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I2C sběrnice

Ukázka programu v jazyce C pro ATmega16
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Programováńı pomoćı SPI (Serial Peripheral Interface)

Pozn.: Plat́ı obecně pro každou SPI komunikaci (A/D p̌revodńıky, paměti, čidla, . . .).

Připom.: Master × Slave.

Připom.: SPI je duplexńı, synchronńı p̌renos pomoćı čty̌r vodič̊u: SCK (hodinový signál),
MOSI (Master Out Slave In), MISO (Master In Slave Out), SS (Slave Select).

I Spojeńı Master (programuje) a Slave (je programováno) obsahuje dvojici
posuvných registr̊u + generátor hodin od naďrazeného obvodu Master.

I Postup programováńı (komunikace Master→Slave):

(1) zahájeńı komunikace SS = 0 pro požadovaný poďŕızený obvod Slave,
(2) p̌ŕıprava dat k p̌renosu do posuvných registr̊u,
(3) p̌renos je ř́ızen (synchronizován) hodinovým signálem SCK od programovaćıho obvodu

Master,
(4) od Master ke Slave prob́ıhá komunikace vždy po vodiči MOSI ,

od Slave k Master prob́ıhá komunikace vždy po vodiči MISO,
(5) po odesláńı bytu – zastaveńı hodin, možnost generováńı p̌rerušeńı,

(6) po odesláńı všech dat odpojeńı od obvodu Slave, tj. SS = 1.



Programováńı pomoćı SPI

I Pośıláńı jednotlivých bit̊u zpravidla od MSB po LSB. Mnohdy lze volit.
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SPI Serial Programming 
Characteristics

For characteristics of the SPI module, see “SPI Timing Characteristics” on page 298.

Figure 138.  SPI Serial Programming Waveforms

Programming via the 
JTAG Interface

Programming through the JTAG interface requires control of the four JTAG specific
pins: TCK, TMS, TDI and TDO. Control of the reset and clock pins is not required.

To be able to use the JTAG interface, the JTAGEN Fuse must be programmed. The
device is default shipped with the fuse programmed. In addition, the JTD bit in MCUCSR
must be cleared. Alternatively, if the JTD bit is set, the External Reset can be forced low.
Then, the JTD bit will be cleared after two chip clocks, and the JTAG pins are available
for programming. This provides a means of using the JTAG pins as normal port pins in
running mode while still allowing In-System Programming via the JTAG interface. Note
that this technique can not be used when using the JTAG pins for Boundary-scan or On-
chip Debug. In these cases the JTAG pins must be dedicated for this purpose.

As a definition in this datasheet, the LSB is shifted in and out first of all Shift Registers.

Programming Specific JTAG 
Instructions

The instruction register is 4-bit wide, supporting up to 16 instructions. The JTAG instruc-
tions useful for Programming are listed below.

The OPCODE for each instruction is shown behind the instruction name in hex format.
The text describes which Data Register is selected as path between TDI and TDO for
each instruction.

The Run-Test/Idle state of the TAP controller is used to generate internal clocks. It can
also be used as an idle state between JTAG sequences. The state machine sequence
for changing the instruction word is shown in Figure 139.

MSB

MSB

LSB

LSB

SERIAL CLOCK INPUT
(SCK)

SERIAL DATA INPUT
 (MOSI)

(MISO)

SAMPLE

SERIAL DATA OUTPUT

Obrázek: Ukázka časového diagramu SPI komunikace.
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I2C sběrnice

Ukázka programu v jazyce C pro ATmega16
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Synchronńı a asynchronńı komunikace
I V sériové komunikaci mezi mikrokontrolérem a I/O zǎŕızeńım se použ́ıvaj́ı dva

typy p̌renos̊u: asynchronńı a synchronńı.
I Asynchronńı:

I vyśılač může pośılat data v libovolném okamžiku s libovolně dlouhou pauzou mezi
vyslanými daty (tj. doba, kdy vyśılač nevyśılá neńı pevně dána),

I hodinový signál p̌rij́ımače nemuśı být synchronizován s hodinovým signálem vyśılače.
I Synchronńı:

I vyśılač nep̌retržitě vyśılá data,
I data jsou obvykle pośılána ve skupinách (bloćıch), p̌ričemž jsou jednotlivé bloky

odděleny synchronizačńımi symboly,
I tyto symboly slouž́ı k synchronizaci hodinového signálu p̌rij́ımače a t́ım ke správné

interpretaci vyslaných dat,
I v p̌ŕıpadě, že vyśılač nemá k dispozici žádná dat, vyśılá jen synchronizačńı symboly.

I Věťsina sériových p̌renos̊u dat prob́ıhá v mikroprocesorové technice asynchronně.
I Datový signál je rozdělen na časové intervaly pro jednotlivé bity (TB – bit time):

I v těchto intervalech je signál ustálen v hodnotě log. 1 nebo log. 0,
I ke změně stavu může doj́ıt pouze na začátku nebo na konci časového intervalu TB .

