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KINETIS SDK V2
OVERVIEW




What Is an SDK for and Why It’'s Needed?

- In general, an SDK is a package of pre-written code that developers can re-use In

order to minimize the amount of unique code that they need to develop themselves

- It can help to prevent unnecessary duplication of effort in a development team or

community

- It has a common application programming interface (API) for different platforms or

peripherals, what shortens the application developing time

- Thanks to use of abstraction layers it's more intuitive and concise for programmers

3
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Kinetis Software Development Kit v2.x (KSDK v2)

The software framework and
reference for Kinetis MCU
application development

COMPLIANT

ARM?® Cortex™ Microcontroller
Software Interface Standard

FreeRTOS |
uC/OS |

CERTIFIED USB

™

Application Code

Stacks /
Middleware

Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

®

Open Source
Initiative

Microcontroller Hardware
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Architecture

* CMSIS-CORE compatible

» Single driver for each peripheral

» Transactional APIs w/ optional DMA support for
communication peripherals

Integrated RTOS
e FreeRTOS, Micrium uC/OS-Il & -l
* RTOS-native driver wrappers

Integrated Stacks & Middleware

« USB Host, Device and OTG

 |wlIP, FatFS

* Crypto acceleration plus wolfSSL & mbedTLS
* SD and eMMC card support

Reference Software

» Peripheral Driver usage examples
* Application Demos

*  FreeRTOS usage demos

License
» BSD 3-clause for startup, drivers, USB stack

Toolchains:
« KDS, IAR, Keil, Atollic, GCC w/ CMake

Quality

* Production grade software

* MISRA 2004 compliance

* Checked with Coverity Static Analysis tools

PR {



Kinetis SDK v2 — 2016 Release Schedule

Release 1 — Jan 27t Release 2 — June Release 3 - June Release 4 — August
Kinetis K & L “Hot Products” Remaining K & L devices, Kinetis M Kinetis W devices Kinetis V devices
FRDM-K22F, TWR-K22F120M «  FRDM-KL02Z

« TWR-K21F120MA « FRDM-KL03Z

FRDM-K64F and TWR-K64F120M « FRDM-KL25Z

« TWR-K65F180M « FRDM-KL26Z

« TWR-K81F150M and FRDM-K82F « FRDM-KL46Z

FRDM-KL43Z and TWR-KL43Z48M « TWR-K60D100M

« FRDM-KL27Z « TWR-K21D50M

« TWR-K24F120M
+ TWR-KL82Z272M and FRDM-KL82Z

e TWR-KM34Z75M
Learn more at:

Available via Kinetis Expert — SDK Builder,
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http://www.nxp.com/KSDK
http://kex.nxp.com/

Kinetis SDK v2 — Toolchain Support

EE Learn more at:
—
 —

SYSTEMS ~— AARMIKEL

SOMN{UM

GNU Compiler
Collection (GCC) NXP Edition

(Kinetis Design Studio project importer)
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http://www.nxp.com/KSDK

Kinetis SDK v2 — CMSIS Device Support

CMSIS-CORE provides a standard for a basic run-time
system and user access to the core and the peripherals:

Hardware Abstraction Layer (HAL) - definitions for the
SysTick, NVIC, FPU registers, and core access
functions

Standardized MCU header file format — common
register/bit access methods, system exception and
interrupt naming

Standard methods for system initialization — for
example, the function for essential system
configuring

Intrinsic functions used to generate CPU instructions
that are not supported by standard C functions.

CMSIS-DSP is a suite of common signal processing
functions including math, filters, matrix, transforms, motor
control, statistical, and interpolation functions.

Note, KSDK does not provide a CMSIS-Driver compatible
layer—this is under consideration for a future release.
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Application Code

Stacks /
Middleware

Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

Microcontroller Hardware



file:///C:/Freescale/MyOldOneDrive/Projects/CMSIS/Releases/CMSIS/Documentation/Core/html/group__system__init__gr.html

Kinetis SDK v2 — Peripheral Drivers

Kinetis SDK Drivers:
- Single driver for each peripheral

- Full peripheral coverage for each MCU
. ] ] Middleware Support

- All drivers include low-level functional

- Communication peripheral drivers

feature transactional APIs
- Non-blocking, interrupt based

- Communication peripheral drivers also |
o i Microcontroller Hardware
have optimized RTOS wrapper drivers

- Uses native RTOS APIs — no operating
system abstraction
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Kinetis SDK v2 — RTOS Options

9

FreeRTOS, uC/OS-Il, uC/OS-lll kernels
pre-integrated

Focus on FreeRTOS with

- Demonstration applications

- RTOS Usage examples

RTOS examples include:

- freertos_dspi - freertos_sem

- freertos event - freertos_swtimer
- freertos:generic - freertos_tickless
- freertos_hello - freertos_uart
_freertos i2c - ucosiii_hello

- freertos_mutex - ucosii_hello

- freertos_queue

PuBLICUSE  #NXPFTF

Application Code

Stacks / Board
Middleware | Support
RTOS Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

Microcontroller Hardware




Kinetis SDK v2 — USB Stack

- KSDK USB Stack is a comprehensive, open-
source device and host stack. It supports Application Code
baremetal and RTOS application, multiple class
iImplementations, several demo applications.

