MICROCHIP AN2907

Adding an ATWINC15x0 Wi-Fi® Network Controller to a
Microcontroller Application

Introduction

This document demonstrates the process of porting and adding the ATWINC1500 driver for a desired microcontroller.
The ATWINC1500 driver is available in the Microchip Libraries for Applications (MLA).
This document is also useful for the following application users:
* Third party non-Microchip microcontroller
* Microchip (PIC®/AVR®/SAM) microcontroller without MPLAB Harmony Software Framework or Advanced
Software Framework (ASF)

Note: Harmony and ASF have their own versions of the ATWINC1500 driver, which can be included using the
configuration tools.

The references to the ATWINC15x0 module include the following:
* ATWINC1500
+ ATWINC1510
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1. Getting Started

11 Prerequisites

The following tools are used to verify the ported project.
Note: If the specified tools are not available, study the process of porting the driver section and use it with various
combinations of development tools.

1.

Software:

1.1. MPLAB® X IDE v4.15

1.2. MPLAB XC16 Compiler v1.33

1.3. MPLAB Code Configurator plug-in v3.55.1

1.4. TeraTerm
Hardware:
21. Explorer 16/32 Development Board

2.2. 16-bit microcontroller PIC24FJ128GA310 plug-in-module
2.3. WiFi 7 click board™ from MikroElektronika (features the ATWINC1510)
24. MPLAB ICD4 programmer/debugger (or ICD3/PICKit3, and so on)

1.2 Reference Documents

onh =

ATWINC1500 MLA User’s Guide

WiFi 7 Click Board Schematic

Explorer 16/32 Development Board User’s Guide
PIC24FJ128GA310 Plug-in Module Manual

1.3 Glossary

ASF - Advanced Software Framework

Explorer - 16/32 Development board is used to run this demonstration. It is sometimes referred as Explorer in
this document

GPIO - General Purpose Input/Output (pins)

Harmony - Shorthand for MPLAB Harmony Software Framework
INT1 - Interrupt Module 1

IRQ - Interrupt Request

ISR - Interrupt Service Routine

MCC - MPLAB Code Configurator

MCU - Microcontroller Unit

MLA - Microchip Libraries for Applications

PIM - Plug-in Module

WINC - Wi-Fi Network Controller
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Locating the ATWINC1500 MLA Driver Files

1. Install the MLA framework. See this link for the latest MLA.

2. Locate the ATWINC1500 driver at: {install path}\microchip\mla\{MLA version}\framework
\driver\wifi\winc1500

3. The directory structure for the ATWINC1500 driver with default installation of MLA v2017_03_06 is shown in

the following figure.

Figure 2-1. WINC Driver Location in MLA

O B [
@uv‘ <« 0SDisk (C:) » microchip » mla » v2017 03.06 » framework » driver » wifi » winc1500 » v |4 | Search winci500 P
File Edit View Tools Help
Organize v Include in library » Share with v New folder v ] @
»

b Favorites Name Date modified Type Size

Ml Desktop src 7/31/201711:18 AM  File folder

. Recent Places L winc1500_api H File 57 KB

74 Libraries . winc1500_driver_config H File 3KB

& Downloads

4. Thefile wincl1500 api.h contains declarations for all core driver and support stub functions. Any source file

that needs to call the winc1500 driver functions should include this header file.

5. Thefile wincl1500 driver config.h contains configuration macros to customize the driver.

Note: The user refers to this file while porting the driver into their project.

Figure 2-2. WINC Core Driver SRC Files

= | B |
@n\_jnv| . < 08Disk (C:) » microchip » mla » v2017 03 06 » framework » driver b wifi » wincl500 » src - | +y | Search src P |
File Edit View Tools Help
Organize = Include in library « Share with + MNew folder =~ 0 @
S B MName Date modified Type Size
B Desktop | wf_asic 3/3/201711:35 AM - CFile TKB
1] Recent Places | wi_hif 12/20/2017 11:17 C File 18 KB
7 Libraries | wf_ota CFile 3KB
& Downloads | wf_socket CFile 32KB
=] wi_spi CFile 22 KB
| wf_spi_flash CFile 23 KB
1 wi_utils C File 3KB
7 Libraries | wi_wifi CFile 43KB
3 Documents =] wi_asic H File 5KB
o' Music | wf_common H File 3KB
[/ Pictures | wi_drv H File 21 KB
=] Subversion | wf_errors J1711:55 AM  HFile SKB
B Videos | wi_hif 11:55 AM  HFile 5KB
| wf_ota 11:55 AM  HFile TKB
1% Computer | wi_socket 11:55AM  HFile 40 KB
’:_’n 05Disk (C1) | wf socket_internal 11:55AM  HFile 8 KB
| wf_spi 11:55 AM  HFile 2KB
Gi,i Network | wf_spi_flash 11711:55 AM HFile 9Ke
f | wi_spi_flash_map 01711:55AM  HFile 8 KB
| wf_types 11:55AM HFile 16 KB
= wi_utils 3/3/2017 11:55 AM H File 2KB
21 items

L

6. The ‘src’ folder contains the core driver files as shown in the above figure and should not be modified.
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Note: The user can choose either of the following while creating projects for the applications:
1. Copy the winc1500 driver folder to every project, or,
2. The user may point all projects to this common location.
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3. Overview of ATWINC1500 MLA Driver

The ATWINC1500 MLA driver helps the user to create 802.11 wireless applications using the ATWINC 1500 module.
The MLA driver runs on a host MCU that connects to the ATWINC1500, as shown in the following figure.

Figure 3-1. Module Host Interface

Pl /
>

Host MCU RESET WINC1500

CE >
INT

<

3.1 Features
Following are the features of the ATWINC1500 MLA Driver:
* MCU-agnostic; requires only an SPI interface, a timer, 2 GPIO’s, and an interrupt line
» Customizable via compiler switches to save memory
» Written in portable ‘C’ with all source code provided

© 2019 Microchip Technology Inc. Application Note DS00002907B-page 6
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Supporting Blocks of ATWINC1500 Application

Table 4-1. Major Blocks in an ATWINC1500 Application

Written / Edited by Description
User?

