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Software License

Redistribution and use in source and binary forms, with or without modification, are permitted provided that the
following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided with the distribution.

3. The name of Atmel may not be used to endorse or promote products derived from this software without specific
prior written permission.

4. This software may only be redistributed and used in connection with an Atmel microcontroller product.

THIS SOFTWARE IS PROVIDED BY ATMEL "AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE AND NON-INFRINGEMENT ARE EXPRESSLY AND SPECIFICALLY DISCLAIMED. IN
NO EVENT SHALL ATMEL BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY,
OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE
GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE,
EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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1. Prequisites

There are no prequisites for this module.
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2. Module Overview

This driver provides access to the main features of the TWIM controller. The two wire interface connects

components via a two-wire serial bus, each device, on the bus, has a unique ID.

The TWI modules are programmable as masters with sequential or single-byte access. High speed mode capability

is also supported.

The TWI bus provides a simple, but efficient method of interconnecting multiple master and slave devices. An

arbitration mechanism is provided for resolving bus ownership between masters, as only one master device may

own the bus at any given time. The arbitration mechanism relies on the wired-AND connections to avoid bus drivers

short-circuiting.
21 TWI Bus Topology

Figure 2-1: 12C bus topology on page 6. The pull-up resistors (Rs) will provide a high level on the bus lines

when none of the TWI devices are driving the bus. These are optional, and can be replaced with a constant current

source.

Figure 2-1. 12C bus topology

Ve | | |
Re Re 12C DEVICE 12C DEVICE o0 o 12C DEVICE
#1 #2 #N
" Rs | | Rs " Rs| | Rs Rs || Rs
SDA [ | |
SCL
Note: Rs is optional
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3. Examples

e TWIM Master Example

e Quick Start Guide
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4. API Overview

4.1 Variable and Type Definitions

411 Type twim_transfer_status_t

typedef enumtwi mtransfer_status twimtransfer_status_t

See twim_fransfer status for enumeration definitions.

41.2 Type twim_callback_t

typedef void(* twimcallback_t )(Twim*)

4.2 Structure Definitions

421 Struct twim_config

This is the configuration structure for the TWI Master device. It is used as an argument for twim_set config to
provide the desired configurations for the module.

Table 4-1. Members

I I =R

uint8_t clock_drive_strength_low Pull-down drive strength of the
TWCK output buffer

uint8_t clock_slew_limit Slew limit of the TWCK output
buffer

uint8_t data_drive_strength_low Pull-down drive strength of the
TWD output buffer

uint8_t data_setup_cycles Clock cycles for data setup count

uint8_t data_slew_limit Slew limit of the TWD output buffer

uint8_t hs_clock_drive_strength_high Pull-up drive strength of the TWCK
output buffer in high speed mode

uint8_t hs_clock_drive_strength_low Pull-down drive strength of the
TWCK output buffer in high speed
mode

uint8_t hs_clock_slew_limit Slew limit of the TWCK output
buffer in high speed mode

uint8_t hs_data_drive_strength_low Pull-down drive strength of the
TWD output buffer in high speed
mode

uint8_t hs_data_slew_limit Slew limit of the TWD output buffer
in high speed mode

uint8_t hsmode_data_setup_cycles Clock cycles for data setup count
in high speed mode

uint32_t hsmode_speed The baudrate of the TWI bus in

high speed mode

AtmeL AT07334: SAM4 TWI Master Mode Driver [APPLICATION NOTE] 8
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Cpe e oeeeipion |

bool smbus SMBUS mode
uint32_t speed The baudrate of the TWI bus
uint32_t twim_clk The TWIM clock frequency