Stacks / Board
_ _ _ Middleware Support
- /0+ demo applications that support extensive
features including: : :
- 7 device classes with 3 composite examples RTOS Peripheral Drivers

- 5 host classes with USB hub support
- Full-speed and high-speed under USB 2.0 specs

CMSIS-CORE and CMSIS-DSP

- High quality stack, ready for production use
- USB-IF certification on both FS and HS Microcontroller Hardware
- Optimized for code size - down to 6K flash and 2K

RAM — and performance among competition

- Device demos have “Lite” versions that are even
smaller in code size
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USB Demo Examples

Application Layer

USB CH9 Application Code Class Driver

|

Common 4EEEEEE——

f Controller Driver \

\ USB Core Layer /

KHCI Driver EHCI Driver

I_I

FS Controller HS Controller

Hardware

Note: OTG demos will be enabled in by KSDK 2.0 Release 4
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Class Demos

HID Mouse,
Mouse+Keyboard
« | CDC COM port
©
O | MSC UFI/SCSI U-disk,
7 FATFS
(@)
PHDC Weight scale
manager
Generic, Mouse
CDC Virtual com
MSC RAMdisk
o | Audio Generator,
0
o Speaker
O
o | Video Virtual camera,
2 FlexIO
[}
O | PHDC Weight scale
Composite [@gll®]
Mouse+Keyboard,
HID+Audio,
CDC+MSC

“Lite”
Apps

No

No
No

No
No

Yes
Yes
Yes
Yes

Yes

Yes

Yes

RTOS

FreeRTOS, uC/OS-Il & 111

FreeRTOS
FreeRTOS

FreeRTOS
FreeRTOS

FreeRTOS,uC/OS-II & 111
FreeRTOS
FreeRTOS
FreeRTOS

FreeRTOS

FreeRTOS
FreeRTOS



Kinetis SDK v2 — FatFS

- FatFS is a generic FAT file system module for small
embedded systems. Features include: Application Code

- ANSI C compliant and completely separated from

disk I/O layer
- Windows compatible FAT file system Middleware | Support
- Very small footprint
- Various configuration options
- Multiple volumes (physical drives and partitions)

- Long file name support in ANSI/OEM or Unicode

- RTOS support CMSIS-CORE and CMSIS-DSP
- FAT sub-types: FAT12, FAT16 and FAT32.

. Microcontroller Hardware
- Avalilable demos:

- sdcard_fatfs
- usb_host _msd_fatfs (baremetal & FreeRTOS)
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Kinetis SDK v2 - |wIP

13

- IwlIP — the lightweight Internet Protocol
- A full scale TCP/IP stack for embedded systems
- IwlP supports the following protocols:

- ARP - DHCP
- IPv4 and v6 - ICMP
-TCP - IGMP
- UDP -PPP
-DNS - PPPoE
- SNMP

- Example applications include:
- lwip_httpsrv
- lwip_ping
- lwip_tcpecho

- Iwip_udpecho

PuBLICUSE  #NXPFTF

Application Code

Stacks / Board
Middleware F=SUppOrt
RTOS Peripheral Drivers

CMSIS-CORE and CMSIS-DSP

Microcontroller Hardware



Kinetis SDK v2 — Documentation Updates

- New Kinetis SDK Getting Started Guide
- Updated for new project structure and file layout
- New Kinetis SDK 2.0 AP| Reference Manual
- Also available online at
- Kinetis SDK 2.0 Transition Document
- Detalls on changes between KSDK 1.3 and KSDK 2.0, as well as migration to FreeRTOS

- Getting Started websites and videos also being updated for Kinetis SDK 2.0
Instructions

h o
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http://kex.freescale.com/apidoc/2.0/
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Kinetis Expert Tool

16

- KSDK 2.0 is distributed via Kinetis Expert Tool (KEX)

- Offers ability to customize download options by toolchain, RTOS, and specific device
- Configurations stored in web interface for downloads
- