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CIXE AAE L OI0IAZ2FEH A5 10 12. TWI (Two Wire Interface)

3. TWI &3 w& ZAx 8

The device that initiates and terminates a transmission.

Master The Master also generates the SCL clock.

Slave The device addressed by a Master.
Transmitter ~ The device placing data on the bus.

Receiver The device reading data from the bus.

4. START, STOP, Repeated START Conditions

SDA " /TN
scL _TU _____ \ / S

START condition STOP condition

1) START condition
SCL A&7} =3 1’8l ¢k SDA A&7} =g ‘oA 02 HolHE A,

2) STOP condition
SCL 2137} =8 ‘1'% Fetoll SDA 4257} =8 ‘0olA ‘1’2 Holx+& A.

3) Repeated START condition
START condition A Fof STOP condition®] ¥AY3FA] & 11 thA] START condition HAI3FE A
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CIXE AAE L OI0IAZ2FEH A5 10 12. TWI (Two Wire Interface)

5. Master Transmitter®] F41 3} 4

(D Master Device®ll 4] START condition2 $Al5ta, o]ojA] 7HIEZ T4 H Slave Device?] F4¢ [HEZ
T4%E RW HIEE FAlgt.

@ Master Deviceoll Al $=H WA}
Deviceoll Al 3l Slave Deviced] EAE &

@ Master Device®ll 4 Slave DeviceZ SHIES] H|o|EHE Rt} o] Ho]HE 4413k Slave Devicer ACK Al
35 HAAA Master Deviceoll Al d1F dlolE]e] F4ls &t

@ Master Deviceoll A STOP conditione %413t Slave Devicedll Al T4l T5E ¢t

-

o

S
a
A
b

£ Z'E Slave Devicee ACK A1EE A AA Master

C Example Code

1 | TWCR® = (1 << TWINT) | (1 << TWSTA) | (1 << TWEN)

2 |while (!(TWCR® & (1<<TWINT)));

if ((TWSR@ & OxF8) != START)
ERROR( ) ;

TWDR® = SLA W;
TWCRO = (1 << TWINT) | (1 << TWEN);

4 |while (!(TWCR® & (1 << TWINT)));

if ((TWSRO & OxF8) != MT_SLA ACK)
ERROR( ) ;

TWDR® = DATA;
TWCR® = (1 << TWINT) | (1 << TWEN);

6 |while (!(TWCR® & (1 << TWINT)));

if ((TWSR® & OxF8) != MT_DATA ACK)
7 ERROR();

TWCRO = (1 << TWINT) | (1 << TWEN) | (1 << TWSTO);
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CIXE AAE L OI0IAZ2FEH A5 10 12. TWI (Two Wire Interface)

6. ATmega328PB TWI Register A

1) TWI Control Register

TWI® Enable Acknowledge . TWI STOP Condition . TWI Enable
Ifthe TWEA bit is written to *1’, Writing ‘1’ to the TWSTO bit in Master mode will 1% TWIO takes
the ACK pulse is generated generate a STOP condition on the 2-wire Serial Bus control over the 1/O r
on the TWI@ bus if the TWI@. Whenthe STOP condition is executed on the pins connected to the TWI Interrupt Enable
| conditions are met. bus, the TWSTO bit is cleared automatically. | | SCLand SDApins. ‘17 Enable TWIO Interrupt. |
‘ TWCR®@ ‘ TWINT TWEA TWSTA TWSTO TWWC TWEN TWIE
7§ . * g <] 1 <] 2]
TWI@ Interrupt Flag TWI START _Condj_.tic'):'l y . TWI Write Collisien Flag
This bit is set by hardware when the The application writes *1' to the TWSTA bit This bit is set when attempting
TWI@ has finishedits current job when it desires TWI@ to become a Master on to write to the TWDR® when
and expects application software the 2-wire Serial Bus. The TW1@ hardware TWINT is low. This flagis
response. It must be cleared by checksif the busis available, and generates cleared by writing the TWDR®
software by writing a logic 1" to it. a START condition on the bus if it is free. This registerwhen TWINT is high.

bit must be cleared by software when the
START condition has been transmitted

2) TWI Status Register

TWI Bit Rate Prescaler
00: Divide by 1

TWI Status Bits @1: Divide by 4
The TWs[7:3] reflect the status of the 10: Divide by 16
TWI® logic and the 2-wire Serial Bus. 11: Divide by 64
f l
‘ TWSRO ‘ TWS7 TWS6 TWS5 TWS4 TWS3 TWPS1 TWPS@
# * * * * %) %) (%)

2) TWI Bit Rate Register

TWI Bit Rate Register
TWBR@ selects the division factor for the bit rate generator. The bit rate generator is a
frequency divider which generates the SCL clock frequency in the Master modes.

