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AMANYMZUYDI ATMegal68-USART
USART - Universal Synchronous Asynchronous Receiver Transmitter.
- 9UUUY Full Duplex (Mmsfunaraeiudasydatunayiu)
- ﬁ1a1u”lﬁ’vi£auuu Asynchronous (L81¢ Synchronous
- Master or Slave Clocked Synchronous Operation
- High Resolution Baud Rate Generator
- soaSumsiudetoyanu 5, 6,7, 8, or 9 Data Bits 1482 1 139 2 Stop Bits
- Odd or Even Parity Generation and Parity Check Supported by Hardware
- Data OverRun Detection
- Framing Error Detection
- Three Separate Interrupts on TX Complete, TX Data Register

- Empty and RX Complete
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Clock Generation Logic, Block Diagram

UBRR

u2x
+ fosc J
RR "
Prescaling UBRR+1 = /2 = 14 _>{ 12—
Down-Counter 0
A |
Q5C — = taclk
DDR_XCK =
v + L L
Sync Edge ~L_
xcki Register Detector - 0 —_—
XCK m — v
Pin _-xcka i Y - j J
DDR_XCK uCPOL R BY
== ruclk
>
Signal description:
»  txclk Transmitter clock (internal signal).
» rxclk Receiver base clock (internal signal).
»  xcki Input from XCK pin (internal signal). Used for synchronous slave operation.
+  xcko Clock output to XCK pin (internal signal). Used for synchronous master operation.
« fosc System clock frequency.
mﬁﬁmammé’mmeﬂ (Baud rate)
Truamsiau 9931U0N AT39a1A95 UBRR
pe¥alnsialnd (U2X=0)  Baud = fosc/(16¥(UBRR+1))  UBRR = (fosc/16*Baud)-1
pz@alAsuanIga (U2X=1) Baud = fosc/(8*(UBRR+1)) UBRR = (fosc/8*Baud)-1
nameid lngiia Baud = fosc/(2*(UBRR+1))  UBRR = (fosc/2*Baud)-1
UBRRnL and UBRRnH — USART baud rate registers
Bit 15 14 13 12 11 10 8 8
- ] - 1 - 1 - UBRRN[11:8] ] verrnH
UBRRn[7:0] I UBRRnL
7 & 5 4 3 2 1 0
Readiwrite R R R R RW RAW RAW RW
RW RW RW RW RAW RW RW RW
Initial value 0 0 0 ]
0 0 0 0 0

a o 4 a 1 g I
Bit 15:12 — Tad1seuiomslda damartidealmilu o
Y

Bit 11:0 — UBRR11:0: USART U@fHUASAI 1100 (baud rate) 1A 140316 0 - 4095
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AI9LNINMIMHUANIDAT VA

Error[%] = [’BﬂudR"“ecmﬁest Match 1\] . 100% f,ec = 8.0000MHz
\ BaudRate / :_E::::d U2Xn =0 u2xn =1

(bps) UBRRn | Error | UBRRn | Error
2400 207 0.2% 416 | -0.1%
4800 103 0.2% 207 0.2%
9600 51 0.2% 103 0.2%
14.4k 34 -0.8% 68 0.6%
19.2k 25 0.2% 51 0.2%
28.8k 16 2.1% 34 -0.8%
38.4k 12 0.2% 25 0.2%
57.6k 8 -3.5% 16 2.1%
76.8k 6 -7.0% 12 0.2%
115.2k 3 8.5% 8 -3.5%
230.4k 1 8.5% 3 8.5%
250k 1 0.0% 3 0.0%
0.5M 0 0.0% 1 0.0%
M - - 0 0.0%
Max.") 0.5Mbps 1Mbps

Y U [

aAa d d‘ d'
ﬁilt‘rmaﬂlanmmnunﬁmmﬂﬂﬁuﬂ USART
- 331705 UDR (USART /O Data Register)
- 53maes UCSRA (USART Control and Status Register A)

Jaaes UCSRB (USART Control and Status Register B)

1
anl

- 33a@93 UCSRC (USART Control and Status Register C)

