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From CPU Data Bus (DO ~ D7)
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USART ZZEEA LE R
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= Universal Synchronous and Asynchronous Receiver

and Transmitter
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USART X & E A

» 85 OOIEHH= 5~9H|EZ2 €3, A5 HIE= 1~-2HIEZ
AA Jts
» 85 S IHCIEIHIE AIEGHAl 222 =& UL, B+ &
THHEIEIE g2z 48 Jts

rir

n SASHEN=E JLHELIEI Hled, @BHeE O], =2l oleiE
HE56t= Jls QUL

s SH 22 (TX Complete) SAHO0Ie dIXIAH =H| &
Z (TX Data Register Empty) 24l 22 (RX Complete)
S 3JHKl PIEHEHE A=
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USART &
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UDRn (USARTnN I/O Data Register)
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= S iIO|E1 B 14 2 DI%% Rk
= 2 XEO E/4 BHIHE S e HXI0 ?IXI6HK 2 L
FHC=z= M= LE U:']H O dlAIAHR
« S48 HI0IEIS UDRNOI M8, S41 HIOIE HIH TXBnol X &
&l

= =400 BHIH RXBnOll = 801 UDRn2 = S| & T
¥ I** IOl 2XE 5~7 BIE=Z 248
= SAIC B AMEGH = &PIHIE KAl
| A

=410 AR 0] 4RHIESO0 =4IR0AH 022 Xl

Bit 7 & = 4 3 2 1 0
e ————
RXEBEn[7:0] I UDRn (Read)
TXBn[7:0] I UDRm (Write)
ReadWrits RN R R R RV R R R
Initial ¥alue 0 0 0 0 0 0 0 0
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UDRn (USARTnN I/O Data Register)

» S¢ HIH= UCSRNA el XIAE 2] UDREn S HIEJ}H
= HoUeE B0 20IE Jts

= UDREn 2 HIEJI 022 HHU= ER= 22 UDRN
Of CIOIEE clOlE otHetE Ol SeIF C

» X822 UDRn dIAAES S48 HIH0 20lE & O
OleH= sS4 A ZE dIAIABEIHI UsS EF AsHS
2 AL, 0|2 TXDnEl & SotH HE=2 Sal=0h
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UCSRNA (Control and Status Register A

A ) Y ) 8 O O 00

. St SHE MOoHAL S4 el E NEote JIssS =detlt.

Bit 7 G 5 4 3 2 1 0

RXCn TXCn UDREn FEn DORN UPEnR L2Xm MPCMn § UCSRnA
ReadWrite R RN R R R R RW R
Initial Walue 0 0 1 0 0 0 0 0

~—

= RXCn (Receive Complete
» N HHW XXX &2 =
« CPUJI OIE &0 s=&IHHIH Ot
= Ol HIEJ 12 T H fAl2Z
= TXCn (Transmit Complete)
n SAAZE HANAHW UAs S& HOIEHI 25 S4IE 10 UDRn S8
HIHN O MZ& S& I0IEJF 2tOIEE Xl = AFEH 1
» Ol SA2E CIHEE QAGHD, 0| CIEHEE HelJb AI&E S 0] Y
E= sz 02z 22| =L
|

Korea University of Technology and Education




UCSRNA (Control and Status Register A)

S ) S 5 5 &S & SO O 00

= UDREnN (Data Register Empty)
= UDRNS SAHIHIFHIAHUNA M2 sS4 HIOIHE &= =8| JF & O
UOSH 1
s Ol= &4 HOIH dAAH =H|I&22 CHEE RF
= FEn (Frame Error)
= UDRNS =&l HIHO &M H&EZH U= HIOIHE =4lotsE s T
& HldIF LABIF S S LIEH
» Y e =SS H HM AS HEJNCZE Hd=5H LAst
Ct.
= UCSRnA HdAIAEE 2IO0IEGBIH 02 =2 22| =L,
= DORnN (USARTn Data Overrun Error)
s TASENAN 2HE Uit MRS S LIEIUH= AEf 224
= PHE Hidd: UDRn2l =& HIHNl S &KX 22 =AM EXIF SHU=
AMEHUHIAM =& AIZE HXNAEHUH MME2 GI0IEJF S XIF =4l
D CHAI O CFs £=41 HI0IEHQ! 38 SXt2 AEIE HIEDJ A& H
St M UCSRnA HIXIAEE CIOIESIH 022 22 = L.
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UCSRNA (Control and Status Register A)

A ) Y ) 8 O O 00

s UPEn (Parity Error)
= UDRNS ==&l HIHO &M MEEZ X U= HIOIEHE =4lot= =
OOl IHElEl 024 0F 2 MOIUS =S LIEtUH = & E =
= T2IEl 0ll2d= UCSRNC Al XIAEOIAl UPMn1=12 30 T2l El

