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ST eedalin i ynly ST ol g ealitel )50 Gls e Cad L AST o Slaziy 55 (5 e

4_1L,7 (,L; Description c:,.p}: Type Active Level
SCK Serial Clock Obe jon L, sy SIS I 1/0
TXD Transmit Serial Data 03l I 1/0
RXD Receive Serial Data 03l S99 Input
RI Ring Indicator aal>= oas OLES Input Low
DSR Data Set Ready La o35 4 saes uf.sl.aT Input Low
DCD Data Carrier Detect J,Al> up_.,,_.:.: Input Low
DTR Data Terminal Ready o3ls Jlus 5 ;;LJ Output Low
CTS Clear to Send J,la jes 5 Input Low
RTS Request to Send JLﬂ)l slow Output Low
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31 an 29 28 27 26 25 24

23 22 2 20 19 18 17 16

[ - | - | - | - | RISUS | RISEN | DIROIS | DVREN |

| TXDIS | TXEN | RXDIS | HXEN | ASTIX | RSTRX | - | - |

ool 2 e b s ghus eslial esls 3l 5 g Jlayl sl Slles 055 Jlé o b Jlaé (gl Liges USCR e
PSS BAS b e gedls s Sy o9 (e 10 Ll Slusart dsly 4 bg e gls 4l Wil st
:( Reset Receiver) RSTRX s

JS" d"v\) :0

3 ghun S y 0315 C3Lys 3L 1

: (Reset Transmitter ) RSTTX s

F1Os8:0

-3 s Sy 0303 Jlu )l 5011

:( Receiver Enable ) RXEN s

F1Os4:0

LS sl wb6ay pasmse (S o3ls Ll gwusart ¢ Lil 2L RXDIS Sy 4SS yse )31
:( Receiver Disable ) RXDIS s

F1Os8:0

RS-y | FE R ER (IR

: (Transmitter Enable ) TXEN <o

F1Os4:0

LS Jloyl wbasly s (s esls Ll gsusart ¢ LiL L2l TXDIS Sy 4S5y g 311

: ( Transmitter Disable ) TXDIS

A1Osu:0

3 gius Jlad 8 0505 Jluyl 11

:( Reset Status Bits ) RSTSTA .

BCEETR

:335 o US_CSR jiw=, ;5 RXBRK 3 PARE, FRAME, OVRE, (sla oy O sy sl 1

{(Start Break ) STTBRK s



Aosu0

1: Starts transmission of a break after the characters present in US_THR and the Transmit Shift Register have been
transmitted.

No effect if a break is already being transmitted.

:( Stop Break ) STPBRK s

BANEERY

1: Stops transmission of the break after a minimum of one character length and transmits a high level during 12 -bit
periods.

No effect if no break is being transmitted.

:( Start Time-out ) STTTO "o

BANEERY

1: Starts waiting for a character before clocking the time-out counter. Resets the status bit TIMEOUT in US_CSR.
: (Send Address )SENDA s

A10s:0

1: In Multidrop Mode only, the next character written to the US_THR is sent with the address bit set.

:( Reset Iterations ) RSTIT s

F1Os8:0

1: Resets ITERATION in US_CSR. No effect if the ISO7816 is not enabled.

:( Reset Non Acknowledge ) RSTNACK .o

F1Os4:0

.3 ghus T y US_CSR e 5 )5 NACK Lo i1

:( Rearm Time-out ) RETTO "

F1Os4:0

(d5hen og r.;a- @'Laj U ;1) Restart Time-out :1

: (Data Terminal Ready Enable ) DTREN s

BCEETR

C 59 b ho Caadga godd JWDTR (g 4l 1

:( Data Terminal Ready Disable ) DTRDIS s

BCEETR

L3 sibte ESU Curdg 4 5 ol Jlab L8 DTR (5 w1

:( Request to Send Enable ) RTSEN s
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: (Request to Send Disable )RTSDIS s

A1os4:0
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:( USART Mode Register) US_MR jiu>,

3 30 29 28 27 26 ) 24

| - | - | - | FLIER ] - | MAX_ITERATION |
23 2 21 20 19 18 17 16

| - | - | DSNACK | INACK | OVER | CLKO |  MODES | MSBF |
15 14 13 12 1" 10 -] 8

| CHMODE | NBESTOP | PAH | SYNC |
7 G 5 4 3 2 1 0

| CHHL | USCLKS | USART_MOOE |

1y esls Codlys 5 Jluyl (slgS 55 5 AS ainie yusart oty () o dil e s ) Gla oy (23 SR L
'C"“‘““u‘@;‘:u‘LiO'i‘ Calizes (gla o aalsl j5 . ol s

: USART_MODE  (gls &oo

USART_MODE sl &y ,ldie S5 e Oloend 5

0 0 0 0 Normal 16 osled Olws g
0 0 0 1 RS485 2 S oyled Sl g
0 0 1 0 Hardware Handshaking 3 6 oled Sles g
0 0 1 1 Modem 4§ oy)lad Sles &
0 1 0 0 IS07816 Protocol: T =0 56 osled Ols g
0 1 0 1 Reserved 6 S oyled Olmns o
0 1 1 0 1S07816 Protocol: T = 1 56 osled Ols g

0 1 1 1 Reserved 6 S oyled Olmns o
1 0 0 0 IrDA 7S ot Sles g
1 1 X 11 x x Reserved 6 S oyl Sl &




. ( Clock Selection ) USCLKS gls &

Dl ub@busartdf)ﬂf&awwuc;»@\ﬁs&uﬁ ol plae ba s pl A5 Hlaa

USCLKS

Selected Clock

0 | MCK

1 | MCK/DIV (DIV = B)

0 Reserved

1 | 8CK

),_bgm.;)bﬁa;w U (Baud Rate)a:\sduﬁ\tjafd Jausart a ol 3,5 SIS ldde a7 wsl axdls a5

/('.:—M:M W\J%ch vlqa\ SV j\ﬁw&)y@x\j::aw\{&iléfﬁfc%o&&nd}kjag

o35 wbisck sabL8

: (Character Length ) CHRL sla &

o313 Jgbc S by 9 Jluyl 298 57 96 95 (sla CIB a1, sl Ll e At91saM (6w 53 3 g geusart dl g

CHRL | Character Length
0 | 0 | 5hits
0 | 1 | 6bits
1 | 0 | 7bits
1 | 1 | 8bits
P

D3 ghee s Blie Jgda e g e Sy cpl pas Hlie b JLyl o

('Synchronous Mode Select)SYNC o
. 3 gén Jlad Synchronous e s &yl 401

. 5 géin Jlad Asynchronous s s usart 0

:(Parity Type ) PAR sls &

S by 035 S s s et 035 Kn (Blys s Jlaol sosls 3t asis Cel Oy sl S

PAR Parity Type
0 0 0 Even parity
0 0 1 QOdd parity
0 1 0 Parity forced to 0 (Space)
0 1 1 Parity forced to 1 (Mark)
1 0 X No parity
1 1 X Multidrop mode

TS edeio dwslie ) Jade Glaepar gl G
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Parity Bit Examples

A&A&Jlﬁd@d\df)b )J‘)L«.&j_{j d_gbc-l.f@‘yjs

Character Hexa Binary Parity Bit Parity Mode
A 0x41 0100 0001 1 Odd
A 0x41 0100 0001 0 Even
A 0x41 0100 0001 1 Mark]
A 0x41 0100 0001 0 Space
A 0x41 0100 0001 None None

- ( Number of Stop Bits ]NBSTOP (gla "o

e S s Gilaa | 03l Jluyl Sllee 0L o )3 STOP (gl Sy 3had ¢ il e s S ol (o83 i L

S LS

:( Channel Mode ) CHMODE (gla "o

NEBSTOP Asynchronous (SYNC = 0) Synchronous (SYNC = 1)
0 1 siop bit 1 stop bit
1 1.5 stop bits Resorved
1 0 2 stop bits 2 stop bits
1 1 Resenved Resarved
CHMODE Maode Description
i) i] Mormal Mode
o 1 Automatic Echa. Receiver input is connected to the TXD pin.
1 0 Local Loopback. Transmitter output is connected to the Receiver Input.
1 1 Rermote Loopback. RXD pin is internally connectad to the TXD pin.

Echo 0535 Jlsd &) sm 53 ¢ AS pnd USART Iy (gl 5 1y Loopback 5 ECho Cused s Lilgins bd Cos opl w8

4 o3l> o> 5 Local Loopback Sl 5 . 3w AL TXD al 55 855 Oysoa ol aodd 5,0y s eols

0: Least Significant Bit is sent/received first.

1: Most Significant Bit is sent/received first.

cdgha Juate 031> (63959

: (Bit Order ) MSBF s

: (9-bit Character Length ) MODE9 "ws



0: CHRL defines character length.
1: 9-bit character length.

: (Clock Output Select ) CLKO &
0: The USART does not drive the SCK pin.

1: The USART drives the SCK pin if USCLKS does not select the external clock SCK.

ki

: (Oversampling Mode ) OVER s
0: 16x Oversampling.
1: 8x Oversampling.
: (Inhibit Non Acknowledge ) INACK s
0: The NACK is generated.
1: The NACK is not generated.
: ( Disable Successive NACK ) DSNACK s
0: NACK is sent on the ISO line as soon as a parity error occurs in the received character (unless INACK is set).
1: Successive parity errors are counted up to the value specified in the MAX_ITERATION field. These parity errors
generate
a NACK on the ISO line. As soon as this value is reached, no additional NACK is sent on the ISO line. The flag
ITERATION is asserted.
MAX_ITERATION s
Defines the maximum number of iterations in mode 1SO7816, protocol T= 0.
: (Infrared Receive Line Filter ) FILTER &
0: The USART does not filter the receive line.
1: The USART filters the receive line using a three-sample filter (1/16-bit clock) (2 over 3 majority).
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Typical Connection to a RS485 Bus
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Receiver Behavior when Operating with Hardware Handshaking
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Transmitter Behavior when Operating with Hardware Handshaking
cs [ /] [ 7
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4 s oyled Olowp X8
Sl JSSsn JolS 5 0bey cadE Slae s A el 50k FelS BLisl sl 5 1967 Jle 5o b pw Doy
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USART Pin va4 CCITT Direction

XD 2 103 From terminal to modem
RTS 4 105 From terminal to modem
DTR 20 108.2 From terminal to modem
RXD 3 104 From modem to terminal
CTS 5 106 From terminal to modem
DSR 6 107 From terminal to modem
DCD 8 109 From terminal to modem
Al 22 125 From terminal to modem

g Wl b T il sz g 5peelS 5 S8 5 Sn Ol o J ST 5 mal DS LU eSS ¢ e ool 3
el ks Jin s ple gl & il 2l OBl g ¢ S Loyl 5l 415 0l 3 5 e0ls 65l Ll
Cdwles

5 (5 oslet Slors 5
smart L diadga gl S8 55 O ealial 550 51 ¢SS 4 Sl JU o &y o0 4 030 Jisl (gl S, 1507816

Wl 1y ,l8T (g abibl 55 55 50 Db g Ol gis 0313 5 SIS Lo g3 Sleslizal b STy opl 53, Ailes cards

Sl plenil |y nlie Dlles 0T & Conai



c1

2882

Typical Module
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Card Contacts
-Vee (+5VDC) C5 - ground
- reset C6 - reserved
- clock C7 - inputioutput
- reserved C8 - reserved
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Connection of a Smart Card to the USART
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: (USART Channel Status Register) US_CSR e +
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| - | - | MACK | AXBUFF | TXBUFE | ITERATION | TXEMPTY | TIMEQUT |
7 5 5 4 3 2 1 0

| PARE | FRAME | CWRE | ENDTX | ENDRX | RXBRK | TXRDY | RXROY |
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Pas il 1) Blie (gla Slles 5 ods o8| Calibee (gla ibw 05 Jlab b/ Jlab 5l s oy

* RXRDY: Receiver Ready

0: No complete character has been received since the last read of US_RHR or the receiver is disabled. If c haracters were
being received when the receiver was disabled, RXRDY changes to 1 when the receiver is enabled.

1: At least one complete character has been received and US_RHR has not yet been read.

* TXRDY: Transmitter Ready

0: A character is in the US_THR waiting to be transferred to the Transmit Shift Register, or an STTBRK command has been
requested, or the transmitter is disabled. As soon as the transmitter is enabled, TXRDY becomes 1.

1: There is no character in the US_THR.



* RXBRK: Break Received/End of Break

0: No Break received or End of Break detected since the last RSTSTA.

1: Break Received or End of Break detected since the last RSTSTA.

« ENDRX: End of Receiver Transfer

0: The End of Transfer signal from the Receive PDC channel is inactive.

1: The End of Transfer signal from the Receive PDC channel is active.

« ENDTX: End of Transmitter Transfer

0: The End of Transfer signal from the Transmit PDC channel is inactive.

1: The End of Transfer signal from the Transmit PDC channel is active.

» OVRE: Overrun Error

0: No overrun error has occurred since the last RSTSTA.

1: At least one overrun error has occurred since the last RSTSTA.

* FRAME: Framing Error

0: No stop bit has been detected low since the last RSTSTA.

1: At least one stop bit has been detected low since the last RSTSTA.

* PARE: Parity Error

0: No parity error has been detected since the last RSTSTA.

1: At least one parity error has been detected since the last RSTSTA.

» TIMEOUT: Receiver Time-out

0: There has not been a time-out since the last Start Time-out command (STTTO in US_CR) or the Time-out Register is 0.
1: There has been a time-out since the last Start Time-out command (STTTO in US_CR).
* TXEMPTY: Transmitter Empty

0: There are characters in either US_THR or the Transmit Shift Register, or the transmitter is disabled.
1: There are no characters in US_THR, nor in the Transmit Shift Register.

* ITERATION: Max number of Repetitions Reached

0: Maximum number of repetitions has not been reached since the last RSIT.
1: Maximum number of repetitions has been reached since the last RSIT.

» TXBUFE: Transmission Buffer Empty

0: The signal Buffer Empty from the Transmit PDC channel is inactive.

1: The signal Buffer Empty from the Transmit PDC channel is active.

* RXBUFF: Reception Buffer Full

0: The signal Buffer Full from the Receive PDC channel is inactive.

1: The signal Buffer Full from the Receive PDC channel is active.

* NACK: Non Acknowledge

0: No Non Acknowledge has not been detected since the last RSTNACK.



1: At least one Non Acknowledge has been detected since the last RSTNACK.

+ RIIC: Ring Indicator Input Change Flag

0: No input change has been detected on the Rl pin since the last read of US_CSR.