- 5@ ma% UBRRL 4182 UBRRH (USART Baud Rate Register)

o

33a1m85 UDR (USART I/O Data Register)

aa d o (% ' = 9 a T g Yo 9 Y1
Famesd MU TsuToavIA 8 Un Taguiuilu RXB l45udsyaninnieusnias TXB laaa
Joyalimeuen
Bit 7 6 5 4 3 2 1 0
RXB[7:0] UDRn (Read)
TXB(7:0] UDRn (Write)
Read/write W AW AW W W AW AW W
Initial value 0 0 0 0 0 0 0 0
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'%%mm% UCSRA (USART Control and Status Register A)
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A 9
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1 Y ]
UAN 7 - RXC: USART %’uﬁumd (USART Receive Complete) Tativziilu 1 Lﬁ@"lﬁ’%”u%y,amﬂ
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a A

Afl 5 — UDRE (USART data register empty) Gintiaziilu 1 1o 33maasdoya UDR 119 niouaz iy

9 [ 1
Poyand v

=h.

a a dy I A Y a A A Y I

U®N 4 — FE (Frame error) vatazilu 1 1o W\Iﬁllﬂl@lJ“ﬁNﬂWﬂTﬂ maquﬂm@gmﬂu 0

A A . a dy I A a ya A Ay
AN 3 — DOR (USART parity error) Uatazitlu 1 ienaudNaNaIALLY OverRun ABNIDYA

U

[
=

Tnunluvasnvoyaduds luane1uesn 1

U Y

9
a

~ . Aa A I A A ya dy
@7 2 — PE (Parity Error) Uataziilu 1 iianavonana1auuunisg

=)

A7 1 - U2X (Double the USART transmission speed) 19 1111a0A5 1M 21093 do1s

=)

'
a A

. . . a dy I A g 9y A v a
N 0 — MPCM (Multi-processor communication mode) Uatiilu 1 leAoIms I smsdoasuuuNaa

Tsaisos

%%ﬁ!ﬂ@% UCSRB (USART Control and Status Register B)

4 o

FampImugNMITIUIEzIAA A UMIBluYed Tuga USART 4a B 11gv09iuns

anl

BuABs S WAz vIAYBITeYAlY 9 T

a7 7 6 5 4 3 2 1 0

A9ilF| RXCIE | TXCIE |UDRIE | RXEN | TXEN |UCSZ2| RXBS | TXBS

ReadWrite] R/W W W W W W R R'W

AGuEY 0 0 0 0 0 0 0 0
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A A . Iya dy I A9 Y a a 4% ¢ A o
UAN 7 - RXCIE: (RX complete interrupt enable) Tiatilu 1 Wedosms IHNansoun SN o5y
9 9
UBUALUTUN

U

e

A A . ya I A9 Y a Aa o s A [
N 6 - TXCIE: (TX complete interrupt enable) Titatudlu 1 Wedosms inamsoumessnn g
9 Y
TYayaLa

a A . . ya A g A 9 Y a
@7 5 - UDRIE: USART data register empty interrupt enable Miatitilu 1 tiodoan1slvnams
a -5 ¢ A Aaa 4 1
BUADTSNN 1UBTVIAIANDT UDR 219
a A . ya dyc:' A g 9y a a £ s A a o 9
107 4 —- RXEN: Receiver enable 14 1iniiilu 1 lodeams liinansoumeisnn amamssudeya

' '
a A 2 = a

. Yya dy I A 9 9y Aa a 4 4 [
AN 3 — TXEN: Transmitter enable MMUATIY 1 1108093 1ANANITOUADTTNN 11IBINANIT A

9
Voya

'
a =

1afl 2 UCSZ2: Character size 19mvuasmuiuiatoya 199 UCSZ1 wag UCSZ0 Tu UCSRC

. . I a { [ a
UAN 1 RXB&: Receive data bit 8 Lﬂu‘umﬁ 8 VaINITIVVDYA LUD 9 UA

a { I a { J a
1afl 0 TXBS: Transmit data bit 8 1Fuiiah 8 vesmsdvoya uv 9 ia

%%erma% UCSRC (USART Control and Status Register C)

