mode Polarity Phase
0 0 0
1 0 1
2 1 0
3 1 1
When the polarity is 0, the clock idles low. When the polarity is 1, the clock
idles high. When the phase is 0, data is latched at the clock transition from
idle to asserted. When the phase is 1, the data is latched at the clock
transition from asserted to idle. Figure 1-2 shows how the four SPI modes
affect the clock and sample times.
CPHA=0 CPHA=1
Sample Sample
y 47
CPOL=0
CPOL=1
A ﬁk
Sample Sample

Error Handling

Unlike 12C, SPI has no acknowledgement mechanism or flow control. This
prevents the SPI masfeom knowing whether a slave received a data byte

Figure 1-2. SPI Polarity Phase Differences

correctly or even whetherig connected to the bus.
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Installation

This chapter explains how to install the NI-84&®ftware and hardware.

Software Installation

This section discusses installing the NI-84bftware on Microsoft
Windows.

@ Note You need administrator privileges to install the NI-846ftware on your computer.

1. Insert theNI-845x Softwarénstallation media into your CD-ROM or
DVD-ROM drive. The installer lawhes if your optical drive plays
data disks automatically. If the installer does not launch automatically,
navigate to the media using Windows Explorer and launch the
autorun.exe  file from yourNI-845x Softwarénstallation media.

2. The Installation Wizard guides you through the necessary steps to
install the NI-84% software. You can go back and change values where
appropriate by clicking thBack button. You can exit the setup where
appropriate by clickingcancel

3. When installation is complete, sel&aish.

Hardware Installation

Step 1: Unpack the Devices, Accessories, and Cables

Your device ships in an antistatic pagl to prevent electrostatic discharge
(ESD) damage to the device. ESD can damage several components on the
device.

To avoid such damage, take the following precautions:

« Ground yourself using a groundistrap or by touching a grounded
object.

e Touch the antistatic package tonatal part of the computer chassis
before removing the device from the package.

© National Instruments 2-1 NI-84Bardware and Software Manual



Chapter 2 Installation

Remove the device from the packaand inspect the device for loose
components or any sign of damage. Notify National Instruments if the
device appears damaged in any way. Do not install a damaged device into
your computer or PXI chassis.

Store the device in the antistaticcgage when the device is not in use.

For safety and compliance informatiaafer to the device documentation
packaged with your device.

Step 2: Install the Devices, Accessories, and Cables

Complete the following steps to install an NI USB device:

1.

Connect the USB cable from theouter USB port or from any other
hub that provides USB power tioe USB port on the device. The
following figure shows the USB cable and its connectors.

Host/Hub/PC USB Port 2 NI USB Device USB Port ‘

Power on your computer or PXI chassis. On some Windows systems,
the Found New Hardware wizard opens with a dialog box for every
device installed. CliclNext or Yesto install the software for each
device.

Install accessories andterminal blocks accordgnto the instructions
in their user guides.

Step 3: Confirm that Your Device Is Recognized
To verify that the USB device is regiized, complete the following steps:

1.

Double-click theMeasurement & Automationicon on the desktop to
open Measurement & Automation Explorer (MAX).

ExpandDevices and Interfaces

Verify that the device appears untE8B Deviceslf the device does
not appeatr, press <F5> to refreshuigsv in MAX. If the device is still
not recognized, refer t@.com.support/install for
troubleshooting information.
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System Configuration API

© National Instruments

NI-845x supports the National Instruments System Configuration API,
which provides programmatic accessrtany operations in MAX. This
enables you to perform these operations within your application.

The System Configuration API gathers information using various product
experts. You can create a filter to gatinformation for one type of product
such as filtering for NI-846devices only. The NI-84&expert

programmatic name B45x
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NI USB-845x Hardware
Overview

Overview

NI USB-84% modules are USB 2.0 devices that provife and SPI
connectivity along with general-purpose DIO lines.

NI USB-8451

Overview

The NI USB-8451 is a full-speed USB 2.0 device that provi#iegup to
250 KHz) and SPI (up tb2 MHz) connectivity, alog with eight SPI chip
select lines and eight general-purpose DIO lines.

The NI USB-8451 is available in an@osure and as a bod-only version.

In this manual, the enclosure versiongferred to as the NI USB-8451, and
the board-only version is referred to as the NI USB-8451 OEM. Unless
otherwise noted, all information in this manual applies to both the

NI USB-8451 and NI USB-8451 OEM.
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Block Diagram

Short Circuit Protection
A Current Limiting Circuit A

o | YBus

(8]

8

3 x
E 3
g m
2 (s
B £
Q . )
2 USB Microcontroller K
5

Figure 3-1. NI USB-8451 Block Diagram

Installing Software

Install the software provided withe NI USB-8451 or NI USB-8451 OEM
module. Refer to thBlI-845x Software and Hardware Installation Guide
for more information.

Setting Up Hardware
NI USB-8451

Complete the following steps to set up the hardware:

1. Install the combicon screw terminal blocks by inserting them into the
combicon jacks.

@ Note The NI USB-8451 kit ships with signal labels. You can apply the signal labels to the
screw terminal blocks for easy signal identification.

2. Referto Table 3-1 and Figure 3-2 for label orientation and affix the
provided signal labels to the screw terminal blocks. Until the signal
labels are applied, you can insert the screw terminal blocks into either
combicon jack.
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1 Overlay Label with Pin Orientation Guides 3 Screw Terminal Blocks
2 Combicon Jack 4 Signal Labels

Figure 3-2. Signal Label Application Diagram

@ Note Once you label the screw terminal blocks, you must insert them into only the
matching combicon jacks, #&se overlay label on the NI USB-8451 device indicates.

3. Connect the wiring to theppropriate screw terminals.

NI USB-8451 OEM

The NI USB-8451 OEM board hasksB Series B-type receptacle for
connection to the hostachine. For the front-ehl/O, the board has a

34-pin IDC ribbon cable header. Use any 34-pin female IDC (ribbon) cable
to access the /0.
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1/0 Connector and Cable

NI USB-8451

The NI USB-8451 ships with two detachable terminal blocks for digital
signals. The individual termats accept 16 AWG to 28 AWG wire.

Table 3-1 lists the digital terminal assignments.

Table 3-1. Digital Terminal Assignments

Module Terminal Signal Module Terminal Signal
1 GND 17 PO0.0
2 +5V 18 PO.1
3 SPICS7 19 P0.2
4 SPICS 6 20 P0.3
5 SPICS5 21 P0.4
6 NC 22 P0.5
7 GND 23 P0.6
8 GND 24 P0.7
9 SPICS 4 25 GND
10 SPICS 3 26 GND
11 SPICS 2 27 NC
12 SPICS 1 28 NC
13 SPICSO0 29 12C SDA
14 SPIMOSI 30 I12C SCL

(SDO)
15 SPIMISO 31 +5V
(SDI)
16 SPI CLK 32 GND
(SCLK)

NI-845x Hardware and Software Manual
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NI USB-8451 OEM

Use any 34-pin female IDC (ribbon) cable to connect to the IDC connector
on the NI USB-8451 OEM.

Table 3-2 lists the pin assignments and signal names for the IDC connector.

Table 3-2. Pin Assignments

Signal Pin Connector Pin Signal
NC 1 2 GND
NC 3 4 SCLK
SDA 5 B 6 GND
SCL 7 8 MISO
NC 9 Pinl [|e o || P Pin2 10 GND
CS5 11 E E E 12 MOSI
Cs6 13 °oollB 14 GND
Cs7 15 o0 z‘] 16 Cso
P0.0 17 Ig °|| B 18 GND
PO.1 19 : : ? 20 Cs1
P0.2 21 : : 2 22 GND
P0.3 23 °eelP 24 CS2
P0.4 25 Pin 33 =0 || b Pin 34 26 GND
P0.5 27 28 Cs3
PO0.6 29 R 30 GND
PO0.7 31 32 Cs4
+5V 33 34 +5V
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Signal Descriptions
Table 3-3 describes the signakgilable on the 1/0O connectors.

Table 3-3. Signal Descriptions

Signal Name Direction Description
SPI CS <0..7> Output Chip Select Signals—Outputs used to select the desirgd
SPI peripheral device.
SPI MOSI (SDO) Output Master Output Slave Input—SPIl communication
signal to slave device.
SPI MISO (SDI) Input Master Input Slave Output—SPI communication
signal from slave device.
SPI CLK (SCLK) Output SPI Clock—SPI output clock signal to slave devices
capable of clock rates up to 12 MHz.
12C SDA Open-drain| 12C Serial Data—Data signal fordC communication.
I2C SCL Open-drain| 12C Clock—I2C clock signal to slave devices capable|of

clock rates up to 250 kHz.

P0.<0..7> Input or | Digital I/O Signals—You can individually configure
output each signal as an inputeutput. You can configure the
port for open-drain or push-pull outplt.

+5V Output +5 V—The voltage source provided by the USB host.
The voltage is nominally 5 V, but varies from system|to
system.
GND — Ground—The reference for the digital signals and the
+5 VDC supply.
NC — No Connect—Do not connect any signals to this
terminal.

11f you configure the DIO port for open-drain output, you must supply pull-up resistogs(@3/or 5 V). The resistor valug
must not be lower than 1 k
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Front-End 1/0 Interfaces

© National Instruments

Digital I/0 (DIO)

The NI USB-8451 (and NI USB-84%1EM) has eight single-ended digital
lines, P0.<0..7>.

You can program each DIO line individlyahs a static DI or DO line. You
can use static DIO lines to monitor or control digital signals. All samples
of static DI lines and updates of DO lines are software timed.

