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5-9 adatbit

1 startbit

1 v. 2 stopbit
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EUD00000000 =T

St Start bit, always low.
(n) Data bits (0 to 8).
P Parity bit. Can be odd or even.

Sp Stop bit, always high.

IDLE Mo transfers on the communication line (RxD or TxD). An IDLE line must be
high.
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ATimaega 233)8IGART

A Universal Synchronous and Asynchronous serial
Receiver and Transmitter (USART
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USKR ragigrseiekdk |.

A UDRN USARTINO DataRegister

N - : - 4R)(Bn[7:0]:3 - : : | UDRn (Read)
| | TXBn[7:0] |UDRn (Write)
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USKRR Fagigiseiekdk 1.

A UCSRnA USARTontroland StatufRegisterA

I RXCn TXCn UDREnN FEn DORnN UPEn U2Xn MPCMn UCSRnA
Read/Write R R/W R R R R R/W R/W
Initial Value 0 0 1 0 0 0 0 0

I USARReceiveCompIete(RXCh
Al 0AlU_ SNIUSTS mMZ KI_ (buferbedta | g
haabuffer NNBka® | | | T2 3 diffed AININONAI

1 SNN{RXCSW dz § £ 1 5 RA

I USAR ransmltCompIete(Txcm
Al 0AG_ SNISTS mMXE KIF | GSfaSa
NEIAAT 0SNBY | SNBal hofferbe8a Yy Ay
I USART DatRegistelempty(UDRER

Al I oAl SNISTS mMZ | {UDRMJI N NX
regiszterbe.
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USKER ragigiseiekdl.ll].

A UCSRnA USARTontroland StatufRegisterA

I RXCn TXCn UDREn FEn DORn UPEn uU2Xn

MPCMn | UCSRnA

Read/Write R R/W R R R R R/W
Initial Value 0 0 1 0 0 0 0

R/W
0

I FrameError(FE)
AYSNBGKAOLG 2SEST = ySte |
I DataOverRunDORI)
Al 112N mZ bifferoln B2 EANICE YSEI 1S
gt N» 121 A1 + aKAFTG NB3IAA
I ParityError(UPEN
Al 112N mE KI LI NRGLaKAOL U
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USKR ragigiseiekdk.|V.

A UCSRn& USARTontroland StatusRegisterA

| RXCn TXCn UDREnN FEn DORnN UPEn U2Xn MPCMn UCSRnA
Read/Write R R/W R R R R R/W R/W
Initial Value 0 0 1 0 0 0 0 0

I Doublethe USARTransmissiorbpeedU2Xn)

Al I mZ 112N RdzLJX | +u®)\ 1St .
12YYdzyAlt OAsd [/ al 1 Fal Ayl
Ys ROENF i SE f +ffj\|ij|-y)\cb

I Multi-ProcessoCommunicatiorMode (MPCMr)

At 60 LJNEpéééizNzé Ys R 0St f
GF NOF€YFT s F RFO1TSNBUO St R:
IR
s 7



USKRR Fagigistekek V.

A UCSRnB USARTontroland StatufRegisteB

Bit 7 6 5 4 3 2 1 0

I RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n TXB8n I UCSRnB
Read/Write R/W R/W R/W R/W R/W R/W R R/W
Initial Value 0 0 0 0 0 0 0 0

I RXCompletelnterrupt Enable(RXCIBEn
Al M2 F112N T FTRFEFGF23FRtaad 2S5t
I TXCompletelnterrupt Enable(TXCIEN
AHal, akkoratk Rl G 1 Nf RSa 0YSSFHB&ISH |Shistia 23
1 SNN
I USART DaﬂaegisterEmptyInterrupt Enable(UDRIEN
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USKR fragigrseiekal V.

A UCSRnB USARTontroland StatusRegisteB

Bit 7 6 5 4 3 2 1 0

I RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n TXB8n I UCSRnB
Read/Write R/W R/W R/W R/W R/W R/W R R/W
Initial Value 0 0 0 0 0 0 0 0

I ReceilvelEnablg(RXENh
Al mX 112N SyasrRstesSi A 1 |
I TransmitterEnable(TXENR
Al mX 112N} lya‘BRSRsSif N £/ 5-
YSATFIRNTIVEY I RSa S
I CharacteiSize(UCSZn2)
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USKRR Fagigisetekak V|,

A UCSRnB USARTontroland StatufRegisteiB

Bit 7 6 5 4 3 2 1 0

I RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n TXB8n I UCSRnB
Read/Write R/W R/W R/W R/W R/W R/W R R/W
Initial Value 0 0 0 0 0 0 0 0

I ReceiveData Bit 8 (RXB8n)
AA 9. fogadott adathit, ha® A U Sa&a Ys R Oy
UDRNS f ! UkiolvgniS t
I TransmitData Bit § TXB8
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USKER Fagigisetekalki NI,

A UCSRN€USARTontroland StatudRegisteiC

Bit 7 6 5 4 3 2 1 0
I - UMSELn UPMn1 UPMnO USBSn UCSZn1 UCSZn0 | UCPOLnN I UCSRnC
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 1 1 0
I USARMode SelecftUMSELn

An T al Ay I NRY YsRZI m I al Ay]
I ParityMode (UPMn1:0)

At | N 04 é},3§3[$NJf%é ?é StftSy! N

nn I tSGATOGQISE wmn L} N2 a LJ
I Stop BitSelect{USBSh

A0 = 1 stopbit, 1 = 2 stopbit
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USKR fragigrseiekdl.|X.