4.2.2 Struct twim_package
Table 4-2. Members
e [Name _|Desoripton
uint8_t addr(] TWI address/commands to issue to
the other chip (node)
uint8_t addr_length Length of the TWI data address
segment (1-3 bytes)
void * buffer Where to find the data to be written
uint32_t chip TWI chip address to communicate
with
bool high_speed Indicate if it is a high-speed
transfer
uint8_t high_speed_code High speed mode master code,
valid if high_speed is true
uint32_t length How many bytes do we want to
write
bool ten_bit Indicate if it is 10-bit addressing
4.3 Macro Definitions
4.31 TWI Driver Compatibility
These codes are defined for SAM devices to simplify the porting of existing code from other Atmel devices. For the
definition of technical terms and acronyms refer to Acronyms and the appropriate device datasheet.
4.3.1.1 Macro twi_options_t
#define tw _options_t
4.3.1.2 Macro twi_package_t
#define tw _package_t
4.3.1.3 Macro twi_master_init
#define twi _nmaster_init
/Itmel_ AT07334: SAM4 TWI Master Mode Driver [APPLICATION NOTE] 9

42274A-MCU-05/2014



4314

4.3.2

4.3.3

434

43.5

4.3.6

4.3.7

4.3.8

Macro twi_probe

#define tw _probe

Macro TWI_FAST_MODE_PLUS_SPEED

#define TW_FAST_MODE_PLUS_SPEED

TWI Fast Mode Plus mode.

Macro TWI_FAST_MODE_SPEED

#define TW_FAST MODE_SPEED

Value to set TWI to Fast speed mode.

Macro TWI_HIGH_SPEED_MODE_SPEED

#define TW _H GH_SPEED MODE_SPEED

Value to set TWI to High speed plus mode.

Macro TWI_STD_MODE_SPEED

#define TW_STD MODE_SPEED

Value to set TWI to Standard speed mode.

Macro TWIM_IER_NAK_MASK

#define TW M | ER_NAK_MASK

Interrupt Enable Register mask to enable interupts for NAKs. Used to set the register.

Macro TWIM_IER_STD_MASK

#define TW M | ER_STD_MASK

Interrupt Enable Register mask to enable interupts on ANAK or ARBLST Used to set the register.

Macro TWIM_LOW_POWER_ENABLE
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4.3.9

4.3.10

4.3.1

4.4

4.41

4.4.2

#defi ne TW M _LON POAER_ENABLE

Enable TWIM Low Power Transfer by default.

Macro TWIM_SCR_NAK_MASK

#define TWM SCR NAK_MASK

Mask to clear the DNAK and ANAK bits in the Status Clear register.

Macro TWIM_SR_NAK_MASK

#define TW M SR _NAK_MASK

Status Register mask to test for NAKs in data or address phase.

Macro TWIM_SR_STD_MASK

#define TWM SR _STD_MASK

Status Register mask to test for conditions ANAK or ARBLST.

Function Definitions

Function twi_master_read()

Read multiple bytes from a TWI compatible slave device.

status_code_t tw _naster_read(
TWim* twim
struct tw m package * package)

Table 4-3. Parameters

[in] twim Base address of the TWIM
[in] package Package information and data

Table 4-4. Return Values

STATUS_OK If all bytes were read successfully
ERR_10_ERROR NACK received or Bus Arbitration lost

Function twi_master_write()

Write multiple bytes to a TWI compatible slave device.
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status_code_t tw _naster_wite(
TWim* twim
struct tw m package * package)

Table 4-5. Parameters

[in] twim Base address of the TWIM
[in] package Package information and data

Table 4-6. Return Values

STATUS_OK If all bytes were send successfully
ERR_IO_ERROR NACK received or Bus Arbitration lost

443 Function twim_clear_status()
Clear the current status of the TWIM.
void tw mcl ear_stat us(
Twim* twim
uint32_t cl ear_status)
Write the value passed in clear_status to the Status Clear Register. Bits set in clear_status result in setting to zero
the corresponding position in the Status Register. See the appropriate datasheet for more detail.
Table 4-7. Parameters
[in] twim Base address of the TWIM
[in] clear_status The TWIM status
44.4 Function twim_default_callback()
TWIM default callback.
voi d tw mdefaul t _cal | back(
Twim* twim
Each time a TWI packet is transmitted a callback function is executed. This provides default functionality and is
activated by calling twim_set_callback .
Table 4-8. Parameters
[in] twim Base address of the TWIM
445 Function twim_disable()
Sets the Master Disable bit of the Control Register, which disables master mode.
‘ voi d tw m_ di sabl e(
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‘ Twim* twim ‘