Applications software Yes This is the application code. The user must also
write callback functions for the ATWINC1500 event
handlers (For example: Wi-Fi event, Socket event,
and so on) that the driver calls, and the application
must process.

ATWINC1500 MLA driver software No This is the core driver code supplied by Microchip.
It should not need to be modified.

Stub software Yes The MLA driver calls these functions, but they must
be coded by the user. The stub functions control
MCU-specific hardware and event handling:

SPI Interface

GPIO control

1ms Timer

Interrupt from ATWINC 1500

Wi-Fi, Socket, Error and OTA event handling

Note: Itis highly recommended to read first five sections of the ATWINC1500 MLA user’s guide located at C:
\microchip\mla\v2017 03 06\apps\tcpip\wifi wincl500 demo\docs\WINC1500 MLA User’s

Guide.pdf.
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Porting ATWINC1500 MLA Driver

Start the process of porting and integrating the ATWINC1500 MLA driver to the project. Before the ATWINC1500
Driver API can be used, there are some MCU-specific stub functions that must be coded. The ATWINC1500 driver
calls these functions during run-time. The examples shown here use MPLAB X IDE. If you are using a non-Microchip
device and a different IDE, review the steps outlined below and follow the IDE’s process to achieve a similar result.

Importing MLA Driver Files

1. Create a project with PIC24FJ128GA310 in MPLAB X IDE, the latest XC16 compiler and programmer tool.

Figure 5-1. Creating the Project

File Edit View MNavigate Source Refactor Run Debug

?:I E ‘E I-—: : default

E Header Files
—ﬁ Important Files
L] Makefie

> Ea Linker Files
[aﬂ Source Files

".[&2 Loadables

2. Right click on “Header Files” and create a New Logical Folder named “framework”. Similarly, create logical
folders as shown in the following figure, such as: Header Files -> framework -> driver ->

wincl500.

Figure 5-2. New Logical Folder Hierarchy for ATWINC1500 Driver

PeY cocer Fien
=} @ Important |
~- P Makefil
E] Linker Files
E] Source File
E- Libraries

[z Loadables

Projects % |Files | Services | Classes | =

New

New Logical Folder -

Add Existing Item...
Add Existing Items from Folders...
Find...

Paste Ctrl+V

Remove From Project

Rename...

Properties
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Projects % | Files

] Services

l Classes {

Ek- Header Files
: - framework
E}- driver

@[ Important Files
Linker Files

(& Loadables

= winc1500_driver_test

FE] winc1500

|

3. Right click on newly created logical “winc1500” folder and select “Add Existing Item”. In the browse window,
select all the header files from the “src” folder and click Select. Select the storage path as “Auto”.

Following are the two options for this:
3.1.

Copy the WINC1500 folder from the MLA driver into your project directory and browse to local

location: \wincl1500 driver test.X\wincl500\src\.

3.2.

Browse to the WINC1500 MLA driver location. This way, multiple projects point to the same driver

code instead of having individual driver copy for each project: mla\ {MLA version}\framework

\driver\wifi\wincl1500\src\.

Figure 5-3. Adding Driver Header Files

Projects % | Files VServooes Classes =
=[5 winc1500_driver_test B4 Select tem —x
& E] Header Files Lockin: r = - & &=
-y framework
(g driver . Size Item type Date modified
. ‘h - i 430KB HFile 3/3/2017 1155... -
=@ o i Recent Items 228KB HFile 3/3/2017115...
(e Linker Fles 203KB HFile 3/3/2017 115...
) Source Fies 463KB HFile 3/3/2017 11:5.
(@ Libraries " 8 468KB HFile 3/3/20171
(& Loadables Desktop 6.29KB HFile 3/3/2017 1
95KB HFile 3/3/20171
- 7.05KB HFile 3/3/2017115...
E 1.54KB HFile 3/3/2017115...
My Dcrcnts 849KB HFile 3/3/2017 115... E
7.89KB HFile 3/3/2017 115...
152KB HFile 3/3/2017115...
Ay 170KB HFile 33/2017115...
679KB CFile 3/3/2017 1155...
[of tes e
omesEr 179KB CFile 12/20/20171... Sioxe poltas:
= 270KB CFile 3/3/201711:5... © Auto
‘E 312KB CFile 3/3/2017 115... © Relative
| whspi 21.0KB CFile 12/20/2017 1:... |
Metwork S| BN ir <pi Aash 22K8 CFile 3/3/2017 115... Gl
| wh_utils 275KB CFile 3/3/2017 1155... - |[C] copy
Flename: |cket.h” wf_socket_intemal.h” “wf_spih" “wf_spi_flash.h” “wf_spi_flash_map.h” “wf_types.h” “wf_utls.h"
Fiesof tyoe: | Al Files =]

4. Add one more header file to this logical winc1500 folder. Follow same process as above and navigate to the

file winc1500 api.h andadd it.
Figure 5-4. Adding One More Driver Header Files
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| Projects % [ Files Services Classes

=[5 winc1500_driver_test
B EE] Header Files

= Gﬁ framework
& driver
Y s
¥ wf_asich
L[ wf_common.h
o wf_drv.h
@ wf_errors.h
[ wf_hifh
1 wf_ota.h
> @ wf_socket.h
> E wf_socket_internal.h
E‘] wf_spi.h
| wf_spi_flash.h
'E wf_spi_flash_map.h
: @ wf_types.h
0 wf_utis.h
& ﬁ Important Files
E] Linker Files
(g8 source Files
b E Libraries
(g Loadables

r R
B4 Select Item =5
Look in: | Winc1500 - 5 A
I Name Size Item type Date modified
&34 L st File folder 7/31/2017 11....
Recent Items wincl500_api 563 KB HFile 3/3/2017 11:5...
|| winc1500_driver_config 204 KB HFile 12/19/2017 6:...
Desktop
B
My Documents Store path as:
) Auto
) ?L @) Relative
Computer (7) Absolute
[[] Copy
= Y
i& File name: winc1500_api.h
Network Files of type: [ Al Files =