A UCSRN€USARTontroland StatudRegisteiC

Bit 7 6 5 4 3 2 1 0

I - UMSELn UPMn1 UPMnO USBSn UCSZn1 UCSZn0 | UCPOLnN I UCSRnC
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 1 1 0

I CharactelSize(UCSZn1:0)
Al RIFGoAGST altyYlFo 12114+ NF1 9!
000 = 5bit, 001 = 6bit, 010 = 7bit, 011 = &bit, 111 = it

I ClockPolarity(UCPOLN
Al a1 al Ay NRY YsRoly KIBAYYy{QE
KIJeyAo I al AYQOKBR 2 6§ NNR B ak
Al ns 112N L {INERIOGO _FREG |
I F23FR20G0 FREY2Y Gl o6HRS, ta&er y §
'-F NRNGGI YA RAL ®
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USKR Fagigiseiekek X.
A UBRRNE &BRRnK USARBaudRateRegisters

14 12 11 10 9

- | - - | - UBRRN[11:8] UBRRnH
UBRRN[7:0] UBRRNL
7 6 5 4 3 2 1 0
Read/Write R R R R RW R/W R/W R/W
R/W RW RW R/W R/W R/W RW R/W
Initial Value 0 0 0 0 0 0 0 0
0 0
2-bites regiszter
X7
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A Azinter-IntegratedCirciut(I2C) buszt a Philips fejlesztette 198en.
AYAEaS500 &50Sa4 S IvR |LOGENAGH SNSRI AL /1 2 Y Y d:
KIFalytfKIosX NI GAR 0t @g2fat 32y oyez:z
A Multi-master masterslave soros, szinkron buszrendszer
A 10 kHzlpw-speedmoded) S & wmMnn mbdes OlE @SY RNEBR O
i 1 f£S3aAg2loo OSNIAs2¢g Sal(ill1 1 SyysSt 3e&2Na
A 400kHzFast mode

A 1 MHzFast mode plusagyFm+
A 3.4MHzHigh Speed mode

SDA =< > SDA
Master 1 Slave 1
R Vdd ScL > SCL
l} !' i SDA
] I 1 [ SCL
uc ADC DAC HC SDA <€ > SDA
Master 2 Slave 2
Master|| Slave || Slave || Slave scL >scL
C 2 NMdkipedlig enuserCburnett CC BXBA 3.0 C 2 NNga&FrElectronicsSFUPTOWNMAKERC BYWGSA 3.0
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12C hhatbheer

A YSU Rl NI oopdngraink NO$p & $UG1 X St Syttt
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A SerialData Line (SDA | R {1 @SeliaEloKiine G@ls NJ 8f S@ST

AclooFStsS TSéTNtGésaéTAyG A& | V1
i px Sa oXozx KIalyt f KENGs ‘1QSSEI'eS¥a83yKZgI)\yt7\eS3/‘[QES
i 93&8sSo6 SasSioSy aliayiaAattsSalda! L/ alN{as3asSa

MASTER % SLAUE
o =
- REGISTER U REGISTER e
LOGIC | j | [::>_J L;gglc
%l -
CLOCK GEN E——
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12C miisticikalll (fraster-slave |.

Al 12YYdzyA | tmessagé NIl Sy 1S
start (start conditionb S a stap Coaditibn)d
2Stl1 Sasy KIFat N2t vyl

A9 3eé& NI SySi fiamedot § &§NB
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12C pristisiksl |l (fraster-slave .

StartCondition

i 1 12YYdzyAlt OAs {STRSESDATE2NIARLYOSYSNIT SKGIT VI -
buszl £ I LIKSt e ST 0S0SY YAYR]SO @ST1SGS1 YIF3dla 2S5t

I Erre kezdenek figyelnisdaveek.

