
AN0059.1: UART Flow Control

This application note describes how to implement hardware or
software flow control for UART.
This application note includes the following:
• This PDF document
• Source files (zip)

• Example C-code
• Multiple IDE projects

KEY POINTS

• UART Flow Control is a strategy for the
communication bewteen slow and fast
devices without data losing.

• Introduce the protocols of hardware flow
control and software flow control.

• The hardware flow control is natively
supported by the EFM32 and Wireless
SoC Series 1 family USART peripheral.

• UART hardware flow control is fully
supported by UARTDRV, and UART
software flow control is partially supported
by the driver.
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1.  Device Compatibility

This application note supports multiple device families, and some functionality is different depending on the device.

EFM32 Series 1 (EFM32xG1/EFM32xG12) consists of:
• EFM32 Pearl Gecko (EFM32PG1/EFM32PG12)
• EFM32 Jade Gecko (EFM32JG1/EFM32JG12)

EFR32 Wireless MCU Series 1 (EFR32xG1/EFR32xG12/EFR32xG13/EFR32xG14) consists of:
• EFR32 Blue Gecko (EFR32BG1/EFR32BG12/EFR32BG13)
• EFR32 Flex Gecko (EFR32FG1/EFR32FG12/EFR32FG13/EFR32FG14)
• EFR32 Mighty Gecko (EFR32MG1/EFR32MG12/EFR32MG13)
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2.  UART Flow Control Introduction

UART Flow Control is a method for slow and fast devices to communicate with each other over UART without the risk of losing data.

Consider the case where two units are communicating over UART. A transmitter T is sending a long stream of bytes to a receiver R. R
is a slower device than T, and at some point R cannot keep up. It needs to either do some processing on the data or empty some
buffers before it can keep receiving data.

R needs to tell T to stop transmitting for a while. This is where flow control comes in. Flow control provides extra signaling to inform the
transmitter that it should stop (pause) or start (resume) the transmission.

Several forms of flow control exist. For example, hardware flow control uses extra wires, where the logic level on these wires define
whether the transmitter should keep sending data or stop. With software flow control, special characters are sent over the normal data
lines to start or stop the transmission.
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3.  Flow Control Protocols

This chapter describes the most common ways to implement flow control.

3.1  Hardware Flow Control

With hardware flow control (also called RTS/CTS flow control), two extra wires are needed in addition to the data lines. They are called
RTS (Request to Send) and CTS (Clear to Send). These wires are cross-coupled between the two devices, so RTS on one device is
connected to CTS on the remote device and vice versa. Each device will use its RTS to output if it is ready to accept new data and read
CTS to see if it is allowed to send data to the other device.

As long as a device is ready to accept more data, it will keep the RTS line asserted. It will deassert RTS some time before its receive
buffer is full. There might still be data on the line and in the other device transmit registers which has to be received even after RTS has
been deasserted. The other device is required to respect the flow control signal and pause the transmission until RTS is again asserted.
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Figure 3.1.  Hardware Flow Control

The flow control is bidirectional, meaning both devices can request a halt in transmission. If one of the devices never has to request a
stop in transmission (i.e. it is fast enough to always receive data), the CTS signal on the other device can be tied to the asserted logic
level. The RTS pin on the fast device can thus be freed up to other functions.

The hardware flow control is natively supported by the EFM32 and Wireless SoC Series 1 family. Use RTSPEN and CTSPEN in
USARTn_ROUTEPEN to allocate the hardware flow control to GPIOs. RTS is an outgoing signal which indicates that RX buffer space
is available to receive a frame. The link partner is being requested to send its data when RTS is asserted. CTS is an incoming signal to
stop the next TX data from going out. When CTS is negated, the frame currently being transmitted is completed before stopping. CTS
indicates that the link partner has RX buffer space available, and the local transmitter is clear to send. Also use CTSEN in
USARTn_CTLX to enable the CTS input into the TX sequencer.

3.2  Software Flow Control

Software flow control does not use extra wires. Only 3 wires are required (RX, TX, and GND). Transmission is started and stopped by
sending special flow control characters. The flow control characters are sent over the normal TX and RX lines. The flow control charac-
ters are typically the ASCII codes XON and XOFF (0x11 and 0x13). If device A sends XOFF to device B it means that B should halt
transmission to A until B receives an XON character from A.
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4.  Software Examples

There are two kinds of examples provided regarding UART flow control. Examples with emlib and examples with emdrv (uartdrv).

