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(UART : Universal Asynchronous Receiver Transmitter)
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o RS-232C, RS-422, RS-423, RS-485...
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o Simplex
EHSE HE WA - 20|
o half duplex
HI0|S T WAIME CHE AlZ S8 HS WA) - 237
o  (full) duplex
HMO|= ME YAl (SA| kst M4 UHAl) - 8051
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[AlEI?E*(Serial) S5

Specification RS232C RS423 RS422 RS485
Sz nc Single-Ended | Single-Ended Differential Differential
Z|CH Driver / 1 Driver 1 Driver 1 Driver 32 Drivers
Receiver 1 Receiver 10 Receivers | 32 Receivers | 32 Receivers
Z|c S =712l ot 15 m 2k 1.2 km ok 1.2 km o 1.2 km
|1 ST 20 Kb/s 100 Kb/s 10 Mb/s 10 Mb/s
K& MEHrAl Full Duplex Full Duplex Full Duplex Half Duplex
F|C) &2t + 25V +6V ;3365\\,/ -7V to +12V
Z|CH l=Tet +15V +12V -7V to +7V -7V to +12V
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TXD - Transmit Data
o  E™EEMOO|E{7} LIRE MEM
RXD - Receive Data

o ZESM HO|EE gt
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RTS - Ready To Send