1: At least one input change has been detected on the RI pin since the last read of US_CSR.

» DSRIC: Data Set Ready Input Change Flag

0: No input change has been detected on the DSR pin since the last read of US_CSR.

1: At least one input change has been detected on the DSR pin since the last read of US_CSR.
» DCDIC: Data Carrier Detect Input Change Flag

0: No input change has been detected on the DCD pin since the last read of US_CSR.

1: At least one input change has been detected on the DCD pin since the last read of US_CSR.

+ CTSIC: Clear to Send Input Change Flag

0: No input change has been detected on the CTS pin since the last read of US_CSR.
1: At least one input change has been detected on the CTS pin since the last read of US_CSR.
* RI: Image of RI Input

0:Rlis at0.

1:Rlis at 1.

* DSR: Image of DSR Input

0: DSRis at 0

1:DSRis at 1.

* DCD: Image of DCD Input

0: DCD is at 0.

1:DCDis at 1.

» CTS: Image of CTS Input

0: CTSis at0.
1:CTSisat 1.
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#include "usart.h"
D3gh o004 2lkell QiJPJ&W@ﬁijFAQBQUSG\j}‘}b’
usartX_init(mode , Baud_Rate);
L1200 A5l g oe S o3l Jlas &4 ol Baud Rate gl 4 5 Lidlos USART - S5 de ¢ MODE gz opl 53
USART1 d>ls (gl 21 s USARTO do-ly (5150 bl sz X cpimman . 3.5 o )l 5 il 5,ldilewl pslie »le b 9600 L2400
P dle. 545 (giIblely (Async ) O3 SewT 5(sync) O S sla de 5 Ll s2e USART -l g 3wl ol L. AiL
usart0_init(Async, 9600);
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#define M_crystal 18432000
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printf ( "string");
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printf ("%d ",x);
S 0 Ogmmen ;3 sla sl 10155 (ad (sl 4355 oo )l Jl o S gy X ol sk b e 5 s b
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printf ("%d cubed = %d",n,(n*n));
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sendchar (char);
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Csb\n 5,8
DU e Dy e 3 Ol b s
scanf("%s",&x);
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gl gt S 2
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x= getkey ()
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#include "AT91SAM7x256.h"
#include "usart.h"
#include "delay.h"

int a , b;

char inPUT;



int main(wvoid) {
usartO_init (Async, 9600);

printf ("1234567\t") ;
while (1) {

printf ("please wait...\n");
delay s (1);

++a;

printf ("press a key\n");
scanf ("%c", &1inPUT) ;

printf ("a is: %d ****You have entered: %c\n",a,inPUT) ;
printf ("press a key\n");
b=getkey () ;

sendchar (b):;
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printf("please wait...\n");
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printf("a is: %d ****You have entered: %c\n",a,in);

UART #1

.iranmicro.ir please wait...
key

: 1 *#***Yon have entered: 3

key

wait...

key

1 2 **%*Yogn have entered: 5

key

wait...

1please

4
] command |E:-3UART#1 |

23 342 38 Hldas 3™**You have entered: & yle 9355 e ozb'.éu)TA{»ljdﬁul{,mJaxiu)lJlaLsOiIJ:

)}Lw.sl_:bj_g:.ejv\_l»c:}i)‘5obJ_Jaa):bd;)};j‘ouC,.él.i)gu\fgetkey)j;ﬂ:.3}.'2 @JL&)‘JL.:A;MII’IL&.ZA

544 oo eyl Oy s 4 sendchar

S Ol | usart 1 ‘_;qusart S p) s Peripherals (s jlusart 4 by ,e cla sy (g odalin sl

Rteiver/T

-
USARTO: Universal Syithmnouszsy.rn_'

itter 0 |

—Control
_|R¥EN _| TXEN _|RSTSTA  _| SENDA _| STTBRK _| STPBRK

US0_CR: I[kDDDDDDDD _IRXDIS _|TXDIS _| RSTIT _| STTTO _| DTREN _| DTRDIS
_I RSTRX _| RSTTX _| RSTNACK _| RETTO _| RTSEN _[ RTSDIS

—Mode

USO_MR: |cwmmacn [~ SYNC CHF{L:IBb'rts v[l‘ MODES ™ MSBF [~ CLKD [~ OVER
[~ FILTER

MODE: | Normal vl NBSTOP: |1 Stop bit vl USCLKS:IMCK vl ™ INACK
CHMODE: | Normal Mode vl PAR: |No Parity VI MAX_ITEHATION:ID VI I~ DSMNACK

— Baud Rate Generator & FI DI Ratio
Baudrate: IBBDD

US0_BRGR: I{kDDDDD‘IE.S CD: I{bd]‘l k]
USO_FIDI: I[kDDDDD‘I?-i FI_DI_RATIO: I[bd]‘l 74

— Receiver Time-out & Transmitter Time-guard

US0_RTOR: ICkDDDDDDDD TO: I{kDDDD USO_TTGR: I[kDDDDDDDD TG: I[k'DD

 Receiver & Transmitter
RXCHR: I[kDDSG USD_THR: I[kDDDDDDDA TACHR: I[kDDDA

US0_RHR: ICkDDDDDDSG
US0_NER: ICkDDDDDDDD NB_ERRORS: I[kDD USO_IF: I[kDDDDDDDD IRDA_FILTER: I[k'DD

r Number of Emors & IrDA Fitter
— Intemupt Mask & Channel Status
CTSIC DCDIC DSRIC RIC NACK RXBUFF TXBUFE

US0_IMR: [pco000opo | CTS DCD DSR R

r r r r r r r
Uso_C5R: I[kDDDD‘IAM rrrr-r = = = m] = 7 =
ITERATION TXEMPTY TIMECUT PARE FRAME OVRE ENDTX ENMDRX RXERK TXRDY RXRDY
r r r r r r r r
= T2 = r r r  F £ K C
Modem Lines
(F RTSD I cTs0

%

A

W}4%JJPM%§¢MWD:}& @bbﬁ‘hﬁ&)&_j)j&é‘ﬁ’-\f‘j @Ml’fdb;‘f‘b

Sl sy Ae pl g el pw) ple Sz 48



OTL 47 Gogxig12C

IS5 cpl shols Oolaas dilsze OT dows 55 01,87 oS el 12C IS5 0 b 2879 Sn 535 5,8 5 sla SKs 5 51 S
Slalas L s Master) jws dos 53 585 Seo Sl 0l 55 ST Juame 3 2875 SCn o 53 5 e3linal b o
s o Sy (slave) st e )3 b 4 o Juats

sl aw o g 3T Y genn 03,80 3has T K 5 e Jume ol 4T Sl (6 dhows 2 41120 ST 55
aS C i ol sl (ghyls Solabad 1 s andl). 5 gdis are ¢ Lsias aSeie A2 5 AD b ol b oS anksd (g5
BT sl os ats 5 ol 55 b 185 o dile Solabad 51 5 a3 T bl ois § oo LT Cidlus s
(35he aduia

L 120 oly S o1y anksd 128 b Ol e Sl ol 5 ¢ Al SRKAO0F GO L Jlowws 127 b Lo I il gin danlad o ysT
Gl s 3285 Sa S o (126 ol (b 53 555 Slesle Cules b b adl) 58 4K o
SIS Pl K i Sl ey e late S5 4 1, (date) SDA b sl ¢ 555 Ll b sle oSes

-L"LAJL:A wt.:&})jbjwbj‘}a kﬁj"-.a&:wb w)b.\"

Start Compass uses address 000 Wirite The register num ber that R epested
brt 1 1 o 0 0 0 0 O you want to read fram Sta_@_zbrt
Tl [AFTAF[AS A4 [AS[AZ[AT ki Ack [D7 [D6|D5]0D4 [D3[02]01]D0 BCK | L

Wi rite address with bitd set - OxC1
1 1 u] o u] u] u] 1

Fead one ar mare registers Stop bit

"L _[arlaclas[aalaz[az st Rewlack [orloslos]oaloeloz o1 oolkck [t

b wR)W‘R/W%FT%)Mw)DTQT J)‘C,:J74§C_~w‘s;:.v8 JA\.& wb@ou\.&du)‘ L)'“JJT

:(r.,a.\{u]aéa\f\,ob)kb\ﬁ)l;mdqwjﬁ\ﬁbu&é@b)&b\ﬁ,\s



u-gi'l’-"' L;))ﬁ;ﬁyuﬂ):Tl{uiMJ:TE@limzhiéj a.\j\}>'-uﬂl{Lg})jlljuﬂ)sngl?-LgLnoli:u:c\:lf

S bl s Iy g sla osls ¢ !
dilee Sledbl oL s 5 Jleyl Slhes (6 oS LT a5 Sl (gl ankd s 53405 3535 e G LS 12C b )3
U oml 03 48 Ci8 Ol 5 esle Ol )L S Jla )l Slabss ple 0 1y Sledbl d5lga b sl pla ol cpl o
o) o3 Ul 1 LeT Sledbl b os S oyl ba sl o 4 |y SleMbl Ll e 457 515 5 93 5 jews (5 anbd ¢S5 Lais
IS o3ls a5 g5, b Il l 3 (LS OBl Usls oa b g o osls Jals 85T 5l s ba gl L oy
3 sien SETYL 5 sar Al Sl Usls e 5 0kl 3bw) s Low 55 (SIS JL ) SCL (s w0l (55 » SIS
5leasm dal st 5L (SIS Lot ) SCL 5 (osls Jasl ) SDA Lot g3 4 il sle o b LLo,l 8l p e 5 pl @
(.;\gqs.ufwuﬁwgu;_wuﬂww\ Sy psd b 515 (clock ) lajen b Jll (6l dsl Jas

- R T R P

TWI Network Board Schematic
VDD

-3.5vto-2.5v

u
=i

s B o
= we e l
- e a Z

@NO 2
l AT24C1024 -

Atmel EEPROM

. 40
" % —’| 96 x 40 DOTS |
p 00 baps

~ SCL  PpCFESSS
- S04 a6

GND

—

BATRON - Chip-on-

voD SCL glass LCD Module
SCL

SDA

sow SDA

GND VoD
.
I | voo ¥y oo
=70kt makch ot ? [N o oz ks 3
d saw
~LE 2

wn 1 scL 1R 51
X P 5 oA o
s R
o Y =
DS1337 - . 5
Maxim- Dallas TR P
voD L RTC

N LM75 -
Digital Temp. Sensor

o

i

B

§
5




ESIS 5 osls bglast afS iSn oalin &8 shilen . Conlize ol b oSaws gz Jlasl & by o VU goss
Jloe ) )85 Son 0 S 2.2 110 (sla Conglie Jamw 5 OS pUILP 3l s 5 0dd e [SOUST 40 3 9 50 (sl oK
u\;‘ou\.&J.a;A(

» VDD

Rp Rp

71—

TWD
AT91SAM 3 . . >

(Master) TWCK

A Y A 4

Atmel TWI I2C LCD [2C Temp.
Serial EEPROM :C RTC Controller Sensor
Slave 1 Slave 2 Slave 3 Slave 4

Pull up value as given by the I°C Standard
S5y et ¢ 350 me (Flw B0l iie L Sla sy 5 IS5 S Ole (s bl ST 12C b o

Sl e dile S0 L 2.2 LT Hldie oS pullup (gla s slis

D el sle )fv'jﬁjgt”)-’izc ol sl ;)‘J v

Fast Mode Speed (400 KHz) s Standard Mode Speed (100 KHz) sl Ls I @L:..:..l u“b s

ol 6 k5255 Il Sl S fb0 | T ST 5 Jilo

rj\jlj\ w2 S p w7 h 210 a5 eyl CACKand NACK 51 Sluzéy o3ls Jluyl (gla e

550 L33 50 Ll yie (35,5 0313 el ¢ (&SI Wy s 6l ) 15 s sl b Syl

363, 0l il 5 Ko o5 L b 0l Il ¢ b o

Lo Sl 120 L alin > TWIL IS J sl 5 g LS TWE b pl L 12C by il S gla J xSy S s

D15 5 5 Olejen Sy so b g ol (g ankd s ey T Jleyl OSGl b opl 53 S Sl o



5 W
T A s
A | T
B DEVICE T FIRST SECOND 0
T apDRess E WORD ADDRESS  WORD ADDRESS DATA P
T T T T 17T T T T T 171 T T T T 171
SDA LINE ‘0 ‘ ‘* T | | | | | ﬂ
1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1
M LRA M A LA A
[ s/c s c SC c
B BWK B K B K K

235 4315 3 5 0305 T3y 5 Sl Cogrr 35 ) S5 ol 6 Sy 4 b e Gl e posdle 12C b o
Il b b 0l (gl dads Jialas 1 OT 3 als 28 5 Cgar JU w EEPROM (g abibl> ¢S5 4y Lol gls 0315 YL
md@&a)@u&uuwﬁﬁv_;,y;&ﬁlﬁw‘ﬁfdu)twt{gbmwﬁuwegp

Dl S Hses O b g 1y 5 g (s 4l 335 5m Sla 0303 ey 5 oS Sl (sl 1, OT 0l
i2c_start();
i2c_write(0xa0);
i2c_write(address>>8);
i2c_write(address);

i2c_write(data);
S 5 2R3 ey 33 coals Sl 5 Syl iy 5 s S Sl ey posdle TWE b 3 oS Jbs s
MJ)JT)}:...::&\{L@;S.U‘j::.aj)lfdb-d\)ac:)\:;ﬁ)Qleﬁ-\:uﬂijM ol sl (5l o3

MJM")QTEO&‘?‘)#JJ}A&QB&‘}L‘M‘QT &‘Jw})TdLﬂ)‘)‘M}Gb;db)l wl)@‘)

+S Start W Write A Acknowledge * DADR  Dpavice Addrass
+P Stop *R Read *N Not Acknowledge * IADR Internal Address

Master Write with One, Two or Three Bytes Intemal Address and One Data Byte

Three bytes imternal address

Two bytes mlernal address

One byte siernal address

wo X 8 X_DA0R X W A X IOR7:0) )X A X 0ATA X A X P )




V.:A;@c:,.p}}f.;:; wl{&‘bﬂmﬁj@)‘)d%‘dofd))jﬁ)) Wl i 5o
La ) ool (6 andllas Shdens ¢ ol sy KEIL AlslS s b pla bgse Gla amy gwy e aslsl s