Obrázek: Děleńı sériového signálu na bitové periody.

I Při asynchronńı komunikaci mezi dvěma zǎŕızeńımi je struktura p̌renášeného
signálu pevně dána, tj. tvǒŕı rámec:

I start bit, 5 až 9 datových bit̊u, volitelný paritńı bit, stop bit(y).



Rámec pro asynchronńı p̌renos dat

I Formát asynchronńıho rámce:
I start bit je vždy ve stavu log. 0,
I p̌renášená informace je reprezentována 5 až 9 datovými bity v pǒrad́ı od LSB k MSB,
I volitelný paritńı bit p̌redstavuje snadnou detekci 1 chybného bitu. Použ́ıvá se jak lichá

(odd), tak i sudá (even) parita,
I stop bit je vždy ve stavu log. 1. Nejčastěji se použ́ıvá 1 nebo 2. Výjimečně i 1,5 bitu,

kdy je doba trváńı stop bitu 1,5·TB ),
I mód komunikace se často udává symbolicky, nap̌r. 7E2 (7 datových bit̊u, sudá parita,

2 stop bity), 8N1 (8 datových bit̊u, bez parity, 1 stop bit), apod.



Př́ıklad asynchronńıho p̌renosu v módu 7E2

paritaMSB stop stop nečinný stav

00000 1 11111

nečinný stav LSBstart

TB

Obrázek: Struktura asynchronńıho rámce pro mód 7E2 (7 datových bit̊u, sudá parita, 2 stop bity).

I Popis časového pr̊uběhu:
I je nastaven mód se 7 datovými bity, sudou paritou a 2 stop bity. Tento mód je použ́ıván

pro p̌renos znak̊u, definovaných ASCII tabulkou, (7 bit̊u/znak – tabulka bez národńıch
znak̊u),

I v nečinném stavu je signál ve stavu log. 1,
I zahájeńı komunikace (start bit) je charakterizováno p̌rechodem ze stavu log. 1→log. 0,
I p̌renášený signál reprezentuje data 0b1001011, vyslaná od LSB k MSB. (V ASCII se

jedná o znak ”K”),
I následuje bit sudé parity. V tomto p̌ŕıpadě je roven ”0”, protože datové bity obsahuj́ı

sudý počet jedničkových bit̊u,
I rámec je ukončen dvojićı stop bit̊u, které jsou vždy reprezentovány log. 1,
I p̌renos následuj́ıćıho symbolu může následovat bezprosťredně za posledńım stop bitem.



Rychlost p̌renosu

I Symbolová rychlost identifikuje jak často může docházet ke změně datového
signálu p̌ri sériové komunikaci; koresponduje s š́ı̌rkou pásma p̌renosového kanálu:
SR = 1

Cas mezi prechody
[Bd].

I Bitová rychlost udává frekvenci s jakou jsou p̌renášeny jednotlivé bity
BR = 1

TB
[bit/s].

I U asynchronńı sériové komunikace je symbolová rychlost č́ıselně rovna bitové
rychlosti (jsou ale vyjáďreny v odlǐsných jednotkách).

Př́ıklad
Pokud se signál měńı každou 1 ms, je symbolová rychlost 1 000 Bd.

Př́ıklad
Pokud je TB = 1 ms, je bitová rychlost 1 000 bit/s.



Paralelně sériový p̌revod

I Popis funkce paralelně sériového p̌revodńıku:
(a) nač́ıst 8bitová paralelńı data z datové sběrnice mikrokontroléru, p̌revést je na sériové

slovo a poslat do sériového zǎŕızeńı,
(b) nač́ıst sériová data ze sériového I/O zǎŕızeńı, konvertovat je na 8bitová a p̌renést do

mikrokontroléru pomoćı datové sběrnice.

I Paralelně/sériový p̌revod lze provádět pomoćı zǎŕızeńı zvané UART (Universal
Asynchronous Receiver Transmitter).

Obrázek: Princip paralelně/sériového p̌revodńıku.



Univerzálńı asynchronńı p̌rij́ımač/výśılač (UART)

Obrázek: Vniťrńı struktura jednotky UART.



Struktura jednotky UART

I Všechna UART zǎŕızeńı obsahuj́ı následuj́ıćı základńı části.
I Sériový p̌rij́ımač (Rx):

I p̌rij́ımá sériová vstupńı data,
I p̌revád́ı je do paralelńı reprezentace, která je uložena v p̌rij́ımaćım datovém registru

RxDR pro p̌ŕıpadný p̌renos do mikrokontroléru.

I Sériový vyśılač (Tx):
I p̌rij́ımá paralelńı datové slova z vyśılaćıho datového registru TxDR,
I p̌revád́ı tato slova do sériové podoby k následnému p̌renosu.

I Obousměrný buffer datové sběrnice:
I zprosťredkovává p̌renos paralelńıch dat od MCU do TxDR a od RxDR do

mikrokontroléru prosťrednictv́ım datové sběrnice.

I Exterńı hodinové signály RxCLK a TxCLK pro p̌rij́ımaćı a vyśılaćı část jednotky.



Proces vyśıláńı dat pomoćı UART

(1) Při vyśıláńı jsou paralelńı data poslána do vyśılaćıho datového registru TxDR.

(2) Ř́ıdićı logika v Tx doplńı tato data start bitem, p̌ŕıpadným paritńım bitem
a požadovaným počtem stop bit̊u. Celý rámec je uḿıstěn do posuvného vyśılaćıho
registru.

(3) Obsah posuvného registru je vyśılán zvolenou symbolovou rychlost́ı, která je
ř́ızena hodinovým signálem TxCLK. T́ım je vytvǒren datový výstup TxDATA (viz
obrázek).

Obrázek: Proces vyśıláńı dat pomoćı jednotky UART.



Proces p̌ŕıjmu dat pomoćı jednotky UART

(1) Př́ıjem sériových dat je zahájen změnou stavu na lince RxDATA. Start bit je vždy
reprezentován p̌rechodem ze stavu log. 1→log. 0.

(2) Zbývaj́ıćı symboly jsou postupně uloženy v posuvném registru, p̌ričemž rychlost
posuvu je definována hodinovým signálem RxCLK (viz synchronizace p̌rij́ımače).

(3) Po načteńı celého slova jsou datové bity paralelně p̌resunuty do datového registru
RxDR, který může být načten do MCU.

Obrázek: Proces p̌ŕıjmu dat pomoćı jednotky UART.



Synchronizace p̌rij́ımače UART

I Pro usnadněńı synchronizace p̌rij́ımače sériových dat, použ́ıvá UART exterńı
hodinový signál RxCLK s podstatně vyš̌śı frekvenćı než je symbolová rychlost
(zpravidla 16×).

I Princip synchronizace p̌rij́ımače:
(1) po prvńı sestupné hraně p̌rij́ımač čeká 8 period hodinového signálu RxCLK. Následně je

testován stav na lince, zda je stále ve stavu log. 0, tj. že se nejedná o falešný start
(impulz),

(2) následně je vstupńı signál vzorkován každých 16 period hodinového signálu RxCLK, tj.
p̌resně uprosťred doby trváńı bitové periody,

(3) navzorkované hodnoty jsou p̌resunuty do posuvného registru p̌rij́ımače. Tento p̌resun je
ř́ızen náběžnou hranou hodinové signálu p̌rij́ımače odvozeného od RxCLK (dělička
kmitočtu 16),

(4) interńı logika p̌rij́ımače kontroluje počet stop bit̊u v p̌rijatém rámci; pokud ne, nastav́ı
se p̌ŕıznak chyby rámce (Framing Error Flag).

(5) Dále obvody UART vypočtou paritu p̌rijatého datového slova (pokud je využ́ıvána).
Tato hodnota je porovnána s hodnotou vyslanou. Chyba parity je signalizována
p̌ŕıznakem (Parity Error Flag),

(6) Po p̌renosu datových bit̊u do registru RxDR, je možné p̌rij́ımat daľśı data do posuvného
registru. Tato data již ale nejsou p̌resunuta do RxDR, pokud jeho původńı obsah nebyla
p̌renesen do MCU. Pokud p̌rij́ımač v tomto okamžiku zachyt́ı daľśı rámec, je obsah
v posuvném registru p̌repsán (ztráta 2. datového slova), což je signalizováno p̌ŕıznakem
ztráty dat (OverRun Error Flag),

I Všechny jmenované chyby jsou signalizovány p̌ŕıslušnými p̌ŕıznakovými bity
v ř́ıdićıch registrech jednotky UART.

I Princip časové synchronizace p̌rij́ımače vycháźı z p̌redpokladu, že jak struktura
datového rámce, tak i symbolová rychlost je TOTOŽNÁ s vyśılačem.



Synchronizace p̌rij́ımače UART

Obrázek: Synchronizace p̌rij́ımače UART.
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Figure 73.  Start Bit Sampling

When the clock recovery logic detects a high (idle) to low (start) transition on the RxD
line, the start bit detection sequence is initiated. Let sample 1 denote the first zero-sam-
ple as shown in the figure. The clock recovery logic then uses samples 8, 9, and 10 for
Normal mode, and samples 4, 5, and 6 for Double Speed mode (indicated with sample
numbers inside boxes on the figure), to decide if a valid start bit is received. If two or
more of these three samples have logical high levels (the majority wins), the start bit is
rejected as a noise spike and the receiver starts looking for the next high to low-transi-
tion. If however, a valid start bit is detected, the clock recovery logic is synchronized and
the data recovery can begin. The synchronization process is repeated for each start bit.

Asynchronous Data Recovery When the receiver clock is synchronized to the start bit, the data recovery can begin.
The data recovery unit uses a state machine that has 16 states for each bit in normal
mode and 8 states for each bit in Double Speed mode. Figure 74 shows the sampling of
the data bits and the parity bit. Each of the samples is given a number that is equal to
the state of the recovery unit.

Figure 74.  Sampling of Data and Parity Bit

The decision of the logic level of the received bit is taken by doing a majority voting of
the logic value to the three samples in the center of the received bit. The center samples
are emphasized on the figure by having the sample number inside boxes. The majority
voting process is done as follows: If two or all three samples have high levels, the
received bit is registered to be a logic 1. If two or all three samples have low levels, the
received bit is registered to be a logic 0. This majority voting process acts as a low pass
filter for the incoming signal on the RxD pin. The recovery process is then repeated until
a complete frame is received. Including the first stop bit. Note that the receiver only uses
the first stop bit of a frame.

Figure 75 shows the sampling of the stop bit and the earliest possible beginning of the
start bit of the next frame.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

STARTIDLE

00

BIT 0

3

1 2 3 4 5 6 7 8 1 20

RxD

Sample
(U2X = 0)

Sample
(U2X = 1)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1

BIT n

1 2 3 4 5 6 7 8 1

RxD

Sample
(U2X = 0)

Sample
(U2X = 1)

Obrázek: Princip rozhodováńı (arbitráž) o úrovni p̌rijatého bitu u ATmega16 – možnost dvoj́ı
rychlosti vzorkováńı.



Jednotka USART u ATmega16

I Mikrokontrolér ATmega16 obsahuje vniťrńı univerzálńı synchronńı a asynchronńı
sériový p̌rij́ımač a vyśılač (USART):

I datové signály této periférie jsou vyvedeny na piny RxD (PD0) a TxD (PD1),
I umožňuje p̌renos v duplexńım režimu, tj. současný p̌ŕıjem i vyśıláńı dat,
I v synchronńım režimu může pracovat jako Master nebo Slave,
I kromě normálńıho asynchronńıho režimu (Normal mode) je možné použ́ıt i režim

s dvojnásobnou p̌renosovou rychlost́ı (Double Speed mode) – ukázka viz p̌redchoźı
obrázek,

I umožňuje rozmanitou volbu p̌renosové rychlosti, podporuje datová slova o š́ı̌rce 5 až
9 bit̊u, volitelnou paritu, a 1 nebo 2 stop bity.
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Synchronous Clock Operation When Synchronous mode is used (UMSEL = 1), the XCK pin will be used as either clock
input (Slave) or clock output (Master). The dependency between the clock edges and
data sampling or data change is the same. The basic principle is that data input (on
RxD) is sampled at the opposite XCK clock edge of the edge the data output (TxD) is
changed.

Figure 71.  Synchronous Mode XCK Timing.

The UCPOL bit UCRSC selects which XCK clock edge is used for data sampling and
which is used for data change. As Figure 71 shows, when UCPOL is zero the data will
be changed at rising XCK edge and sampled at falling XCK edge. If UCPOL is set, the
data will be changed at falling XCK edge and sampled at rising XCK edge.

Frame Formats A serial frame is defined to be one character of data bits with synchronization bits (start
and stop bits), and optionally a parity bit for error checking. The USART accepts all 30
combinations of the following as valid frame formats:

• 1 start bit

• 5, 6, 7, 8, or 9 data bits

• no, even or odd parity bit

• 1 or 2 stop bits

A frame starts with the start bit followed by the least significant data bit. Then the next
data bits, up to a total of nine, are succeeding, ending with the most significant bit. If
enabled, the parity bit is inserted after the data bits, before the stop bits. When a com-
plete frame is transmitted, it can be directly followed by a new frame, or the
communication line can be set to an idle (high) state. Figure 72 illustrates the possible
combinations of the frame formats. Bits inside brackets are optional.

Figure 72.  Frame Formats

St Start bit, always low.

(n) Data bits (0 to 8).

P Parity bit. Can be odd or even.

Sp Stop bit, always high.

RxD / TxD

XCK

RxD / TxD

XCKUCPOL = 0

UCPOL = 1

Sample

Sample

10 2 3 4 [5] [6] [7] [8] [P]St Sp1 [Sp2] (St / IDLE)(IDLE)

FRAME

Obrázek: Datový rámec UART u mikrokonroléru ATmega16.



Jednotka USART u ATmega16

I Č́ıslicová dolńı propust pro filtraci zákmit̊u datových bit̊u a detekce falešných start
bit̊u. Pro rozhodnut́ı p̌rijaté úrovně se použ́ıvaj́ı 3 vzorky - věťsina rozhodne.

I Tři zdroje p̌rerušeńı: Odvyśıláńı rámce, p̌ŕıjem rámce, vyprázdněńı vyśılaćıho
registru.