o DTEZX|7| DCEEX|0|A| =H|7} 4SS
LIEILi= MSM

CTS - Clear To Send

o DCEZEX|7} DTEEX|O|AH =H|7} =SS
LIEILi= MSM

DTR - Data Terminal Ready

o E{o|=20]| 20| AH| Xj2l0] S21 7=t
AEfRE o= MSM

DSR - Data Set Ready
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DCD - Data Carrier Detect
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foge = 1.0000 MHz foee = 1.8432 MHz fage = 2.0000 MHz
Baud U2Xn =0 U2ZXn =1 Uz¥Xn =0 UzX¥n = 1 U2¥Xn =0 U2¥n=1
Rata UBRR UERR UBRR UBRR UBRR UBRR
{bps) n Error n Error n Error n Error n Error n Error
2400 25 0. 2% a1 0.2% 47 0.0%% a5 0.0% &1 0.2% 103 0, 2%
4200 12 0. 2% 25 0.2% 23 0L0%% 47 0.0% 24 0.2% 21 0. 2%
QE00 i -T.0% 12 0.2% 11 0.0% 23 0.0% 12 0.2% 25 0, 2%
14.4k 3 8. 5% a -3.5% Fi 0.0% 15 0.0% a -2.5% 16 2.1%
19.2k 2 a8.5% G -7 o 0L0% 1 0.0% G -7.0% 12 0.2%
28.8k 1 2.5% 3 8.5% 3 0.0% i 0.0% a 8.5% a -3.5%
384k 1 -18.6% 2 8.5% 2 0.0% o 0.0% 2 8.5% i -T.0%
57.6k 0 2.5% 1 8.5% 1 0.0% 3 0.0% 1 8.5% a 8.5%
Th.8k - - 1 -18.6% 1 -25.0% 2 0.0% 1 -18.6% 2 8.5%
115.2k - - 0 8.5% 0 0.0% 1 0.0% 0 8.5% 1 2.5%
230, 4k - - - - - - ] 0.0% - - - -
250k - - - - - - - - - - 0 0. 0%
Max. ! 625 kbps 125 kbp= 115.2 kbps 230.4 kbps 125 kbps 250 kbps
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fose = 36864 MHz foge = 20000 MHz foee = 73728 MHz
Baud L2¥n =10 L2¥n =1 U2¥n =10 U2¥n =1 Uz¥n =0 U2¥mn =1
Ratea LUBERR UERR UERR UBRR UBRR UBRR
bps) n Error n Error n Error n Error n Error n Error
2400 a5 0. 0% 191 0.0% 103 0.2% 207 0.2% 191 0.0% 323 0.0%
4200 47 0. 0% a5 0.0% 31 0.2% 103 0.2% a5 0.0% 191 0.0%
QEOD 23 0. 0% 47 0.0% 25 0.2% 51 0.2% 47 0.0% o5 0. 0%
14.4k 15 0. 0% e | 0.0% 1G 2.1% 24 -0, 8% a1 0.0% (5] 0.0%%
10.2k 11 0. 0% pele 0,00 1z 0.2% 25 0.2% 23 0.0% 47 0095
zask T 0. 0% 15 0.0% a -3.5% 1G 2.1 % 15 0.0% o | 0.0%%
aa.4dk & 0. 0% 11 0.0% (5] -7.0RG 1z 0.2% 11 0.0% o8 0.0%%
576k 2 0. 0% T 0.0% 3 2.5% a -3.5% T 0.0% 15 0.0%%
TE.2k 2 0. 0% 0.0% 2 2.5% G -7 .0 5 0.0% 11 0.0%%
115.2k 1 0. 0% 0.0% 1 2.5% 2 28.5% 2 0.0% T 0.0%%
2204k i 0. 0% 1 0.0% i 2.5% 1 28.5% 1 0.0% 2 0.0%%
250k i -7.8% 1 -7.B%% i 0.0% 1 0.0% 1 -7.8% a2 -7.8%
0.5M - - 0 -7.8% - - 0 0.0% ] -T.8% 1 -7.8%
1M - - - - - - - - - - ] -7.8%
Max. 230.4 kbps 450.8 kbps 250 kbpe 0.5 Mbps 450.8 kbps 221.6 kbps
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foge = 80000 MHz foee = 1105592 MHz fose = 14.7456 MHz
Baud U2¥n =0 U2Z¥n =1 U2¥mn =10 U2¥n = 1 U2¥n =10 U2¥n = 1
Rata UBRR UEBRR UBRR UBRR UBRR UBRR
bps) n Error n Error n Error n Error n Error n Error
2400 207 0.2% 416 -0.1% 287 0.0% 575 0.0% 383 0.0% TET 0.0%
4200 102 0.2% 207 0.2% 143 0.0% 287 0.0% 191 0.0% 33 0.0%
QEQD 51 0,29 103 0.2% 71 0.0% 143 0.0% a5 0.0% 191 0.0%%
144k 34 -0.8% G 0.6% 47 0.0% a5 0.0% (5] 0.0% 127 0.0%%
10.2k 25 0.29 51 0.2% 3s 0.0% 71 0.0% 47 0.0% o5 0.0%%
zask 16 2.1% 24 -0, 8% 23 0.0% 47 0.0% a1 0.0% 5] 0.0%%
384k 12 0.29 25 0.2% 17 0.0% a5 0.0% 23 0.0% 47 0.0%%
576k =] -3.5% 16 21% 11 0.0% 23 0.0% 15 0.0% o | 0.0%%
TE.2k G -7.0%% 12 0.2% a 0.0% 17 0.0% 11 0.0% 3 0.0%%
115.2k 3 8.5% a -3.5% 5 0.0% 11 0.0% T 0.0% 15 0.0%
2204k 1 8.5% 3 8.5% 2 0.0% 5 0.0% 2 0.0% T 0.0%%
250k 1 0. 0% 3 0.0% 2 -7.8% 5 -7 .B% 2 -7.8% G 5.3%
0.5k i 0. 0% 1 0.0% — - 2 -7 .B% 1 -7.8% 2 -7.8%
1M - - i 0.0% — - — — i -7.8% 1 -7.8%
Max. 0.5 Mbps 1 Mbps &21.2 kbps 1.3824 Mbps 221.6 kbps 1.8432 Mbps
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foge = 16.0000 MHz foee = 18,4320 MHz fose = 20,0000 MHz
Baud U2¥n =0 U2Z¥n =1 U2¥mn =0 U2¥n = 1 U2¥n =10 U2¥n = 1
Rata UBRR UEBRR UBRR UBRR UBRR UBRR
bps) n Error n Error n Error n Error n Error n Error
2400 416G -0.1% 232 0.0% 475 0.0% Q59 0.0% G20 0.0% 1041 0.0%
4200 207 0.2% 416G -0 1% 239 0.0% 474 0.0% 254 0.2% 5210 0.0
Q00 102 0.2% 207 0.2% 118 0.0% 239 0.0% 129 0.2% 254 0.2%
14.4k Ga 0. 6% 138 -0.1% Ta 0.0% 158 0.0% a5 -0.2% 173 -0.2%
192k a1 0.2% 103 0.2% 58 0.0% 118 0.0% sz 0.2% 1249 0.2%
zask 34 -0, 8% Ga 0.6% 24 0.0% a 0.0% 42 0.9% a6 -0.2%
za.4k 25 0.2% 31 0.2% 20 0.0% S0 0.0% a2 -1.4% &4 0.2%
576k 16 2.1% 24 -0, 8% 14 0.0% 24 0.0% 21 -1.4% 42 0.9%
TE.2k 12 0.2% 25 0.2% 14 0.0% 29 0.0% 15 1.7% 22 -1.4%
115.2k =] -3.5% 16 21% 4 0.0% 14 0.0% 10 -1.4% 21 -1.4%
2204k 3 8.5% a -3.5% 4 0.0% 0.0% 4 8.5% 10 -1.4%
250k 2 0. 0% 0.0% 4 -7.B% 2.4% 4 0.0% 0.0%%
0.5k 1 0. 0% 3 0.0% — - -7 .B% — — 4 0.0%
1M 0 0. 0% 1 0.0% — - — — — — — —
Max. 1 Mbps 2 Mbps 1.152 Mbps 2,204 Mbps 1.25 Mbps 2.5 Mbps
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ICCAVE Application Builder [M128]
CPU ] Memury] Parts l Timerd ] Timer ] TimerEI Timers UART ISF'I ] Analug]