\

The header file structure is shown in the following figure:
Figure 5-5. Header File Structure

Projects % |Files | Services | Classes

;5;.@ winc1500_driver_test
= E Header Files
= E framework

él- !i driver

‘

wf_asic.h
E wf_common.h
nt wf_drv.h
E] wf_errors.h
wf_hif.h
E‘] wf otah
E‘] wf_socket.h
E] wf_socket_internal.h
E‘] wf_spi.h
E] wf_spi_flash.h
E‘] wf_spi_flash_map.h
E] wf_types.h
E‘] wi_utils.h
LM winc1500_apih
[ ‘--ﬁ' Important Files
E Linker Files

=}

5.  Now, add the header paths to project properties. Go to Project Properties ->xcl6-gcc ->Option
dropdown: “Preprocessing and messages” ->C include dirs -> browse and add driver paths
based on your choice from step 3. The following figure shows the paths for the local copy of the driver.

© 2019 Microchip Technology Inc.
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Figure 5-6. Adding Library Path

a Project Properties - winc1500_driver_test Py
Categories: .
0" Ceneral Options for xc16-gec (v1.33)
i @ File Inclusion/Exclusion Option categories: | Préprocessing and messages v
= @ Conf: [default
.0 ICD4 C indude dirs
@ Loading Define C macros @
[+ @ Ubraries IANSI-std C support B3 Cinclude dirs lﬂ
i @ Building =2
£ 0 XC16 (Global Options) se CCl syntax 1
s Destroy Dowr Up Browse... —
e o erep—
i @ xcl16-gec Errata winc1500 E |
e @ xc164d —
o xclbar Bmart 10 forwarding level ik o
Smart I0 format string
lake warns into errors v
Additional options: )
S ] i
Option Description Gene;ag|
Relative paths are from
MPLAB X project diectory. ...
Manage Configurations...
[ OK ] [ Cancel ] [ Apply ] Unlock l Help l

A

6. Similarly, create the logical folder structure under “Source Files” and add WINC1500 driver source ‘C’ files.

Figure 5-7. Adding Driver C File

Projects %|Files [ services | Classes 2
(& winc1500_driver_test
(i) Header Files

p
&R framework B3 Select ltem ==
[ ﬁ Important Files e -
(&) Linker Fies Lockin: | |, st = #EE
Fﬂ- Source Files =
g ek . Size Item type Date modified
B driver - 6.79KB CFile 3/3/2017 1135.., -
E Recent Items 179KB CFile 12/20/2017 1...
(g Lirares 270K8 CFile 3/3/2017115..
& Loadables B vt socket 312KB CFile 3/3/2017 11
- I wf_spi 210KB CFile 12/20/2017 1....
Deskiop B wf spi_flash 22K8 CFile 3/3/2017 115.. |
275KB CFile 3/3/2017 11:5... 5
- 426KB CFile 3/3/2017 11:5..,
i [ wi_asic 430KB HFile 3/3/201711:

| wf_common 228KB HFile

My Documents .
E N3KE HFile ; 5?';";“ *
| wf_errors 463KB HFile 3/3/2017 11! [

L) L wf_hif 468KE HFile 3/3/2007 11 © Relative
Computer | wi_ota HFile 3/3/2017 11.5... () Absolute
| wi_socket HFile 3/3/2017 115...
- of socket i H File 33720171135 - | EJcopy
(E File name: [ “wf_hif.c" "wf_ota.c” “wf_socket.c” “wf_spi.c" "wf_spi_flash.c” “wf_utis.c™ "wf_wifi.c" Select
Network

Files of type: [l Files =)

The source file structure is shown in the following figure:

© 2019 Microchip Technology Inc. Application Note DS00002907B-page 11
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Figure 5-8. Source File Structure

Projects i | Files |Servioes

=[5 winc1500_driver_test
=) Header Files
+ ﬁ framework
@@ Important Files
E‘, Linker Files
= B Source Files
2-(g) framework
—_Gf] driver
o @
; @ wf_asic.c
B wf_hif.c

';_Ij wf_ota.c

3 wf_socket.c

- 1] wf_spi.c

) wf_spi_flash.c

L wf_utis.c

B wf_wifi.c
H‘ Libraries
(& Loadables

Classes

7. Create a logical folder “config” under Header Files and add the winc1500 driver config.h file.
Note: If you are pointing to MLA driver files (step 3 choice 2), you need to create a local copy of the file
wincl500 driver config.h into the project and add the local copy to the project.

Figure 5-9. Adding Driver Configuration Header File

1 Projects & ‘ Files | Services i Classes

El

=[5 winc1500_driver_test

= [Iﬂ Header Files

Y]

&) framework
- Important Fies

E] Linker Files
(g Source Fies

[ ﬁ framework

E Libraries

E: Loadables

7 3
B4 Select Item &
Lookin: winc1500 5 Al
Name Size Item type Date modified
.&}‘4 src File folder 7/31/2017 11:18 AM
Recent Items __ wincl500_api 563KB HFile 3/3/2017 11:55 AM
winc1500_driver_config 204KB HFile 12/19/2017 6:20 PM
Desktop
K
My Documents Store path as:
() Auto
PL (@ Relative
L. 9
Computer () Absolute
[ Copy
Y
‘.E File name: winc1500_driver_config.h
Netuork Files of type: | Al Files e Cancel
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Figure 5-10. Driver Configuration Header File

Projects £ | Files !Services !Ciasses
8- @ winc1500_driver_test
@ Header Files

ﬁ conﬁg

ﬁ framework

""" ﬁ Important Files
E] Linker Files
— E] Source Files

ﬁ framework

E Libraries

-z Loadables

5.2 Microcontroller Specific Settings

This section is highly dependent on the target microcontroller. Be sure to complete the following steps with respect to
the device you are using. In short, this is where to configure the microcontroller’s clock source, GPIO, peripherals,
console services, and so on.