I Jednotka USART umožňuje generováńı sudé/liché parity pro vyśılač a testováńı
parity u p̌ŕıjmu; detekce chyb Frame a OverRun Error

I Paritńı bit doplňuje datové slovo na sudý/lichý počet bit̊u s hodnotou 1:
I sudá parita (even):

PE = dn−1 ⊕ dn−2 ⊕ . . .⊕ d0 ⊕ 0,
I lichá parita (odd):

PO = dn−1 ⊕ dn−2 ⊕ . . .⊕ d0 ⊕ 1.

Př́ıklad
Jakým zp̊usobem vyhodnot́ı asynchronńı p̌rij́ımač vyslaná data 0b10100, byl-li zvolen
mód 5N1, ale symbolová rychlost p̌rij́ımače je chybně nastavena oproti vyśılaćı jako
dvojnásobná?



Struktura jednotky USART u ATmega16
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USART The Universal Synchronous and Asynchronous serial Receiver and Transmitter
(USART) is a highly flexible serial communication device. The main features are:
• Full Duplex Operation (Independent Serial Receive and Transmit Registers)
• Asynchronous or Synchronous Operation
• Master or Slave Clocked Synchronous Operation
• High Resolution Baud Rate Generator
• Supports Serial Frames with 5, 6, 7, 8, or 9 Data Bits and 1 or 2 Stop Bits
• Odd or Even Parity Generation and Parity Check Supported by Hardware
• Data OverRun Detection
• Framing Error Detection
• Noise Filtering Includes False Start Bit Detection and Digital Low Pass Filter
• Three Separate Interrupts on TX Complete, TX Data Register Empty, and RX Complete
• Multi-processor Communication Mode
• Double Speed Asynchronous Communication Mode

Overview A simplified block diagram of the USART transmitter is shown in Figure 69. CPU acces-
sible I/O Registers and I/O pins are shown in bold.

Figure 69.  USART Block Diagram(1)

Note: 1. Refer to Figure 1 on page 2, Table 33 on page 65, and Table 27 on page 60 for
USART pin placement. 

PARITY
GENERATOR

UBRR[H:L]

UDR (Transmit)

UCSRA UCSRB UCSRC

BAUD RATE GENERATOR

TRANSMIT SHIFT REGISTER

RECEIVE SHIFT REGISTER RxD

TxD
PIN

CONTROL

UDR (Receive)

PIN
CONTROL

XCK

DATA
RECOVERY

CLOCK
RECOVERY

PIN
CONTROL

TX
CONTROL

RX
CONTROL

PARITY
CHECKER

D
A

T
A

B
U

S

OSC

SYNC LOGIC

Clock Generator

Transmitter

Receiver

Obrázek: Bloková struktura vniťrńı jednotky USART u ATmega16.
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Komunikace prosťrednictv́ım TWI (I2C)



Sériová komunikace RS-232
I Rozš́ı̌renou aplikaćı UART je sériová komunikace pomoćı rozhrańı RS-232.
I RS-232 obsahuje bipolárńı, inverzńı reprezentaci logických úrovńı (viz tab.)
I V poč́ıtačové technice se pro RS-232 využ́ıvá úrovńı ±12 V z důvodu vyšš́ı

odolnost proti rušeńı.
I Maximálńı délka vedeńı záviśı na symbolové rychlosti.

Tabulka: Definované intervaly napět́ı pro logické hodnoty RS-232.

Úroveň Vyśılač Přij́ımač

Log. 0 +5 V až +15 V +3 V až +25 V
Log. 1 −5 V až −15 V −3 V až −25 V

Nedefinováno −3 V až +3 V

Obrázek: Úrovně totožného asynchronńıho rámce u RS-232 a TTL.



Zapojeńı sériového portu RS-232

I Vzhledem k odlǐsným napět’ovým úrovńım RS-232 a MCU (typ. +5 V) neńı p̌ŕımé
propojeńı s TTL, CMOS možné.

I Napět’ové úrovně lze sjednotit pomoćı p̌revodńık̊u:
I MAX232 (Maxim): konvertuje log. 0 na +3,15 V a log. 1 na −3,15 V,
I ADM232 (Analog Devices),
I . . .
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Figure 5.  MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit

Figure 6.  MAX222/MAX242 Pin Configurations and Typical Operating Circuit



Propojeńı PC a MCU pomoćı RS-232

Obrázek: Asynchronńı komunikace mezi PC a MCU (ATmega16) prosťrednictv́ım RS-232.

I Př́ıklad aplikace. Přenos ASCII kódu klávesy z PC do mikrokontroléru.
I Zasláńı potvrzeńı p̌rijet́ı zpět do PC.

Pozn.: Program pro ovládáńı sériového portu PC: nap̌r.
http://rs232.hw.cz/#Terminal.

http://rs232.hw.cz/#Terminal
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Sériový p̌renos pomoćı infračerveného zá̌reńı

I Bezdrátový p̌renos dat pomoćı infračerveného zá̌reńı je standardizován: IrDA.
Strukturu vytvǒrilo stejnojmenné konzorcium (Infrared Data Association) a je
určen pro bezdrátové spojeńı na krátkou vzdálenost.

