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Синхрона vs асинхрона комуникациjа
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SCI – Serial Communication Interface
UART – Universal Asynchronous Receiver Transmitter

3.1. SCI (UART) 75

3.1 SCI (UART)

The Serial Communication Interface (SCI) provides an asynchronous communication interface (Uni-
versal Asynchronous Receiver Transmitter, UART). The UART module utilizes two wires, a transmit
(TXD) and a receive (RXD) line, for full- or half-duplex communication.

Figure 3.1 shows the internal structure of a UART. Basically, the module consists of a transmit
and a receive register to hold the data. True to its asynchronous nature, transmission and reception on
a node are driven by its local clock generator.
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Figure 3.1: Basic structure of a UART module.

The UART is no communication protocol per se, but a module that can be used for asynchronous
serial communication. Hence, the UART module within a microcontroller allows the application to
control much of its behaviour. Configurable parameters include:

Number of Data Bits: Depending on the UART, the number of data bits can be chosen within a more
or less wide range. The ATmega series, for example, allows between 5 and 9 data bits. Other
UARTs may have a broader or smaller range.

Parity Bit: The user can select whether there should be a parity bit or not, and if yes, whether the
parity should be odd or even. If the parity is set to even, the parity bit is 0 if the number of 1’s
among the data bits is even. Odd parity is just the opposite.

Stop Bits: The user generally can select whether there should be one stop bit or two.

Baud Rate: The UART module contains a register which allows the user to select a certain baud
rate (i.e., the transmission speed, given in bits per second (bps)) from a set of possible ones.
Possible baud rates generally include the range within 9600 and 115200 baud. However, since
the feasible baud rates depend on the frequency of the system clock, different clock speeds
imply different sets of available baud rates.

The nomenclature used for describing the data format is D{E|O|N}S, where D is the number of
data bits and S is the number of stop bits. E|O|N indicates even, odd, or no parity. For example, a
data format with 8 data bits, even parity, and one stop bit is identified as 8E1. Note that there is no
need to specify the number of start bits, since it is always one.

користи две линиjе:
TXD – предаjа
RXD – приjем

UART ниjе протокол
UART jе модул
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UART – Конфигурациони параметри

Броj битова за податке (Number of Data Bits) Броj битова за
подате се обично може одабрати из широког
дуjапазона. ATmega дозвољава броj из опсега [5,9]

Бит парности (Parity Bit) Корисник одлучуjе да ли ће, или
неће користити бит парности. Када се користи
може бити паран или непаран. Ако jе бит
парности сетован као паран, он jе jеднак 0 када jе
збир jединица битова података паран. Непаран
Parity Bit се користи супротно.

Стоп бит(ови) (Stop Bits) У општем случаjу корисник може
одабрати да ли ће користити jеда или два стоп
бита.
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UART – Конфигурациони параметри

Брзина преноса (Baud Rate) UART модул садржи регистар
коjи омогућава кориснику да одабере одговараjућу
брзину преноса у битовима у секунду (bit per
second – bps). Брзина преноса се наjчешће налази
у интервалу од 9 600 до 115 200 bps. Фреквенциjа
такта утиче на bps.

Номенклатура
D {E |O|N} S

где jе D броj битова података,
S je броj стоп битова,
E |O|N значе Even (паран), Odd (непаран), No parity.
Пример 1: 8E1
Броj старт битова jе увек 1.
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Data Transmission

Пренос података

принцип Non Return to Zero (NRZ)
“1” одговара вишем напону
“0” одговара нижем напону
подаци су имеђу бар jедног старт и стоп бита

76 CHAPTER 3. COMMUNICATION INTERFACES

Data Transmission

Messages are transmitted using Non Return to Zero (NRZ)3 encoding, that is, 1 corresponds for
example to the more positive voltage and 0 corresponds to the more negative one (positive-logic) or
vice versa (negative-logic). Since the communication is asynchronous, data has to be enveloped by a
frame consisting of at least one start bit and one stop bit. Figure 3.2 shows the general frame format
of a UART packet.
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Figure 3.2: UART frame format.

In its idle state, the line is high. A frame begins with a start bit, which causes the line to got low.
This leading edge signals to the receiver that a new transmission has begun. After the start bit, the data
bits are transmitted, beginning with the least significant bit. The number of data bits is configurable
and must be set to the same value on both sender and receiver. After the data bits, there may follow
one parity bit. The frame is concluded with one or two stop bits. Stop bits correspond to a high level.

Synchronization and Error Recognition

Since the communication is asynchronous, sender and receiver clocks are completely independent
of each other. With the selection of the baud rate, the receiver knows what bit rate to expect, but it
does not know when a bit starts and hence needs to synchronize to the falling edge of the start bit.
Furthermore, clock oscillators tend to have a non-zero drift, that is, they deviate from their nominal
frequency, so even if the receiver synchronizes to the sender clock at the start of the message, it might
drift away during transmission.