Table 4-9. Parameters

[in] twim Base address of the TWIM
instance

4.4.6 Function twim_disable_interrupt()
Disable the TWIM interrupts and clear their status.
voi d twi m di sabl e_i nterrupt (
Twim* twim
uint32_t interrupt_source)
Write the value passed in interrupt_source into the Interrupt Disable Register. Each bit clears the corresponding bit
in the Interrupt Mask Register and the Status Clear Register. For more detail see the appropriate datasheet.
Table 4-10. Parameters
[in] twim Base address of the TWIM
[in] interrupt_source The TWI interrupt to be disabled
447 Function twim_enable()
Sets the Master Enable bit of the Control Register, which enables TWI master mode.
voi d tw m enabl e(
Twim* twinm
Table 4-11. Parameters
[in] twim Base address of the TWIM
instance
4438 Function twim_enable_interrupt()
Enable the TWIM interrupts.
void tw m enabl e_i nterrupt (
TwWim?* twim
uint32_t interrupt_source)
Write the value passed in interrupt_source into the Interrupt Enable Register. Each bit sets the corresponding bit in
the Interrupt Mask Register. For more detail see the appropriate datasheet.
Table 4-12. Parameters
[in] twim Base address of the TWIM
AtmeL AT07334: SAM4 TWI Master Mode Driver [APPLICATION NOTE] 13
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[in] interrupt_source The TWI interrupt to be enabled

449 Function twim_get_interrupt_mask()

Return the current content of the Interrupt Mask Register.

uint32_t tw maget_interrupt_nmask(
™ m* twim

Table 4-13. Parameters

[in] twim Base address of the TWIM

Returns TWIM interrupt mask.

4410 Function twim_get_status()

Return the contents of Status Register.

uint32_t tw mget_status(
Twim* twinm

Table 4-14. Parameters

[in] twim Base address of the TWIM

Returns Contents of TWI Status Register.

4.411 Function twim_pdca_transfer_prepare()
Setup the TWI master for a PDCA (Peripheral DMA Controler) transfer.

voi d twi m pdca_transfer_prepare(
TWim?* twim
twi _package_t * package,
bool read)

Setup a DMA transfer. See twim_package

Table 4-15. Parameters
[in] twim Base address of the TWIM

[in] package Package information and data, see
twim_package

AtmeL AT07334: SAM4 TWI Master Mode Driver [APPLICATION NOTE] 14
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4.412

4.4.13

[in] read True if it's a read trasnfer

Function twim_probe()

Test if a device answers for a given TWI| address.

status_code_t tw m_probe(
TWim?* twim
uint32_t chi p_addr)

Table 4-16. Parameters

[in] twim Base address of the TWIM
[in] chip_addr Address of the device being
probed for

Table 4-17. Return Values

STATUS_OK Slave Found
ERR_10_ERROR ANAK received or Bus Arbitration lost

Function twim_set_callback()
Set callback for TWIM.

void tw mset_call back(
TWim* twim
uint32_t interrupt_source,
twi mcal |l back_t call back,
uint8_t irqg_level)

For a specfied interrupt source and interrupt level, register an interrupt service routine.