.J:A.@.l:.: J:@J‘)‘SMQLQ%‘)OJ}AJ &)‘k‘a‘)‘)wl{d‘#‘}%ﬁ

I2C4:Ja5:)n S gsm

)J\)L@Tbﬁ)l_(_gru‘\_(w\auﬂué; rb).ﬁ‘_guw)dab <la Mﬁbgw 5w 12C Ay (6

S odalin 5 Jad

e ) r\.s JAK rl.s 'n:.pjj
TWI_CR Control Register o ghee el gy Gl (20 MR bi2e b ol Ole ks
TWI_MMR Master Mode Register 2> s Liosss ‘54__?(?: e Sl s b S CBIIE

Jlayl g s Jols Jstls ol O smman 35050 Ol gin ey opl

b;g}.’.’.ﬁ"’?‘)}

TWI_IADR Internal Address Register | L anbd uysT ¢ 355 gl S sdul Sl 55 ok aS S50 o

L3 b S ey opl e

TWI_CWGR Clock Waveform Generator | -l a3 jldas b Wl ¢SS 5 LuilS s bs e Olabes
Register Ry fl"";‘ e

TWI_SR Status Register D3 ghn 0,35 sy opl s Wb Calie gy S iy
TWI_IER Interrupt Enable Register L b cadidee a2 (g adly Ol jtws ) cpl (3 Hldia L
55 Jlee

TWI_IDR Interrupt Disable Register | |, b Caliee gl idw (4l Olsin fuar) pl o83 Hldas
S S ke e

TWI_IMR Interrupt Mask Register S ghen getie sy plladsy S ¢y
TWI_RHR Receive Holding Register , gﬁi:,: BRI e N T WA Pe-AV G | T Py aS gloesls

TWI_THR Transmit Holding Register | . 5 .80 ;1 5 fuay ol 55 ¢ 598 Jluyl ol 4 ol 51 5487 (gl 03l




: (TWI Control Register) TWI_CR s
S oS o3l 120 b o Sy 5 le Jb (51 0T Cw b Il & ol (2932 e SO TWLCR

ol ebs Shes 53 6,56 T an i sodd 5y ednT dolis gl e

21 30 29 28 27 28 25 24

. - [ - [ - l - [ - [ - | - [ - |
23 22 21 20 19 18 17 16

. - [ - [ - l - [ - [ - | - [ = |
15 14 13 12 1 10 o 8

. - [ - [ - . - [ - | - l - [ - |
7 6 5 4 3 2 1 0

[ swesT [ - | - [ - [ WsDs | WSEN | S0P | STAAT |

:( Send a START Condition) START "

Ale=0
1 Q"r-:_«#é);:']

:( Send a STOP Condition) STOP .

Ale=0

1 Olbes g

(LS g K o |y s blislsls s J 28 5 S oS lBln ¢ iSCnodalin 5 g sl 534S shailes
st st 0us Jlcdl as e b gls oKiws alST Sl s ¢ e K 1, (TWD) sda st start <K L
vy dSen 03T ysT il s 1y 55

A s [y 3 LSl Stop s 55 b I3 c s S eyl s, geenls s i Ll 5, LU LAl 5l de
= PES o - ) = s I S J 050 J INAr - AN d

] W
T R 5
A . T
R Devica T FIRST SECOND o
T Address E WORDADDRESS  WORD ADDRESS DATA =
|:|_|_|_| | |_|—| | | T T T T T 11 | | T T T T T 11 | | T T T T T 11 | |_|
0 1 T T T I T I B LL 11111

M LRA M A L& A

5 §/C B c 5C C

B EWEK B B K K



a5 ¢ dolei slowl |y stop g start Lg\.hgLﬁJ:J\HJL»)‘CLJ‘jc:‘:dbﬂtjjir&h PYL el s el
:454.:.2\{4;.21:

STOP Sy 4S™ ()30 53 fmiomas - Sl (ol b (G55 230 p31)) L &5 08T (gl 5 START o vl
534S 5,548 L ,3STOP LACK G Ol 5o 4 bl e (ubas S ¢ 5T (60305 8 Jluyl Sl dms ¢ 555 Lo
g dal g amel gda g esls adST g odd sbwl e Wbs ST s s S

W s ¢SS bstart g Stop S 93 8 ¢ e a3l ol &K Ol rli;a
.:yi'diia.ab&lch,éli): s lstop S cosls by Ol > rli:.a

33 K w5 S5 O g 410D s €5 55 3L 53 NACK S 5 ST0 s il 5 s >

AN NI NN

Sy aysiop S sl (JBE THR Sy 503l Juyl 3L Shesls ul cpir o285 o )
-3 ghen Jl )l H8s -
35 Jleyl s L g WL kb start g stop S v
S PP S S L A P TCIIE M PR v
:(TWI Master Transfer Enabled ) MSEN s
Sl e=0
5 gden Jlab s Ao 3 o3l JUl ¢ LiL Lae MSDIS o S1=1
:(TWI Master Transfer Disabled ) MSDIS s
Sl e=0
355 G ol ol Ao 53 il gtn S ST Sn 55 ge Jnb b s a =1
:(Software Reset) SWRST s
Sle=0
3 shen Camgy ol oy ol O S =1

:(TWI Master Mode Register) TWI_MMR e



a an 28 28 27 26 256 24

23 22 21 20 19 18 17 16
| - | DADH |
15 14 13 12 11 10 g 8
| = | = | E [ WREAD | = [ = | TADAGZ |

5 4 1

TS ed 5 Jader llae |y ankas s 5T (g eIl e s D IADRSZ (gls S

IADRSZ[9:8] sl i
0 0 Coghen Jlb Lo sy )T
0 1 el Sl S Ll aalad Sy e sT
1 0 SO S PP P U S R PV |
1 1 CCl Cobaw bl askas s s T

sl Jus ) ADC 3 DAC (gla il 5 ¢ EEPROM (ola abil> L Sl Slakad L bLo,l (ol 5 i b Sy ol )
O35 @l Sl j3 g e oslitul s Ul )aT Glls &S o 5 (s 4 S LT 5 &8 JUT & Jiom s
bl ans el b Il ¢ S 15, bl EEPROM &S0 b Al aails dad ST 0s G o) ad e
Alse b Syl Sl ealinal b e S Jlasl ols 1 0F (i 5 b Ol dd oS gl 6l pal ¢ g 5 At b
Gl sl ) asks sl )T Ladtews IADR (6 s Lo 55 anw 503, adeios |y ankd  Jsls sl e
CCwlodd en 9l oyl pl 5y g rie Sledblle Jle i 5y LAl (ks e

:(Master Read Direction) MREAD .

REPAV IR PY < ool s =0

c3 5hes 0Ll g5 (G oslT runs =1

azkd ¢ s Sl ebte bl 3 a8 ABL atils 4 5 ) A Jleyl sdel Ca a1y (gl esls 305 dad s 5@&.&
S (sphan Gonke 0k slo) byl 468 ool ()i el 1 piie 5t 5,5, Lot ol 8 ol 6
g i jias b |y ol 3T e by 207 (gesls cstart S Jl

: (Device Address) DADR sl s

335 3,8 ey ol paslave (g anks sl cspd s Ko e e s J S Sa dS S o
gl w3 O sl e S pl 53 0dd 55 e 358 o3Il oly slul Soypo 4 J iS5 Sen oS S5

:(TWI Internal Address Register) TWI_IADR e



a3 30 29 28 27 26 25 24
— : : I — — 1 ~ — ]
23 22 21 20 19 8 17 16
] IADR I
15 14 13 12 11 10 g 8
] 1ADR I
7 ] 5 4 3 2 1 0

IADR I

:(Internal Address ) IADR sla &

)'\abul.w‘b.()jlg.whc".p; i |y ankss 05 3T (g oIl IADRSZ (gla o leslizel b L8 e 3

Mo ) il Cu24 L1688 Ul gn ankad by pnT .t jadedia |y askd stls sl Wilgte oy o)

(0x05

:(TWI Clock Waveform Generator Register) TWI_CWGR )

29 a0 29 28 27 26 25 24

[ - - - - | - - | - - |
23 22 21 20 19 18 17 16

[ = = = = | = TROW |
15 14 12 12 11 10 ] A

| CHADIV |
7 6 5 4 3 2 1 0

CLDIV [

230 dS Glxy 55 kST 400 5100 oy 53 I Sl e atOlsam (5w gla S ST 5 Son 0niS NS o shailen

Clock Low ) CLDIV  (gla Sy (25 JMEs b i 5 s Cs 5y 5 S oS Sla e sl 20 ol o kel LLalS”

P s ) sl d}a,é BRGNS u"L’ u.qlfjs Sle ¢ > ghus rlau" (Clock High Divider) CHDIV 4 ( Divider

* CLDIV: Clock Low Divider
The SCL low period is defined as follows:

Tjpw = ((CLDIV x 2

CKDIV

)+3) X Tyer

* CHDIV: Clock High Divider

ey

The SCL high period is defined as follows:

CKDIV

)+3) X Tyex



J}AJB Sy )JMIJI ):..\.&I{slave wab wI{JﬁI:jIjIg‘;afu\ibc MQM L;IJ.}JIJ J..JIij )IJ.EA
'V‘,’,I°>I>C:‘é}: J.IJ\.:AYI:LQIA

(TWI Status Register) TWI_SR >,

31 30 29 28 27 26 25 24
. - r - r - 1 - 1 - [ - [ - [ - |
23 22 21 20 19 18 17 16
I - I - - = - 1 - ] - I - |
15 14 13 12 11 10 9 8
I - I - - = - 1 - ] - | NACK |
7 6 5 4 3 2 1 0
| - [ - [ - [ - [ - [ TXRDY | RXRDY | TXCOMP |

CAS S ys iz b Caliee gl ide Sy Al gie TWILSR Sl Ladd oy leslanal b

Oals CL.?;ZI J= 5 LSl (}».@.iu placdalo o pl s @Ii.as : (Transmission Completed) TXCOMP s
s 5 (o3l il ys 5 dlal) L 3L 035 JI psgie & o (2 05 K5 ¢ Conl (285 L O3 ) Sles
Sl MSEN s s S5 L stop RN Sl

NECOR e ) ) (TWILRHR) o315 o8l j3 e ) Card g S op): (Receive Holding Register Ready) RXRDY
RXRDY Gy ¢ dedly JLst S s, o ots 50s SO RXRDY S ST 3L 53 1y (sl osls b 45T oK
e o

S iua |y (TWILRHR) e3> Jlw )l e ) Caneo 9 Cw opl: (Transmit Holding Register Ready) TXRDY s
S 0315 iy ol (A3 el 5p  TWITHR ey 5315 0T il ¢ oS Jlasl 1y (slo3ls 15 o 457 oK
so3ls 3L Os e J s siie Jlo ﬁ:a@ﬂbé\{ JU v Sy 3u0 4 s 9 0k 3,15 sNift register ¢S 4 3 g 50
o 51 2 0As &80 e 3500 OT 03 & el T 03y s TXRDY S OS o Sl e ) S

S S5 1y S ) 55 MSEN 5 NACK 3 TXCOMP (gla



: (Not Acknowledged) NACK s

P LIFL0 Jlasise 5ol 2o Cdai2e wb sl Zabys 5 byl gl M,‘mﬁf}gm&)}zm
S oS dlsl bl Gk 1L C 8 Sl miy b L lesls gl adls dad oST () pe 5. LS o 55 0
S esls dlw)yl ey Cas Sl ol 23 RS DB esls dlyl ey 55 (28 o i s esls ol
w\gmag)gpﬁ; $anks j5. S . Jlyl in.a ‘_gauhé@l)(acknowledged)ackrb'm. ENE-C T g | W
Bl 0ds 3L 53 IS w1y (sdm gls IS 5 Ss g odd ksl 0313 Syl (bl psls ¢

( Not ACknowIedged)NACK(U:\{ ‘_;Jii.ac,ﬁ.a; JUylly ssmse la 23w bl (godiie b (g ankd oS u.a\i..a
S llae osls Jlsl 3L 0L 5 0T 5038 sl (5 0,5 (s ankid 41,

Master Read with Multiple Data Bytes

(8 X DAR X R XA D

TWD

DATA N

A XDATA (n+1) A\, \DATA (n+m)-1 DATA (nemp N X P )

TXCOMP | %, [
Write START Bit | | ] ]
RXRDY ] [] [] [ ]
t f t 1
Read RHR Read RHR Read RHA Read RHR
DATA n DATA (n+1) DATA (n+m)-1 DATA (n+m)

Write STOP Bit
after nexi-to-last data read

S NACK Sy ¢ 3 380 S TXCOMP Gy L 355 o 3Ly slave lacknowledged S Oss (5 0315 45 alSis

el o Sl OVl (gl 05 K

: (TWI Receive Holding Register) TWI_RHR e

31 30 29 28 27 26 25 24

| - [ - | - - [ - [ - | - | - |
23 22 21 20 19 18 17 16

| - | - | - | - [ - | - | - | - |
15 14 13 12 11 10 9 8

| - | - | - - [ - | - | - | - |
7 6 5 a 3 2 1 0

| RXDATA |




Gl ol Lt 5,8 13 ( RXDATA (sla C) iy o) J3l S8 )3 ¢ 3 5due 3L 3120 b 51 457 (gl osls
ol ealitul 5 sl 3 g adey calie Late &S5 3 1) e o

: ( TWI Transmit Holding Register) TWI_THR ;e

31 30 29 28 27 26 25 24
| . | - | - | - | - | - | . | . |
23 22 21 20 19 18 17 16
| - | - | - | - | - [ - [ - [ - |
15 14 13 12 1 10 9 8
| - | - | - | - | - | - | - | - |
7 6 5 4 3 2 1 0
| TXDATA |

D3 gh Ay ey opl ).a.lib.gr.:'fdu)l ﬁ:a@ﬂsqﬁ)‘swa\f&!o;b

Gl iw aiy bl s Jle 8 s Jlé (gl TWILIMR s TWILIDR 5 TWILIER jwsry awi2c  _wb gl
dﬂs-b—‘;.!)y)bg)ﬁ} k;l.c)Ua\ngjé.ii):uwjd\c@lufjbﬁwbgﬂbu

S el gy (35 a6 el

:ATILSAM (63w 53 12C b (Sukis jKos
C‘JfL.'."S}'Lu:’.‘ &Nbgw\oﬁob)j'\--rv\” U‘"L' 6)\-\;\0‘)4.1 b);‘(‘;‘-&-’gﬂ' GQ‘MM LSWJ-’

. dade LSJL.’. é}ﬁ gTJUaJGSJJ )D‘)Lwi’ (£



TWI Write Operation with Multiple Data Bytes with or without Internal Address

= TWI Write Operation with Single Data
Byte without Internal Address

TWI Write Operation with Single
Data Byte and Internal Address

BEGIN

BEGIN BEGIN
Set TWI dock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR
(Needed only once)
Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR Set TWI clock
Set the Control register: (Needed only once) (CLDIV, CHDIV, CKDIV) in TWI_CWGR
- Master enable (Needed only once)
TVil_CR = MSEN ‘
Set the Control register: |
Set the Master Mode regisier: - Master enable )
- Device shave address TWI_CR = MSEN Set the Control register:
- Internal address size {if 1ADR ussd) - Master enable
»ATmeer fiifecbm bit TWI_CR = MSEN
stz bct‘ mdoiatind Set the Master Mode register:
- Device slave address (DADR)
- Internal address size (IADRSZ) -
o - Transfer direction bit Set the Master Mode register:
Internal address size = 07 Write ==> bit MREAD = 0 - Device slave address (DADR)
Set the internal address - Transfer direction bit
= TWI_IADR = address Write ==> bit MBREAD = 0
a | Set the internal address
TWI_IADR = address
Load Transmit regisier

TWI|_THR = Data to send

|
>

Load Transmit register
TWI_THR = Data to send

Load transmit register =
TWI_THR = Data to send _
Read Status register
}: Read Status register
TWI_THR = data io send Read Status register
A
No
N TXRDY =17
o
TXRDY =17
Yes |€
Yes Yes |«
Read Status register
Read Status register 9
No
Yes Yes
Transfer finished e
Transfer finished




TWI Read Operation with Multiple Data

Bytes with or without Internal Address

Set TWI clock
(CLDIV, CHDIV, CKDIV) In TWI_CWGR
(Nieeded only onca)

Set the Controi register:
- Master anable
TWI_CR = MSEN

Set the Master Mode register:
- Device slave address
- Intemal address size (If IADR used)
- Transfer diraction bit

Read == bit MREAD =1

internal address size = 0?