I v Lze UARTDI _| I v Usze UART 1 I _|

X Enable R~ P Enable TX | | M Enable RX  IX Enable TX |
Made

™ Multi-processar comms mode ™ Multi-processar comms mode
™ Synchro mode ™ Synchro mode

I Double speed  IT Clk polarity I Double speed [T Clk palarity
_| ™ 2 stop bits _| ™ 2 stop bits
Baud rate:9015 (0.2%) UBEBR Eaud rate 9615 (0.2%) LBBR1
19600 - 103 19600 | 103
Farity Char size Farity Char size
Disabled  v| |8 bit M Disabled  ~ -
I R¥ complete interrupt I Ry complete interrupt

< T complete interrupt I Tx complete interrupt

™ Data register empty interrupt ™ Data register empty interrupt

Ok ‘ Options Freview Cancel |
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#pragma interrupt_handler uartO_rx_isr:19
void uart0_rx_isr(void)

{

[/uart has received a character in UDR
UDRO = UDRO;

[/A1t2d & ATmega1280]| EEISICE.
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*' ImageCraft IDE for ICCAVE (PROFESSIONAL)
File Edit Search Miew Project

DS 0w =

Terminal  Help

Smﬂﬂl

5 #include <iomlzawv.hs In Systern Programmer
i &WRCalc

= f#include <wmacros. h> Al .

7 Spplication Builder

a void port init{veid) Configure Toal

; { Bun...

10 PORTA = 0Ox00;
11 DDEA = 0Ox00;
12 FORTE = 0Ox00;

13 DDEE = 0Ox00:
14 PORTC = 0Ox00: //ml03 cutput only
15 LDRC = 0Ox00:
16 PORTD = 0Ox00;
17 DDED = 0Ox00;
12 PFORTE = 0Ox00;
19 DDEE = 0Ox00;
0 FORTF = 0Ox00:;
| DDEF = 0Ox00:

Y, PORTG = 0Ox00:

B[=1E

Fraject l Erowser ]

A —--JEE SERIAL
] - Files
& Senal.c
3 Headers
— 23 Documents

Erazing memory ...Prograwaning FLASH. ..

ISP prograrmming done.

10: 15 C:h12805enalhSernal.c

v
»

C:h1 2855 enalhSenal pri
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Environment Options

Freferences Terminall|5|3 ]

COk Port Flows Control

fo COM 1 {« Mone

" COM 2 " Hardware [CTS/RTS)

 COM 3 " Software [*5/70)

[ COM 4 (" KeepDTRH Achve
Baudrate:

|EIEEEIEI - |

Terminal Fant,.. |

ASCIH Transfer Protocol
(+ Mone

O Line delay [mz.] |

O afait for ' [Flazh)

................................

Cancel | Help




WEEE =]

*"ImageCraft IDE for ICCAYE (PBOFESSIONAL)
File Edit Search Miew Project BCS  Tools

EHS B 6 & &0 F

Senal.c l

20

E SATARTO initialis

or ff desired baud rs

20 A actual: baud rat

2 Ff char =ize: 8 bit

a0 Ff parity: Disabled

) oid uartl0 init (void)

32 -

773 UCSREOE fddisable whil

14 UCSEOL =

a5 OCSROC
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* " ImageCraft IDE for ICCAYE (PEOFESSIONAL)
wI=N Edit Search  Miew Project BCs  Tools  Terminal  Help

O E |d o i A E & 5
- Diownload File:

Browse. ..
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Open Com PortE =2r}.

*' ImageCraft IDE for ICCAVE (PRBOFESSIONAL)

I[N Edit Search  Wiew Project BCS Tools Terminal Help
O e |l e i 0 B -
Dravenload File:

Browze. ..

