
 ATWILC1000
 ATWILC1000 RTOS Driver Porting Guide

Introduction

This porting guide describes how to integrate the ATWILC1000 WLAN module to communicate with any
MCU via the Serial Peripheral Interface (SPI) or the Secure Digital Input Output (SDIO) interfaces. This
guide also provides an example for interfacing the SPI and SDIO with the MCU.

Prerequisites

• Hardware Prerequisites:
– SAM4S Xplained evaluation kit
– ATWILC1000 board
– Micro-USB cable (TypeA / MicroB)

• Software Prerequisites:
– Atmel Studio 6
– ATWILC1000 software release package
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1. SPI Interface
The ATWILC1000 external interfaces include:

• I2C Slave interface controls and configures using PC GUI tool
• SPI Slave and SDIO Slave interfaces controls and transfers data

This porting guide focuses on the SPI that operates as a SPI Slave.
Note:  For more information on interfacing sample with the ATWILC1000 and SAM4S Xplained board,
refer to Appendix.
For more information on the ATWILC1000, refer to the ATWILC1000-MR110xB Datasheet.

The ATWILC1000 provides a Serial Peripheral Interface (SPI) that can be used to control and transfer of
serial I/O of 802.11 data. The SPI Slave pins are mapped as shown in the following table. The RXD pin is
same as the Master Output Slave Input (MOSI), and the TXD pin is same as the Master Input Slave
Output (MISO). The SPI Slave is a full-duplex slave synchronous serial interface that is available after
reset, when pin 9 (SDIO_SPI_CFG) is connected to VDDIO.

Table 1-1. ATWILC1000 SPI Slave Interface Pin Mapping

Pin No. SPI Function

9 CFG - Must be connected with VDDIO

16 SSN - Active Low Slave Select

18 SCK - Serial Clock

13 RXD - Serial Data Receive

17 TXD - Serial Data Transmit

When the SPI is not selected, that is, when SSN is high, the SPI does not interfere with data transfers
between the serial-master and other serial-slave devices. When the serial-slave is not selected, its
transmitted data output is buffered, resulting in a high-impedance driver on the serial master receive line.
The SPI Slave interface responds to a protocol that allows an external host to read or write any register in
the chipset and also initiates DMA transfer.

The SPI Slave interface supports four standard modes as determined by the Clock Polarity (CPOL) and
Clock Phase (CPHA) settings. These modes are illustrated in the following figure and table.
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Figure 1-1. ATWILC1000 SPI Host MCU Interface Diagram

Table 1-2. SPI Slave Modes

Mode CPOL CPHA

0 0 0

1 0 1

2 1 0

3 1 1

The red lines in the following figure correspond to Clock Phase at 0 and the blue lines correspond to
Clock Phase at 1.

Figure 1-2. SPI Slave Clock Polarity and Clock Phase Timing

The following figure shows the ATWILC1000 SPI timing diagram.
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Figure 1-3. ATWILC1000 SPI Timing Diagram
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2. SDIO Interface with ATWILC1000
The following figure shows the SDIO interface connection with the Host MCU and ATWILC1000.

Figure 2-1. ATWILC1000 SDIO Host MCU Interface Diagram

For more details, refer to the External Interfaces chapter in the ATWILC1000-MR110xB Datasheet.
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3. ATWILC1000 Host Interface Driver
This section describes the communication between the ATWILC1000 host interface layer with a host
MCU via the serial interfaces supported by the ATWILC1000 software.

The ATWILC1000 software architecture consists of the following three components:

• IoT Application layer
• ATWILC1000 firmware
• ATWILC1000 ASIC driver

The ATWILC1000 ASIC driver includes the host interface layer to communicate with the host MCUs, for
example, to communicate with the SAM4S via the SPI or SDIO interface.

3.1 Host Driver Configuration for SPI Interface
To communicate with a host application CPU, define the CONF_WILC_USE_SPI macro for the SPI
interface. For more information on the SPI features, refer to the CONF_WILC_USE_SPI macro in the
driver source codes. This macro can be defined in the Atmel Studio compiler symbols.

3.2 Host Driver Configuration for SDIO Interface
To communicate with a host application CPU, define the CONF_WILC_USE_SDIO and
CONF_WILC_USE_SDIO_EXT_IRQmacros for the SDIO interface and external IRQ. For more information
on the SDIO features, refer to the CONF_WILC_USE_SDIO macro in the driver source codes. This macro
can be defined in the Atmel Studio compiler symbols.

3.3 Platform Dependent Driver
The ATWILC1000 driver consists of platform independent and dependent parts. The dependent part of
the ATWILC1000 driver must be ported to specific platforms. The ATWILC1000 driver defines the
functions that must be ported to communicate with a host CPU via the SPI interface. The Bus Wrapper
APIs lists the declarations defined in the nm_bus_wrapper.h file, which provides wrapper functions to a
specific platform.
Note:  The nm_bus_wrapper.h file is located in the \src\ASF\common\components\wifi\wilc
\bus_wrapper\ folder.

3.4 Bus Wrapper APIs
This section describes the host bus wrapper functions. The independent parts of the ATWILC1000 driver
calls the functions in a specified time. For example, the nm_bus_init function calls during driver initial
stage. Similarly, the nm_bus_deinit function is called when de-initializing the driver. The
nm_bus_ioctl function is called when the driver reads or writes the control packets or 802.11 data.

nm_bus_init
    Declaration 
        sint8 nm_bus_init (void *)
    Description
        Initialize the bus wrapper
    Return 
        M2M_SUCCESS in case of success and M2M_ERR_BUS_FAIL in case of failure
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    Declaration
        sint8 nm_bus_deinit (void)
    Description
        De-initialize the bus wrapper
    Return
        ZERO in case of success and M2M_ERR_BUS_FAIL in case of failure

nm_bus_ioctl
    Declaration
        sint8 nm_bus_ioctl (uint8 u8Cmd, void* pvParameter)
    Description
        send/receive from the bus
    Parameters
        U8Cmd: IOCTL command for the operation
        pvParameter: Arbitrary parameter depending on IOCTL
    Return
        M2M_SUCCESS in case of success and M2M_ERR_BUS_FAIL in case of failure

For more details on how to port the bus wrapper functions on the Xplained board, refer to the Porting on
SAM4S Xplained Board chapter.

 ATWILC1000
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4. Porting on SAM4S Xplained Board
This chapter describes how to port the ATWILC1000 SPI bus wrapper with the SAM4S Xplained board.
For more details on the SAM4S, refer to the SAM4S Xplained Pro User Guide and SAM4S MCUs for
SAM4S MCUs. The Appendix shows an example from Atmel Studio for reading the chip ID with the
ATWILC1000. This example can be used to verify porting of the SPI slave bus wrapper.

4.1 Writing nm_bus_wrapper.c File
The ATWILC1000 release package includes the nm_bus_wrapper.h file to declare the functions that
are required for the driver, which is a dependent part of the ATWILC1000 ASIC driver. Defining SPI
Wrapper Functions describes how to write the bus wrapper C-file to define and declare in the
nm_bus_wrapper.h file. It is required to create a new file to define declarations, for example, the
nm_bus_wrapper_sam4s.c and sdio_sam4s.c files indicate that the file is for the SAM4S board.
Note:  Make sure to add a new file in the compile list.

4.2 Defining SPI Wrapper Functions
The following sample code shows how to initialize the SPI driver to provide the wrapper function
nm_bus_init to the ATWILC1000 ASIC driver. This function initializes the SPI driver of the SAM4S. The
ATWILC1000 ASIC driver requires the host interface layer to communicate with a host MCU, which calls
this function during the ATWILC1000 initial phase. Then, the ATWILC1000 ASIC driver reads the chip ID
to validate the SPI communication.

sint8 nm_bus_init(void *pvInitValue)
{
    sint8 result = M2M_SUCCESS;
#ifdef defined CONF_WILC_USE_SPI

    /* Configure SPI pins. */
    gpio_configure_pin(CONF_WILC_SPI_MISO_GPIO, 
                        CONF_WILC_SPI_MISO_FLAGS);  
    gpio_configure_pin(CONF_WILC_SPI_MOSI_GPIO, 
                        CONF_WILC_SPI_MOSI_FLAGS);  
    gpio_configure_pin(CONF_WILC_SPI_CLK_GPIO, 
                        CONF_WILC_SPI_CLK_FLAGS);  
    gpio_configure_pin(CONF_WILC_SPI_CS_GPIO,                                    
                        CONF_WILC_SPI_CS_FLAGS);

    /* Get the PIO instance used for CS. */
    p_pio_cs = (Pio *)((uint32_t)PIOA + (PIO_DELTA *
                        (CONF_WILC_SPI_CS_GPIO >> 5)));
    SPI_DEASSERT_CS(); 

    /* Configure SPI module. */
    spi_enable_clock(CONF_WILC_SPI);
    spi_disable(CONF_WILC_SPI);
    spi_reset(CONF_WILC_SPI);
    spi_set_master_mode(CONF_WILC_SPI);
    spi_disable_mode_fault_detect(CONF_WILC_SPI);
#ifdef    __SAM4SD32C__
    spi_set_fixed_peripheral_select(CONF_WILC_SPI);
#else
    spi_set_peripheral_chip_select_value(CONF_WILC_SPI,
                                            CONF_WILC_SPI_NPCS);
#endif
    spi_set_clock_polarity(CONF_WILC_SPI,
                            CONF_WILC_SPI_NPCS, CONF_WILC_SPI_POL);
    spi_set_clock_phase(CONF_WILC_SPI, 
                            CONF_WILC_SPI_NPCS, CONF_WILC_SPI_PHA);
    spi_set_bits_per_transfer(CONF_WILC_SPI,
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                            CONF_WILC_SPI_NPCS, SPI_CSR_BITS_8_BIT);
    if (sysclk_get_cpu_hz() % CONF_WILC_SPI_CLOCK != 0) 
        {
            M2M_ERR("Warning: non-integer SPI clock divider not allowed, was floored to %d.\r
\n",
                             sysclk_get_cpu_hz()/ CONF_WILC_SPI_CLOCK);
        }
    spi_set_baudrate_div(CONF_WILC_SPI, CONF_WILC_SPI_NPCS,
                            (sysclk_get_cpu_hz() / CONF_WILC_SPI_CLOCK));
    spi_set_transfer_delay(CONF_WILC_SPI, CONF_WILC_SPI_NPCS,
                            CONF_WILC_SPI_DLYBS,CONF_WILC_SPI_DLYBCT);
    spi_enable(CONF_WILC_SPI);

    /* Get pointer to SPI master PDC register base. */
    g_p_pdc_spi = spi_get_pdc_base(CONF_WILC_SPI);
    pdc_disable_transfer(g_p_pdc_spi, PERIPH_PTCR_RXTDIS | PERIPH_PTCR_TXTDIS);
    nm_bsp_reset();  
    SPI_DEASSERT_CS();
#elif defined CONF_WILC_USE_SDIO  
    result = sam4s_sdio_init();
#endif  
    return result;
} 

The nm_bus_ioctl function is called when the ATWILC1000 ASIC driver reads or writes the data. In
case of the SPI interface, only the NM_BUS_IOCTL_RW command is used.

sint8 nm_bus_ioctl(uint8 u8Cmd, void* pvParameter)
    {
        sint8 s8Ret = 0;
        switch(u8Cmd)
        {
    #ifdef defined CONF_WILC_USE_SPI 
                case NM_BUS_IOCTL_RW: 
                {
                tstrNmSpiRw *pstrParam = (tstrNmSpiRw *)pvParameter; 
                s8Ret = spi_rw(pstrParam->pu8InBuf, 
                pstrParam->pu8OutBuf, pstrParam->u16Sz);
                }
            break;
        }
    return s8Ret;
    }

The wrapper function also provides the nm_bus_deinit function. If required in a specific platform, the
function must also be implemented in the wrapper file. If not required, return zero as shown in the
following sample code. This function is common for the SPI and SDIO interfaces.

sint8 nm_bus_deinit(void)
    {
        return M2M_SUCCESS;
    }

4.3 Defining SDIO Wrapper Functions
The SDIO interface initialization is implemented in the \src\ASF\common\components\wifi\wilc
\bus_wrapper\source\sdio_sam4s.c file. To initialize the SDIO interface, define the
CONF_BOARD_SD_MMC_HSMCI marco in the \src\config\conf_board.h file. This board- dependent
implementation is based on the board support package.

