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 Compliance

Electromagnetic Compatibility Information
This hardware has been tested and found to comply with the applicable regulatory requirements and limits for electromagnetic 
compatibility (EMC) as indicated in the hardware’s Declaration of Conformity (DoC)1. These requirements and limits are 
designed to provide reasonable protection against harmful interference when the hardware is operated in the intended 
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proximity, additional mitigation measures may have to be employed to minimize the potential for electromagnetic interference.

While this hardware is compliant with the applicable regulatory EMC requirements, there is no guarantee that interference will 
not occur in a particular installation. To minimize the potential for the hardware to cause interference to radio and television 
reception or to experience unacceptable performance degradation, install and use this hardware in strict accordance with the 
instructions in the hardware documentation and the DoC1.

If this hardware does cause interference with licensed radio communications services or other nearby electronics, which can be 
determined by turning the hardware off and on, you are encouraged to try to correct the interference by one or more of the 
following measures:
• Reorient the antenna of the receiver (the device suffering interference).
• Relocate the transmitter (the device generating interference) with respect to the receiver.
• Plug the transmitter into a different outlet so that the transmitter and the receiver are on different branch circuits.

Some hardware may require the use of a metal, shielded enclosure (windowless version) to meet the EMC requirements for 
special EMC environments such as, for marine use or in heavy industrial areas. Refer to the hardware’s user documentation and 
the DoC1 for product installation requirements.

When the hardware is connected to a test object or to test leads, the system may become more sensitive to disturbances or may 
cause interference in the local electromagnetic environment.

Operation of this hardware in a residential area is likely to cause harmful interference. Users are required to correct the 
interference at their own expense or cease operation of the hardware.

Changes or modifications not expressly approved 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 EMC compliance information and instructions for the user or 
installer. To obtain the DoC for this product, visit ni.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

This manual explains how to use the NI-845x software. It contains 
installation and configuration information, function reference for a 
LabVIEW or C-based API, and a USB-845x hardware overview and 
specifications.

Use this manual to learn the basics of I2C and SPI communication with 
NI-845x, as well as how to develop an application.

Conventions
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 sequence Options»Settings»General directs you to 
pull down the Options menu, select the Settings item, and select General 
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 crash. When this symbol is marked on a 
product, refer to the Safety section in Appendix A, NI USB-845x Hardware 
Specifications, for information about precautions to take.

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

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

monospace Text in this font denotes text or characters that you should enter from the 
keyboard, sections of code, programming examples, and syntax examples. 
This font is also used for the proper names of disk drives, paths, directories, 
programs, subprograms, subroutines, device names, functions, operations, 
variables, filenames, and extensions.
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1
Introduction

This chapter introduces the Inter-IC (I2C) and Serial Peripheral Interface 
(SPI) buses.

I2C Bus
NXP (formerly Philips Semiconductors) developed the I2C bus in the early 
1980s to connect a CPU to peripheral chips in televisions. I2C is also used 
to communicate with temperature sensors, EEPROMs, LCD displays, and 
other embedded peripheral devices.

I2C Terminology
This manual uses the following I2C bus terms:

I2C Inter-IC.

SMBus System Management Bus.

Transmitter Device transmitting data on the bus.

Receiver Device receiving data from the bus.

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

Master Code Unique 3-bit code designated to each 
High Speed master to identify the master 
initiating a High Speed operation and 
arbitrate the I2C bus.

Slave Device addressed by the master.

Multimaster The ability for more than one master to 
co-exist on the bus concurrently without 
data loss.
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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).

I2C Bus
The I2C bus is a two-wire half-duplex serial interface. The two wires, SDA 
and SCL, are both bidirectional. The I2C specification 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 the I2C bus has a unique 7-bit I2C 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 type to be connected to a single I2C bus.

Each device on the bus (both master and slave) can be a receiver and/or 
transmitter. For example, an LCD is typically only a receiver, while an 
EEPROM is both a transmitter and receiver.

I2C is a multimaster bus, meaning that multiple 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 time, I2C defines 
an arbitration mechanism to determine which master gets control of the 
bus.

I2C Arbitration
When two masters are trying 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 I2C bus has an arbitration scheme to guarantee no data 
corruption.
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With I2C, a line (both SDA and SCL) is either driven low or allowed to be 
pulled high. When a master changes a line state 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 on the I2C bus so the arbitration 
is finalized once the entire master code has been transferred.

I2C Transfers

Figure 1-1.  I2C Transfers

To initiate a transfer, the master issues a 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 considered busy, and all devices on the bus get 
ready to listen for incoming data.