HIES AFSOIES X6 220 2y

= UCSRNA HIXIAEZ 2I0IESIH Ol HIEE 22X 022 220
s U2Xn (Double the USARTN Transmission Speed)

» HISI BEUHAME S5t JACZ 29| 2=HIE 160M 82

LFH MESEE 201 =0l= JIsS =™

= MPCMn (Multi-Processor Communication Mode)
n HEITZAHA SER2EZ &5
s HEITZAA SAREUHANE HEHA EEE Lol 2= 2
= =4 HI0IEHE=E =420 26t 2 Al=CF.
SR = 0] BIEW 2ot gaef= Al 2 =L,

0
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UCSRNB (Control and Status Register B)

S ) (5 9 5 59 59 59 9 90
HEO S8 &S MOotAHLE, MSHIO0IEHE HIEZ &8 &
= 2t

— o 1=
st N&ote JIs2 =&t

SOl 85 OOIHS 9B M HIE

Bit 7 6 5 4 3 2 1 0
| RXCIEn | TXCIEn | UDRIEn | RXENn | TXENn | UCSZn2 | RXB8n | TXBSn | UCSRnB

Read'Wiite RAW RAW RAW RW AW RAW R RAW

Initial Valug 0 0 0 0 0 0 0 0

= RXCIEn (RX Complete Interrupt Enable)
. S22 QEBEZS HENOR 5 Bots HIE

« 0|2 12 &&0ot1), SREG dlIXIAEHS IHIEJH 10/2tH, UCSRnA 2l X

AEO RXCNHIEJI 2 = A AAI2A2 Ol E gHA

= TXCIEn (TX Complete Interrupt Enable)
AMﬂamaaEEmgaggaﬁﬂLME
A AE6H], SREG dI X AEC [HEDEF10|2t8H, UCSRNnA &l Al

= Ol 1
AH 9 TXCnI:IIEJ} = 3% S22 QIHEE 24
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UCSRNB (Control and Status Register B)

A ) Y ) 8 O O 00

= UDRIENn (Data Register Empty Interrupt Enable)
- _+_/¢|E||O|E-| xt”Ql»E OIE.|E—IIE jHl:FIJHQE 6"%
= 0|2 12 8A5l0, SREG A KNAE S IHIEJF10|2hH,

= o A

UCSRnA dIXIAEHS2 UDRENHIEDN 12 &= 32 S4I0I0IH
YK AE =H|2A2 QIS E 8+M

= RXENnNn (Receiver Enable)
. HEO| AR} ST 2 5 REIC
= RxDNZIO| HE |/OEED} OotLIet &&E HO0lH =AEg S&
6|,C§ /\—|I-|
= 0l 2 HIE FEn, DORN, UPENS =& Kot = St

= TXENnN (Transmitter Enable)
. LEO BALI SHGITE S8
= IXOnEIO| HE |/OZED} OtLIc 21& HIOIE SAHZ S&

ot=s 24

Korea University of Technology and Education




UCSRNB (Control and Status Register B)

S ) S 5 5 &S & SO O 00

s UCSZn2 (Character Size)
= UCSRNC HIAIAES2 UCSZNn1~0 HIE2I &H &5 A2 GI0|

H BIE+=E Z&&0ot= U MS

= RXB8n (Receive Data Bit 8)

HE=XIOHIEZ £8E 2 A& 242 98 M HIE

(MSB)E X & 8tCt.
= Ol= BIS Al UDRn Al KIAEEC} O

— — —

= [XB8n (Transmit Data Bit 8)

HE=ADLOHIE=Z E8E 2 SAE =2X2 98 M HIE

(MSB)S M & &tCt.
= Ol B'E Al UDRn BIXIAEECH M 2Ol EE O OF SHC.

— - —

tCt.
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UCSRNC (Control and Status Register C)

A ) Y ) 8 O O 00

ZLEO S48l s&= MOicte Jiss ¢

m
Bit 7 & 5 4 3 2 1 0
] UMSELn | Urmn | Orno | vsoon | vesant |lJ'€§!nn | Uml UCSRNRC
ReadWrits =R =R = =R = =R =R =R
Initial Value 0 0 0 0 0 1 1 0

= UMSELn (Mode Select)

UMSELN Mode
0 Asynchronous Operation

1 Synchronous Operation
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UCSRNC (Control and Status Register C)

S ) S 5 5 &S & SO O 00

s UPMn1~0 (Parity Mode): ZEONA IHCIEl REE &F

UPMN1 UPMNO Parity Mode
0 0 Disabled
0 1 (Reserved)
1 0 Enabled, Even Parity
1 1 Enabled, Odd Parity