For PIC Microcontroller users, use the MPLAB Code Configurator (MCC) plugin in MPLAB X IDE for easy
configuration and streamlined code generation. Refer to the online tutorial (http://microchipdeveloper.com/install:mcc)
to learn more about MCC. Check the release notes for MCC (https://www.microchip.com/mplab/mplab-code-
configurator) to know if your device is supported by MCC.

The user can also perform this without MCC. Ensure that the basic system settings such as configuration bits, UART,
SPI are go through the following settings and write the code accordingly.

5.21 Generic System Settings
Configure your clock source, programmer settings, watchdog timer settings, and so on to following settings.

MCC users must update the following in MCC system module:
* 8 MHz FRC Oscillator with FRC postscaler 1:1
« Enable PLL to obtain system frequency (= Fosc/2) of 16 MHz
» Debugger uses EMUC2/EMUD?2 pins (PGCx2/PGDx2)
* Disable Watchdog Timer

© 2019 Microchip Technology Inc. Application Note DS00002907B-page 13
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Figure 5-11. Generic System Settings

Hi=(E]

¥ Decuments
PIC24F)128GA310 Product Page

¥ Peripherals

» Zaa0C

» [3cre

» —CVR

» Ll Comparator

» ¥ oma

(e | 4

32 MHz Fose
16 MHz Fosef2
USE Clock

Clock Output Pin Configuration | OSCO/CLKO/RC1S functions as CLKO (FOSC/2) | =

winci500_driver_test- ... | Navigator
Versions

| Versions [MCC] ®

’:i Use Secondary Oscillator (31 - 33) kHz

=

¥ MPLAB® Code Configurator {Plugin) v3.45.1
¥ Libraries
¥ Micrechip Technology, Inc.
¥ Microcontrollers and Peripherals
B MOP19X0X
* PIC10 / PEC12 / PIC16 / PIC18 MCUs (v1.65.1)
® PIC24 / dsPIC33 / PIC32MM MCUs (v1.45)
» PIC3ZMX MCUs (v1.35)
¥ Software

» E-bit Bootloader Library (v2.2.0)

[] Enable Clock Switching

|| Enable Fail-Safe Maonitor

Projects | Files |Services |Classes | Resou.. ® | [l PnModuie | SystemModue = Interupthodue m|
Project Resources | Generste | Import. | Export System Module
¥ System -
Interrupt Module --..'--': Easy Setup | 5 Reakters
P v INTERNAL OSCILLATOR
i )
System Module E - in FRC Oscillator [ - ] (8.0 MHz) Clock Source “
| ¥ FRC Postscaler |
. |
Device Resources v

¥ ICD

Emulator Pin Placement | Emi

tions are shared with PGEC2/PGED2 | = 'ﬁ

¥ WATCHDOG

Enable | WDT disabled in hardware: SWDTEN bit disabled

o

Console Service

Use UART?2 to print messages to the serial terminal using the print £ function. Ensure printf is configured to send
data to the serial output. The Explorer 16 board features a UART communication interface connected to PIC24’s
UART2 module (see the Explorer 16/32 board’s user’s guide).

For MCC Users:

» Select “UART2” module (not foundation services) from device resources and double-click to add it to project

resources

» Configure “UART2” as 115200 | None | 8 | 1
» Deselect “Enable UART Interrupts” checkbox

» Select “Redirect printf to UART”
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Application Note

DS00002907B-page 14



Porting

AN2907
ATWINC1500 MLA Driver

Figure 5-12. UART2 Settings

Projects | Resource Management [MCC] 2 | [=]
Project Resources | Generate | Import.. | Export
¥ System

Interrupt Module
Pin Module

System Module
¥ Peripherals

@_:I UART2 [PIC24 / dsPIC33 / PIC32ZMM MCUs by Mics

Device Resources
» @ Timer
¥ [EIUART
b [EIUARTL
¥ [E1UART2
UART2 [Foundation Services Library by Microch
v [=IUART3
UART3 [Foundation Services Library by Microch
UART3 [PIC24 / dsPIC33 / PIC3ZMM MCUs by N

UART2 3]

UART2

n

¢05 Easy Setup | (=] Registers

Hardware Settings

"4

EI Error Rate = -0.794

-

Enable UART

Baud Rate | 115200
Parity | MNone
Data Bits | B

Stop Bits | 1

-

Flow Control | MNone

-

|'|

|:| Enable UART Interrupts

Software Settings

Software Receive Buffer Size

Redirect Printf to UART _

Software Transmit Buffer Size = Ox

0xE

o i
] Bytes

Bytes

» Use the MCC pin manager grid view to lock (assign) the pins RF4 and RF5 as U2RX and U2TX resp as shown

in the following figure:

Figure 5-13. UART2 Pin Settings

5.2.3

Pin Manager: Grid View % | Notifications [MCC] |

Package: | TQFP100 | ~ PinNo: | - | - | - | - | - la:‘m 52 |51 49i59155:54 53 40|39 - |
Aspocopmes|  bemfy -
Module Function Direction - | - | - | - | D‘ 1 i 3_ _4 _5_..£| 7|8 12._13 - |
u2cTs input - mamB L3N A

—— U2RTS output | [ 'h AN | 'h 'h

U2RX input o amlEm ﬂh ‘'alB B

u2TX output ‘ ‘ BBl ﬁ_h -]

External Interrupt for ATWINC1500

The ATWINC1500 interrupts the host MCU when events occur by setting the IRQN line low. The host MCU must be

configured to trigger an interrupt on a falling edge.

Use INT4 since the ATWINC1500 is connected to PIC24’s INT4 module (see 6.1 Pin Mapping on the Explorer 16/32
Board between PIC24F Plug-in-Module and WINC1500 Click Module).