Next, the master sends the 7-bit address and 1-bit data transfer direction on 
the bus to configure for the appropriate data transfer. All slaves compare the 
address with their own address. If the address matches, the slave produces 
an acknowledge signal.

If the master detects an acknowledge signal, it starts transmitting or 
receiving data. To transmit data to a device, the master places the first bit 
onto the SDA line and generates a clock pulse 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 control of it. The master generates a clock 
pulse on the SCL line for each bit, reading the data while the SCL line is 
high. The device is not allowed to change 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 

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

SCL: 
STA A6 A5 A4 A3 A2 A1 A0 R/W ACK D7 D6 D5 D4 D3 D2 D1 D0 ACK D7 D6 D5 D4 D3 D2 D1 D0 NAK STPSDA: 
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high. When this occurs, the bus is considered free again for another master 
to initiate a data transfer.

For High Speed mode, the transfer is initiated with a start condition 
followed by a master code transmitted at a non-High Speed clock rate. 
Because master codes are unique on the I2C bus, the master code never 
should be followed by an acknowledge signal. Once the master code has 
been transmitted, a restart condition is transmitted followed by the control 
byte and data transmitted at a High Speed clock rate.

I2C ACK Polling
In some cases when the master sends an address, a slave may not 
immediately acknowledge (ACK) its address. The slave may be busy and 
thus temporarily detached from the bus. Typically EEPROMs do this while 
storing a page of data. Once the write cycle completes, they reattach to the 
I2C bus. 

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

I2C Clock Stretching
Because the master controls the clock, the I2C specification provides a 
mechanism to allow the slave to slow down the bus traffic 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 pause I2C 
communication during any SCL low phase. When in High Speed mode, 
SCL may be stretched only after the reception 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 I2C devices use a 7-bit addressing scheme. I2C also defines a 10-bit 
addressing scheme that allows up to 1024 additional addresses to be 
connected to the I2C bus. This 10-bit addressing scheme does not affect the 
existing 7-bit addressing, allowing both 7-bit and 10-bit addressed devices 
to share the bus. A device that supports 10-bit addressing receives the 



Chapter 1 Introduction

© National Instruments 1-5 NI-845x Hardware and Software Manual

address across two bytes. The first byte consists of the NXP-designated 
10-bit slave address group (11110), the 2 MSBs of the 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
For High Speed mode, the NXP specification defines a master code 
transferred in Standard, Fast, or Fast mode Plus to arbitrate the I2C bus.  All 
High Speed masters must have a master code defined, and all master codes 
must be unique on the bus. The master code consists of the NXP-designated 
master code address group (00001), then the three master code bits. This 
allows up to eight High Speed masters to be connected to the High Speed 
I2C bus; however, the NXP I2C specification describes master code 0 as 
reserved for test and diagnostic purposes.

I2C vs. SMBus
Intel defined the System Management Bus (SMBus) in 1995. This bus is 
used primarily in personal computers and servers for low-speed system 
management communications.

The I2C 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 not 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 on I2C as 0.7 * VDD. On SMBus, logic high is defined 
as 2.1 V.

Logic low is defined on I2C as 0.3 * VDD. On SMBus, logic low is defined 
as 0.8 V.
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Current Levels
The sink current also varies between I2C and SMBus. In I2C, 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 µA. This determines the lowest acceptable value of the 
pull-up resistor. At 3 V in Standard mode, an I2C bus should have a pull-up 
of > 1 k� ; SMBus should have a pull-up of > 8.5 k� . However, many 
SMBus systems violate this rule; a common range for both SMBus and I2C 
tends to be in the 2.4–3.9 k�  range, but may vary significantly for various 
speeds and bus capacitance ranges.

For more information about I2C current limitations and pullup resistor 
selection, refer to the NXP I2C specification.

Throughout this document, we will refer to the bus as an I2C bus. For 
information about compatibility of your NI 845x device with SMBus, 
refer to Chapter 3, NI USB-845x Hardware Overview.

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

SPI Terminology
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 Input. The 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.

CS or SS Chip Select or Slave Select. Connection from the 
master to a slave that signals 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 is connected to the MOSI and MISO 
lines. As data is read from the input, it is placed into 
the shift register. Data from the shift register is 
placed into the output, creating a full-duplex 
communication loop.

Master The master device provides 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-duplex serial interface. Three of the wires, 
SCK, MOSI, and MISO, are shared along with a fourth wire, known as the 
chip select, which is a direction connection between the master and a single 
slave.