FameimugumsiuiaziaasanIumssisauuesluga USART 40 C 11e1909iUsas 1000

Tumssuds
Sadi| 7 6 5 4 3 2 1 0
Yofia| UMSELI | UMSELO | UPMI | upMo | UsBs | ucszi | ucszo | ucpoL
Read/Write|l RW | RW | RW | RW | RW | RW | RW | RW
TG ATI 0 0 0 0 I I 0

'
a A

UAN 7:6 — UMSEL1:0 USART mode select

UMSEL1 |UMSELQ Mode
0 0 Asynchronous USART
0 1 Synchronous USART
1 0 (Reserved)
, 1 1 |Master SPI (MSPIM)(1)
1N 5:4 — UPM1:0: Parity mode
UPM1 UPMO Parity mode
0 0 Disable
0 1 Reserved
1 0 Enable W1391¢)
1 1 Enable W13@f
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1af 3 - USBS: Stop bit select

USBS Stop bit(s)
0 1-bit
1 2-bit

'
a A

167 2:1 — UCSZ1:0: Character size 1997uf1fu UCSZ2 11 UCSRB

UCSz2 | UCSZ1 | UCSzZO| Character size
0 0 0 5 {n
0 0 1 6 i6
0 1 0 7 idn
0 1 1 8 ia
1 0 0 Reserved
1 0 1 Reserved
1 1 0 Reserved
1 1 1 9 iin

19 0 — UCPOL: Clock polarity

Y
Tunuvez s lasvalidaidlu o

Y q Y a Y <3| o o
g lunny Felasda Wumsmmuaveudyau XCX

UCPOL

Transmitted data changed
(output of TxDn pin)

Received data sampled
(input on RxDn pin)

0

Rising XCK edge

Faling XCK edge

1

Faling XCK edge

Rising XCK edge

feenalilsunsu Serial Output 1aeld AVR Studio

#include <avr/io.h>
#include <util/delay.h>

void serial_init(unsigned int bittimer)

<< UDREO0)) );

{
/* Set the baud rate */
UBRROH = (unsigned char) (bittimer >> 8);
UBRROL = (unsigned char) bittimer;
/* set the framing to 8N1 */
UCSROC = (3 << UCSZ00);
/* Engage! */
UCSROB = (1 << RXENO) | (1 << TXENO);
return;
b
void serial_write(unsigned char c)
{
while ( '(UCSROA & (1
UDRO = ¢;
bs
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#define SPEED 9600
int main (void)
{
chari=0;
char *str = "the quick brown fox jumps over the lazy dog. 1234567890\r\n";

/* let the preprocessor calculate this */
serial_init( ( F_CPU / SPEED / 16 ) - 1);

while (1) {
serial_write(str[i++1]);
if (str[i] == "\0") {
i=0;
_delay_ms(500);
b
b

return O;

s

freenalisunsa Serial Input Iasld AVR Studio

#include <avr/io.h>
#include <util/delay.h>

void serial_init(unsigned int bittimer)

{
/* Set the baud rate */
UBRROH = (unsigned char) (bittimer >> 8);
UBRROL = (unsigned char) bittimer;
/* set the framing to 8N1 */
UCSROC = (3 << UCSZ00);
/* Engage! */
UCSROB = (1 << RXENO) | (1 << TXENO);
return;
b
unsigned char serial_read(void)
{
while( '(UCSROA & (1 << RXC0)) )
return UDRO;
b

void serial_write(unsigned char c)
while ( '(UCSROA & (1 << UDREQ)) )

UDRO = ¢;
b

#define SPEED 9600
int main (void)

{

/* let the preprocessor calculate this */
serial_init( ( F_CPU / SPEED / 16 ) - 1);

while (1) {
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/* read a character and echo back the next one */
serial_write( serial_read() + 1);