Open Com Port
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L
¥, 3 Show Editars |
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‘" ImageCraft IDE for ICCAYE (PBOFE
File Edit Search Mew Froject

O = L o s
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[Printf AI=517]

void main(){
init_devices();

printf( "Serial Forwarder v0.1\rin");
while(1){
}

}
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USRnNA(USARTNn Control & Status Register A)

o BIT 7 :RXCn(USART Receive Complete)
RXCn(USARTNn Receive Complete) HHIE= $£=AH{IH 0| 245 X|X|
22 =AM EXPL S012MH "1"E M E|311 CPU7J} 0| 2{0{AM =21
B 7} H|0{Q}= AEf2}H "0" 22 E2|0] I} S= LIEILI= AEf &
2|10|C}. RXCn HIEE= 4l &2 CIE{REIEE WAL [ A= SICY.

o BIT 6 : RXCn(USARTn Transmit Complete)
TXCn(USARTn Transmit Complete) HHEE= &4l A| ZE g|X|2
E{0f] = &4 HI0|E{7} 25 S4Ik|511 UDRne| S41 HIH 0| Of2] A2
2 S4 Io|E{7} 2l0|E E[X] 222 AEl O|H"1"E M k|= AEHE X|
Al St= &2§30ICt. TXCn HIEE= Sl 212 CIE|EHEE WM Al o
A= EICE



NEEEERE

o BIT5: UDREn(USARTn Data Register Empty)
UDREn(USARTNn Data Register Empty)H|E= UDRn2| £Al HHIH0j| A2
S HI0|EE wE =d|7} £|0] 912M "1"=2 Ml E|= AEf Z2§30|CI UDRENn
HHIEE= UDARTN Data Register Empty ClE|EEES dtiliet [ A= SIHC.

o BIT 4 : FEn(Frame Error)
FEn(USARTnN Frame Error)H|[E= UDRn2| £l H{1{0f] Sz} = £|0{2AU=
IO|IE{E =21 5l= SO =] ofl2{7} &M 519 S2 LIEILI= AEf E2ja=, =
glozi= A 22X H Hij AFH|EJI"0"22 HE | S E M £[3)
5l UCSRAN H|X|2E|ES 2l0|ESHHM 0| HIE= "0"22 22|00}

o BIT 3 : DORn*Data OverRun

DORN(USARTN Data Overrun Error) HIEE= £41 SZHj|A] 28{21 0fj2{7} &t
MSIH S22 LIEIL = AE Z2i12 OverRun Error= UDRNQ| =21 H{{of| &
I x| 222 T2 EXIL S01U= HEHUIA], =21 A] ZEEX|AE{0f] {22 EXI
7} =41 2A=k|MH, CIA| O CHS 21 HI0[E{2! 3™ EXI2] AEIEH|EJ} HEE]
0 BHMSICE. UCSRNnA HIX|AEE 210|E 51M 0] HIE= "0"22 22|01 EICT.



NEEEERE

o BIT 2 : PEn(Parity Error)
PEn(Parity Error)H|E= UDR2| £l BH{IH0f| x| X & £]0{ Q)= HIO|E{E £
A St= Sot mi2|Elof|2{7} 2 519 S S LIEILI= AEiZ2a = mi2|Elol2i=
UCSRNC HIX|AE{2JUPMn1 HIEES"1" MZA35l0{ TI|2|E| HIEE MRSIEE M
3 st A20§|0F WSt & 9ICt. UCSRNA H|X|AE{E 2I0|E 510 0] HIEE"0"
o= Z2|0{EICt

o BIT1:UCXn(Double the USARTn Transmission Speed)

U2Xn(Double the USART Transmisson Speed) H EE= H|S7|2=0|A{0}
AlZIts st ZI22M E52| n 2FH|E 160{|M 82 1/2012 W0 ME SE=E
28 =0|= 7| st}

o BITO0: MPCMn(USART Multi-Processor Communication Mode)
HIEE= USARTNS HE|ZZ2MAM EAl 2EE MASIT HE|ZZMAMEA 01=3
AHBE X8 §1X| 2= 2= 41 HIO|El= 21500 25101 FA| =IC}.
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USRnNC(USARTTn Control & Status Register C)

o BIT 7
ofl<t
o BIT 6

UMSELn(USARTnNn Mode Select) UMSELNn(USARTNn Mode Select) HIEE= "1"0|H
USARTn 2SS 7| & BE2 MA 5111 "0"0|H H|S7| & BE=Z MASIC}

o BITS,4

UPMn1, O0(Parity Mode)

O| HHIEE "1"& AH 5|M mi2|E|E &M A|7|11 HAIE & + U1 SMI = RISH2 R 2}
gile| £41 0|o|E{0f| HIZ|E| HIEE {5101 SAISICt. =217|= UPMO H|EQ} A=l O|E]
H|ZEHCH DRkl RF 7} BHAISIHUCSRNA HIXIAE{2| PE Z2171"1" 2 MEIC}