Communication across SPI uses a system known as data exchange. 
Whenever a bit is written to an SPI device across the MOSI lines, the SPI 
device concurrently returns a bit on the MISO line. Because data is 
transferred in both directions, it is up to the receiving device to know 
whether the received by is meaningful or not. For example, to receive data 
from an EEPROM, the master must configure the EEPROM to send n bytes 
of data and then must send n bytes 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 parameters are sometimes expressed as 
four modes, as shown in Table 1-1.
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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.

Figure 1-2.  SPI Polarity Phase Differences

Error Handling
Unlike I2C, SPI has no acknowledgement mechanism or flow control. This 
prevents the SPI master from knowing whether a slave received a data byte 
correctly or even whether it is connected to the bus.

Table 1-1.  SPI Modes

SPI Mode Polarity Phase

0 0 0

1 0 1

2 1 0

3 1 1

CPHA = 0 CPHA = 1

Sample Sample

CPOL = 0

CPOL = 1

Sample Sample
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2
Installation

This chapter explains how to install the NI-845x software and hardware.

Software Installation
This section discusses installing the NI-845x software on Microsoft 
Windows.

Note You need administrator privileges to install the NI-845x software on your computer.

1. Insert the NI-845x Software installation media into your CD-ROM or 
DVD-ROM drive. The installer launches 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 your NI-845x Software installation media.

2. The Installation Wizard guides you through the necessary steps to 
install the NI-845x software. You can go back and change values where 
appropriate by clicking the Back button. You can exit the setup where 
appropriate by clicking Cancel.

3. When installation is complete, select Finish.

Hardware Installation

Step 1: Unpack the Devices, Accessories, and Cables
Your device ships in an antistatic package 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 grounding strap or by touching a grounded 
object.

• Touch the antistatic package to a metal part of the computer chassis 
before removing the device from the package.
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Remove the device from the package and 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 antistatic package when the device is not in use.

For safety and compliance information, refer 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 the computer USB port or from any other 
hub that provides USB power to the USB port on the device. The 
following figure shows the USB cable and its connectors.

2. 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. Click Next or Yes to install the software for each 
device.

3. Install accessories and/or terminal blocks according to the instructions 
in their user guides.

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

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

2. Expand Devices and Interfaces.

3. Verify that the device appears under USB Devices. If the device does 
not appear, press <F5> to refresh the view in MAX. If the device is still 
not recognized, refer to ni.com.support/install  for 
troubleshooting information.

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

1
2
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System Configuration API
NI-845x supports the National Instruments System Configuration API,  
which provides programmatic access to many 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 gather information for one type of product 
such as filtering for NI-845x devices only. The NI-845x expert 
programmatic name is 845x.
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3
NI USB-845x Hardware 
Overview

Overview
NI USB-845x modules are USB 2.0 devices that provide I2C 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 provides I2C (up to 
250 KHz) and SPI (up to 12 MHz) connectivity, along with eight SPI chip 
select lines and eight general-purpose DIO lines. 

The NI USB-8451 is available in an enclosure and as a board-only version. 
In this manual, the enclosure version is referred 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

Figure 3-1.  NI USB-8451 Block Diagram

Installing Software
Install the software provided with the NI USB-8451 or NI USB-8451 OEM 
module. Refer to the NI-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. Refer to 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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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, as the overlay label on the NI USB-8451 device indicates.

3. Connect the wiring to the appropriate screw terminals.

NI USB-8451 OEM
The NI USB-8451 OEM board has a USB Series B-type receptacle for 
connection to the host machine. For the front-end I/O, the board has a 
34-pin IDC ribbon cable header. Use any 34-pin female IDC (ribbon) cable 
to access the I/O. 

1 Overlay Label with Pin Orientation Guides
2 Combicon Jack

3 Screw Terminal Blocks
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I/O Connector and Cable

NI USB-8451
The NI USB-8451 ships with two detachable terminal blocks for digital 
signals. The individual terminals 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 P0.0

2 +5 V 18 P0.1

3 SPI CS 7 19 P0.2

4 SPI CS 6 20 P0.3

5 SPI CS 5 21 P0.4

6 NC 22 P0.5

7 GND 23 P0.6

8 GND 24 P0.7

9 SPI CS 4 25 GND

10 SPI CS 3 26 GND

11 SPI CS 2 27 NC

12 SPI CS 1 28 NC

13 SPI CS 0 29 I2C SDA

14 SPI MOSI 
(SDO)

30 I2C SCL

15 SPI MISO 
(SDI)

31 +5 V

16 SPI CLK 
(SCLK)

32 GND
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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 6 GND

SCL 7 8 MISO

NC 9 10 GND

CS5 11 12 MOSI

CS6 13 14 GND

CS7 15 16 CS0

P0.0 17 18 GND

P0.1 19 20 CS1

P0.2 21 22 GND

P0.3 23 24 CS2

P0.4 25 26 GND

P0.5 27 28 CS3

P0.6 29 30 GND

P0.7 31 32 CS4

+5V 33 34 +5V

Pin 1

Pin 33

Pin 2

Pin 34
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Signal Descriptions
Table 3-3 describes the signals available on the I/O connectors.