Yes

TWI Read Operation with Single

Data Byte and Internal Address

=)

Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR
(Needed only once)

TWI Read Operation with Single
Data Byte without Internal Address

BEGIN

Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR
(Needed only once)

Set the Control register:
- Master enable
TWI_CR = MSEN

Set the Control register:
- Master enable
TWI_CR = MSEN

Sel the Internal address
TWI_IADR = address

Start the transfer
TWI_CR = START

No

Read Status register

—

Yes

Read Recaive Holding register (TWI_RHR)

Last data to read

but one?

Stop the transter
TWI_CR = STOP

Read Status register

No

Yes

| Read Receive Holding register (TWI_RHR) I

Read sfatus register

Set the Master Mode register:
- Device slave address
- Internal address size (IADRSZ)
- Transfer direction bit
Read ==> bit MREAD =1

Set the internal address
TWI_IADR = address

Set the Master Mode register:
- Device slave address
- Transfer direction bit
Read === bit MBEAD =1

Start the transfer
TWI_CR = START | STOP

Start the transfer
TWI_CR = START | STOP

i

Read status register

Read Status register

Read Receive Holding register

Read Status register

No
RXRDY =17
Yes
Read Receive Holding Register
Read Status register
No

END
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Sl ol 358 e oslitul twic g AbulS SIAITsam (¢ gls ) 285 SKn ;3 TWI L 126 b (ks S (sl

okl 4l OT (pi s Jol o qwsp o 2 00 GBS (i g ogmi b lad GLET (gl 5 okl atii 5 o3 5 Lo g

: TWI b Sl dbuls” by

Dash b el Lb aluls il

Las 48 (gdls 5, Shas (S ogps 4 b bed ) 58 andllan J35s)50 23w oo Gogminyge 3 1
sl bles s 1 OT (gl GlbalS oz g

sk o S 53y se Dl ges ekl b bl i -2

550 dileS OT Jala idu adS 5 odd S Calibes gla i j3 b, -3

.:ﬁa,\,,\;cu&v_ﬁ LSS Sl s 4l —4

S aslind OF 31l 55 0L8 B3 sd g el (lesaly o b ST gl 5

ouqtf&;&jsga_(;i\aj.ﬁ_g)r_‘j Giltely 1y sy (Sl i Col o5V Il GlulsS 26 ol
(V,SJS

(12C o) w1y (S 5

by 53 OT S min (5l Jlab ¢ Side o (ST ely ol p o I SIATOISAM (g Lo PS5 S s

. | PMC

Sy ot Sy Al e ATOTSAMTX256 A S s Ko il 194 (g amio 3 3 9> o0 el iLbs

Pash b TWI sty SIS (87 oSG |) PMC_PCER

*AT91C_PMC_PCER=0X 100;

(55800 0505 LI 3 PCER jury 55 (5,5l (slue 45100000000 b ;Ka (slie 53100 sude YU | siws L)

d-lga bge G sy A3 S Ll dil oo S/ al Gy ks e dly S sl 5o

PeeS dWe L G5l o sl A/ $2555 (PIO

*AT91C_PIOA_PDR = (1<<10)|(1<<11);
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*AT91C_PIOA_MDER= (1<<10)|(1<<11);

*AT91C_PIOA_ASR = (1<<10)|(1<<11);
45‘,.:_5 e |y TWI uab_df)?\f)\.&n..b_l{p;&wf P Gamio 3o gl Oyl Gile

D3 pie ol TWILCWGR )y (25 e by L8

a1 an 29 28 27 26 25 24

| - | - | - | - | - | - | - [ - |
23 22 21 20 18 18 17 16

[ - | - [ - | - | - [ CKDIV |
15 14 13 12 11 10 9 B

| TAD |
7 6 5 4 3 2 1 o

| TIOW 1

A kS Ikl 400 5100 Co e 55 3 Al e at9Tsam (g sla I xS e ¢ b o Lal DS oS slailen
s e Sl 53 SN Ll gl Ol 7557 e Olgien Sy op) Sl el L ST ST Sty
PASl e

+ CLDIV: Clock Low Divider
The SCL low perniod is defined as follows:

, CKDIV
Tiow = ((CLDIV x 2 b+ 3)% Tyen

« CKDIV: Clock Divider
The CKDIV is used to increase both SCL high and low periods.

« CHDIV: Clock High Divider
The SCL high period is defined as follows:

~ P ‘J
T, igh = ((CHDIV x 2(“'(0' )+3)x T.\.’CK

h

ol ol el oSG L alsl )Um&f«,ﬂw 52 kS 400 Co (g5 1, CHDIV 5 CLDIV s5las Dl

LS L T 55 12C Slakd 2148 din (3l bill gla a8 5o S5 nluel ¢ 55h dulous al s

Doy el ol @8 LCHDIV 5 CLDIV jyolie ey ¢ Casl (gnyjn &SI s O

T = —— = 0.0000025 — T mici = Trow = %"025 = 0.00000125

"~ 400000
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LAy L.ogdodal Sk sde b J{\J{TLOWLﬂTHleHJImSﬁf&ng;ULIJ CLDIV L CLDIV &ub L
o Jeil S il lisl o3 Shyls odeT S sliel MOK Calibes pslie (g1l 4 Sl oK 4SS
SIS Sose il eSS Ll wb eole Luld s oy ol el es S LI YL Jge 3 51, CKDIV
) Slmlowa Isdome 5313 20153108, G 1) O Olgten e i a5 5550 Il 0 oeT Sy 3l Olej ¢ lutds
4 &S5 sde 0313 131 818191 5ln b S S L CLDIV X 29PIV jlide o tys Gullaa ¢ sl pls!

P AT o Sl 5 U 3 CLDIV (gl

(Thigh*2_3> ( MC_K _3>
CHDIY = Tmzi’:;v OF CHDIV = %

CAT o Sl IMCK (g alal 348 Sl s (Aol SIS sl Olej Tmok g b ol )2
Lol Tmok e ca S LS 5 5oL 8eas eSS L 38, S e S Gos—v o
035 ol b 457 358057 b plyy S 7 e (6 42 5 55 Al 5 2.0833333333333333333333333333333¢ 8
5,8 olielsae) spiwe 28 L ol yaS AT o Sy CLDIV L CLDIV (gl L5 5,0 5de ¢ 35 4 sde oyl
(QRERY-W

*AT91C_TWI_CWGR=(0x10000/0x1C00|0x1C);
o ods Jame Jliwy S GolS 3Ll 5035 i ool (LS5 58180 48 5o oS ASL wils e 5
il e L PLL daly (o S it Clas ¢ (S fuad 5 i Sledbl S (gl ¢ G J 2S5 S

V‘*S > ldas |y Master Mode Register s Control Register (gls jus ) b das (g dl> 0 3 ¢ Syl 5l 5lae

Dbl Ll s b s ST Sn oS Jatetie b Jil e o

*AT91C_TWI_CR=0x4;
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ATMEL S5 AT91SAM (g L;La)j.;f}ﬁfbpl{@-f

¢ gden (G5l oly e Sl ys S 1S Sa e (6,5L100 L as ,1M)M,a\¢y¢fo>;¢§ip
S S, Sy skl Sl )bb:ﬁ:ﬂp%%bbféiﬂfﬁ‘ﬁ@
sl e 53 J 2875 Sa dS Soe 53 il oydT &5 s il e anka o 4y anas ai2e Sy 5o
s Koo e b 3 0T eysTDADR (sla Sy a5 Sldie b ¢ e (sl Sy
St oo Mo ol 15 0T b sl el o7 A&aws )3T (g oS [a3eis DADR (6la S s o )3
LS B 31 sl Gl (s ankas
AT91C_TWI_MMR=0x 10000;
Lals r.:.a\? Cl’u‘ aalst Hs Jf.:.a sl A s
KEIL L1531 p =5 53 MAIN G a5 xSy S (g bl s 50 ,'l,\x.‘r{u:,&js 5Ol sws b byl U
ST OT 51, Sl ses 5038 sl e (S 0550 K
#include <AT91SAM7x256.h>
int main(void){
*AT91C_PMC_PCER=0X100;
*AT91C_PIOA_PDR = (1<<10)|(1<<11);
*AT91C_PIOA_MDER= (1<<10)|(1<<11);
*AT91C_PIOA_ASR = (1<<10)|(1<<11);
*AT91C_TWI_CWGR=(0x10000|0x1C00|0x1C);

*AT91C_TWI_CR=0x4;

*AT91C_TWI_MMR=0x10000;

ol (S ilw duds

b Sl ok plil mys 4 ol o S i B oS (Sle it 1) b sl Loz ol b= ) sl

S
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KEIL loses 531, TWI 4 by e sl sy Al s Peripherals (g 5w 3l Two-Wire Interface (g suuf ol b

S arerl e OB gl it 4 il e Sile and o apse 0 e DML CST (gl S el

File Edit View Project Flash Debug | Peripherals | Tools

NS G F G o - Reset Controller
ROS"-F o ?’} '{—}1 {rp w1 | o @ Voltage Regulator

‘E Memory Controller

SVCS  Window Help

Peripheral Data Controller

Register | Value I; 01H
= D2E Advanced Interrupt Controller

003 Power Management Controller

g; Parallel /'O Controller 3 1
06 Debug Unit
07 USART 4
= SPI 3
03 =
10 S5C
::12 | Two-wire Interface
13 Real-time Timer
14 Periodic Interval Timer

(0010024c Watchdog Timer

(00200460

0x00100210 Timer Counter

(0010024
(60000010
(00000000

PMWM

Analog/Digital Converter
CAN »

Pl ghee A3 Hldae Two-Wire Interface (g o ey )3 la 2w 5 ¢ ()l aud (U tjf;l L

w0 Dl ST el & Sad o sT

TWI.CR [pO0000200 DapR [T 1ADRSZ [ointe -
TWLMMR [O00010000  (ADRY D0 (ADR2[x00
TWI_IADR. [320000000  (ADRY: fGe00 _| SWRST

A NSDIS _|STOP _| MSEN _ISTART [ MREAD
Clock & Data -

WLCWGR [oeoonicic ckovfi CLOM[ZE ¢ by S

Twi_THE [BO0000000  TXOATA 00 Gone [28

TWI_ReR (000000000 FXOATA: 500

Hempt Mase § Ststus -- 3 e
TWI 1M (300090300 ru_:cx rxlgm nx?yv m?_up
Twi sk [bd000008. T r r r

A

D pheadools oled 3wl 53 0T JMie sexp " phs LB " g5 SITWICR juar ) 8 Abl il 42 5
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ATMEL S5 AT91SAM (g L;La),xfbi:ﬁdﬁlf@-f

O gin 457 3,15 55 5 3,lliasl Dl gz 1 (6l a8 samme S 2S5 Ko Gla jds Lo 5 ATOISAMTX256.0 L6 >

Myrg\}::.a g Sose a Yl asl s die ¢ 3 ged eslitwl b ey A Hlde sl el

#include <AT91SAM7x256.h>
int main(void){
*AT91C_PMC_PCER=(1 << AT91C_ID_TWI);
*AT91C_PIOA_PDR |= AT91C_PA10_TWDIAT91C_PA11_TWCK;

*AT91C_PIOA_MDER|= AT91C_PA10_TWDI|AT91C_PA11_TWCK;

*AT91C_PIOA_ASR |= AT91C_PA10_TWDIAT91C_PA11_TWCK;
*AT91C_TWI_CWGR=(28<<16)|(28 << 8)|28 ;
*ATO1C_TWI_CR=AT91C_TWI_MSEN;

*AT91C_TWI_MMR=(1<<16);

Cad phisyge el an(€9) Gt Hses LT cbs ey ol olel (6 amlos sl 4 el ol 2
1ode G )3 0 M8 sl 3 s S o K1) e 5lE S WL TWIMMR o5 sl Yt ¢l 03l
D313 Cad o s nlLaS Jl g3 0ps S bt Saaly absde ol 5 023 do sde 16 sl
Capdal Fesle s S dial s eslinal OT 51457 (63131 (gl by Ol 5 o plil LIS Lo s

L Bl 3 @b gl Sl

48 gozn il son Lo ¢ Sl Sl o e 60 Sy ol 03 ¢S sl ) el s Sy e L bl U
Llodkd o33l 5 534S ¢ b Gy S g 5L ssse polie 53,57 o ol &S Do a1y YL O s
:NSJLAJQT@\)

TWE b S 3 5luae @

AFS 5 S0 039 sl b s @

void TWI_Init( unsigned int TwiClock,unsigned int mck,unsigned char mode);
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twi_setting (TWI_Configure ~ J4» sla o3y« r:.f oslawl 1 6J§i> ol gy (g olly o r.:ﬂ}::.a TWLInit  gl>= «

