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Introduction to USART

Universal (serial)
Synchronous
Asynchronous
Receiver
Transmitter

Data is transmitted sequentially, one bit at a time

Different synchronization methods can be exploited

Data can be both sent or received

The hardware takes care of all the low-level communication
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Serial communication
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Simplex / Half-duplex / Full-duplex
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Clock skew (1/2)

Definition

Clock skew is a phenomenon in synchronous circuits in which the clock
signal sent from the clock circuit arrives at different endpoints at
different times
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Clock skew (2/2)

Clock skew can be caused by:

different wire lengths

capacitive coupling

differences in input capacitance

temperature variations

variation in intermediate devices

Hold violation: the previous data is not held long enough at the
destination flip-flop to be properly clocked through

Setup violation: the new data was not set up and stable before the next
clock tick arrived

Clock needs to be synchronized!
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Synchronous communications
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Asynchronous communications
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Synchronous vs asynchronous

Synchronous pros:

The clock is explicit, no
need to know it a priori

Lower overhead

Greater throughput

Synchronous cons:

One more wire needed

Hardware is more expensive

Asynchronous pros:

Simple and cheap

The timing is not as critical
as for synchronous
transmission

Asynchronous cons:

Clock arbitration needed

Additional control bits

Large relative overhead



Introduction to USART STM32 USART USART registers STM32 DMA

RS232 standard(s)

The Electronic Industries Association standard RS-232 defines:

electrical characteristics such as voltage levels, signaling rate,
timing and slew-rate of signals

mechanical characteristics, pluggable connectors and pin
identification

functions of each circuit in the interface connector

standard subsets of interface circuits for selected telecom
applications

RS-232 standard issues:

the large voltage swings increases power consumption

single-ended signaling referred to a common signal ground limits the
noise immunity

multi-drop connection among more than two devices is not defined

the connector is huge (it was DB-25!)
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RS232 signals
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RS232 DB-9 pinout
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DTE and DCE
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Null-modem connection
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TTL and CMOS signals
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RS-232 / TTL converter
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RS-232 / USB converter
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Introduction to STM32 USART

Full duplex, asynchronous communications

Transmit and receive baud rates up to 4.5 MBits/s

Fractional baud rate generator

Programmable data word length (8 or 9 bits)

Configurable stop bits - support for 1 or 2 stop bits

Transmitter clock output for synchronous transmission

IrDA SIR Encoder Decoder

Single wire half duplex communication

Parity control

Four error detection flags

Ten interrupt sources with flags
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STM32 clock tree
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STM32 USART diagram
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Fractional baud rate generator

fBAUD = fCK
16×USARTDIV

USARTDIV is an unsigned fixed point number that is coded on the
USART BRR register:

12-bit mantissa

4-bit fraction

Example:

fCK = 72 Mhz

mantissa = 39

fraction = 1 = 1/16

fBAUD = 72 Mhz / 39.0625 = 115200 bps
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Baud rate error
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USART transmitter
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USART receiver

When a character is received:

the RXNE bit is set as soon as the content of the shift register is
transferred to the RDR

an interrupt is generated if the RXNEIE bit is set

the error flags can be set if a frame error or an overrun error has
been detected during reception

clearing the RXNE bit is performed by a software read to the
USART DR register

the RXNE flag can also be cleared by writing a zero to it

the RXNE bit must be cleared before the end of the reception of the
next character to avoid an overrun error

if DMA is active, RXNE is set after every byte received and is
cleared by the DMA read to the data register
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USART status register (USART SR)

3 ORE: Overrun error
This bit is set by hardware when the word currently being received in the shift register is
ready to be transferred into the RDR register while RXNE=1
0: No Overrun error
1: Overrun error is detected

5 RXNE: Read data register not empty
This bit is set by hardware when the content of the RDR shift register has been
transferred to the USART DR register.
It is cleared by a read to the USART DR register.
0: Data is not received
1: Received data is ready to be read

6 TC: Transmission complete
This bit is set by hardware if the transmission of a frame containing data is complete
and if TXE is set.

7 TXE: Transmit data register empty
This bit is set by hardware when the content of the TDR register has been transferred
into the shift register. It is cleared by a write to the USART DR register.
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USART control register 1 (USART CR1)

2 RE: Receiver enable
0: Receiver is disabled
1: Receiver is enabled and begins searching for a start bit

3 TE: Transmitter enable
0: Transmitter is disabled
1: Transmitter is enabled

5 RXNEIE: RXNE interrupt enable
0: Interrupt is inhibited
1: An USART interrupt is generated whenever ORE=1 or RXNE=1 in the USART SR
register

12 M: Word length
0: 1 Start bit, 8 Data bits, n Stop bit
1: 1 Start bit, 9 Data bits, n Stop bit

13 UE: USART enable
0: USART outputs disabled
1: USART enabled
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USART value registers

USART baud rate register

15:4 DIV Mantissa[11:0]: mantissa of USARTDIV
These 12 bits define the mantissa of the USART Divider (USARTDIV).

3:0 DIV Fraction[3:0]: fraction of USARTDIV
These 4 bits define the fraction of the USART Divider (USARTDIV)

USART data register
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Direct memory access

Definition

Direct memory access is used in order to provide high-speed data
transfer between peripherals and memory as well as memory to memory
without any CPU actions.

12 independently configurable channels

Dedicated hardware DMA requests or software triggers

Software programmable priorities

Support for circular buffer management

3 event flags: DMA Half Transfer, DMA Transfer complete and
DMA Transfer Error

Memory-to-memory transfer

Peripheral-to-memory and memory-to-peripheral, and
peripheral-to-peripheral transfers

Access to Flash, SRAM, peripheral SRAM, APB1, APB2 and AHB
peripherals as source and destination
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DMA diagram
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DMA1 request mapping
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DMA1 channels
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DMA2 channels
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DMA1 channels
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DMA channel x configuration register (DMA CCRx)

0 EN: Channel enable
0: Channel disabled
1: Channel enabled

1 TCIE:Transfer complete interrupt enable
0: TC interrupt disabled 1: TC interrupt enabled

4 DIR: Data transfer direction
0: Read from peripheral
1: Read from memory

5 CIRC: Circular mode

6 PINC: Peripheral increment mode

7 MINC: Memory increment mode

5 MEM2MEM: Memory to memory mode
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DMA value registers

DMA channel x number of data register (DMA CNDTRx)

DMA channel x peripheral address register (DMA CPARx)

DMA channel x memory address register (DMA CMARx)
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