Table 3-3.  Signal Descriptions

Signal Name Direction Description

SPI CS <0..7> Output Chip Select Signals—Outputs used to select the desired 
SPI peripheral device.

SPI MOSI (SDO) Output Master Output Slave Input—SPI 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.

I2C SDA Open-drain I 2C Serial Data—Data signal for I2C communication.

I2C SCL Open-drain I 2C Clock—I2C clock signal to slave devices capable of 
clock rates up to 250 kHz.

P0.<0..7> Input or 
output

Digital I/O Signals—You can individually configure 
each signal as an input or output. You can configure the 
port for open-drain or push-pull output.1

+5 V 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.

1 If you configure the DIO port for open-drain output, you must supply pull-up resistors to Vcc (3.3 or 5 V). The resistor value 
must not be lower than 1 k� .
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Front-End I/O Interfaces

Digital I/O (DIO)
The NI USB-8451 (and NI USB-8451 OEM) has eight single-ended digital 
lines, P0.<0..7>.

You can program each DIO line individually as 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� .

Figure 3-3.  Example of Connecting External User-Provided Resistor

GND

P0.0

+5 V

Rp

Rl

Port Pad

VBus

USB-8451 DIO Box

External
Pull-Up

Resistor

Load

A

Short Circuit Protection
Current Limiting Circuit
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Figure 3-4 shows P0.<0..7> connected to example 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.

Figure 3-4.  Example of Connecting a Load

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

1 P0.0 Configured as an Open-Drain Digital Output Driving an LED
2 P0.4 Configured as a Digital Input Receiving a TTL Signal from a Gated Invertor
3 P0.7 Configured as a Digital Input Receiving a 0 V or 5 V Signal from a Switch

+5 V

LED

Switch

I/O Connector

 GND

P0.0
P0.1
P0.2
P0.3
P0.4
P0.5
P0.6
P0.7

+5 V

2

3
TTL Signal

1
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SPI Interface
Figure 3-5 shows a typical SPI interface to three peripherals. All devices 
share the SPI MISO, SPI MOSI, and SPI CLK signals. Each peripheral has 
its own CS signal for addressing it.

Figure 3-5.  SPI Interface to Three Peripherals
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I2C Interface
Figure 3-6 shows a typical I2C interface to two peripherals. All devices on 
the I2C bus share the SDA and SCL signals. SDA and SCL must be pulled 
up externally. Refer to the I2C specification to select the correct resistor 
values for your bus.

Figure 3-6.  I2C Interface to Two Peripherals

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

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

• If you configure a line as an output, understand the current 
requirements of the load connected to these signals. Do not exceed the 
specified current output limits of the module.

GND

Slave 0

SDA

SCL

Slave 1

SDA
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USB-8451

SDA
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GND
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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 would treat 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 I2C SDA and SCL lines. To allow for external 
pull-ups, the circuit protection has been removed. Do not exceed the specified voltages for 
these signals.

Power-On States
At system startup and reset, the hardware sets all DIO and SPI CS lines to 
high-impedance inputs. The module does not drive any of the signals high 
or low.

+5 V Power Source
The NI USB-8451 (and NI USB-8451 OEM) supplies a nominal 5 V from 
two pins, one on each screw terminal block. The USB host provides the 
voltage source. The voltage is nominally 5 V, but varies from system to 
system. Refer to Appendix A, NI USB-845x Hardware Specifications, for 
more information about USB bus power specifications. You can use this 
source to power external components.

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

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

NI USB-8452

Overview
The NI USB-8452 is a high-speed USB device featuring both I2C (up to 
3.3 MHz) and SPI (up to 50 MHz) connectivity along with eight chip select 
lines and eight general-purpose DIO lines. The NI USB-8452 has a 
programmable reference voltage to allow communication using I2C, SPI, 
and DIO at multiple logic levels.

The NI USB-8452 is available in an enclosure and as a board-only version. 
In this manual, the enclosure version (shown in Figure 3-7) is referred to 
as the NI USB-8452, and the board-only version is referred to as the 
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