‘ TWBRO ‘ TWBR7 TWBR6 TWBRS TWBR4 TWBR3 TWBR2 TWBR1 TWBRO
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CIXE AAE L OI0IAZ2FEH A5 10 12. TWI (Two Wire Interface)

1. ATmega328PBol olge} 2] 3% 7}&= Al 2EQl GY-291 BoardE A4S L, TWIE AHE3lY 339

7S 7S Yoo} uarTedl 9Z2H Eud Zzao] o] Y3t T2 adE gg ¢Ad wt
248N Q. TWIO Clock F3}4+E 400kHzE 3}al, UARTOE polling -3 AF&3lH UARTOS baud
ratet 38,400 bpsZ A AEA L.

VDD
Rp| Rp
ATme9a328PB ADXL345
Cs
PC4 | SDAQ SDA
pcsp2EL0 scL
ALT ADDRESS

7h. TWIest #HEHE T #e ¢S WEoA AESHA L.

1) void twi@_init(void)

ATmega328PB TWSRO/TWBRO #X|~E < %7]&}

2) void twi@_write_adx1345 reg(uint8_t reg_addr, uint8_t data)
ADXL3459] 3| #H A 2~E (reg_addr)ol Ho]E(data)E =
TWSRO Register(SPSRQ)2] SPIFQ HIEES 9o 27| F2to] &+gH

3) uint8_t twi@_read_adx1345 reg(uint8_t reg_addr)
ADXL3459] s @A 2E (reg_addr)Z5-E HlolE (data)S & Fo o] S ks,

4) void twi@ read_adx1345 reg multi(uint8_t num, uint8_ t start_addr, uint8_ t *buff)
ADXL3459] A& #| A 2H (start_addr)H-E AE3NA num WA Y HA2EH S Yo buffZ XA
el A%e * ',

(DATAX@, DATAX1, DATAYQ, DATAY1, DATAZO, DATAZ19] H|°]HE ¢+=H AHE)
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CXE AAE 2 001223 RH A5 10 12. TWI (Two Wire Interface)
. __________________________________________________________________________________________________________________________________________|
U HW 92 e gl

twi@_read_adx1345_reg() TFE o] 83} ADXL345 &2AF9] Device IDE ¢]o] USARTRC.ZE &8s}y, 1

e 7159,

t}. ADXL345 A A
twi@_write_adx1345_reg() &5 ©|&3te] ool 3o YeERH Fh& ADXL345 Axbe] s # A 22F o
A det

Register o
Addrese Name Type Set Value Description
Ox2C BW_RATE R/W 0001010 Bhi= ot

(Output Data Rate = 100Hz)

Full Resolution

Ox31 DATA _FORMAT R/W 00001000 +/-2g, 4mg/LSB

0x2D POWER CTL R/W ©0001000 Enter Measurement Mode

2}, ADXL345Z5E 33 7145 7 97
twi®_read_adx1345 reg multi() T3 o] &3}e] ofgfoll Fo| el ADXL345 £AHe] sid d A 2E 9
72 9Joluje] UARTES E3] Z% 3t WA INT_SOURCE (Address ox30) ##2:El9] Bit 7 ¢
A E & 7}&_1}_ Holel7} ZFul® AL 33 To] 329 sl&EE MM 28 HolE6 vlolENE U2
RE golfe] 23t

0x32 DATAX®@ R (2]512]5]5]5150%) Low Byte of X-Axis Data
%33 DATAX1 R 00000000 High Byte of X-Axis Data
Ox34 DATAY® R 000 Low Byte of Y-Axis Data
Px35 DATAY1 R 000YLeO High Byte of Y-Axis Data
0x36 DATAZ@ R 0000000 Low Byte of Z-Axis Data
Ox37 DATAZ1 R 0000LRO High Byte of Z-Axis Data
OIHICHet W o= &St 7



CIXE AAE L OI0IAZ2FEH A5 10 12. TWI (Two Wire Interface)

#tinclude <avr/io.h>
#include <stdio.h>

int main(void)

{

// Declare variables
uint8_t buff[6];
int accelX, accelY, accelZ;

// Init UARTO

// Init TWIO
// Read ADXL345 ID and display it
// Set ADXL345 BW_RATE
// Set ADXL345 DATA_FORMAT (Full Resolution, +/-2g (4mg/LSB))
// Enter MEASUREMENT mode
while (1)
{
// Wait until new data is available

// Read 3-axis data with twi@_read_adx1345_reg multi()

// Display 3-axis data

// Refer to Fig. 37 of ADXL345 Datasheet
void twi@ write_adx1345 reg(uint8_t reg_addr, uint8_t data)

{

uint8_t twi@_read_adx1345_reg(uint8_t reg_addr)
{

void twi@_read_adx1345 reg multi_reg(uint8_t num, uint8 t start_addr, uint8_ t *buff)
{
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12. TWI (Two Wire Interface)
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3. AT24C32 EEPROMO]| Th3l ZA}

4. UARTOC] 14% Hu|'d Z2 I3 (4d|: TeraTerm T)= ©]-83}% AT24C32 EEPROMS] 574 WA o HolHE
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