I Ve standardu je popsána jak fyzická realizace koncových zǎŕızeńı, tak
i komunikačńı protokol.

I Přenos je realizován pomoćı sériové komunikace prosťrednictv́ım infračervených
diod (cca 875 nm) a PIN diod jako p̌rij́ımače.

I IrDA umožňuje p̌renos dat rychlost́ı od 2,4 kbits/s do 4 Mbits/s.

I Existuj́ı dvě normy fyzické vrstvy IrDA s označeńım 1.0 a 1.1, které se lǐśı
p̌renosovou rychlost́ı.



Fyzická vrstva IrDA

I Norma 1.0 je označována jako SIF (Serial InfraRed):
I p̌renosové rychlosti do 115,2 kbits/s,
I dosah 1 m. Použ́ıvá se shodný struktura asynchronńıho rámce jako u UART, lǐśı se ale

kódováńı jednotlivých bit̊u,
I vstupńı data jsou kódována pomoćı kódováńı RZI (Return to Zero Inverted). K vyśılači

IrDA muśı být tedy p̌reďrazen p̌revodńık datového rámce UART (NRZ) na rámec IrDA
(RZI).

I Popis RZI kódováńı:
I log. 0 je reprezentována krátkým pulzem s dobou trváńı 3

16 TB nebo pevnou š́ı̌rkou
1,63µs,

I log. 1 je reprezentována ńızkou úrovńı.

Př́ıklad
Nakreslete časový pr̊uběh signálu pro bezdrátový p̌renos dat 0b1001011 pomoćı
normy 1.0 s módem 7E1 (sudá parita).



Fyzická vrstva IrDA

I Norma 1.1 je označována jako FIR (Fast InfraRed):
I využ́ıvá se dvoj́ı kódováńı jednotlivých bit̊u,
I vstupńı data pro p̌renosové rychlosti 0,576 Mbits/s a 1,152 Mbits/s jsou kódována

pomoćı RZI kódováńı s š́ı̌rkou pulzu 1
4 TB ,

I pro sériový p̌renos dat rychlost́ı 4 Mbits/s se využ́ıvá tzv. 4PPM (Pulse Positioning
Modulation).

I 4PPM:
I dvojice bit̊u je kódována pozićı jednoho pulzu uvniťr jedné periody TB ,
I vyznačuje se polovičńım počtem ”blikáńı” LED diody, což umožňuje dvojnásobnou

p̌renosovou rychlost,
I pro p̌rij́ımač je také snadněǰśı udržet úroveň okolńıho osvětleńı – dopadá na něj

konstantńı počet pulz̊u za jednotku času.

Př́ıklad
Nakreslete časový pr̊uběh signálu pro bezdrátový p̌renos dat 0b10011101 pomoćı
normy 1.1 a p̌renosovou rychlost 4 Mbit/s.

Pozn.: Infrared komunikačńı protokoly: RC-5, RC-6, . . .



Kódováńı u IrDA

Obrázek: Kódováńı bitového toku pomoćı UART a RZI.

Tabulka: Kódováńı 2bit̊u pomoćı 4PPM.

2bit Pozice pulzu

0b00 1000
0b01 0100
0b10 0010
0b11 0001
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Sériová sběrnice I2C

I Sběrnice I2C (Inter-Integrated Circuit) [aj skve:r si:] byla vyvinuta firmou Philips
Semiconductor pro komunikaci mezi d́ılč́ımi bloky jednoho zǎŕızeńı.

I Firma Atmel ji nazývá TWI (Two-wire Serial Interface). Jedná se však o totožnou
komunikaci!

I Komunikačńı protokol sběrnice I2C umožňuje propojeńı až 128 zǎŕızeńı pomoćı
dvou obousměrných vodič̊u:

I datový kanál SDA (Synchronous Data),
I hodinový signál SCL (Synchronous Clock).

Pozn.: U ATmega16 se jedná o piny PC1 a PC0.

I Každý vodič sběrnice obsahuje pull-up rezistor, který zajist́ı vysokou úroveň
signálu v klidovém stavu.

Obrázek: Připojeńı zǎŕızeńı na sběrnici I2C.



Připojeńı zǎŕızeńı ke sběrnici I2C

I Všechna zǎŕızeńı p̌ripojená na sběrnici muśı ḿıt individuálńı 7bitovou adresu
a implementovaný mechanizmus komunikace pomoćı I2C sběrnice.

I Rozd́ıly oproti SPI komunikaci:
I obsahuje komunikačńı protokol (vyśıláńı dat a jejich potvrzováńı),
I realizována pomoćı dvojice vodič̊u,
I neumožňuje duplexńı p̌renos; v jednom okamžiku vyśılá jen jedno zǎŕızeńı.

I Zǎŕızeńı obsahuj́ı výstup s otev̌reným kolektorem, nebo ťŕı-stavový výstup.

I Ńızká úroveň je na sběrnici generována jen v p̌ŕıpadě, kdy jedno nebo v́ıce
zǎŕızeńı nastav́ı sv̊uj výstup na log. 0.