For MCC Users:

» Select the EXT_INT from Device Resources and double-click to add it to Project Resources
» Switch to the Registers tab and select only INT4 (disable others)
+ Select Negative Edge in INT4EP register (ignore Easy Setup tab, even if it shows INTO selected)
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Figure 5-14. External Interrupt Settings

Projects ‘ Files [ Servic... ‘ Classes ‘

"]

=

Project Resource... Gener. ||_ Impo... | Exp..

¥ System
Interrupt Module
Pin Module
System Module

¥ Peripherals

EXT_INT

E;I UART2 [Foundation Services Library by Microch

Device Resources

EXTINT x|

EXT_INT

: €03 Easy Setup | = Registers |

¥ EXT_INT

Interrupt Enables

D INTO - External Interrupt 0

E‘ INT3 - External Interrupt 3

INT4 - Extemal Interrupt 4_
D INTL - External Interrupt 1

[_] INT2 - Extemal Interrupt 2

7T
» —CVR

» lul Comparator
» E}oma

M Dsm

/—HLVD
£, 12C
AC1C
~* 0C
B ricc
2 SPI

¥y v

¥ ¥ ¥ ¥ ¥

v

winc1500_dri... | Navigator

|Versions... w[ [=]

Versions

v Register: INTCON2 | g,10
ALTIVT | disabled -
DISI disabled -
INTOEP | Positive Edge -
INT1EP | Positive Edge -
INT2EP | Positive Edge -
INT3EP | Positive Edge -
INT4EP | Negative Edge | ~ _

* Use MCC pin manager grid view to lock (assign) pin RA15 as INT4 as shown in the following figure:

Figure 5-15. External Interrupt Pin Settings

OQutput Notifications [MCC] Pin Manager: Grid View #
Package: | TQFP100 | ~ PinNo: |17|38(58|59 60 61(91(92/28/29|66(67| - | - | - | - -
PortA ¥ B~ C~D~E~F~ |G~
Module Function Direction | 0| 1(2|3|4|5(6(7|9|10{14(15| - | -| - | - -
INTO input
INTL input B h
EXTINT ¥ INT2 input 0K :
INT3 input Rk
INT4 input B a8
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Timer Module

The ATWINC1500 state machines require a timer with one millisecond resolution. The timer is a 32-bit counter that
counts up starting at 0x00000000 and wraps back to 0 after reaching Oxffffffff. Use TMR1 peripheral to
interrupt every 1ms.

For MCC Users:

» Select TMR1 from device resources and add it to project resources by double-clicking
+ Select Enable TMR

« Select Clock Source as Fosc/2 (= CPU Instruction clock)

* Prescaleris 1:1

* Enter Timer Period value of 1 ms

» Select Enable Timer Interrupt

Figure 5-16. TMR1 Settings

[ Projects | Files | Servic...[Classes| =] @|[R1 s EIoe
Project Resource... Gener.. | Impo.. | Exp.. || TMR1 @
¥ System -

¢05% Easy Setup | 5 Registers
Interrupt Module —
Pin Module Hardware Settings
System Module Enable TMR [ ] Enable Gate
¥ Peripherals
(=) UART2 [Foupdation Services Library by Microch) sl e
© TMRL h Clock Source FOSC/2 - Period Count 0x0 < Ox3EEQ < OxFFFF
] ExT_INT
Input Frequency 16 Mi= TimerPeriod  625ns £ 1ms < 40950375 ms
R S 2 || - ,
» &~ 0C

L Syncronize Clock

» fBRTCC
» 5 SPI Enable Timer Interrupt

v () Timer
"Ew‘ TMR2 Software Settings
) TMR3 Callback Function Rate:  Ox1 xTimer Period = 1ms

Lo IMBA

SPI Module for ATWINC1500 Interface
The host MCU communicates to the ATWINC1500 via the SPI interface. SPI mode must be set to mode 0 and SPI
clock should be 8 MHz or less.

Use SPI2 since the ATWINC1500 is connected to PIC24’s SPI2 module. (See 6.1 Pin Mapping on the Explorer 16/32
Board between PIC24F Plug-in-Module and WINC1500 Click Module).

For MCC Users:

» Add SPI2 driver to Project Resources and set Mode Selection as Master

» Select Enable SPI

+ Set Communication Width to 8-bit

» Set Primary Prescaler as 1:1 and Secondary Prescaler as 2:1 to get SPI Clock Frequency of 8 MHz
» Set SPI Clock Polarity as Idle:Low, Active:High and Clock Edge as “Active to Idle” to get mode 0

» Select Input Data Sampling “Middle” radio button
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Figure 5-17. SPI2 Settings

Projects  Classes  Files | Servic... %| @[s2 x|

Project Resource... Gener. | Impo... | Exp.. || SPI2

¥ System

{E} Easy Setu A Re isters.
Interrupt Module w 3%y p‘l =l Reg

Hardware Settings

Pin Module
System Module .
Mode Selection | Master | ~ _
¥ Peripherals
- &2 SPI2 [PIC24 / dsPIC33 / PIC32MM MCUs b
[ ¥ Enable SPI
@ UARTZ2 [PIC24 / dsPIC33 / PIC32MM MCUs b
@ TMR1 Communication Width 8 bit -
XL U SPI Clock —
. Primary Prescaler =] -
Device Resources v |-
> S°IC Secondary Prescaler | 2:1 -
» ~°0C
SPI Clock Frequency & MHz
» FBRTCC
Y &SP SPI Mode -
¥ 5, SPI1
SPI1 [Foundation Services Library by Microg Clock Polarity | Idle:Low, Active:High | ~
SPI1 [PIC24 / dsPIC33 / PIC32MM MCUs by
Clock Edge Active to Idle >
v 2 5P
SPI2 [Foundation Services Library by Microg SPI Mode 0
4 @Timer .
= Input Data Sampled at (@) Middle End
> [(Z1UART P 4

» Go to the Registers tab and disable the Enhanced Buffer mode (SPIBEN) to allocate SPI to the ATWINC1500
driver in Standard Buffer mode (to process the SPI data as soon as it is received whereas Enhanced mode uses
FIFO buffers).
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Figure 5-18. SPI2 Register Settings

v Register: SPIZCON2 .0

SPIFE disabled | =

FRMEN disabled | =

SPIFPOL | disabled | ~

SPIBEN | disabled | ~ -

SPIFSD disabled | =

» Use MCC pin manager grid view to lock (assign) pin RG6 as SCK2, RG7 as SDI2, and RG8 as SDO2 as shown
in the following figure. It is not required to assign SS2; use the GPIO pin for this in the next step.