Table 4-18. Parameters

[in] twim Base address of the TWIM
[in] interrupt_source TWIM interrupt source

[in] callback Callback function pointer
[in] irq_level Interrupt level

4.414 Function twim_set_config()
Initialize the TWIM module.
status_code_t tw mset_config(
TWim?* twim
struct twimeconfig * config)
AtmeL AT07334: SAM4 TWI Master Mode Driver [APPLICATION NOTE] 15
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Table 4-19. Parameters

[in] twim Base address of the TWIM
[in] config Options for initializing the TWIM
module

Table 4-20. Return Values

STATUS_OK Transaction is successful
ERR_INVALID_ARG Invalid arg resulting in wrong CWGR Exponential

4.415 Function twim_set_hsmode_speed()

Set the TWI bus speed in conjunction with the clock frequency in high speed mode.

status_code_t tw m set_hsnode_speed(
TWim* twim
ui nt32_t speed,
uint32_t clk,
uint8_t cycles)

Table 4-21. Parameters

[in] twim Base address of the TWIM

[in] speed The desired twim bus speed

[in] clk The current running system clock
frequency

[in] cycles Clock cycles for data setup count

Table 4-22. Return Values

STATUS_OK Transaction is successful
ERR_INVALID_ARG Invalid arg resulting in wrong CWGR Exponential

4416 Function twim_set_speed()

Set the TWI bus speed in conjunction with the clock frequency.

status_code_t twi m set_speed(
TwWim?* twim
ui nt32_t speed,
uint32_t clk,
uint8_t cycles)

Table 4-23. Parameters

[in] twim Base address of the TWIM
[in] speed The desired twim bus speed
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[in]

[in]

Table 4-24. Return Values

clk The current running system clock
frequency
cycles Clock cycles for data setup count

STATUS_OK
ERR_INVALID_ARG

4.5 Enumeration Definitions

451 Enum twim_transfer_status

Table 4-25. Members

Transaction is successful

Invalid arg resulting in wrong CWGR Exponential

Enum value Description

TWI_SUCCESS
TWI_INVALID_ARGUMENT
TWI_ARBITRATION_LOST
TWI_NO_CHIP_FOUND
TWI_RECEIVE_NACK
TWI_SEND_NACK
TWI_INVALID_CLOCK_DIV

Atmel

TWI Transaction Success

Invalid Argument Passed

Bus Arbitration Lost

Slave Not Found

Data No Acknowledgement Received
Data No Acknowledgement Send
Invalid Clock Divider Value
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5. Special Considerations
NONE.
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6. Extra Information

6.1 Acronyms
SCR Status Clear Register
NAK Negative Acknowledgement
DNAK Negative Acknowledgement int TWI data phase
ANAK Negative Acknowledgement int TWI address phase
ARBLST Arbitration lost to a higher priority bus master in TWI

multi-master mode

IER Interupt Enable Register
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71

7.2

7.3

7.4

7.5

7.6

TWIM Master Example

Purpose

This is an example of how to use the TWIM driver to access an EEPROM.

Requirements

The program needs a TWI-compatible EEPROM connected as shown below:

Connections for Board: SAM4L Xplained Pro

Board e e ]