}

return 0O;

ns@easuueUNINIY Arduino

TxD D-

RxD D+
USB

AVR TTL UART to USB

Microcontroller

oA o 4
Wandufibeanumsaeasuuveynsy :Serial

if (Serial) flush() println()
available() parseFloat() read()

begin() parselnt() readBytes()
end() peek() readBytesUntil()
find() print() setTimeout()
findUntil() write() begin()

dvgrmsdetoya Tagld Arduino

int analogValue = 0; // variable to hold the analog value
void setup() {

Serial.begin(9600); // open the serial port at 9600 bps:
b

void loop() {
analogValue = analogRead(0); // read the analog input on pin 0:

// print it out in many formats:

Serial.printin(analogValue); // print as an ASCII-encoded decimal
Serial.printin(analogValue, DEC); // print as an ASCII-encoded decimal
Serial.printin(analogValue, HEX); // print as an ASCII-encoded hexadecimal
Serial.printin(analogValue, OCT); // print as an ASCII-encoded octal
Serial.printin(analogValue, BIN); // print as an ASCII-encoded binary

// delay 10 milliseconds before the next reading:
delay(10);
b
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ITAVAYYIUMNNINGIZIU RS-232

4 T15VS LSB MSB
0100000101 1
Space (=0) [ ] [ ]
LJE: 3 SRS I N S — S I - .y
o ¥ weuruain'bi
+ mansaszyla
4 VA o pr - : |
Mark (=1)
IS ) N R I S
| «— doya 7iin— | b\-—<
¥ -15v /‘ ’

Start bit Parity bit Stop bit

| +— 1wl5u

Line EIA-232D Driver and Line Receivers

MC1488 MC1489
Ve 150
npan [T
Ingu 4[] e — -
Tuput 5] o
Qs
oput B1 (] wﬂ o
vt [T
ngar B2 E} -
- Coatol &
Qi [E
and[7] e [

caani [T}

e Oniee nermeang L Recstier
ol Cak e

TN “\D_
_JL_J 1./
I )

I 1
HOTLLogo it —ebet— "SI gt — 40T o5 0ot
| I

DS275 Line-Powered RS-232 Transceiver Chip

DSI75

RXour[1 8] Vee
Vorv[]z 7 [ R¥pq Ovee +5v
X[ s[]nc Dsane —|
DI/ . -
oND [J4 5[] TXout RS-232 i Vz ATS9C2051
DB? cc DRY
s5|Tx TXp, [3 .
N RD() mo omoq ™ 3{p3.11%)

Vee DT
7|RX RX
XN TXour  TxD(3) o oI our
I_ GND(S) B—]
NECATIVE = n
CURRENT

eNpD— SWITCH —

R¥our & Oﬁ

2| P3.0(RX)

<1 RXpq
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RXOUT RS-232 Receiver Output

VDRV Transmit driver +V

TXIN  RS-232 Driver Input GND  System Ground (0V)
TXOUT RS-232 Driver Output NC No Connection

RXIN  RS-232 Receive Input VCC  System Logic Supply (+5V)
RS-232 Specs

SPECIFICATIONS RS232

Mode of Operation

Total Number of Drivers and Receivers on One Line
Maximum Cable Length

Maximum Data Rate

Maximum Driver Output Voltage

Driver Output Signal Level (Loaded Min.)Loaded
Driver Output Signal Level (Unloaded Max)

SINGLE-ENDED

1 DRIVER1 RECVR
50 FT.

20kb/s

+/-25V

+/-5V to +/-15V
Unloaded +/-25V

Driver Load Impedance (Ohms) 3k to 7k

Max. Driver Current in High Z State (Power On) N/A

Max. Driver Current in High Z State (Power Off) +/-6mA @ +/-2v

Slew Rate (Max.) 30V/uS

Receiver Input Voltage Range +/-15V

Receiver Input Sensitivity +/-3V

RS-232 vs RS-423

SPECIFICATIONS RS232 RS423

Mode of Operation

Total Number of Drivers and Receivers on One Line
Maximum Cable Length

Maximum Data Rate

Maximum Driver Output Voltage

Driver Output Signal Level (Loaded Min.)
Driver Output Signal Level (Unloaded Max)
Driver Load Impedance (Ohms)

Max. Driver Current in High Z State Power On
Max. Driver Current in High Z State Power Off
Slew Rate (Max.)