To gain initial synchronization to the sender, the receiver uses oversampling, that is, the RXD line
is sampled s times per bit. A typical number for s is 16. When the receiver detects a falling edge,
it assumes that this is the beginning of the start bit and begins counting the samples as depicted in
Figure 3.3.

idle

Start D0

0 0 1 2 3 4 5 1 2 3 4 5 10

Figure 3.3: UART bit sampling (s = 5).

3The name is derived from the Return to Zero encoding, where the voltage level returns to a “zero” state during the
second half of each bit.

када нема података линиjа jе “high”
приjемник и предаjник се мораjу подесити на исти начин
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Synchronization and Error Recognition

Синхронизациjа и детекциjа грешке

Тактови приjема и предаjе су међусобно независни.
Одабиром baud rate RX “зна” фреквенциjу, али не и
тренутак доласка поруке.
RX мора да се синхронизуjе са силазном ивицом старт
бита.
Drift осцилатора jе различит од нуле.
Након синхронизациjе на почетку, могуће jе да се RX
раздеси до краjа приjема поруке.
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Synchronization and Error Recognition

Синхронизациjа и детекциjа грешке

Примењуjе се Oversampling
RX страна узима узорке s пута по биту.
Типичан броjе s jе 16
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Data Transmission
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In its idle state, the line is high. A frame begins with a start bit, which causes the line to got low.
This leading edge signals to the receiver that a new transmission has begun. After the start bit, the data
bits are transmitted, beginning with the least significant bit. The number of data bits is configurable
and must be set to the same value on both sender and receiver. After the data bits, there may follow
one parity bit. The frame is concluded with one or two stop bits. Stop bits correspond to a high level.

Synchronization and Error Recognition

Since the communication is asynchronous, sender and receiver clocks are completely independent
of each other. With the selection of the baud rate, the receiver knows what bit rate to expect, but it
does not know when a bit starts and hence needs to synchronize to the falling edge of the start bit.
Furthermore, clock oscillators tend to have a non-zero drift, that is, they deviate from their nominal
frequency, so even if the receiver synchronizes to the sender clock at the start of the message, it might
drift away during transmission.

To gain initial synchronization to the sender, the receiver uses oversampling, that is, the RXD line
is sampled s times per bit. A typical number for s is 16. When the receiver detects a falling edge,
it assumes that this is the beginning of the start bit and begins counting the samples as depicted in
Figure 3.3.
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Figure 3.3: UART bit sampling (s = 5).

3The name is derived from the Return to Zero encoding, where the voltage level returns to a “zero” state during the
second half of each bit.

s = 5

Код ATmega16 s jе 16, а користи узорке 8, 9 и 10
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Synchronization and Error Recognition

Синхронизациjа и детекциjа грешке

Грешка због шума:
Ако се користи бит парности може се детектовати грешка у
1 биту,
parity error се сетуjе у UART регистру статуса.

Грешка због раздешене синхронизациjе:
не препознаjе се стоп бит
генерише се frame error

Data overrun:
Нови пакет пре читања старог из бафера.
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Baud Rate Generation

Брзина преноса

TX:
Брзина преноса се генерише на основу системског такта.
↑ baud rate register (попут output compare регистра)
генерише периодични такт сигнал.
Оваj сигнал се затим скалира (s пута) да би се добила
одговараjућа брзина пренoса, помоћу prescaler-a.

RX:
-||-||-||-||-||-||-||-||-||-||-||-||-||-||- осим . . .
сигнал такта се узима пре прескалера
приjемник узоркуjе s пута брже него предаjник

bit rate ≤ 1
s
· RX clock
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Baud Rate Generation

Брзина преноса

скуп могућих брзина преноса зависи од фреквенциjе такта
ниjе могуће прецизно постићи сваку жењену брзину
преноса

Пример 2
f = 8MHz
s = 8

Boud rate = 0.5 Mbps можемо остварити тачно
Boud rate = 115.2 kbps не можемо остварити тачно, jeр

8MHz
8 · 115.2KHz

= 8.68
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Baud Rate Generation

Брзина преноса

170
2466T–AVR–07/10

ATmega16(L)

Table 70.  Examples of UBRR Settings for Commonly Used Oscillator Frequencies (Continued)

Baud 
Rate 
(bps)