Figure 5-19. SPI2 Pin Settings

QOutput ]Notiﬁcations [MCC] Pin Manager: Grid View &
Package: | TQFP100 | ~ Pin No: =] =f[=-1=]-]-|9|89|57|56|10 11 (12|14|96|97(95| 1
A=B»|C~|D~E~F» PortG ¥
Module Function Direction | - | - | - -] -|[-|0]1(2|3|6|7)|8|9|12|13(14|15
SCK20UT  |output A sh b
ony 2 input Hﬂ e
SDO2 output B h ﬁm
SS20UT output B B B

GPIO Pins for ATWINC1500 Reset, Enable and Chip Select

The ATWINC1500 driver needs to control Chip Enable, Reset and SPI Slave Select GPIO outputs of the
ATWINC1500. The GPIOs described in this section must be configured as outputs and defaulted low prior to the
ATWINC1500 driver running.

Set RG9 (ATWINC1500 Slave Select), RG14 (ATWINC1500 Reset) and RD0 (ATWINC1500 Chip Enable) as GPIO
outputs since the ATWINC1500 module connects to these pins on the Explorer 16/32 board. (Refer to 6.1 Pin
Mapping on the Explorer 16/32 Board between PIC24F Plug-in-Module and WINC1500 Click Module).

For MCC Users:

Use MCC pin manager grid view to lock (assign) above GPIO pins to output as shown in the following figure:
Figure 5-20. GPIO Pin Settings

Output ‘Iloliﬁcations [MCC] ‘PinManager:GridVieww
Package:lTQFPlOOI;l | Pin No: -|- - 7Z|76|77|78|81|82|83|84|68|69|70'71'79'80’47’48 - - 90’89l57|56|10|11|12|14|96|97|95‘1‘
A=B~Cr- PortD ¥ E-Fr~ PortG ¥
Module Function Direction | - [ - [ - 0[1 4(5(6|7|8(9|10|11|12(13|14|15 Oulet lu2.l3 8|9 12 13|14
s | input B A A O A A T A A T O B B IR B K]
GPIO output a wlwBalublewlnlenwlals IR a|hla

Checkpoints for Pin Assignments
For MCC Users:
» Select Pin Module from MCC Project Resources
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» Ensure assigned pins are digital (deselect any analog boxes enabled by default)
» Select the Start High check box for UART transmit pin RF5 (needed for correct start bit sequence)

* Give custom names to GPIO pins as shown in the following figure (I0_RDO0_CE, 10_RG9_SS2, and
I0_RG14_RESET).

The following figure shows a quick summary of used pins.

Figure 5-21. Pin Module Settings

Pin Module

&% Easy Setup | 5] Registers
Selected Package : TQFP100

PinName | Module ¥| Function | CustomMame | StartHigh | Analog | Output | WPU WPD oD 10C
RF4 UART2 U2RX ' ] ] n O \EI;[
RFS UART2 UaTX ] [] Ul
RGE SPR2 SCK20UT || sckaout ] m [ ] L]
RG7 SPI2 SDI2 SO ] Ul L] L] L] ]
RGS sPI2 sDo2 5002 ] ] Ll L] L]
RDO Pin Module |GPIO 10_RDO_CE H L] L] L]
RGY Pin Module |GPIO 10_RG9552 | ] L] L] L]
RG14 Pin Module |GPIO 10_RG14_RESET ] L] L] L]
REG IcD PGC2 | ] | Ll L] L]
RE7 1D PGD2 | ] ] L] L] L]
RALS EXTINT  |INT4 ] ] ] L] L]

» If any pins are missing, go back to the MCC pin manager grid view to lock (assign) those pins

» Referto 6.1 Pin Mapping on the Explorer 16/32 Board between PIC24F Plug-in-Module and WINC1500 Click
Module for pin mapping between PIC24FJ128GA310 plug-in module and the ATWINC1500 click board on the
Explorer 16/32 board

5.2.8 Generate Code

Click the Generate button in MCC to generate source code for system settings and peripheral drivers as configured.
You can make use of the driver API during the update of sample port files.
Note:

1. If you get a MCC warning to turn on “clock-switching”, you can turn it on by going to system module.
2.  MCC generates a main. c file for the user.

Figure 5-22. Generate Code Settings

Projects |Fik=.-= |Seruioe= Classes Reso... & [=]

Project Resources ngemte | Import... | Export

¥ System

Interrupt Module
Pin Module

Fr]
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Projects 2 l Files I Services Classes
= @ winc1500_driver_test
& E] Header Files
- @@ e
\+\ f'_ config
- . framework
&
@ ext_int.h
= E] interrupt_manager.h
- mcc.h
IE] pin_manager.h
-] spith
- tmrih
----- ) traps.h
[E] uart2.h
& _J ﬁ Important Files
@@ Linker Files
\QE] Source Files
: E\‘-- app
EJ -- framework
B main.c
e

----- ext_int.c
interrupt_manager.c
mcc.C

pin_manager.c
------ spil.c
tmril.c
traps.c

uart2.c
- % stubs

\i_*" (& Libraries
#-([@@ Loadables

@@@@@@@

5.3 Reviewing and Updating Necessary Port files

The porting process involves the following tasks:

1. Customizing the ATWINC1500 driver to the target microcontroller architecture (file:
wincl500 driver config.h)

2. Implementing stub functions (GPIO control, SPI transaction, Interrupt handler, and so on.)
3. Implementing event callbacks (Wi-Fi, socket, error, and so on.)