The default configuration of the DIO port is push-pull, allowing 3.3 V
operations. To achieve 5 V operation, change the output driver type to
open-drain and add an external pull-up resistor (Rp), as shown in
Figure 3-3. Do not use a pull-up resistor of less than.1 k

USB-8451 DIO Box

Short Circuit Protection
Current Limiting Circuit

+5V q :] VBus

@)

Rp/é/‘
External

Pull-Up
Resistor P0.0 iXI Port Pad

©)

RI
Load

—(A)to | GND

-

Figure 3-3. Example of Connecting External User-Provided Resistor
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Figure 3-4 shows P0.<0..7> connectegxample signals configured as
digital inputs and digital outputs. Refer to Figure 3-4 for some common
examples of connections of DIO lines with standard circuits.

+5V
LED //l/l{,'
W ol P0.0
o PO.1
o P0.2
o<ulinln o P03
—>o > P0.4
+5V TTL Signal ~ |°© P0.5
B——> ° P0.6
> PO.7

!
Switch \g

/*G%ZD

1/0O Connector ‘I'

1 PO0.0 Configured as an Open-Drain Digital Output Driving an LED
2 PO0.4 Configured as a Digital Input Receiving a TTL Signal from a Gated Invertor
3 PO0.7 Configured as a Digital Input Receiving a 0 V or 5 V Signal from a Switch

Figure 3-4. Example of Connecting a Load

A Caution Exceeding the maximum input voltage rgsror maximum output ratings, which
are listed in Appendix ANl USB-845x Hardware Specificationsan damage the USB
device and the computer. National Instruments is not liable for any damage resulting from
such signal connections.
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SPI Interface

Figure 3-5 shows a typical SPI inteck to three peripherals. All devices
share the SPI MISO, SPI MOSI, and ®RK signals. Each peripheral has
its own CS signal for addressing it.

USB-8451
O |« CSO0
Slave 0 O |« CS1
O |« CS2
CS O |« CS3
MISO O < CS4
MOSI O |« CS5
CLK — O |« CS6
O - CS7
Slave 1 N
SPI MOSI
N7 <
cs M 'l ° (SPO)
MISO ] ——T—— O =SP('S'\3'I)SO
MOS! =1 ! SPI CLK
CLK —e O |« (SCLK)
Slave 2
GND
CcS [ D W DN N
MIsO ——-
MOSI ]
CLK

Figure 3-5. SPI Interface to Three Peripherals
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I2C Interface

Figure 3-6 shows a typicalQ interface to two peripherals. All devices on
the BC bus share the SDA and SCL signals. SDA and SCL must be pulled
up externally. Refer to théQ specification to selethe correct resistor
values for your bus.

VDD VDD
USB-8451
O |« SDA
Slave 0
O |« SCL
SDA
scL M © %7
GND —PN——9 GND
Slave 1
SDA
SCL
GND

Figure 3-6. 12C Interface to Two Peripherals

1/0 Protection

Each DIO, SPI, and SPI CS signal is protected against overvoltage,
undervoltage, and overcurrent conditicasyvell as ESD events. However,
you should avoid these fault conditions by following these guidelines:

» If you configure a line as an outpaio not connect it to any external
signal source, ground signal, or power supply.

« If you configure a line as aoutput, understand the current
requirements of the load connectedhese signal©o not exceed the
specified current outpdimits of the module.
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» If you configure a line as an input, do not drive the line with voltages

outside its normal operating range.

» Treat the module as you woule#t any static-sensitive device.

Always properly ground yourself and the equipment when handling
the USB device or connecting to it.

Caution Take special care with respect to tHe SDA and SCL lines. To allow for external
pull-ups, the circuit protection has been rentb\2o not exceed the specified voltages for

these signals.

Power-0On States

+5 V Power Source

At system startup and reset, the handsets all DIO and SPI CS lines to
high-impedance inputs. The module does not drive any of the signals high

or low.

The NI USB-8451 (and NI USB-8483EM) supplies a nominal 5 V from
two pins, one on each screw termibkdck. The USB host provides the
voltage source. The voltage is nominally 5 V, but varies from system to
system. Refer to Appendix Al USB-845x Hardware Specificationf®r
more information about USB bus powsgecifications. You can use this
source to power external components.

@ Note While the device is in USB suspend, the output is disabled.

A Caution When using the 5V source, understand the current requirements of the load
connected. Do not exceed the specifiadent USB Vbus output limits.

NI USB-8452

Overview

© National Instruments

The NI USB-8452 is a high-speed USB device featuring Ba@Hup to

3.3 MHz) and SPI (up to 50 MHz) connectivity along with eight chip select
lines and eight general-purpdd&0 lines. The NI USB-8452 has a
programmable reference voltage to allow communication u3g3PI,

and DIO at multiple logic levels.

The NI USB-8452 is available in ancosure and as a had-only version.
In this manual, the enclosure versiohdwn in Figure 3-7) is referred to
as the NI USB-8452, and the board-owérsion is referred to as the
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