fosc = 8.0000 MHz fosc = 11.0592 MHz fosc = 14.7456 MHz

U2X = 0 U2X = 1 U2X = 0 U2X = 1 U2X = 0 U2X = 1

UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error UBRR Error

2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% 767 0.0%

4800 103 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 383 0.0%

9600 51 0.2% 103 0.2% 71 0.0% 143 0.0% 95 0.0% 191 0.0%

14.4k 34 -0.8% 68 0.6% 47 0.0% 95 0.0% 63 0.0% 127 0.0%

19.2k 25 0.2% 51 0.2% 35 0.0% 71 0.0% 47 0.0% 95 0.0%

28.8k 16 2.1% 34 -0.8% 23 0.0% 47 0.0% 31 0.0% 63 0.0%

38.4k 12 0.2% 25 0.2% 17 0.0% 35 0.0% 23 0.0% 47 0.0%

57.6k 8 -3.5% 16 2.1% 11 0.0% 23 0.0% 15 0.0% 31 0.0%

76.8k 6 -7.0% 12 0.2% 8 0.0% 17 0.0% 11 0.0% 23 0.0%

115.2k 3 8.5% 8 -3.5% 5 0.0% 11 0.0% 7 0.0% 15 0.0%

230.4k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 3 0.0% 7 0.0%

250k 1 0.0% 3 0.0% 2 -7.8% 5 -7.8% 3 -7.8% 6 5.3%

0.5M 0 0.0% 1 0.0% – – 2 -7.8% 1 -7.8% 3 -7.8%

1M – – 0 0.0% – – – – 0 -7.8% 1 -7.8%

Max (1) 0.5 Mbps 1 Mbps 691.2 Kbps 1.3824 Mbps 921.6 Kbps 1.8432 Mbps

1. UBRR = 0, Error = 0.0%

UBBR – USART Baud
Rate Register
Asynchronous Normal
Mode → U2X = 0
Asynchronous Double
Speed Mode U2X = 1



Брзина преноса

Пример 3
s = 6
формат: 3E1

Voting Samples: 3, 4, and 5.

78 CHAPTER 3. COMMUNICATION INTERFACES

Start D1=0D0=1 D2=1 P=0 0 ???

D0 D1Start D2 P Stop

received bit values

expected bits
0 0 2 3 4 5 6 11

transmitted signal

Transmitter

Receiversamples

Start D0=1 D1=0 D2=1 P=0 Stop

transmit clock (bit rate)

receive clock (bit rate)

transmitted bits

. . .

Figure 3.4: Baud rate of sender is too slow, receiver loses synchronization (3E1, s = 6).

synchronizes itself to the start bit and then gradually loses synchronization because it is faster than
the transmit clock. Nevertheless, the data bits are still recognized correctly, even though the samples
are not in the center of the transmitted bits, but move closer towards the left edge with every bit. Since
the sampling algorithm uses a voting algorithm to determine the bit value, even the parity bit is still
recognized correctly, even though the first of its samples has in fact read the value of data bit D2.
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Baud Rate Generation

Грешка синхронизациjе

Релативна грешка синхронизациjе

B ′ =
fosc

s · C

∆[%] =
B ′ − B

B
· 100%

C – вредност броjача

Пример 2
f = 8MHz s = 8
B = 115.2 kbps

8MHz
8 · 115.2KHz

= 8.68⇒ C = 9

B ′ =
8MHz
8 · 9 = 111111

∆[%] =
111111− 115200

115200
· 100% = −3.5%
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Baud Rate Generation

Максимална дужина поруке

fR реална фреквeнцijа предаjе
fT реална фреквенциjа приjема
s броj oversampling

vn редни броj бита за гласање
k броj битова поруке

k <
vn · fT

s · (fR − fT )
, fR > fT

k <
s · fR − (vn + 1) · fT

s · (fT − fR)
, fR < fT
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RS–232

RS–232

The UART itself is only the implementation of the asynchronous serial
communication protocol but does not define any physical characteristics
of the interface, like the voltage levels used. In the microcontroller, the
bits are just mapped to the controller’s voltages for 0 and 1. With a
suitable voltage translation device, however, a UART can be used with a
wide range of physical interfaces. The most common one is the RS-232
standard which can be found in PCs.

The RS-232 is a single-ended serial connection intended for point to point
communication. It defines communication equipment types, electrical spe-
cifications, signal lines and signal timing. The RS-232 standard provides
for 25 lines, although PCs generally only use 9 of these lines. Of these nine
bits, only two (RXD and TXD) are used by the UART. A third (GND) is
required because the connection is single-ended. The rest are control lines
that can be used with more advanced communication protocols.
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RS–232

RS–232

The RS-232 specification defines the signal voltage levels to be within ±3-
15V, and devices must be able to withstand a maximum of ±25V. Control
lines use positive logic, data lines use negative logic.

Since the microcontroller is not capable of handling the voltages required
by the RS-232 interface, a conversion IC has to be used that translates
the GND and VCC levels of the controller to the voltage levels used by the
RS-232 and vice versa (MAX232).
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RS–422

RS–422

The RS-422 standard is also designed for point-to-point communi-
cation, just like the RS-232. However, it uses differential lines (both
RXD and TXD consist of twisted-pair wires) for transmission. Hence,
it does not need a common GND wire. The RS-422 can be used in-
stead of the RS-232 to extend the transmission range of the UART.
It is also the better choice in noisy environments.
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USART

USART – Universal Synchronous Asynchronous Receiver Transmitter

The Universal Synchronous Asynchronous Receiver Transmitter
(USART) extends the functionality of the UART by a synchronous
transmission module. The USART therefore has an additional third
line which carries a clock signal. In synchronous mode, the clock sig-
nal is generated by one of the communication partners and is used
by both for data transmission and reception. Naturally, this sync-
hronous communication makes the oversampling mechanism of the
asynchronous module unnecessary, so the synchronous mode is by
a factor s faster than the asychronous mode. The USART module
combines the logic for both synchronous and asynchronous commu-
nication. If asynchronous communication is used, the clock line is
free and can generally be used as a normal digital I/O pin.
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