Receiver Input Voltage Range

Receiver Input Sensitivity

SINGLE-ENDED SINGLE-ENDED
1 DRIVER 1 RECVR 1 DRIVER10 RECVR

50 FT. 4000 FT.

20kb/s 100kb/s

+/-25V +/-6V

Loaded +/-5V to +/-15V +/-3.6V
Unloaded +/-25V +/-6V
3k to 7k >=450

N/A N/A

+/-6mA @ +/-2v +/-100uA
30V/uS Adjustable

+/-15V +/-12V

+/-3V +/-200mV

RS232 Pin Assignments (DB9 PC signal set)

Pin 1 Received Line Signal Detector

(Data Carrier Detect) In
Pin 2 Received Data In
Pin 3 Transmit Data Out
Pin 4 Data Terminal Ready Out
Pin 5 Signal Ground
Pin 6 Data Set Ready In
Pin 7 Request To Send Out
Pin 8 Clear To Send In

Pin 9 Ring Indicator

12345
[ ]
— 1 &
=S L ewvew
AN 0000 s
| ¥ I
6789

Serial Communication

Page 15




RS232 Pin Assignments (DB25 PC signal set)
Pin 1 Protective Ground

Pin 2 Transmit Data
Pin 3 Received Data
Pin 4 Request To Send
Pin 5 Clear To Send

Pin 6 Data Set Ready (

Pin 7 Signal Ground

Pin 8 Received Line Signal Detector
(Data Carrier Detect)

Pin 20 Data Terminal Ready

78 910111213

141516 17 18 1920 21 22 23 24 25

Pin 22 Ring Indicator

RS232 Pin Assignments on Modular Connector

ElA-561 Interface
1 (RI)

— 48
d—_l—-———‘ 6 (TD)
I 7(CTS)

8 (RTS)

[ R T TR,
N
I
=

g
2 (CD)
3 (DTR)

Sémetlmes
used as
DSRH

Data frm PC

' Y, (Y]
ﬂ]ﬁﬂﬂﬁ1ﬂuﬂﬂﬂ®uﬂﬁﬂ
DESSF _
CHi Connector is
DE3 handshake-looped
~ ot
(Sc % Feceive Data to FC
GG ] Transmit
o—3
:'3 E
ﬂ 5 Ground
DB/ F
CHZ
Le9
1
T
o z
ol
o E;
1B
o T
T
O__E_
(::._

RS232 DB9 PC Loopback test plug
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Do D2s D25 Dg
3 2 TD RD 3 2
2 3 ED TD 2 3
5 7 ad aG 7 3
4 20 DTE DTR 20 4
f f D3R a E D3R f f
1 2 D D 2 1
7 4 ETa ET3 4 T
2 3 T3 T3 3 2

Handshake looping a PC serial connector
MIveIMsAMNENUUATY
Compuiter Telep_ihnne
B DBY ¢1%1] DBY fiudly UM
Modem
E=Ir=e @M@ -----
DTE DCE
Data Data
Terminal Cireuit-terminating
Equipment Equipment
(@) Ted) ———— RxD (2 (2) T=D T=D (2
(4) ATS ———— CT5 (4) (4) ATS RTS (4)
{5) CTS —————— ATS (5} (5] CTS N S— CTS (5
(6) DSR OTR (&) (6) DSA DSA (6)
(8) DCOD ————— DCD (8) {8} DCD ——————— DCD (8)
28) Al — ——nR (2 22} Rl ———————— Rl (22}
{T) GND ——————— GHND (T} (7} GND ————e GND (7}
Typical DTE-to-DCE cable Typical DTE-to-DTE null modem cable

19935 RS232 Buffer 3213149 nany lulasneulnsaaslaald nudanes

DCD(]) amm— » - VCC +5V
DTR(4) emm—e R1

10K
DSR(6) amm—

Q1 L e TXD(3)
28A1015 lRa
RxD(2) 1K
Com Port DB9 @
Q2
TxD(3
(3) 28C1815 89C2051
RTS(7)
CTS(8) Ll

1N4148

GND(5)
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