I Komunikačńı protokol využ́ıvá dvoj́ı typ zǎŕızeńı:
Master zǎŕızeńı, které zahajuje a ukončuje komunikaci na sběrnici, generuje hodinový signál

SCL, a vyśılá všechny požadavky,
Slave poďŕızené zǎŕızeńı, ř́ızené hodinovým signálem a vždy adresované Masterem.

I Počet p̌ripojených zǎŕızeńı je limitován pouze celkovou kapacitou sběrnice (typ.
400 pF), nebo 7bitovou adresou poďŕızených obvodů.

I Komunikace je zahájena startovaćı podḿınkou (Start Condition) a ukončena
ukončovaćı podḿınkou (Stop Condition).

I Komunikačńı protokol definuje dvoj́ı typ rámc̊u: adresńı a datové.



Startovaćı a ukončovaćı podḿınka

I Přenos každého bitu je ř́ızen jedńım pulsem hodinového signálu SCL:
I plat́ı, že úroveň datové linky SDA muśı být konstantńı v okamžiku vysoké úrovně

hodinového signálu,
I jedinou výjimkou je generováńı startovaćı a ukončovaćı podḿınky,
I Start i Stop je signalizován změnou stavu datové linky SDA během doby, kdy je

hodinový signál SCL na vysoké úrovni (viz obrázek).

Obrázek: Časováńı p̌renosu bit̊u na sběrnici I2C, startovaćı a ukončovaćı podḿınky.



Adresńı paket na sběrnici I2C

Obrázek: Struktura adresńıho paketu na sběrnici I2C.

I Formát adresńıho paketu (rámce):
I všechny adresńı pakety jsou 9bitové a obsahuj́ı 7bitovou adresu poďŕızeného zǎŕızeńı,

jeden R/W ř́ıdićı bit (R/W = 1: čteńı) a potvrzovaćı bit (ACK – Acknowledge bit),
I potvrzovaćı bit pośılá zǎŕızeni Slave v p̌ŕıpadě, že rozpoznalo svou adresu, t́ım že nuluje

stav signálu SDA během 9. hodinového cyklu SCL.
I pokud je Slave zaneprázdněn, z̊ustane signál SDA=1 (což je identifikováno jako NACK

– Not Acknowledge) a Master ukonč́ı komunikaci ukončovaćı podḿınkou,
I adresńı pakety se schématicky označuj́ı jako SLA+R v p̌ŕıpadě následného čteńı

a SLA+W, pokud je následně vyžadován zápis dat do Slave zǎŕızeńı,
I nejvýznamněǰśı adresńı bit (MSB) je odeslán jako prvńı. Adresa zǎŕızeńı je vždy

implementována již výrobcem (viz katalogové listy) a muśı být r̊uzná od 0,
I část adresy je možné specifikovat také pomoćı úrovně signál̊u na několika exterńıch

pinech součástky. Nap̌r. pro expandér portu PCF8574 je adresa 0b0100A2A1A0.



Datový paket na sběrnici I2C

I Formát datového paketu (rámce):
I všechny datové pakety p̌renášené po sběrnici I2C jsou 9bitové a obsahuj́ı 1bytová data

a jeden potvrzovaćı bit ACK od Slave zǎŕızeńı během 9. SCL cyklu (shodné s adresńım
paketem),

I nejvýznamněǰśı bit (MSB) je opět vyslán jako prvńı.

I Kombinace adresńıho a datového paketu:
I typická komunikace na sběrnici I2C zač́ıná startovaćı podḿınkou, následuje adresováńı

obvodu Slave SLA+R/W, jeden nebo v́ıce datových paket̊u a ukončeńı komunikace
ukončovaćı podḿınkou.

Obrázek: Kombinace adresńıho a datového paketu.



Komunikace s expandérem portu PCF8574

Obrázek: Vysláńı adresńıho a datového paketu po sběrnici I2C. Adresa expandéru PCF8574 je
0b0100000.



Komunikačńı módy sběrnice I2C

I Komunikace mezi zǎŕızeńım Master a Slave může prob́ıhat ve 4 základńıch
módech:

I MT (Master Transmitter) – Master vyśılá,
I MR (Master Receiver) – Master p̌rij́ımá,
I ST (Slave Transmitter) – Slave vyśılá,
I SR (Slave Receiver) – Slave p̌rij́ımá.

I V některých p̌ŕıpadech, muśı být módy kombinovány. Nap̌r. čteńı dat ze sériové
paměti EEPROM:
(1) zahájeńı komunikace,
(2) adresace zǎŕızeńı (MT),
(3) adresace požadované pamět’ové buňky (MT),
(4) proces čteńı vybrané buňky (MR),
(5) ukončeńı komunikace.



Struktura jednotky TWI u ATmega16
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ATmega16(L)
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Overview of the TWI 
Module

The TWI module is comprised of several submodules, as shown in Figure 84. All regis-
ters drawn in a thick line are accessible through the AVR data bus.