L CLDIV ol slm 5L e polie b bo iman ¢ 3005 5Ll s (6 Sy 6l JMEe 53 4 w0
PSSl asly 55 [ TWILCWER e, CLDIV
:r.;ifuus.w\ CKDIV 5 CLDIV 5 CLDIV (g dmsls (gl 55 (s adl> 31 o
while ( (cldiv = ( (MCK/(2*TwiClock))-3 ) / (1 << ckdiv)) > 255 )
ckdiv++ ;

*AT91C_TWI_CWGR= =(ckdiv<<16)|((unsigned int)cldiv << 8)|(unsigned int)cldiv ;

13 ghun et ,ldas TWI_CR > )
if(mode==0)
*AT91C_TWI_CR = AT91C_TWI_MSEN;
else

*AT91C_TWI_CR = AT91C_TWI_MSDIS;
b Sy pdal Sl s Sl 3 s pee el s IS Seaalb 0Ll ymode STl s
S(AaL eSS Ll mode ;l)&iﬁ):}.&:ﬁ

#include <AT91SAM7x256.h>

#define MCK 48000000

void TWI_Init ( unsigned int twck, unsigned char mode){
unsigned int cldiv,ckdiv=1 ;

*AT91C_PMC_PCER=(1 << AT91C_ID_TWI);

*AT91C_PIOA_PDR |= AT91C_PA10_TWD|AT91C_PA11_TWCK;
*AT91C_PIOA_MDER|= AT91C_PA10_TWD|AT91C_PA11_TWCK;
*AT91C_PIOA_ASR |= AT91C_PA10_TWDIAT91C_PA11_TWCK;

while ( ( cldiv = ( (MCK/(2*twck))-3 ) / (1 << ckdiv)) > 255 )

ckdiv++ ;

*AT91C_TWI_CWGR=(ckdiv<<16)|((unsigned int)cldiv << 8)|(unsigned int)cldiv
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if(mode==0)

*AT91C_TWI_CR = AT91C_TWI_MSEN;
else

*AT91C_TWI_CR = AT91C_TWI_MSDIS;
}

int main(void){

TWI_Init (200000,1,22,0) ;

*AT91C_TWI_MMR= (address_size << 8) | (iaddress << 16);

}

=)

Set TWI clock
(CLDIV, CHDIV, CKDIV) in TWI_CWGR
(Needed only once)

Set the Control register:
- Master enable
TWI_CR = MSEN

Set the Master Mode register:
- Device slave address
- Transfer direction bit
Read ==> bit MREAD =1

o-taliie TWI_INit (200000 0) 1 w5 p5las Osls s |
S e el s Sy oS s

bl @S Jole Ll B bl s ollas
OLedbl il 5 5 Ol 4 L 055 5 ool plasl
e yn

it 53 e ol S i e ST 255 S1)

oy b Y Ol 4

Doy mbabxl

S ) O g5 53) oS o L TWEMMR ey 53 MREAD o L Il TWE s 4 Dol Lyl 61 5

Co 51 oo ) Sl g O oSS (gl 2 5 3516 sl 53 (6,50 Al e cpl 53 S ol g Sl i

P18 686 0T 53 LB & ) IS LEL s & MREAD

*AT91C_TWI_MMR|= (0x0 << 12);

Sl e 3l g ek B OR i Glaesls b e

0335 50 OVl U s i Cobf= gwn 1 oslaal

6 ambd L ysT OT Sl 503,85 Jluyl wbas |y Sjlial Ol g WL 12C 5 lhkwl Glas 5 (gdny (g al o s

60)[4..34.{EEPROM wd‘g&.ﬂ@b@‘.ﬁ%‘ u})j.ATQJ}_:JJ L;.:_,:)L{q:-uﬁcmsdb)‘b LS"L’-

51

D eSs JLu | AT24C256



Figure 7. Device Address

Figure 8. Byte Write

—D=—w

SDA LINE ‘0
M
S

DEVICE
ADDRESS

Me=T=

32 | ATMEL S 5 ATOISAM (g gl J 287 5 o JulS™ o o

|1|o|1|o|o|A,|Ac|wa|

MSB

FIRST
WORD ADDRESS

LSB

SECOND
WORD ADDRESS

DATA

ToOHw

L
S
B

R
A
W

M
S
B

AOF

=O>

mor
=0Or

0>

Ll (7 o 5ai A0 5 AT Sla wl Candy Gollas axkad 25 o] cankd il 53 5 g0 Sl plas

S5 Aalg AD il b ysasks eyl o Wsd feame (S i) puesa sl 1S Shse 5o Mie ¢ 5 sdus

*AT91C_TWI_CR = AT91C_TWI_START;
*AT91C_TWI_MMR|= (0xAO << 16);
*AT91C_TWI_MMR= (address_size << 8) | (iaddress << 16);
Dt pelae ol 00 s ;\;T,’\UWS& Iy TWILSR i ;3 TXRDY S b osls Jluyl I JS
while(!(*AT91C_TWI_SR & AT91C_TWI_TXRDY) == AT91C_TWI_TXRDY);
ATITC_TWISR & 5 giwnd L) > sdiam 05l 55 TXRDY oy Conid s plida OT 33 50 sbul ails ¢SS YL gzws b
SFwdCPU gols Lakade b, 5 (358U ol Cw pl Cands &S Sy 43¢ (ATOIC_TWI_TXRDY
PSS |y Sl ) ses &S gl
*AT91C_TWI_THR=0x00;
33 Glyls amdss ol aS Lol ,m(._&_.a sl b ) o 3Ue o ¢ o 532 0 py3l 53 1) 0315 @l ghuse 0
b dll b Las Ll e sde e Sl (S eyl ol
while(!(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;
*AT91C_TWI_THR=0x00;
2 besls dlojlpde b Jlosl 510150 TWISR e 5 53 TXCOMP g 03 8 S L
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J:_m:q-‘) Ls_h.b )‘.LEAL{ Jd‘))‘du)‘b"uw j:JcJ\JJLwJ\c r:;de)H‘)ab‘Ju\ib Lf")JTi‘iLZ JL.N)‘ ‘)‘u\&:
5 s plonil TWLTHR

while(!(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;

*AT91C_TWI_THR=0x22;
g Ollas plosl ey L 3 pke 4t g Al i @l 3 s edks L)l ba Ka 22 508 Y s |
L 0508 ) 03¢ 258 alT da gba sl (ol pL U @S Sao [ TWILOR e )3 STOP & il
Tl el a.a)jT:uUﬁ

#include <AT91SAM7x256.h>
#define MCK 48000000
void TWI_Init ( unsigned int twck, unsigned char address_size,unsigned int iaddress,unsigned char
mode){
unsigned int cldiv,ckdiv=1;
*AT91C PMC_PCER = (1 << AT91C_ID_TWI);

while ( ( cldiv = ( (MCK/(2*twck))-3 ) / (1 << ckdiv)) > 255))

ckdiv++ ;
*AT91C_TWI_CWGR=(ckdiv<<16)|((unsigned int)cldiv << 8)|(unsigned int)cldiv ;
if(mode==0)
*AT91C_TWI_CR = AT91C_TWI_MSEN;
else
*AT91C_TWI_CR = AT91C_TWI_MSDIS;
*AT91C_TWI_MMR= (address_size << 8) | (iaddress << 16);
}
int main(void){
TWI_Init (200000,0,22,0) ;
*AT91C_TWI_MMR|= (0x0 << 12);
*AT91C_TWI_CR |= AT91C_TWI_START;

*AT91C_TWI_MMR|= (0xA0 << 16);

while(!(*AT91C_TWI_SR & AT91C_TWI_TXRDY) == AT91C_TWI|_TXRDY);
*AT91C_TWI_THR=0x00;
while(!(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;
*AT91C_TWI_THR=0x00;
while(!(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;
*AT91C_TWI_THR=0x22;
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while(!(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;
*AT91C_TWI_CR = AT91C_TWI_STOP;

}

oslerwltwi Ao 53 Wby ol )"V.:.alﬁ‘af @'Jj.p‘):cv.ibfabl.i:m\iZC.M »hize b YL g ast s
o3l lae Sl oyl Prr'fu.s“ e (6,51 10 3de L1 IADRSZ (sla s ¢ TWILMMR i 5 53 %‘er:f
Sy 03 Gwd Sygo o dll Gl auly s se gl T e c3shee b 2Ll
Gé\_f)a;b(aL?r_;lb B ol b e b 8 b ijfjjgtadb&i\ ):cmA:)\JéTWI_IADR
ol o o TLYL casly 5 23 ¢ e 55 TWLTHR - fem plyaes Bisye el bl

t S e otalin

#include <AT91SAM7x256.h>
#define MCK 48000000
void TWI_Init ( unsigned int twck, unsigned char address_size,unsigned int iaddress,unsigned char mode){
unsigned int cldiv,ckdiv=1 ;
*AT91C_PMC_PCER = (1 << AT91C_ID_TWI);

while ( ( cldiv = ( (MCK/(2*twck))-3 ) / (1 << ckdiv)) > 255 )

ckdivt++ ;
*AT91C_TWI_CWGR=(ckdiv<<16)|((unsigned int)cldiv << 8)|(unsigned int)cldiv ;
if(mode==0)
*AT91C_TWI_CR = AT91C_TWI_MSEN;
else
*AT91C_TWI_CR = AT91C_TWI_MSDIS;

*AT91C_TWI_MMR= (address_size << 8) | (iaddress << 16);

int main(void){

TWI_Init (200000,2,22,0) ;
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*AT91C_TWI_MMR|= (0x0 << 12)|(0x2 << 12);
*AT91C_TWI_IADR=0x01;
*AT91C_TWI_CR |= AT91C_TWI_START;
while(I(*AT91C_TWI_SR & AT91C_TWI_TXRDY) == AT91C_TWI_TXRDY);
*AT91C_TWI_THR=0x22;
while(I(*AT91C_TWI_SR & AT91C_TWI_TXCOMP) == AT91C_TWI_TXCOMP) ;

*AT91C_TWI_CR = AT91C_TWI_STOP;

e a2bl- 1 g A 55 22 50 YL g asl o

TWI b $bubs”™ 5 2o
(TWI a1y (o ) 4 gy o Olygiwd 9 miled

void TWI_ConfigureMaster(AT91S_TWI *pTwi, unsigned int twck, unsigned int mck);
Rl ol g5 e ke ae ol aalip 5305 sk slial e de 3w b s Sy sl bl )
D598 Lyl GU
&= ATITCID_TWI 51 il sme Lantl 53 ¢ ool 1 0T Ly JLS daB 4 ST TWI s L5 D ATOTS_TWI *pTwi
o bye (et )ID bl S8y Seo ple (sl ¢ oS onlinel s b 5 lols &8 la J 875 So
sla 3285 S )5 2 o,les TWE dsly (g1l oy (51, ATOTC_ID_TWI2 e ) 3 )l O ool a1y b
(dzwa ol 2 lyls oS
552100000 Cospw 53 ITWE b ¢ 3 5die atdi 6 ) giwn opl gl &4 TWE Wl ¢S™IST 4ldae 1 unsigned int twek
S Slatis (5,8 5LST400) 5,2 400000 5 ( 5 a kS 100 )
Sose 33l Olge a (agimesls HIF Hes bl Gl a (e ol CPU S™MS™ luaa wnsigned int mek

) 48000000 3de ¢ A5 guzi ollas PLL Solass 5 il odd faze IS5 Ko w 5,056 18432 Jaw S oS
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SLeObl SIS mlin i @ arrl oo b il gtoe Led 00 b g ) s ol Glr 4 (8 3 CPU &SOIS

sl ey sde opl a0 535 £ > S

R e cmrnd Yt ozl - —

155 Terget 1
| 2 &5 Source Group 1 1 [Spendd || Colaeer | Heo |
3 SAMI s
o stdic.h Optien Value
(=) elay.h #- Stack Configuration (Stack Sizes in Bytes)
(=) Wsarth & Heap Configuration
= 5 New Group % Reset Controlles [RSTC) ~
& [#) menc #- Embedded Flash Controfier 0 (EFCD) 2
[2) 2SLsam7x256.h B Embedded Flach ContraBe 1 (EFCI r
J usarth # Wotchdog Timer (WDT) v
ﬂ :‘:‘:]: = Power Mangement Controlier (PMC) 2

A1 Mun Oncillator
= Pheze Locked Loop (PLL)

DIV: PLL Dovder a8
MUL: PLL Muiplies 125
OUT: PLL Clock Freguency Range 80,1600z
PLLCOUNT: PLL Lock Counter v
USBDIV: USE Clock Dnader None
CS&% Clock Scurce Selection PLL Clock
PRES: Prescaler Clock /2
2

O

| D, [ i i [ Toreae ) cantyuration wizand /

TWI_ConfigureMaster(AT91C_BASE_TWI, 400000, 48000000);

om) 3wl el g S 5o sS40 (L8 WS 5 LATIISAMTX256 ) 28 s Se TWI b YU Jle s
ol 5 aBadB Ll J S5 S )8 IS Jts
Ddgled ealital 3 st Il e diS oy S sl Sl 3 1y b sl das ST Sy pe )2

void TWI_ConfigureSlave(AT91S_TWI *pTwi, unsigned char slaveAddress);
Sl 4 Gramen c ol | OT L L8 as aS” ol TWI by el e Il Asle ATOTS_TWI *pTwi 5 s2ws cpl )3
Al b 3 J S S sl (oS asie &S 255 b &K 4w (g34s unsigned char slaveAddress
.3 gdun 0315
sl

TWI_ConfigureSlave(AT91C_BASE_TWI ,23);
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Ll g b )JJ}Q-}AdchKL»J sl s dsia L;A;{JgﬁxLNchb- BX) )J:S}Jg:aTWI A=l YL s b

LS esls oS ot L 23 u.u)JT @ o3ls Jluyl b

podfd Jlsl 4 by o mled 9 Olygiws

:r.:.sg:)‘)tw‘ \‘)TV\”J-ILE J‘.’.j BE el l; "\ib ¢ odls de)\)‘ J..‘;
void TWI_StartRead( AT91S_TWI *pTwi, unsigned char address, unsigned int iaddress,unsig ned char isize)
void TWI_StartWrite( AT91S_TWI *pTwi,unsigned char address,unsigned int iaddress,unsigned char isize,unsigned

char byte)

s SR oBams by blijlayls dad J 28 5 Sa ol ol ¢ iSoodalin y5 gl 53 45 glailen

Ot Jlsl 4 go Sl la oSaws alS Sl ol 53¢ dKn K 1 (TWD) sda Lot start o &S5 L e S

L blol das & ol s aysT cosls odsl YVgama ). diSn 03beT 03l 2oL 55 (gl 1) 355 5 0dd Lo
Cpzsls 150

sl LLs,lstop Sy S L Isdze 5,800 ¢ 3,5 Jluyl ai s, ge05ls 5 A& L1 5, blo,l 4SSl de