UPMn HIEMFEH

iz
=2
=

Disable

oflet

Enabled Even Panrity
Enabled Odd Parity
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o BIT 3 : USBSn(Stop Bit Select)
USBSn(Stop Bit Select) HIE7} "0* 0|8 USARTh 2E0|AM CI0|E| ZWE 1 M5l= AE HEE 172
S5tal "1"0|H AFE HIEE 2742 MF™siCE

USBSn StopBIt
0 1-bit
1 2-bit

o BIT 2,1 : UCSZn1,0(Character Size) - CIO|E{H| ELEMA

UPMn1 UPMnO UCSZn0 Parity2=

0 0 0 5-bit
0 0 1 6-bit
0 1 0 7-bit
0 1 1 8-bit
1 0 0 of|2f
1 0 1 o2t
1 1 0 of| <
1 1 1 9-bit
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BIT 0 : UCPOLnN

0 XCKn A& XCKn 5z
1 XCKn 5}Zt XCKn A=



NEEEERE

UBRROH = 0x00;
UBRnH/L(USARTTn Baud Rate Register) ZIX|AE{= 16H]
E S0|A| 12H|EO AlE5101 USARTTn BE=S2| & A SEE M
dol= 7|sS stcl.
BIT 15~23 : Oj|ZYH|E
BIT 11~0 : UBRRn11~0(USARTn Baud Rate Register)
2H|EE 0|&35}0{ USARTNn2| E=(baud rate)2 Z3 si=0
UBRRnH2| 4H|E2} UBRRNLL|SH|EJIZX&el20|F 1L}
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USRnB(USARTTn Control & Status Register B)

o BIT 7 : RXCIEn(RX Complete Interrupt enable)

EXCIEn(USARTn RX Complete Interrupt Enable) HIEE= £4I
2tz CPIE{EEE I|YHEO R enablestd "1"=2 MASI SREG &X]
2 E{Q] HEZ}"1"0]|22 UCSRNA HIX|AE{2] RXCnh HIE7}"1"E MHA
[0 9™ 4l 2= CIE{EH ET| WA siC]

o BIT 6 : TXCIEn(TX Complete Interrupt Enable)
TXCIEn(USARTNn TX Complete Interrupt Enable)H|E= Al2t
2 BB EE J|HE2Z enable(1)2 MAESI11 SREG HIX|2E{9]
HIE7I "1"0]|22 UCSRNnA2F UCSRnAZIX|EE{Q] TXCn H|EJ|"1"2
A3 E|0] 12 S4l 2= QIE{R EJ| 2 siC}
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o BIT 5: UDRIEn(USARTnNn Data Register Empty Interrupt Enable) H|E
USARTnN Data Register Empty CIE{BRIEE I|HAO=Z enablest= HIEEZE "1"=2
MZAESI SREG HX|AE{Q] HIEZF "1"0|22 UCSRNnA Y X|AE{2] UDREn HIE7} "1"
2 E|0d USARTn Data Register Empty CIE{E E7|HMEIC}

o BIT 4 : RXENn(Receiver Enable)
RXEN(Receiver Enable) HHE=USARTNn 29| £AE7| S&H6IE=E enablest=
Z{ 22RXDn EO| W& |/0 ZE7J} OlL|2} =& HI0|E{ $AICHKIE S&F 5I=E5 MAst
C}.

o BIT 3 : TXENn(Transmitter Enable)
TXENn(Transmitter Enable) HHE= USARTnh 22| £AIE7} SZ51=5 enable
ol= ZIS2 TXDnEI0]| ¥ |/O EEJ} ofL|2} =& C|0|E
HsiCl.

o  BIT 2:UCSZn2(Character Size)

UCSZn2(USARTN Character Size)H{IE= UCSRnCHIX|AE{2] UCSZn1~0H|EQ}
el M5 EX12e] HIO|E{H| ExE M ™ESI=HAIS EICE

Op
>
n

P
Hu

O
A

ok

H
i
z
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o BIT 1: RXB8n(Transmit data Bit 8)
RXB8n(Receive Data Bit 8)2 2l X7} 9H|EE AMH &=
40| F21E EX1e| 9| HIE(MSB)E X Z&sirC|

o BIT 0: TXB8n(Transmit data Blt 8)
SAMEXIVL SHIER MY El A0 SMEI ZXI2oHN| HIE
(MSB)E X{&siC|
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#pragma interrupt_handler uartO_rx_isr:19
void uart0_rx_isr(void)

{
//uart has received a character in UDR
cmd=UDRUO;

[/A|1E2]|d EMOAM 22 HO|JE{(UART Data Register)=S
cmdii0f] A&