int8_t sam4s_sdio_init(void)
{
    #if defined (CONF_BOARD_SD_MMC_HSMCI)
    /* Configure HSMCI pins */
    gpio_configure_pin(PIN_HSMCI_MCCDA_GPIO, 
                        PIN_HSMCI_MCCDA_FLAGS);    
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    gpio_configure_pin(PIN_HSMCI_MCCK_GPIO, 
                        PIN_HSMCI_MCCK_FLAGS);     
    gpio_configure_pin(PIN_HSMCI_MCDA0_GPIO, 
                        PIN_HSMCI_MCDA0_FLAGS);     
    gpio_configure_pin(PIN_HSMCI_MCDA1_GPIO, 
                        PIN_HSMCI_MCDA1_FLAGS);     
    gpio_configure_pin(PIN_HSMCI_MCDA2_GPIO, 
                        PIN_HSMCI_MCDA2_FLAGS);     
    gpio_configure_pin(PIN_HSMCI_MCDA3_GPIO,
                        PIN_HSMCI_MCDA3_FLAGS);

    /* Configure SD/MMC card detect pin */
    #ifdef SD_MMC_0_CD_GPIO
        gpio_configure_pin(SD_MMC_0_CD_GPIO, SD_MMC_0_CD_FLAGS);
    #endif
        #endif

        // Initialize SDIO on SAM4s
        sd_mmc_init();

        //Wait for a card and ready
        check_card_exist();

        // Display basic card information
        main_display_info_card(0);  
   
        return M2M_SUCCESS;
}

The nm_bus_ioctl function is called when the ATWILC1000 ASIC driver reads or writes the data. For
the SDIO interface, NM_BUS_IOCTL_CMD_52 and NM_BUS_IOCTL_CMD_53 commands are used.

sint8 nm_bus_ioctl(uint8 u8Cmd, void* pvParameter)
    {
        sint8 s8Ret =  0;
        switch(u8Cmd)
        {
    #ifdef defined CONF_WILC_USE_SDIO
            case NM_BUS_IOCTL_CMD_52:
            {
            tstrNmSdioCmd52* pstrParam = (tstrNmSdioCmd52 *)pvParameter;
            s8Ret = nmi_sdio_cmd52(pstrParam);
            }
            break;
            case NM_BUS_IOCTL_CMD_53:
            {
                tstrNmSdioCmd53* pstrParam = (tstrNmSdioCmd53 *)pvParameter;
                s8Ret = nmi_sdio_cmd53(pstrParam);
            }
            break;
    #endif
        }
        return s8Ret;
    }

Note:  To handle the SDIO IRQ, the IRQN pin of the ATWILC1000 module must be connected with the
host MCU external interrupt pin. In this driver, the ATWILC1000 does not support the in-band interrupt
option.
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5. Reference Documentation
The following table provides the set of collateral documents to ease integration and device ramp.

Table 5-1. Reference Documents

Title Content

ATWILC1000 RTOS Driver
Porting Guide

This document.

ATWILC1000-MR110xB
Datasheet

This document describes the functional description of IEEE® 802.11
b/g/n Link Controller module.

For a complete listing of development support tools and documentation, visit http://www.microchip.com/,
or contact the nearest Microchip field representative.
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6. Document Revision History
Rev A - 1/2018

Section Changes

Document Initial release
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7. Appendix - Get ATWILC1000 Examples
The Atmel Studio is required in order to work on the ATWILC1000 with the SAM4S board. This appendix
shows how to get to the ATWILC1000 examples from the Atmel Studio, and download and install the
Atmel Studio. Refer to the Atmel Studio online help for more instructions.

Perform the following to find the ATWILC1000 examples in the Atmel Studio.

• Launch the Atmel Studio
• Install the latest ASF release or select the ATWILC1000 project from the release package

Figure 7-1. New Example Project from ASF or Extension

This installation creates a new project in the specified location, for an example to read the chip ID. If the
SPI Slave interface is not working, it fails to read the chip ID. For more information on this example, refer
to the Atmel gallery.

This example contains the nm_bus_wrapper_SAM4S.c file in the /src/winc/bus_wrapper/source
location. This file ports the SPI Slave interface driver for the ATWILC1000 ASIC driver. This file contains
three implementations for the nm_bus_init, nm_bus_ioctl and nm_bus_deinit as explained in this
guide.

The main function contains a simple implementation. After calling the m2m_wifi_init function, it prints
the chip ID to check functioning of the bus interface.