RO
5 W
T R 5
A . T
R Device T FIRST SECOND o
T  Address E WORD ADDRESS  WORD ADDRESS DIATA =
|:||_'—| | T T T T T 11 T T T T T 11 T T T T T 11 |—|
| 1 | T I I | | T T I I | | T I I |
M LRA M A L& A
5 E/C B Cc 5C C
B BEWEK B BK K

1 START oy )l 4 bl axils a5 3500 Jloyl ol asstart S ols byl g5 0 o8n YU s b
el I b S35 s Sl ple @5l oBTT

Sl o emen @ la 5 OT L 8 A oS Sl TWE b ol (S Sl e ATOTS_TWI *pTwi &G
D8 el JJJ;.§3J§:A uﬂ):T unsigned int iaddress (gl 4 9 Sl oo u.n)bT unsigned char address
.3 gdua 0315

:J}LC-\?JJU' oo @llas Con b oaw jo Llgmtwi b 53 A3 eyl At9lsam (5w sla IS S s
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isize ,ldas >J§L,.o
0 .3 ghn Jlad L8 L§l>'-\: d»):T
1 CCl oL eSO L ke sl s
2 CCl b g bl ke sty s
3 CCl ol aw bl ankd sy e ysT

L 3se eddaly u“)"T s Cw sldas Ol gie unsigned charisize (gl- 4 3 U1 psles Osls HI 3L

DaS Aal ails 4 g

3T ol atotsam gl 3 2S5 S 5o Lol e Sl (208 L) Col &K ayal gyl Ygamstwi b
s 531y it e o Olge T le (RIBIL S ls sy 5 A3 L 2 S (s
uﬂbdi.l )a\)o\.i:w.s:d.o16777216 U Olgme ST il ol 3 slyls 1o u»):TJf\)’\i» ¢als )8 twi

35 b e LW
dal s (5, Shes unsigned char address 4 olusl (g osls gdowl o y3 (Gn S 53 45 LBl wxils 4

\_A)C_,_w‘o-\_&ab\bj\j_;jcl_w‘.\_ﬂ Ls\f cuu_ﬂ )JCJ\)}’.'_WJ 6)\..»:4_?)\;&16‘]3‘.@‘3 ﬁmd‘)u\b

(v:;f:lqg\xl.ﬂ\.u Sy s pl > 9 O ﬁ:abiﬁ el e

ol olf;.u:cgl) o b 0 Skl b ¢ 3L Sy 53 Ol gie 4 Sl (gles| (6 s unsigned char byte

..)}q.; JL«J‘)‘
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void TWI_Stop(AT91S_TWI *pTwi)
AAS 5 S L g g Sl S Jl)l B ol Sl ol 3 a st Jlagl b4y B 5 0l YL gt L
s ST el s s s sl
J3ACK s Ol g 4 Ll s2s (Sudas S ¢ 5T (S 0305 S 8 Sl 5l dny ¢ 5525 Ly STOP S &S 5550 3
Cud@putggj.swnml@ﬁml S Jsb b ebs esls Jluyl (gl p Sl cplc s 5d 4:9)? S
oyl el g gl eals ST 5 eds wb 3 Sas 3 e sl Eslb 5 o L
Dast aslinal 3wl e SITWE ol s esls JUH

void TWI_WriteByte(AT91S_TWI *pTwi, unsigned char byte);

unsigned char TWI_ReadByte(AT91S_TWI *pTwi);

Al i dls a5 05 ghie eslazal Wb lesls Ll (6l £33 ) g e pbaeslsdlu,l ol Jol ysws 3l

Sl (AL 265 G0 1) Al asls Jeb Cw8 Wil STla= Wl 51 8Lys 5 Jlosl s osls oles oS

Oy sws ool 53 A Jlayl 208 sl b o Ll ol i Jeb L slaesls cni g U Ol

L =22 unsigned char byte ('ﬁ)"’ L oT L LS das o5 Cowl TWI ol <=U b8 Sl wsle ATI1S_TWI *pTwi
Pdle ol b S (Bl lude (6 gl- TWI_ReadByte  giws ¢ 3 gius Jluyl b 4 a5 Sl (g3ue

TWI_ConfigureMaster(AT91C_BASE_TWI, 400000, 48000000);
TWI_StartWrite(AT91C_BASE_TWI,45,23,1,0);
TWI_WriteByte(AT91C_BASE_TWI ,15);

TWI_Stop(AT91S_TWI *pTwi);

o) 3wl el oo S 5o BhST40 (6,8 WIS 3 LATOISAMTX256  J 28 s Ko TWI Wb YU Jle s
ol 5Bl il SRS S 68 5 Js

(3t an § a5 53230 ol b (g ankas eysT 932 L i anks Js1s )l o TWI StartRead s b

el L Sl psT Jsb S e
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o3 g Lyl b & TWI d-l g Lo 5 15 e TWI_WriteByte(AT91C_BASE_TWI ,15);  siw> s
D ke
TWI_ConfigureSlave(AT91C_BASE_TWI ,23);
TWI_StartRead(AT91C_BASE_TWI, 23, 32,1);
Int a;

a= TWI_ReadByte(AT91C_BASE_TWI);

TWI_Stop(AT91S_TWI *pTwi);
9L y3 (g e3ls TWI_ReadByte ) gws b Sl opl 53 ¢ ol ol (0 S gl e 53 J 287 S YL Jlie o

L3 ghee aB3uya e y3 b

: TWLH &buls” 50 39590 @ilef 9 Olygiwd plo

oslizal Ll 51l ste 5L Sy 53 0Ll oS o)ls sy sl d e 5 68 Ol ses bulS ol s
LY

extern unsigned char TWI_ByteReceived(AT91S_TWI *pTwi);

extern unsigned char TWI_ByteSent(AT91S_TWI *pTwi);

extern unsigned char TWI_TransferComplete(AT91S_TWI *pTwi);

TWI_Enablelt(AT91S_TWI *pTwi, unsigned int sources);

TWI_Disablelt(AT91S_TWI *pTwi, unsigned int sources);

TWI_GetStatus(AT91S_TWI *pTwi);

60



61 | ATMEL =S, 5 ATOISAM (g gl J 287 5 o JulS™ o o

el S e b blae gls Sy 5,8 odalie Ol gie |y TWI dly Calibes (gle oo Comd s YU )2 b

D] ol ab‘)}T Ji.) )JYL_

TWI_GetMaskedStatus(AT91S_TWI *pTwi);

eb i e b blte gls Sy 05,8 odaliv Ol sie | TWI doly Calites (gl o Comai s YU 52w b

D] ol oJJ}T 8] )JYL:

extern void TWI_SendSTOPCondition(AT91S_TWI *pTwi);
AFS 55 L s o Sl S Jl)l B ol Sl ol 3 gt Jlagl ol 4 85 0l p YL g b

(o) TWI_StOp(ATOTS_TWI "pTwi) 5 gons il ids 5 gws (nl) w3 5kae 33T ¢ ol )3 39 sa pl3d Lol

:DS1307 5 Sy95
5oy oo ey ol caids ¢ asl S 5 Oy so 4 il st &S Ails (Real-time clock) RTC s ¢SS DS1307
&\JRAM%\{f)GQJ_':M Lsu‘"-'-:l‘.GJJ-".')ﬁ°3ﬁb‘3j@‘rS)l:"“‘, w‘w‘c.&f u’t)L‘"‘i“) db)w

¢SS b Jlast Clls 5 (12C) Two-wire J e Jasly &y g 0 SleMbl Jlyl il ¢ SleMbl (0,55 (<l
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S ealie |y 5 S 0T Jlasl (gl SLisjge e sankss K& 5 55 . Gl ol

Ve
Vee

Vee s T x1 T8 Ve
T - x22 7P sawout
> Vee 1 .
< 5 Vv 3
< 'S S CHE S = mar 6 Bscu
< < — e GNpD 4 5 PIsSDA
p [EEFRLELEISA . DS1307 §-Pin DIP (300-mil)
6| S0 .
RPU = 1,/C o i —_ x1mt 8 fm Ve
o =
‘ L X2 2 7 [0 sQw/ouT
GND Vesr@M|3 6 g0 SCL
= —|_. Ghp Mj[s s MspA

= DS1307 8-Pin SOIC (150-mul)

(358 Juaza (TWD) 287 5 S (g 0nls Jlaml (g asly o b &S Sl osls JUisl (sl «SDA (s b YU s s 53
03 358 Jaana (TWCK) 5,80s ST (s b & b Sl od jasein SCL L L a8 anlad <SS (s 4l optomen
-5 shus o3liiul slave Ol gio 4 asks -u112C Wb

ol (U S SIS g 5 Olge 4 Ll )8 b g a5 el (golas ] gla w3l LSS SQW/OUT (g wb
558 5leul 0T (g5, THZ, 4kHz, 8kHZ, 32kHZ L5l 5L b s

o3 ambd Sl ol s e s e Gt g5 au dul ges sy askd (g4 dis (6o liS 5wl GND 3VCC sla il
(350 o lBVCC Slandis o wl&n. dlpu 1, 0T sosls ol G b 51 il gzn 5,Sn 503,87 IS (ssle b
3 Sl ol 55 ¢ ASs el Sl 0 u2me VBAT (s asl w0 aST J53 (6, bl 511,555 55,50 Ol 5 anks
3 sion plnil sk 3 5,6 5 Ol Sled Olles (g5 5 A8 15, b3l askad b bl e S5

S sy OSNS 038 el 5wy s 5l 5 Juate 32.768KHz Jliws S S5 LX2 5 X1 (5l 0 4

Q’Q‘JM‘?—O-\.@&M‘JQL&) U‘;)L“:JLS‘I’M
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OT LI (S 0926 9SPI b

Sl el sl Al s OT bow 5 45" daloe Obo jor JU w Lol &G SPI L Serial Peripheral Interface

Oy dl_:ggagéijT) g}.‘UngL}ga S Jdus c Cs e (sla eeprom ¢ mme/sd (gla abasl>

C 2 gk bl 55 68 5 Se gle SKislaml (gl b pl S ST Juame J ST 5 S

D 5 Slasia bspi wb 53 L1 glls Vgers Joslam s J 287 5 oo

S Sty S L il p51sd 05 5T Sl (6l Jas (Chip Selects) ouiST bl s ab4 glyls v
(RGPS d&u@ag;,.\,’\)w’bu&sw il gt 16 44 5351 S Sl aslizul L) 53 oSSl olakss
(S J S ol Ol san

( 3-wire EEPROMS) 4euw 4w eeprom (sla abdl> 5 DataFlash o JU jw (gla abdl> L osle LLs,1 v/

clcd 5 aSKs goan gls oS J 287 ¢ JU jw dac gade C‘j\ﬁﬁjspil{)\fjbakbjgflfb\;)\%lé v
STV PR

w1668 o Jaslesls ok s ab s v
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s gl (Lo 4 L 4 i) sl 5 ug gl J x5V

ey kS s bese gl ad s E by Sl s S S gk, Y

ey e g 95 S

casl anw g ol L, KaT lls v

v
ol ol 3 e NS S ailen ¢ Sl 0k 03,5T 8P ol 5k Sl Ay Lo JLall e 5 el o
b&»ﬂf@w&mNPCSx‘b}kﬁ-dUmSﬁhal&k} sobed opesCk g miso g mosi b gl

LS Iyl O 6l b s, K e S Ol

AT91SAMxx AT91SAMxx
SP{ Master SP| Slawo
SPCK SPCK
MOSI MOSI
MISO MISO
NPCSO \
NPCS1 NPCS0
NPCS2 —
NPCS3
SPCK wavolorms are
PHA=0 POL=0 PHA=1 POL=0
SPCK sPCK L ——
Mosi 7T TOKEE XX mosi [T T XS T X X
PHA=0 POL=1 PHA = 1 POL=1
SPCK - o ] | pary Wi r— r—
LD €D Gl GD. ¢ mosi __- TS T X X
Selocsion possibilities are
PSDEC= 0 PSDEC =1
(NPCSx are directly connected to slaves) (NPCSx are connectad %0 a multiplexor)
SLAVED [sLaveo |
AT91SAMxx AT91SAMxx P iyt
SLAVEY :
e e
:
NPCSO SLAVE2 NPCS0 )
NPCS1 I NPCS1 e
NPCS2 NPCS2 N
NeCss— | SLAVES NPCS3 ISuve' 14
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JLMJ‘LGJT 6‘}:\) u.?b)hb\jaMJ@W}A‘?mQuNQ)melymaster Jjj:‘{_ﬁjgt‘ ddl{"ﬁ" B

LMl 0l gl 255 0 ol 555 de sla o&eus (chip select) cs (sla ol 05,5 eSS L L ol bl

)J‘JJ\}&;{\)QT LS_>)J> }lﬁ)))ﬁjﬁ&b%\jasf&.b‘)"cs quli..\.llgmastercml:éégi ‘5>-3J>-

g e dlowy S 4 ol W15 o master DSl 0l o Kn

SPI b s gusy owi g

Lo way ol cCmlods a8 55 53 gla a0 J0s glo idu plo Ogmes 55SPldsls b L8 ol

e pl b el o 5
SPI_CR Control Register el ey I b b (Ao Sledss ¢ SPl vl J 287 s
. gln

SPI_MR Mode Register A (s sl b an) b S Slbs ¢ Olabl e
3 e el

SPI_RDR Receive Data Register 03wy gl )3 b 51 By (gesls cesls Lk s e
.3 ghunn

SPI_TDR Transmit Data Register Sy ol 53355 eyl wba Lb &S (gesls cosls Jluyl s
£ 3 gruen v

SPI_SR Status Register S Gk il b Gl Gl e Caady c Candy s
Ll Gl BB e

SPI_IER Interrupt Enable Register Calizee (gl idw (g addy 055 Jled (gl e ady sl Jled i
3 ghes oslawl ey opl 3l

SPI_IDR Interrupt Disable Register it s addy 05,5 Jd Lo gl adly (g oS Jlb Lo
5 ghen osliinl oy opl 31 Calies la

SPI_IMR Interrupt Mask Register 445 & Loblas Olhas und cadly [ibg (6 0diS fudd )
..sﬁi:a;;)}.,pf.«g-)@! B