This application note provides code snippets from MLA demo winc1500_pic24fj128ga310_ex16.X.
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Customizing the ATWINC1500 Driver

The header file winc1500_ driver config.h contains configuration macros to customize the ATWINC1500 driver
for the microcontroller. It also contains macros to enable/disable features in the ATWINC1500 driver.

The following is the summary of recommended changes:
1. Set Endianness in MCU. If MCU is big-endian, un-comment the macro HOST MCU BIG ENDIAN.

2. Set the size of host MCU pointer in bytes using macro M2M POINTER SIZE IN BYTES. Few examples for
existing PIC microcontrollers are already defined. Define the pointer size if a different microcontroller is used.

3. Enable/disable desired features.

4. Enable/disable ATWINC1500 debug log (keep default setting, disabled for efficiency).

Note: Ignore the macro USING PICTAIL and related code at the end. This is included for demos in MLA.

Implementing Stub Functions
Sample implementations are available for reference in the demo file wf mcu driver stub.c(C:\microchip
\mla\v2017 03 O6\apps\tcpip\wifi wincl500 demo\wincl500 pic24£j128ga310 ex16.X\). The

MLA driver calls these functions internally, and they must be coded by the user. The stub functions control
microcontroller-specific hardware and event handling.

1. GPIO stub functions:
The ATWINC1500 driver needs to control three GPIO outputs to the ATWINC1500 connected to ATWINC1500
Chip Enable, Reset and SPI Slave Select. The core driver calls these functions to set these pins high or low.
The user can use the MCC generated functions (based on custom names given previously) to handle GPIO
high/low commands:

void m2mStub PinSet CE (t m2mWifiPinAction action)
{
if (action == M2M WIFI PIN LOW)
{
I0 RDO_CE_SetLow () ;
}
else
{
IO RDO CE SetHigh();
}

void m2mStub PinSet RESET (t m2mWifiPinAction action)
{
if (action == M2M WIFI PIN LOW)
{
IO RG14 RESET SetLow();
}
else
{
I0 RG14 RESET SetHigh();
}

void m2mStub PinSet SPI SS(t mZ2mWifiPinAction action)
{
if (action == M2M WIFI_PIN_LOW)
{
IO RGY SS2 SetLow();
}

else
{
IO RGY9 _SS2 setHigh();
}
}

2. Interrupt stub functions:
The core driver calls these functions to enable/disable MCU interrupt when necessary.
void m2mStub EintEnable (void)

{
EX_INT4_ InterruptEnable();
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}

void m2mStub EintDisable (void)
{

EX INT4 InterruptDisable();
}

Also, define external interrupt handler for Host MCU. The Host MCU interrupt handler must call
m2m_EintHandler () each time when a ATWINC1500 interrupt occurs, and then clear the interrupt.
For MCC Users:

The user modifies the ext _int.c file to include m2m EintHandler () inthe INTlInterrupt ISR.

Note: Touse m2m EintHandler () function, the user needs to include wincl500 api.hinext int.c
file.

#include "wincl500 api.h"

//***User Area Begin->code: Add External Interrupt handler specific headers
extern void m2m EintHandler (void) ;

//***User Area End->code: Add External Interrupt handler specific headers

void _ attribute  ( ( interrupt, no auto psv ) ) _INT4Interrupt (void)

{

//*** User Area Begin -> code: INT4 - External Interrupt 4***
m2m_EintHandler () ;

//*** User Area End -> code: INT4 - External Interrupt 4***
EX _INT4 InterruptFlagClear();
}

3. Timer stub function:
The ATWINC1500 state machines require a timer with one millisecond resolution. The timer is a 32-bit counter

that counts up starting at 0x00000000 and wraps back to 0 after reaching Oxff£fffff. Implement "Atomic"
function to return 1ms counter.

For MCC Users:

The TMR1 CallBack () function is already called in timer ISR. The user can use this function to update
counter. The following code is implemented in tmrl.c.

uint32 t m2mStub GetOneMsTimer (void)
{

return GetOneMsCounter () ; //function added to MCC generated timerl code

}

//added after MCC-generated code
static volatile uint32 t g oneMsCounter = 0;

uint32 t GetOneMsCounter (void)
{
uint32 t tmp;

IECObits.T1IE = false; // disable timer interrupt
tmp = g _oneMsCounter; // get a clean copy of counter variable
IECObits.T1IE = true; // enable timer interrupt

return tmp;
}
4.  SPI stub function:

Implement this function as a one-byte transfer. Do not use Enhanced Buffer mode since the received byte
must be captured immediately. The Standard Buffer mode is required because the ATWINC1500 driver waits
during the response of this transfer.

For MCC Users:
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At present MCC does not provide a standard buffer implementation for one-byte SPI transfer in the Blocking
mode. Therefore, implement a blocking function that transfers one byte over SPI and returns one byte

received during this transfer.

void m2mStub_ SpiTxRx (uint8 t *p_ txBuf,
uintlé_ t txLen,
uint8_t *p rxBuf,
uintleéet rxLen)

uintlé t byteCount;
uintlé_t i;

/* total number of byte to clock is whichever is larger, txLen or rxLen */

byteCount = (txLen >= rxLen) ? txLen : rxLen;

for (i = 0; i < byteCount; ++i)
{
/* if still have bytes to transmit from tx buffer */
if (txLen > 0)
{
SPI2BUF = *p txBuf++;
-—-txLen;
}
/* else done writing bytes out from tx buffer */
else
{
SPI2BUF = 0x00; /* clock out a "don't care" byte */
}

/* wait until tx/rx byte to completely clock out */
WaitForDataByte () ;

/* if still have bytes to read into rx buffer */
if (rxLen > 0)
{
*p_rxBuf++ = SPI2BUF;
--rxLen;
}
/* else done reading bytes into rx buffer */
else
{
SPI2BUF; /* read and throw away byte */
}
} /* end for loop */
}

5. Event stub functions:

Event stub functions can be implemented using API or callback functions defined in the application. The
following is the default code example within winc1500 pic24£3j128ga310 ex16.X demo —
wincl500 ap_ scan. In this example, the various event handlers are implemented in separate files.