 ATWILC1000
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The Microchip Web Site

Microchip provides online support via our web site at http://www.microchip.com/. This web site is used as
a means to make files and information easily available to customers. Accessible by using your favorite
Internet browser, the web site contains the following information:

• Product Support – Data sheets and errata, application notes and sample programs, design
resources, user’s guides and hardware support documents, latest software releases and archived
software

• General Technical Support – Frequently Asked Questions (FAQ), technical support requests,
online discussion groups, Microchip consultant program member listing

• Business of Microchip – Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Customer Change Notification Service

Microchip’s customer notification service helps keep customers current on Microchip products.
Subscribers will receive e-mail notification whenever there are changes, updates, revisions or errata
related to a specified product family or development tool of interest.

To register, access the Microchip web site at http://www.microchip.com/. Under “Support”, click on
“Customer Change Notification” and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative
• Local Sales Office
• Field Application Engineer (FAE)
• Technical Support

Customers should contact their distributor, representative or Field Application Engineer (FAE) for support.
Local sales offices are also available to help customers. A listing of sales offices and locations is included
in the back of this document.

Technical support is available through the web site at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

• Microchip products meet the specification contained in their particular Microchip Data Sheet.
• Microchip believes that its family of products is one of the most secure families of its kind on the

market today, when used in the intended manner and under normal conditions.
• There are dishonest and possibly illegal methods used to breach the code protection feature. All of

these methods, to our knowledge, require using the Microchip products in a manner outside the
operating specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is
engaged in theft of intellectual property.

• Microchip is willing to work with the customer who is concerned about the integrity of their code.
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• Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their
code. Code protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the
code protection features of our products. Attempts to break Microchip’s code protection feature may be a
violation of the Digital Millennium Copyright Act. If such acts allow unauthorized access to your software
or other copyrighted work, you may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for
your convenience and may be superseded by updates. It is your responsibility to ensure that your
application meets with your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY
OR OTHERWISE, RELATED TO THE INFORMATION, INCLUDING BUT NOT LIMITED TO ITS
CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR FITNESS FOR PURPOSE.
Microchip disclaims all liability arising from this information and its use. Use of Microchip devices in life
support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting
from such use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual
property rights unless otherwise stated.

Trademarks

The Microchip name and logo, the Microchip logo, AnyRate, AVR, AVR logo, AVR Freaks, BeaconThings,
BitCloud, CryptoMemory, CryptoRF, dsPIC, FlashFlex, flexPWR, Heldo, JukeBlox, KeeLoq, KeeLoq logo,
Kleer, LANCheck, LINK MD, maXStylus, maXTouch, MediaLB, megaAVR, MOST, MOST logo, MPLAB,
OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, Prochip Designer, QTouch, RightTouch, SAM-BA,
SpyNIC, SST, SST Logo, SuperFlash, tinyAVR, UNI/O, and XMEGA are registered trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

ClockWorks, The Embedded Control Solutions Company, EtherSynch, Hyper Speed Control, HyperLight
Load, IntelliMOS, mTouch, Precision Edge, and Quiet-Wire are registered trademarks of Microchip
Technology Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut, BodyCom,
chipKIT, chipKIT logo, CodeGuard, CryptoAuthentication, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, EtherGREEN, In-Circuit Serial
Programming, ICSP, Inter-Chip Connectivity, JitterBlocker, KleerNet, KleerNet logo, Mindi, MiWi,
motorBench, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, PureSilicon, QMatrix, RightTouch logo, REAL
ICE, Ripple Blocker, SAM-ICE, Serial Quad I/O, SMART-I.S., SQI, SuperSwitcher, SuperSwitcher II, Total
Endurance, TSHARC, USBCheck, VariSense, ViewSpan, WiperLock, Wireless DNA, and ZENA are
trademarks of Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

Silicon Storage Technology is a registered trademark of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary of
Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
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Quality Management System Certified by DNV

ISO/TS 16949
Microchip received ISO/TS-16949:2009 certification for its worldwide headquarters, design and wafer
fabrication facilities in Chandler and Tempe, Arizona; Gresham, Oregon and design centers in California
and India. The Company’s quality system processes and procedures are for its PIC® MCUs and dsPIC®

DSCs, KEELOQ® code hopping devices, Serial EEPROMs, microperipherals, nonvolatile memory and
analog products. In addition, Microchip’s quality system for the design and manufacture of development
systems is ISO 9001:2000 certified.
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Thailand - Bangkok
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