SPI_CSRO Chip Select Register 0 G alb by (chip select ) askss g oS N\ E e
NPCSO

SPI_CSR1 Chip Select Register 1 S al by (chip select ) askss g oS bl e
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NPCS1
SPI_CSR2 | Chip Select Register 2 & 4l Carsy c (chip select ) askss (g oS Ol g
NPCS2
SPI_CSR3 | Chip Select Register 3 S wb Caxss c(chip select ) asks (g oS Ol
NPCS3

.v.:\st.b'-\;ﬁdga_ﬁjzsﬁy b Cwsla tus) 23 Hllas Gogu gwpaasls] s

: (SPI Control Register) SPI_CR ..o

31 30 29 28 27 26 25 24

| - | - | - | - | - | - | - | LASTXFER |
23 22 21 20 19 18 17 16

| - [ - | - [ - | - [ - [ - | - |
15 14 13 12 11 10 9 8

| - | - | - | - | - | - | - | - |
7 1 0

[ swmst | — [ — | — [ — | — | spbis | speEn |

ﬁ;)\@&w,s ¢dshwaspi b Odd Je Cel o ol eSS Jldae b 4 (SPIENnable) SPIEN o

3l ebs Shes s (6,50

b oles Sl ol 3 ¢33 a0 Jleb b el Sy ) 53 8 35 (R 5 ( SPI Disable) SPIDIS
g;.:gd\o.s\:du:é\vli;a 228 Sose 53) . dsdheal dsle Wb s (glesls jc.é; BN T T RGN PRERT

D s Shee 53 (6,50 s lie ot g 5 pdee Jlib b 3 g ge LoD JUsl 3l ey spi 3 53 &S
L;J._gjﬁ:. slave de 33 9 3 gdes S 5 Sp C,_olfcc,_ﬁd_ll):&;’&ijle:(SPl Software Reset) SWRST s
BT &JJ‘.\-&A&:}.J:—:«' 3 ldae Isdoes L SPILMR s 5 ¢ 61,5.&»9(_,.&?)'\{ Sy 3 sda

Ca,ll b Shes
D3MASTER Low g5 ols Jluyl 3 das ((andad Oil) CS sla 4l (oole = 55 :(Last Transfer) LASTXFER s

ﬂm&gp&uqqu\w\&&uw Jles a5 el g ankd ¢ g4 5 L) blee s Ll
Jlu,las” u.ol_<.4u¢§.1 Jldae L (Chip Select Active After Transfer) CSAAT Cw 9 S ool (25 Hldae b . (54

DS ol b Sl (Sl g anlsd g esls Candy ok by p2CS ol dew; OLL w03l

:(SPI Mode Register) SPI_MR
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ElL a0 29 28 27 26 25 24

| DLYBCS |
23 22 21 20 19 18 17 16

| - | - | - | - | PCS |
15 14 13 12 11 10 9 8

I - I - I - I - I - I - I - I - I
7 3] 5 4 3 2 1 0

[ LLB [ — | — | moorpis | | pcspec | PS [ msr |

Gl S (e a3 5, Ke 4SS et il s oy pl 83 Jldds L (Master/Slave Mode) MSTR oy

S g S Master de 3 15 5 S MSTR=1 3 Slave e 3 1y Wb MSTR=0 ¢ 3 55

L gl L5~\~’J§»:L 9~ S J3NPCS0-3 (sla 4l ¢ 5 5ée ‘SH\;{J%Mastechb 3spi b &S Ls“i“"‘
Olge 4 |y SPCK ‘gquﬁj\:mw_}-li oop daalsl ja e Slabs jleslaal LSPI sty Sl ol s
Olge 4 MOSI gls 4l Sl ol 5o ¢ s sl OT (s 2 1y (SN Ll 5035 o Sy 5
OleMbl Cib ys s aabyMISO s aly § ey i g & SOl oL s caiby Ol o &

> Seedge aly b s )l

Slave s 53 ¢ Aads &, Master e 53 Gl S wlie Sl 55 Slave L= 55 SPE Wb G S (s\iza 33
S als ) Chd g5 5l Odbl ol g adby DMl (s 5 Olse 4MOSIH ls 4l sl 4L
63558 = J3NPCSO 9SPCK (g aly oo .aﬁifa.ue,c@b by 3 oledbl sl s (g aek s MISO
-, K sdge 4 |y Master | (anksd Olzl) CS I s Sbea Sl CaL s s anks S asan S LB
¢ A led oslaal Jil-‘ 6 38 Gl T Sl ddl e s 5 5 sined 03lizwl NPCST-3 (sla 4l ;5 Slave L s

(1>séme Joaio Master 4) 3 shen 4S5 5yl g ST CaL s 1, CS J\.:i:we\f Sose 03 Lid askd de pl g5 ioeens

¢S stjﬁgwjd.x.q-b LUl ply pbecw ol lejf&.rjj il : (Peripheral Select) PS &

Dot s S (Sl s L LUl pL B s shee ol o 03, Ol
: ( Chip Select Decode) PCSDEC s

b oS Sl pgagho n (pl 3 phes G Sy (Sl a4 b LU lpspi b Al o Eo o) S

Slpspid=lgeasd1 Sy plaS SHswe 5. Lsd fuate Sl L;LAoLi’J.wJ CS (63979 4 leuliews Llics la
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DMae b 1) (Sl (5 ahw s 16 b 0l g Sl 1 53 3 5ke (0 S S 16 4 )l decoder. <SG L b |

. v.:i\.w P J»JJT( s V':A‘? T o sl o 4S") SPI_CSR0-3 sla s P

: (Mode Fault Detection) MODFDIS s

)\Ml{):}‘i:ﬁa:u:.ﬂ\o-lio:;dl&éﬁb 3( o 2> Jdae b) o MMQ;}J&.«S Sl Cw opl

.(dgi P
: (Local Loopback Enable) LLB <
5 ghen al 0s b e Eslb OT 03 Jho 5 1o ESSd (g dil> s Jlab sl S opl 03 SO

35355 JLeIMISO (6 a0l & ) Coid g 5 SleMbl e il Jd sty ¢ (g ail> o7 o5
u\JSJL»)HJJq;A‘)L@TLL}b?)Q)M)JJOM LS“)J'S‘) @)FQ@W‘WJ)‘}J& u‘”bdbui‘

(55éue Jlad Master Lo 5 Lats S opl)

: (Peripheral Chip Select) PCS s &

S Ay &K 4 Lais 5 Se) 5 5hee eslizel LSl 4w (Peripheral Select) PS Cuw oS Jl= 5 b S ol

Pdoles J ST NPCSO-3 sl aly Cumdy Al sin s oo ol Sleslimal Lo (il e il

If PCSDEC = 0:

PCS = xxx0 NPCS[3:0] = 1110

PCS = xx01 NPCS[3:0] = 1101

PCS =x011 NPCS[3:0] = 1011

PCS = 0111 NPCS[3:0] = 0111

PCS = 1111 forbidden (no peripheral is selected)
(x = don’t care)

If PCSDEC = 1:

NPCS[3:0] output signals = PCS.

: ( Delay Between Chip Selects) DLYBCS sl &

PSS eie i dge b Gb HNPCS (g4l a0l Jb Ole LU lais DLYBCS gle O
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Delay Between Chip Selects

_ DLYBCS
MCK

Ao 1y s 4 Ol jan Oy 5o arslave (¢ aduy 55 Odd Juaze 3,05 Ol os (gl a0l 0uds Jlab Ol 56 35

RO

: ( SPI Receive Data Register) SPI_RDR i

-5 b o3zl spi b 1 OleMbl Sk s (ol sy ool )

31 30 29 28 2T Fi] 25 24
- - S I R N R —
23 22 4 20 19 18 17 16
- - SR Fes |
15 14 13 12 11 10 g a
| AD |
7 6 5 el 3 2 1 2
| AD |

o >3 ((Receive Data) RD (sla S sl &) i)y op) sl Cw 16 jospi wb 3l edd C8L s (sla esls

NPCS (sla 4l Cundy 05 S 0,55 (gl Master de 3 (Peripheral Chip Select) PCS (sla Cus puiomas ¢ L sdins

b s ol 641':“')(“45 S Bbys Lgo:b:}:?»@}zohcﬂidlcﬂgu);qdq-jb;&)sw oslazal

LG ol

: ( SPI Transmit Data Register)SPI_TDR _iwu )

3 gdia o) by Ay e M) S (518 S G D)

31 a0 29 28 27 26 25 24

I - - - [ - | - [ - I - | LasTxFER |
3 22 4 20 16 18 i7 16

I = = - | - | PCS I
15 1d 13 12 11 10 g B

[ 0 |
7 & 5 4 3 2 1 o

I D |

¢ L pin a2d g5 (Transmit Data) TD sla Cw Sl & 5 ey cpl 53 Lgd JL)lSPI Wl 4 b &S Sledibl

oslizal 3,5 bli,l b oKaws iz b 5 Ko &S Sl s (Peripheral Chip Select) PCS (sla Sy piomos

If PCSDEC = 0:
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PCS = xxx0 NPCS[3:0] = 1110

PCS = xx01 NPCS[3:0] = 1101

PCS =x011 NPCS[3:0] = 1011

PCS = 0111 NPCS[3:0] = 0111

PCS = 1111 forbidden (no peripheral is selected)
(x = don’t care)

If PCSDEC = 1:

NPCS[3:0] output signals = PCS

S5 s il edd et 16 44 55 S5s S wcs Jo}uswlcw@lgPCSDEcosﬁﬁsﬁfw
S el wos bbs cdns Jlail g gehe 4 055 Sio ropan 9 AST J ST (Sl G adus 166 AL s

(Gl salesa b J5T) Ll

ol 4 o Jle sl dules JESTIHNPCSO3 (sla aly ilate pelaw 3l 52e POS (sla Sy (25 I b
i o sl al ple 5 K ilate mlaw SNPCS2 (6 a0l Lpd (a3 i 1011 L0011 o5, b s o

LR RN S
MASTER Low g5 o315 Jluyl I das (ankad Oil) CS (sla 4l (oole CJl>= 5 ( Last Transfer) LASTXFER .y

S b i o 4wl ol Sl (Sas e 3ptn b ST (e 5 anlid p g4 a5 L) Ll 3 T o
"y ksali..a‘dﬁ" ,ldae L ( Chip Select Active After Transfer) CSAAT Cuw g Cus opl (A5 e b . (39, et

U&:‘C)\’ Ls i1, LS"l" 6@)03‘3@) RS A.L}UACS &Hc%w)ﬁ)lib_.dgoblbd\.w)‘
(PS=1) 3,135 55 ¢ a1 3 5 blijl sl oKaws cpdin b e a5 Il 5 Laid ooy o

: (SPI Status Register) SPI_SR juws-

an 30 29 28 27 26 25 24

[ - | - | - | - | - | - | - | - |
23 2 21 20 19 18 17 18

I - | - | - | - [ - [ - | - | sPENs |
15 14 13 12 n 10 9 8

| = | i | = | = | = | i | Txemery |  NssrR |
7 6 5 E) 3 2 1 0

| TXBUFE | RxBUFF | ENDTX | €enoRX | ovRes | MobF | TDRE |  RDRF |

o) Gl s sy aalsl s s shee odlawl SPI b Calidee Gl i Camd g 3L s (6l sy ol

.C,\.w\C,ﬁQ)ﬁ&(ﬁ.&ﬁ@"ﬂ")i.ﬁ)éﬁ.ﬁ)‘v\bbﬁ} rﬁiﬁﬂe"lO"&&q&JJJcﬁ‘«Zﬁ-‘bﬁ > )
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: (Receive Data Register Full) RDRF <,
.3,l4 5 5> 5 (SPI Receive Data Register) SPI_RDR > ;5 L Sledb): 0
.3,l5 5 >3 (SPI Receive Data Register) SPI_RDR >, ;5 i Sledbl i1

:(Transmit Data Register Empty)TDRE ..

(Sl ey opl) Sl odid Jlayl 598 SPITDR iy 53 ol (g 4t g5 (S 031510

() I e pl) Sl ods Lyl 558 SPILTDR jiea ) 53 old (g ath s (g 0ols11

:( Mode Fault Error)MODF .o

C el o3l & el JU) o k=0

el 03l CJ Lsil.la& osls Jlasl a1

:( Overrun Error Status)OVRES .

Jsb Mee) S a3l ly Lrem I zie gl esls ¢ (o3l 3L ,s) SPILRDR M)@l;gwébs e
overrun el 4 b S ol pscagd Cobys e Ohse 4 5L pdis (glesls b aEL ol 17l esls
38 S 1, 0T 03l 5 Ol e S 01 D15 b oS s &

S RN & overrun =0

- el 031> & 5 overrun o= 1

:( End of RX buffer)ENDRX s

0 = The Receive Counter Register has not reached 0 since the last write in SPI_RCR (1) or SPI_RNCR(1).
1 = The Receive Counter Register has reached 0 since the last write in SPI_RCR (1) or SPI_RNCR(1).

:( End of TX buffer) ENDTX s

0 = The Transmit Counter Register has not reached 0 since the last write in SPI_TCR (1) or SPI_TNCR(1).
1 = The Transmit Counter Register has reached 0 since the last write in SPI_TCR(1) or SPI_TNCR(1).

:( RX Buffer Full) RXBUFF "

. L& i SPILRNCR L SPI_RCR (sla &0
. XZus 2 SPI_RCR 4SPI_RNCR st
:( TX Buffer Empty) TXBUFE

. LZus e SPLTNCR L SPITCR (gla <o :0
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. Liwa o SPLTNCR L SPI_TCR (la &t
:( NSS Rising) NSSR s

0 = No rising edge detected on NSS pin since last read.
1 = Arising edge occurred on NSS pin since last read.

( Transmission Registers Empty) TXEMPTY "o

0 = As soon as data is written in SPI_TDR
1 = SPI_TDR and internal shifter are empty. If a transfer delay has been defined, TXEMPTY is set after the completion
of
such delay
( SPI Enable Status) SPIENS .
Sl Jlee e SPE L0
el JR8 SPI b

( SPI Chip Select Register) SPI_CSRO... SPI_CSR3 (sl >

k1l 30 28 2B T 26 25 24

| DLYBCT |
23 22 21 20 192 18 17 16

| DLYBS |
15 14 13 12 11 10 g B

| SCER |
i ] 5 4 3 1 Q

| BITS [ csaar | — | mcPHa | cProL |

- CPOL: Clock Polarity

0 = The inactive state value of SPCK is logic level zero.