Figure 84.  Overview of the TWI Module

SCL and SDA Pins These pins interface the AVR TWI with the rest of the MCU system. The output drivers
contain a slew-rate limiter in order to conform to the TWI specification. The input stages
contain a spike suppression unit removing spikes shorter than 50 ns. Note that the inter-
nal pull-ups in the AVR pads can be enabled by setting the PORT bits corresponding to
the SCL and SDA pins, as explained in the I/O Port section. The internal pull-ups can in
some systems eliminate the need for external ones.

Bit Rate Generator Unit This unit controls the period of SCL when operating in a Master mode. The SCL period
is controlled by settings in the TWI Bit Rate Register (TWBR) and the Prescaler bits in
the TWI Status Register (TWSR). Slave operation does not depend on Bit Rate or Pres-
caler settings, but the CPU clock frequency in the Slave must be at least 16 times higher
than the SCL frequency. Note that Slaves may prolong the SCL low period, thereby
reducing the average TWI bus clock period. The SCL frequency is generated according
to the following equation:

• TWBR = Value of the TWI Bit Rate Register

• TWPS = Value of the prescaler bits in the TWI Status Register
Note: Note: Pull-up resistor values should be selected according to the SCL frequency and the

capacitive bus line load. See Table 120 on page 297 for value of pull-up resistor.
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Obrázek: Bloková struktura vniťrńı jednotky TWI u ATmega16.

I Možnost generováńı p̌rerušeńı p̌ri libovolné události na sběrnici, nap̌r. p̌ri
startovaćı podḿınce, p̌renosu adresy zǎŕızeńı SLA+R/W, p̌rijet́ı datového bytu,
ukončovaćı podḿınce, . . .



Př́ıklady obvod̊u komunikuj́ıćı pomoćı I2C

I Expandér portu PCF8574:
I obousměrný expandér umožňuje p̌ridat do systému 8bitový port,
I vyš̌śı část adresy je pevně dána 0b0100. Nejnižš́ı bity je možné specifikovat pomoćı pinů

A2 až A0.

I AD/DA p̌revodńık PCF8591:
I 4kanálový, 8bitový A/D p̌revodńık,
I obsahuje jeden ř́ıdićı registr pro nastaveńı vstupńıho, p̌ŕıp. výstupńıho kanálu,

automatické p̌reṕınáńı, diferenčńı p̌revod, . . .

Obrázek: Expandér portu a AD/DA p̌revodńık



Př́ıklady obvod̊u komunikuj́ıćı pomoćı I2C

I Obvod reálného času PCF8563TD:
I uchovává informaci o datumu a čase na základě interńıho oscilátoru s frekvenćı

32,768 kHz,
I napájećı napět́ı 1,8 V až 5,5 V,
I datová komunikace pomoćı I2C s maximálńı rychlost́ı 400 kHz,
I výstup programovatelné frekvence hodinového signálu pro p̌ŕıpadná exterńı zǎŕızeńı

(32,768 kHz, 1 024 Hz, 32 Hz, 1 Hz),
I funkce časovače a alarmu,
I I2C Slave adresa: 0b1010001.

Př́ıklad
Nakreslete časový pr̊uběh signál̊u na I2C sběrnici p̌ri čteńı minut z obvodu reálného
času PCF8563 (necht’ adresa registru s minutami je 0b01000101).
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Komunikace prosťrednictv́ım TWI (I2C)

I Aplikace s jednorázovým vysláńım adresńıho a datového paketu na sběrnici.

I Bez p̌rerušeńı.

I Nastaveńı bitové rychlosti:

fSCL =
fCPU

16 + 2 · TWBR
(1)



Komunikace prosťrednictv́ım TWI (I2C)

1 #i n c l u d e <a v r\ i o . h> // h l a v i č k o v ý s o u b o r pro m i k r o k o n t r o l é r
2 #i n c l u d e ” t w i h . h” // k n i h o v n a pro s b ě r n i c i I2C (TWI)
3

4 i n t main ( v o i d ){ // h l a v n ı́ f u n k c e a p l i k a c e
5

6 TWCR = ( 1<<TWEN ) ; // z a p n u t ı́ j e d n o t k y TWI
7 TWBS = 152 ; // b i t o v á r y c h l o s t 50 k b i t / s
8

9 twi_start ( ) ; // v y s l á n ı́ s t a r t o v a c ı́ podmı́nky
10 twi_address_w ( . . . ) ; // v y s l á n ı́ a d r e s y SLA+W
11 twi_write ( 0b01000011 ) ; // v y s l á n ı́ datov ého paketu
12 twi_stop ( ) ; // v y s l á n ı́ u k o n č o v a c ı́ podmı́nky
13

14 w h i l e ( 1 ) ; // nekone čn á smyčka
15 r e t u r n ( 1 ) ; // n á v r a t o v á hodnota f u n k c e 1
16 }
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