Addresd-rame

i aAyRA3I SIT1TStf {STRI'RA1T T NISySio

i 70A0Sa Sai 1l 1 ONY

i 10A0Sa 2Sfi Say NNkaogNIEDS2EAlI at &A 0wk 2

DataFrame

i ¢SGal!ftsS3asSa altvyvygs shavednl eG2aFSRIFGE WkaldasSNIGGI

ACK bit

i Mindenframedzit y_ I YI A0SDNIOPEEYBSRN AT & al AysdiaNsS ¢
nek] St f fFOaz2yeN)t KgiyAlb o NIe 2Sfi Az Kz3e 7T

StopCondition

i I'T NI SySi OS3ASYSCHSYISDABNI f 5K gzl + yti
I Felengedi a&CH, majd felengedi a3DAL is.
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12C pinstisikal |l (ulti-master)

A AslaveekY £1 | RS &S dz3 eérhayterdlabeksgthen. Y A ¥
A A mastereknekviszont tudniuk kell anulti-masterY 5 R2i®d C2
b

fely
1Sttt 2t OFayadzl | odzal S YKSHEIR bIS Y] AY]
masterekt t 1 F € Yl I+ al KAOH K21 ©@SI1 S4H )

A AmasterekF A 38 St A1 I 0dzal S8DAIITISA IS fo!dzad Kk
joga.

A1l YS3aAa S3I2al SNNB _{NftRSyS{1=z 112!
M Sa n oSl vAuUSYWShIN Nmod ! gdgSal GSa
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Despite the idle state of the bus, After the repeated start, a new

zde
S N‘B u no other master may assert control transfer, complete with address frame(s),

of the bus during this period. must begin.

. NRdzf KI 15 K

G1 66 NISydsSid al

i Ekkor StogConditionhelyett _
RepeatedStartConditiont] Nf R

I Alacsony SCL mellett felengedikSi2At,
majd azSCt S a 21 yConditioh U I NI

Last data frame  No stop condition  Another start occurs-
of prior transfer  is present this is the "repeated start"
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12€ példaS f R |

Vgg =27V T0 5.5V

11
5 Veo
SMBus 1 +
LTC1694 = 01uf
SMBus 2
GND
2
i
4 ’.I:M'LF
1 =
START REPEATED START STOP START
8 ___ CONTROL CONDITION CONDITION CONDITION  CONDITION
OUTPUT 0
SCL OV = Vouro < Vi
uP
SDA
1
0.1uF . . .
;‘ Veg T Typical LTC1669 Input Waveform—Programming DAC Output for Full Seale (AD2 to ADO Set High)
SDA =
§| LTC16B9CMSSE |, CONTROL
7] ADO ity OUTPUT 1
ﬁg; OV = Vours < Vec ADDRESS COMMAND LS DATA MS DATA
|0|1|0|0|AD2|AD1|ADO|WH| |X‘X‘X‘X‘X‘BG|SD|SY| |D7|D6|DS|D4|DS|DZ|D1|DG| |X|X|X|X‘X‘X‘D9‘Dﬁ|
o : = START sTop
0 (NSRRI I WD € € €3 € CUAmER [
1
4 O
1 =
8 CONTROL Vour L
QUTPUT 15 NOTE: X = DON'T CARE
OV = Vguris < Ve
A
2
TOOTHERIC
DEVIGES = 1660 THIS TOP VIEW
SDA 1[° 18 Vour
AD1 2 (17 GND
AD2 30 16 ADO
SCL 4[] 15 Ve
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Atmel TWIl ((FC)

A ATwowire Serialinterface(TWI) azC
Y8378t §tiv88ySt
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TWI regisréeski. |.

A TWI BitRateRegiste( TWBR)

TWBR7 | TWBR6 | TWBR5 | TWBR4 | TWBR3 | TWBR2 | TWBR1 TWBRO TWBR
Read/Write R/W R/W R/W R/W R/W R/W R/wW R/W
Initial Value 0 0 0 0 0 0 0 0

ij Ny 2SSt o6{/ [0 FTNB]lISYOAl

CPU Clock frequency
16 + 2(TWBR) - 4° "

SCL frequency =

Pay

i¢c2t{Y Stl2alds o06A0S]T SN
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TWI regiszéeskii] |

A TWIControlRegiste( TWBR)

Bit 7 6 5 4 3 2 1 0

I TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE I TWCR
R/W

Read/Write R/W R/W R/W R/W R R/W R
Initial Value 0 0 0 0 0 0 0 0

I TWlInterrupt Flag(TWINT)

A.Sto6xsmKE b ¢2L [ lidda A&
ySY (1 NE! RALS al 25l MO a D
dziit y F ¢2L YS3IAYTSTRA | 11 &

I TWIEnableAcknowledgeBit (TWEA)

AAcknowledgmenb A G ] Nf RSd SYy3aISRSH
YyS3TSt St KSteSy 1 /Y oAlS
| fSGAfOtaalf ARSAIESYSas

A
Y

22



A TWIControlRegiste(TWBR)

Bit 7

6 5 4 3 2 1 0
TWINT TWEA TWSTA | TWSTO | TWWC TWEN - TWIE TWCR
Read/Write R/W R/W R/W R/W R R/W R R/W
Initial Value 0 0 0 0 0 0 0 0

I TWI STARTonditionBit (TWSTA)

Aal 8GSN] Sy i f QAdBiahtIBT SN § ¢/ 1Awde /
‘1SIR)\Z K I | O dza | all o R®o {I
I TWISTORConditionBit (TWSTO)
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0 SNNY &ty 1 KFGHAaAENE 12 yuNE
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