1 = The inactive state value of SPCK is logic level one.

CPOL is used to determine the inactive state value of the serial clock (SPCK). It is used with NCPHA
to produce the

required clock/data relationship between master and slave devices.

- NCPHA: Clock Phase

0 = Data is changed on the leading edge of SPCK and captured on the following edge of SPCK.

1 = Data is captured on the leading edge of SPCK and changed on the following edge of SPCK.
NCPHA determines which edge of SPCK causes data to change and which edge causes data to be
captured. NCPHA is

used with CPOL to produce the required clock/data relationship between master and slave devices.
- CSAAT: Chip Select Active After Transfer

0 = The Peripheral Chip Select Line rises as soon as the last transfer is achieved.

1 = The Peripheral Chip Select does not rise after the last transfer is achieved. It remains active until
a new transfer is

requested on a different chip select.

- BITS: Bits Per Transfer

The BITS field determines the number of data bits transferred. Reserved values should not be used.
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BITS Bits Per Transfer BITS Bits Per Transfer
0000 8 1000 16

0001 9 1001 S Oolae (gl el 555,
0010 10 1010 S Oolae (gl el 555,
0011 11 1011 St Coplas (gl ol 93,
0100 12 1100 S Oolae (gl el 555,
0101 13 1101 S Oolae (gl ol 555,
0110 14 1110 G oolan ol 53,
0111 15 1111 e Coslas gl edd Hs))

- SCBR: Serial Clock Baud Rate

In Master Mode, the SPI Interface uses a modulus counter to derive the SPCK baud rate from the
Master Clock MCK. The

Baud rate is selected by writing a value from 1 to 255 in the SCBR field. The following equations
determine the SPCK baud

rate:

MCK
SCBR

Programming the SCBR field at 0 is forbidden. Triggering a transfer while SCBR is at 0 can lead to
unpredictable results.

At reset, SCBR is 0 and the user has to program it at a valid value before performing the first
transfer.

- DLYBS: Delay Before SPCK

This field defines the delay from NPCS valid to the first valid SPCK transition.

When DLYBS equals zero, the NPCS valid to SPCK transition is 1/2 the SPCK clock period.
Otherwise, the following equations determine the delay:

SPCK Baudrate =

DLYBS

Delay Before SPCK =
MCK

- DLYBCT: Delay Between Consecutive Transfers

This field defines the delay between two consecutive transfers with the same peripheral without
removing the chip select.

The delay is always inserted after each transfer and before removing the chip select if needed.
When DLYBCT equals zero, no delay between consecutive transfers is inserted and the clock keeps
its duty cycle over the

character transfers.

Otherwise, the following equation determines the delay:
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32 X DLYBCT

Delay Between Consecutive Transfers =
MCK

i s 4y L 5 Jls e 5l )y SPILIMR 3 SPI_IDR 3 SPI_IER sy 4w SPI ol (sl
)K Ls"?” L;w)j j‘u\&’) J>T J.A;‘\J‘JLA M)dldw_)j‘.ﬁ‘ﬁ.\.w‘@;#)) wl{ﬁuéu

S IS e ACH S

keil 3o oT 31t oly S o g SSC
Slass b S Ol L 4 oS Wil s ARM (g a2 gla I 2S5 S 55 35550 DU 51 S SSC

MJ@‘) (MQSQ)ﬁ:‘sblb)-UJS@QJL&.‘JMHZS“&'}J;’)"S@\?

$ > 125 Audio Bus
\u\..a\?,w.sﬁ-j»o.s\.sJﬁjﬁdi)acml{@aaboafﬁuéuwMﬂjﬁ&IZS(ICSound—lnter)
o Sl (G aad L o 53 o 0313 Jol3 (sl Jb e il dast 6 e ol 3 LBl (o s sla
il S s S sler Kaws ClEl ity 531,125 Sy ily o led 35l

aiby glls babs ol 51 e a @548 oo oalinul osls JU! Lgljr.:uw)'lwwl).sm;fﬁjjbw
Wl 3 ol

:SD (Serial Data Jline

odijl5 5 4 d.\.:.nc\.l.y)\.lDACjH)\.\..aJ)\Ja;'-cr{)l_sj\.goalaLﬁ-;:gaw}jau\iﬁfcﬁnlsduﬁlé\j
31U 5y 4 0ad s ey Sl 515 4 Jlaoms Sl 4 b Sl gies WIS e 55 Lot 03 o
LS Jizme Sl abws L DAC & 0uijls 51 SleSbl plu b (558 idw S

:WS(a left/right channel Word Select )

il 0315 558 5 sl (o 4 Jlow b Laz ¢ ST Ol ) o b ol y Conw oy il g5 0 bat
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: SCK (a continuous Serial Clock )
gw.b.w}:udg;l%\u,&@;lq..ila.x;:_w}javuﬁf&juoupéljef)&{dlieﬁibaléwﬂ
.bﬁf@&)yd‘p|a.ﬁjbﬁ

Dol 5 O 4 ble ol SUs S VL Sled 5 4 4 5 L

TRANSMITTER = MASTER

Clock SCK

Word Select WS
2s 125
TRANSMITTER Data SD Out RECEIVER

Data SD In

Clock SCK

l!‘l'n' |i c'f‘).‘f’ ‘."’C,

Dasta SD Out

Data SD In

Left Channel Right Channel

ol Olge 4 8SC uﬂl{j\r_&\j@bwc:)l.u.sﬁ-}i% (aqu‘g)lj'élc,swAT%SAM S ‘5\.&))::5}&)3

.{..:lfJ.a:wARM4{\).U)\.sbl.asw\{ﬁ:jloh}&g)sQ&l&iZsQL«;ﬁjl&:lM;ﬁfu%lwy

$ Cwmx> SSC

5 dl sl 4 oIl Sl o oy g 42 45T Bl (o g3l 5 Dlala ST L LUl (6 Olojen Ll oS5 SSC ST
IS5 opl adS™ ¢ 5 576,028, Short Frame Sync, Long Frame Sync, 4 Ol oo 4 a3 (51 ¢ ST oa 0305 5L 55
wdls S Olojar b 5 Olojan dlojl psgio b bls ¢ S o dlojl (s 5 4 Olojon Spso 1y 0305 s
Pl s 53 Gl (Bme ks 5 53 e il

(Asynchronous Transmission) (39 s 4Jdke
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.:)\..\5:ﬁ)@bﬂavuj_f}avu:w}&ﬁé\jjzczﬁdacb_a\QL«}mAj:bQ)jﬁp@osdeﬁ.ﬂlafj)aU:
5 okl Gl S Ole opl 5 L 3sed el S8l s 1y 0T 35 0k, 5 w8 o Jluyl 1) 35 ge 0nls o b
.M@WIJQTQJJ{C:,wjul;gjuj\ou;‘@up
lieiiW)@\J:SWQT@,;M45(startbit)@,f~%e&cL;;f!)Ko;l;ﬁo,;@Td;p,;
AL o S OT 0L oS ni 8 0L Sy 53

(parity bit) &3l 5 T &S cosls (gba S JLis 4. il o (B ) Sub &K Vgans Il onls ¢ Lty ol 53
s Jlyl Parity Sy a1 e s o )5 eslizal 3590 Sblast ) ghate w1, OT oS 3L 55 457 5405 35
Earh e S kST e 1) ST OLL B ssd 1 a0 lils S G Obey Se gl Sl L I
sy Celu 5355 o8T cosls ST K 0T 1 oS Cabys dawy & 355 0 o go g4 (Start bit)
Casd o olel Sledbl aslsl il 5o Lg‘,:a.uﬁf¢.\.&l.36w617§o:l:ParityC,.ﬁafk;)}.p).s ES IR S

-\..SKSACMA‘}?-)Jb&&bw“:w;'))yui‘f)b

Tx Clock Start bit ' Stop bit(s)

I—ﬁﬂ/l B |1ﬂ)—

Pardlel In Serid Cut Shift Register

Serid In Pardlel Out Shift Register ‘ I_

—fof e [ ]|
Rx Clock * alid

. Lzwa Asynchronous Transmission I (gla 4 g ... g RS458 9 RS232 gla sy
(Synchronous Transmission) (39 yow 48l
b o\ilwb 9 QL:A GLAJQ.A J\:u*\ 4\.4.:!9) i{% wjl'l 9 h”_Mw;J .y Q\:’.‘i 9 Cj_,& L;LA gL.:a LY 6)\:& uiﬁ) u'l‘ BE)

L35 edge
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oLt Q:\:J::JGl{rsj\}:@uw!jtfc:ﬁngﬂQL&)&b‘jl%é&df%wﬂiﬁ): oo ol e

. Lz Synchronous Transmission 31 (gbs 45 gad ... 125 9 SPI Jg;'jj: RS R Mg [y Jl Sy SIS

‘-s‘)btf'b-t.ﬂ“ ﬁﬁ&wbQMC‘};‘&J‘JJ‘&‘)J)SSCwb@j)j)gbﬁ|jdﬂyl:dmﬁb4>jb

Pl A e a6

b (’U Pin Description Ol
RF Receiver Frame Synchro (s 31) Sl siws (63459
RK Receiver Clock Input (s 31) Slojen b (63959
RD Receiver Data (s 31) 0315 (635,59
TF Transmitter Frame Synchro ( gkl @) Qo p 9 &
TK Transmitter Clock (}:1,,,1 @) Sl jen u‘““i T
D Transmitter Data ():L‘,,l 4{) oals I

P Olbogs B

s 5G] se TSC2307T a5 b e ¢ 3,87 oslizal &6 bgs b @6 b o5 S 55 015 (0 b 23 -

.aﬁ.x.a\)s-}gQT‘]a.,.éyﬁBl.ugi&uﬁﬁo)ﬂ\.oWcﬁlcﬁfa\:ﬁlStereod”}.,p

RO e

Atvel ARM-2ased 125 Aucho Bus
Microconolier
Clock SCK
[
Wioed Sclect WS
S5C | 1F
SO Ot
| ™
| 0 S0 In

Audo O
-
F'S Steroo
Ao festio In
CODEC
eq YSC2aM

3,05 3,50 4RD Lt G b 15558 oo s Jlioms sl 6313 4 TSC2301 Law 5 5 JUT (hto Vb ot 55

o Jloyl ansd pl 4 ol o ol s o bmme I 5 SKs Lo 55 S Jlisws (glds Sebl e <545
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5 Slesen b bl aibs 5w Ttk bl <3 b e Jidu Sl SIS 4 0Ad JS Sl e 5 53

calsedge 4ty (sl g ‘_;JJJ:SA:)‘)}:‘WJ“S;LAN‘_thr.iJé\:J‘)j:.w)j‘)jﬁ.ﬂ ) Sl gws Jl

33 ¢ oS (b ma |5 DAC B550A a3l 5 ol (o iph (oo J S 125 b o 57 oS g e Dlaba S5 51 -

\Mozjfalij)vfﬁﬁql:&qu\:l;;iiol.(»icéfjllj'!’@d%>6|w&¢;joj)b4.31]50,1\

aal o ankad cpl Clalys 4 i Ol (gl syl s i2e b L;ij)é)"}:j....jv.fj b e

SSC Audo DAC Connection

AZrrel ATV diannd
Niorocontober

DAC 3550A Hardware Connections

LS

rarm xS 5 S 4 dac3550a Jas!

Microcontroller DAC 3550A Bus Name
SSC (TFx) wsl WS (IS)
SSC (TKx) cL SCK (I°9)
SSC (TDx) DAI SD (1°S)

TWI(TWCK) SCL SCL
TWI (TWD) SDA SDA
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2 (ifo pins ) Wb (g Sy

4 (il o8 g 4 a5 L1y ol pl 53 o3zl 35 5m (sla 4l bl ¢ LSCs oslizul S50 b 14T S
S o3l bas ol 1 5S> 5 ) dac &S ) eslital rlf.:.a 93 M e S ‘_g.x..»Jgﬁ peripheral e 3
33 SRS 58 5 el o G B 5 ¢ oslinal ol (s w0l 4w 5l (o8 s 8 U1 4 Jloms
Om e b Ll ¢ s 6 s Sl (93555 4wl peripheral W s s K )15 e S
R I P X NPT

3 g o3liial b (g abewy L LU (6l 5 TR TK, TD (gla 4l 5l ol s

*AT91C_PIOB_PDR= ((unsigned int) AT91C_PB7_TK1) |
((unsigned int) AT91C_PB8_TD1) | ((unsigned int) AT91C_PB6_TF1 );

e 53 S e 1y Al sl SIS (Power Management Controller) PMC idws 53 Ll des (6 al o 3
CAE Eou PMC Uy 55 Calides (la Ul 05,57 Jlad (099w 3590 53 kS sla
Z-L;;Mb(ob\b&a-ﬁju)PDC)l-@-\il{cwl{()é;ﬁmﬁ)w%l{% LS‘LL"]‘)-’

pSSC->SSC_CR = AT91C_SSC_SWRST ;

AT91F_PDC_Close((AT91PS_PDC) &(pSSC->SSC_RPR));
SSC sl J;al)b«' ]
g3l sb o (ors p la JUS sluws ¢ (s 5 s Iie I B Dmmen sla bl il Lt e a5
Cols pasia |y 5 S )8 WS 5 I
D ma s sl JUS sl
O3 H 3L dilgne Ll ¢ 3,15 359 50 g 2l e i3y CllBssc o V.::; oyl 50 MS a5 shilan
sl oA e s 20 ) AS e G (s JUS S 2008 gl w YL B 5o 1 sus

(!
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Ll plte 45 Lloghn dac 4 o5 3500 slwl I i S 4l (535 21 ¢ AL 2 (s 5 ST & S)se 3
G JUE Sl (5l Sl S 053 &S5 ,o1d (5wl Sl ol 55 o ph g 5 JUIST 55 o
3 el Sl G JUIST SN (g5l s Sbej 05 350

tesls Job

16 b 5l Jaw (o3l JUl (gl ssd (o3Il ely CyB2 524 516 5 lhliwl de 4w 3 Ll 2w i2e b
s 0313 b5 a5l 3 0k ;S Slatl 53 w96 by il oy Sl ol 3 €305 ol g eslizl oy

:w\ou\.&o.ﬁ)}‘ ﬂ)d}b )JLQ-LA xb&‘jkbéw)‘mc%ﬂﬁowﬁbm; ﬁyd}vb‘)

Bit Range versus Dynamic Range/Dynamic Range = 20 log(Bit Range) where bit range = 25

Bit Range Dynamic Range
218 96 dB
2% 144 dB
2% 196 dB
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