= USBSnh (Stop Bit Select)

UsBSn Stop BIt(s)
0 1-bit
1 2-bits
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UCSRNC (Control and Status Register C)

A ) Y ) 8 O O 00

s UCSZn1~0 (Character Size): 8&&Xt2| HIOIH HIES

M
= O

UcszZn2 ucszni UCSZno Character Size
1] 0 0 5-bit

B-bit

7-bit

8-bit

Reserved

Reserved

1] 0 1
1] 1 0
1] 1 1
1 0 0 Reserved
1 0 1
1 1 0
1 1 1

9-bit

= UCPOLN (Clock Polarity): 7| 8&ER2E9] &£40|1E =
NG RS

Transmitted Data Changed (Output of | Recelved Data Sampled (Input on

UCPOLN | TxDn Pin) RXDn Pin)
0 Rising XCKn Edge Falling XCKn Edge
1 Falling XCKn Edge Rising XCKn Edge
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UBRRNH/L (Baud Rate Register)

S ) S 5 5 &S & SO O 00

m HEO SN S5 E H86t= Jls, 16HIE = 12HIE
IR =y=)
. B 4FIHIEQ UBRRNHE OIX 2t0IE
. 20| 2FH2 B0 NTLE HERT AE
Bit 15 14 13 12 11 10 o 8
= 1 = 1 - | - UBRAN11:8] UBRRnH
uﬁlﬁ:u] UBRRNL
7 3 3 ) 3 2 ’ 0
ReadWiits R = R R AW RAW AW AW
AW RAW W RW AW RW AW =
Initial Value 0 0 0
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Baud Rate & &

= BAUD Et2: bps (bits per second)
= UBRRN 12HIE AIE0olEB2 & 0~4095 S 2 gi= JHd
m L OSC. ANAE Q@AY O0IEH 2 =1Ul=, 16MHz

s S| Y018 BENA = XCKNn ©HAIZ2 g = 24
O =1t=z=Jt J1JH 2 Baud Rated} =l Ct

Equation for Calculating | Equatlon for Calculating

Operating Mode Baud Rate(" UBRR Value

Asynchronous Normal Mode Frrer £

(U2X = 0) BAUD = —295C___ | pyBRp = 295¢ __
16(UBRR + 1) 16B4UD

Asynchronous Double Speed - F

Mode (U2X = 1) BAUD = L UBRR = 293¢ _
8(UBRR+ 1) 8BAUD

Synchronous Master Mode Frrer #

BAUD = —295¢ | pBRR = 293¢ _

2(UBRR+ 1) 2BAUD
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ox 0 28 RS
fosc N 1: HH_J_}'_ EE

Frescaling UBRR+1 _ - L
Down-Counter o = = /4
A
O5C — txclk
! SINEENENE)
Sync . Edge
mkir" Register o Detactar UMSE O: H|%j| EE
T | T ! 1 s) B
-
DDR_*CK UCPOL .
e
0: @#S=Z S& (DDRE2, DDRD5) - A2 (HRASB)
1: #8902 SZ% (DDRE2, DDRD5)
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=)l 220A XCKn 262 =& E0l Y

A ) Y ) 8 O O 00

UCPOL =1 XCK
RxD/ TxD X liX X X
b

UCPOL=0 XCK

womo Y S Y Y

Sample
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CIIOTE I SH

S ) S 5 5 &S & SO O 00

= 1 start bit
= 5~9 data bit
= 1| parity bit

= AMEolA HEE ULH
PN

C
= AFSSHOHE, B gAa0 24 84 X E Jis

= 1~2 stop bit

L FRAME |

0000000000

A CC
T =
A d
e

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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CIIOTEr L SH

 ME HIOIEDP nDHQI BIE=Z FdEH= &2 W2lEl bIE
S Hd&tot 85 Olel A2

Poen  Parity bit using even parity
Paad Parity bit using odd parity
dn, Data bit n of the character

HIS) NSHSHM AS HIES SAIISH ZEHO

oigtg S BIK|S YO0, o 241=2| CPUDF GIOIE
SASTS 2GS BRE AL HEE TEH =X
0l QUL
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HH SEHet HEHAE S22 M 112 =d01E8¢

= AN&ol U0IHE &s&ote s& 25

—_

ot=
» JtAH SAs0e SEet 22 430 22 8L
= i e =202 =452 UCSRnA dl X AE 2
x4

H A AS
MPCMn BIEE 1= AI&otH (HE=dlA 2l S0l =4l &

JIE JItkelth
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