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ABSTRACT
This application report is a guide to set up the eUSCI or USCI UART module on Texas Instruments (TI)
MSP430™ and MSP432™ microcontrollers in half-duplex RS-485 networks.
The source code for the firmware described in this document can be downloaded from
http://www.ti.com/lit/zip/slaa722.
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Introduction
RS-485 is a protocol for multidrop communication operation. RS-485 uses differential signaling to achieve
superior signal-to-noise characteristics and long range of communication. All RS-485 nodes must share a
common ground, so a minimum of three wires are required for half duplex RS-485 communications: a pair
of transceive wires and a common ground.
The details of RS-485 communication network are explained in The RS-485 Design Guide. Overview for
RS-485 Transceivers provides detailed information about TI RS-485 transceiver products. This application
report describes how to set up the eUSCI or USCI UART module on the MSP430 microcontrollers in halfduplex RS-485 networks.
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RS-485 Requirements
In half-duplex RS-485 multidrop applications, a single pair of conductors is used for both transmission and
reception between a master communicating with multiple slave serial devices, or nodes. To avoid
contention on the RS-485 bus, the application software must assure that only one transmitter is enabled at
a time. The master is in charge of designating which receiver is on at any one time. In the simplest
scheme, all RS-485 transceivers come up in receive mode when the interface is initialized, and each
transceiver node has a unique address known to it and the master. A single master can broadcast
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commands to all of the slaves and can direct commands to an individual slave using its unique address.
The master can instruct a single slave to go into transmit mode, and then the master can put itself into
receive mode, thereby allowing the master to retrieve data from the slave. After the slave transmission is
complete, the slave puts itself back into receive mode so that the master can transmit additional
commands. In this manner, data can be exchanged between the master and each slave on the bus.
Figure 1 shows a block diagram for a typical half-duplex RS-485 transceiver.
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Figure 1. Block Diagram of a Half Duplex RS-485 Transceiver
Terminals A and B are connected to the differential RS-485 bus. Terminal R is connected to the receive
pin of the UART module. Terminal D is connected to the transmit pin of the UART module. Terminal /RE is
the receiver enable pin. The receiver is enabled when this pin is low. In Figure 1, the receiver is always
enabled. Terminal DE is the control signal for enabling RS-485 transmitter. The transmitter is enabled
when the DE pin is high.
To ensure proper RS-485 communication, the microcontroller must perform two additional functions in
additional to the normal UART operation.
• Dynamically enable and disable the transmitter in the transceiver. The DE signal is asserted (high) only
during data transmission. It must be low at all other times.
• A mechanism to detect the error if there is a data collision on the bus.
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Use eUSCI or USCI for RS-485
On the MSP430 microcontrollers, the additional requirements for RS-485 must be implemented in
software, because they are not natively supported by the eUSCI or USCI UART module.
To control to DE pin on the RS-485 transceiver, a GPIO pin can be used. After reset, this GPIO pin must
be configured as output and set to low state. Because the GPIO pins default to inputs after reset, an
external pulldown resistor is recommended so that the RS-485 transmitter is not falsely turned on in the
start-up process. The software must set this pin high before writing data to the eUSCI or USCI transmit
data register for transmission. The transmitter can be turned off only after the complete data frame has
been shifted out on the bus. In the proposed solution, the receiver in the transceiver is always enabled.
Each transmitted data is routed to the receiver of the same UART module. The completion of transmission
on the bus can be indicated by the receive interrupt of the last data.
The received data is also used to check if there is a collision on the bus. A collision on the bus could
cause two types of error.
• The received data does not match the transmitted data.
• UART errors such as framing error.
The RS-485 transmitter must be turned off as soon as the error is detected. The software can then
respond to the error according the requirements of the application. In this approach, the error is detected
after the full byte is transmitted. The RS-485 protocol does not define how the error should be detected
and handled. The error handling is defined in the higher-level protocols. For example, the Modbus protocol
requires parity checking per character and CRC checking per message. The above approach meets the
Modbus requirement.
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Figure 2 shows the process of transmitting a RS-485 message. For the efficient use of microcontroller
resources, interrupts are used. The reception of a RS-485 message can be managed the same as the
reception of a UART message.
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Figure 2. Process of Sending a RS-485 Message
For the USCI and eUSCI modules, the UCIDLE bit in the UCAxSTAT register can be used to check the
bus idle condition. When the idle-line multiprocessor mode is selected, the UART state machine checks
for an idle line after receiving a character. The UCIDLE flag is set after 10 ones are received.
Two software flags are used in Figure 2 as indicators of RS-485 message transmission status. The
Message Start flag indicates that a RS-485 message is in the middle of transmission. The S/W Error flag
notifies the system about the error during RS-485 transmission.
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Application Examples
Figure 3 shows a test setup for verifying basic RS-485 operations. There are two RS-485 nodes
constructed by an MSP430FR5994 LaunchPad™ development kit and an SN65HVD96 half-duplex RS485 transceiver EVM. Two pieces of test firmware are available: RS-485 transmitter and RS-485 receiver.
The RS-485 transmitter firmware transmits a 10-byte message repeatedly. There is a 10-ms time gap
between messages. The data that is transmitted is routed back to the receiver to check if there is any
corruption on the bus. The RS-485 receiver firmware reads the data from the RS-485 bus and saves them
to a buffer in RAM. The default buffer size is 100 bytes. At the end of the test, the user can check the data
in the receive buffer. The complete Code Composer Studio IDE projects for the firmware can be
downloaded from http://www.ti.com/lit/zip/slaa722.
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Figure 3. RS-485 Test Setup
Two use scenarios are tested. In the first scenario, Node 1 is programmed with the RS-485 transmitter
firmware and Node 2 is programmed with the RS-485 receiver software. In the test, Node 2 should receive
100 data bytes from Node 1. Node 1 should not indicate any error.
In the second scenario, both nodes are programmed with the RS-485 transmitter firmware. Errors are
expected on both nodes, because of the transmission data collision on the bus.
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IMPORTANT NOTICE
Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI’s terms and conditions of sale
supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent TI deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
TI does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.
Reproduction of significant portions of TI information in TI data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.
Resale of TI components or services with statements different from or beyond the parameters stated by TI for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
TI is not responsible or liable for any such statements.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use
of any TI components in safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.
Only those TI components which TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.
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