TWIMS3 TWD(PB14,EXT2/PIN11
TWIMS3 TWCK(PB15,EXT2/PIN12)
VCC

GND

Connections for Board: SAM4L-EK

SDA
SCL

VCC
GND

bord e eeRow |

TWIMS3 TWD(PBO)
TWIMS3 TWCK(PBO1)
VCC
GND

Description

1.  Write a data pattern to the EEPROM device.
2. Read data back from the EEPROM.

3. Compare the two. If they match then it worked.

Usage

1. Build the program and download it into the evaluation board.

2. Connect a serial cable to the UART port for each evaluation kit.

SDA
SCL

VCC
GND

3. Onthe computer, open, and configure a terminal application (e.g. HyperTerminal on Microsoft® Windows®)

with these settings:
e 115200 bauds
e 8 data bits

e No parity

e 1 stop bit

e No flow control

4. Start the application. The following traces shall appear on the terminal:

Atmel
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-- TWM Master Exanple --
- - XXXXXX- XX
-- Conpiled: XXX XX XXXX XX:XX:XX --
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8. Quick Start Guide
This is the quick start guide for the SAM4 TWI Master Mode Driver, with step-by-step instructions on how to
configure and use the driver for a specific use case.The code examples can be copied into the main application
loop or any other function that will need to control the TWIM module.
8.1 Use Cases
e TWIM Basic Usage
8.2 TWIM Basic Usage
This use case will demonstrate how to initialize the TWIM module.
8.3 Setup Steps
8.3.1 Prerequisites
This module requires the following service register
e clk_group
8.3.2 Basic Setup Workflow
Setup TWIM options, including TWIM clock frequency, the desired TWI bus speed, the target chip slave address
(optional) and being in SMBus mode or not. See twim_config for more information.
struct twimconfig tw mconf;
Get the system clock frequency, in Hertz.
twimconf.twimclk = syscl k_get_cpu_hz();
Select the desired TWI speed. These are defined by a number of macros e.g. TWI_STD_MODE_SPEED,
TWI_FAST_MODE_SPEED for the complete list see the Macro definitions section.
twi m conf.speed = DESI RED TW _BUS_SPEED;
twi m conf.snbus = fal se; /1 Not SMBus node
Set other settings to defaults.
twi m conf. hsnbde_speed = 0;
twi m conf.data_setup_cycles = 0;
twi m conf. hsnbde_dat a_setup_cycles = 0;
Now make the configuration active:
twi mset_config(TWM), & w mconf);
Note The TWIM driver supports I°C standard speed, fast speed, fast speed plus, and high speed.
The default callback function must be set before calling read/write functions.
twi mset_call back(TWM), 0, twi mdefault_callback, 1);
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Note The read/write functions will enable and disable the corresponding interrupt sources.

8.4 Usage Steps

8.4.1 twim_basic_usage_code

We can send data to the target slave device. Firstly, the data package should be prepared. In one data package,
several items should be set; the target slave address, the internal address (if needed), the length of the internal
address (if needed), the data buffer to be written, and the length of the data buffer.

twi _package_t packet _tx;

packet _tx.chip = TARGET_SLAVE ADDRESS; // The address of the TW Sl ave device.
packet _tx.addr[0] = (I NTERNAL_ADDRESS >> 16) & OxFF;

packet _tx.addr[1] = (1 NTERNAL_ADDRESS >> 8) & OxFF;

packet _tx. addr _| ength = | NTERNAL_ADDRESS LENGTH,;

packet _tx.buffer = (void *) data_buf_tx;

packet _tx. |l ength = DATA BUF_TX LENGTH;

Note The TWIM driver supports 1-3 bytes of internal address.

After the data package is ready, we can call twi_master write() to send the package to the slave address. The
callback set before will be handled in ISR.

twi _master_wite(TWML, &packet _tx);

Note If the function returns STATUS_OK, the package has been sent to the target slave device
successfully. Otherwise, the transmission fails.

We can receive data from the target slave device. Firstly, the data package should be prepared. In one data
package, several items should be set; the target slave address, the internal address (if needed), the length of the
internal address (if needed), the data buffer used to store received data and the length of the data to be received.

twi _package_t packet _rx;

packet rx.chip = TARCGET_SLAVE_ADDRESS;

packet rx.addr[0] = (I NTERNAL_ADDRESS >> 16) & OxFF;
packet _rx.addr[1] = (I NTERNAL_ADDRESS >> 8) & OxFF;
packet _rx.addr _| ength = | NTERNAL_ADDRESS LENGTH,;
packet _rx. buffer = (void *) data_buf _rx;

packet _rx.length DATA BUF_RX_LENGTH,;

Note The TWIM driver supports 1-3 bytes of internal address.

Once the data package is ready, we can call twi_master read() to receive a data package, in responde, from the
slave device. The callback set before will be handled in ISR.

twi _nmaster_read(TWML, &packet _rx);

Note If the function returns STATUS_OK, the package has been received from the target slave device and
the data has been stored in the data buffer successfully. Otherwise, the transmission failed.
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