Refer to the following files and event implementations.

5.1. Wi-Fi event handler —wifi event stub.c

(C:\microchip\mla\v2017_03_06\apps\tcpip\wifi_winc1500_demo\firmware\src\winc1500_ap_scan

\wifi_event_stub.c)
5.2. Socket event handler — socket _event stub.c

(C:\microchip\mla\v2017_03_06\apps\tcpip\wifi_winc1500_demo\firmware\src\winc1500_ap_scan

\socket_event_stub.c)

The user can implement necessary events in the event stubs. For more details, refer to Section 7.1 Wi-Fi

Events and Section 7.2 Socket Events of the WINC1500 MLA User’s Guide.

Global flags are used by the application state machine and event handlers to capture and
status of various parameters. Getter functions are used to ensure proper tracking of flags.

//event flags for demo applications
static bool g driverInitComplete;
static bool g scanComplete;

static bool g scanResultReady;

static bool g connectionStateChanged;
static bool g ipAddressAssigned;

communicatethe
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static bool g rssiReady;
static bool g provisionInfoReady;
static bool g wpsReady;
static bool g prngReady;

void m2m wifi handle events(t m2nNifiEventType eventCode, t wifiEventData *p eventData)

{
switch (eventCode)
{
case M2M WIFI DRIVER INIT EVENT:
g driverInitComplete = true;
break;

case M2M WIFI CONN STATE CHANGED EVENT:
// event data in p eventData->connState
g_connectionStateChanged = true;
break;

case M2M WIFI SYS TIME EVENT:
// event data in p eventData->sysTime
dprintf (" EVENT: M2M WIFI SYS TIME EVENT\n");
break;

static bool g bindOccurred;
static bool g listenOccurred;
static bool g acceptOccurred;
static bool g connectOccurred;
static bool g dnsResolved;
static bool g recv;

static bool g_recvFrom;

static bool g sendTo;

static bool g send;

static bool g pingReply;

static tpfAppSocketCb gpfAppSocketCb = NULL;
static tpfAppResolveCb gpfAppResolveCb = NULL;

void m2m socket handle events (SOCKET sock, t m2m3ocketEventType eventCode,
t socketEventData *peventData)
{

switch (eventCode)
{
case M2M SOCKET_ BIND EVENT:
// event data in p eventData->bindStatus
g _bindOccurred = true;
break;

case M2M SOCKET LISTEN EVENT:
// event data in peventData->listenStatus
g_listenOccurred = true;
break;

6. OTA and error event handler functions:
OTA event handler and error event handler are not implemented.

main.c
This file includes winc1500 api.h and other required header files.

Initialize the following applications:

« SPI
* UART drivers
* Clock

* Console services

Start the infinite loop executing application task and winc1500 driver task.

For more details about the Application task, refer to the WINC1500_MLA_Getting_Started_Guide.pdf document. It

details how to run the AP scan demo on Explorer 16 boards.

//
// INCLUDES

AN2907
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//

#include "wincl500 api.h" // primary WINC1500 include file
#include "demo_config.h" // selects which demo to run
#include "bsp.h" // defines for LED's and push buttons on board
//

// FUNCTION PROTOTYPES

//

static void BlinkLed(void);

//

// Main application entry point.

//

int main void

{
BspInit ()

#if defined(USING_PICTAIL)

printf ("Project build for PICtaillr\n");
felif defined(USINGicLICKiBOARD)

printf ("Project build for Click Board\r\n");
fendif

printf ("Starting driver initialization...\r\n");
m2m wifi init();
while (1)
{
ApplicationTask() ;
m2m wifi task();

BlinkLed () ;

The demo application is ready. The user must compile and load the demo application into hardware.
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6. Appendix

6.1 Pin Mapping on the Explorer 16/32 Board between PIC24F Plug-in-Module and
WINC1500 Click Module

The following points describe the pin mapping:

1. mikroBUS™ Interface on Explorer 16/32 board:
See http://ww1.microchip.com/downloads/en/DeviceDoc/Explorer_16_32_ Schematics R6_3.pdf.

Figure 6-1. Pin Mapping

mikroBUS™ |nterface

J20
P25 ANA USBOC »—— AN PWM R50 sl
P95_RSTA S RST INT —
P14_CSA T CS RX 3 1k 1%
P10_SCKA »—— SCK TX — B 0603 C11
& MISO SCL 0.1uF
P12_MOSIA >—— MOSI SDA 50V
+33V g 33V +5V 5V 0603
GND GND ——
= Interface A =

2. Pinout on WiFi 7 click:
See https://www.mikroe.com/wifi-7-click.

The following table shows how the pinout on WiFi 7 click corresponds to the pinout on the mikroBUS socket.

Table 6-1. Pinout on WiFi 7 click

NC 1 AN PWM 16 EN

Module
Enable

Active-Low | RST 2 RST INT 15 INT Device

Hard Reset Interrupt
Output

Chip Select | CS 3 CS X 14 NC

SPI Clock SCK 4 SCK RX 13 NC

SPI Master | MISO 5 MISO SCL 12 NC

Input Slave

Output

SPI Master | MOSI 6 MOSI SDA 11 NC

Output

Slave Input

Power +3.3V 7 3.3V 5V 10 NC

Supply

Ground GND 8 GND GND 9 GND Ground
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The Microchip Website

Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* 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 (FAQs), technical support requests, online
discussion groups, Microchip design partner 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

Product Change Notification Service

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

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in 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.

» 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
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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
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