For each kind of example, users can select the demo for Hardware flow control, Software flow control using the PB1 button on the STK
board, and pressing PB0 button to run the demo. The current demo name will be displayed on LCD.

4.1  Examples with emlib

Since the hardware flow control be natively supported by USART peripheral, the init function will initialize the pin location of the flow
control signals. The RTS and CTS is default low true, but the polarity can be inverted with RTSINV and CTSINV in USARTn_CTRLX.

Two callback functions are specified. The RX callback will be called every time a byte is received. The TX callback is called when a full
message has been sent.

To send a message with flow control, use the function uartFcStartTx(). This method takes two parameters, a pointer to the message
and the message length. The function will return immediately but start sending the message using interrupts. Transmission will auto-
matically be turned on or off depending on the flow control signals. When the entire message has been sent, the TX callback routine is
called.

4.1.1  UART Hardware Flow Control

This example uses HW Flow control between two EFM32's to send dummy messages back and forth. At regular intervals the program
will send a long message and continually listen for messages.

The USART peripheral will deassert RTS pin on RX buffer full, and assert the RTS pin when the RX buffer space is available to receive
a frame. When CTS is negated, the frame currently being transmitted is completed before stopping, and the next Tx data will be stop-
ped.

To test the application connect two EFM32's according to Figure 3.1 Hardware Flow Control on page 4.

4.1.2  UART Software Flow Control

This example uses SW Flow control between two EFM32's to send dummy messages back and forth. At regular intervals the program
will send a long message and continually listen for messages. At some defined buffer level the program will disable the transmission by
sending XOFF, and send the XON to restart the transmission after processing the received data done.

4.2  Examples with emdrv

The UART driver supports the UART capabilities of the USART, UART, and LEUART peripherals. The driver is fully reentrant, and mul-
tiple driver instances can coexist. The driver does not buffer or queue data, but it queues UART transmit and receive operations. Both
blocking and non-blocking transfer functions are available. Non-blocking transfer functions report transfer completion with callback func-
tions. Transfers are done using DMA.

UART hardware flow control (CTS/RTS) is fully supported by the UART driver. However, UART software flow control (XON/XOFF) is
partially supported by the driver. The application must monitor buffers and make decisions on when to send XON/ XOFF. Also the appli-
cation should monitor the received data to pause or resume the transmission after receiving the flow control character XOFF or XON.
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4.2.1  UART Hardware Flow Control

This example uses HW Flow control which is supported by the UART driver. At regular intervals the program will send a long message
and then start to listen for messages until a message is received with the specific length.

The USART peripheral will deassert RTS pin on RX buffer full, and assert RTS pin when the RX buffer space is available to receive a
frame. When CTS is negated, the frame currently being transmitted is completed before stopping, and the next Tx data will be stopped.

To test the application connect two EFM32's according to Figure 3.1 Hardware Flow Control on page 4, or use the terminal with a USB-
to-UART bridge. After setting up the serial port with hardware flow control according to the figures as below, type 20 characters, and
then the EFM32 will send a 52 bytes message.

Figure 4.1.  Setup the Serial Port
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Figure 4.2.  Test the Hardware Flow Control
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4.2.2  UART Software Flow Control

UART software flow control (XON/XOFF) is partially supported by the driver, the application should monitor the received data during the
data transmission, and pause or resume the transmitter after receiving XOFF or XON.

To test the application connect two EFM32's or use the terminal with a USB-to-UART bridge. After setting up the serial port with soft-
ware flow control according to the figure as below, type 20 characters, and then the EFM32 will send a 52 bytes message.

Figure 4.3.  Setup the Serial Port
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5. Revision History

Revision 1.03 

January, 2017
• Split AN0059 into AN0059.0 and AN0059.1 for MCU/Wireless Series 0 and MCU/Wireless Series 1, respectively.
• Added the "Device Compatibility" section.
• Added the "Examples with emdrv" section.
• Added support for EFM32 Series 1 and EFR32 Series 1 devices.
• Re-organized the example code structure.
• Added software projects to demo how to implement the UART flow control by using UARTDRV.

Revision 1.02

September, 2013
• New cover layout

Revision 1.01

May, 2013
• Added software projects for ARM-GCC and Atollic TrueStudio.

Revision 1.00

January, 2013
• Initial revision.
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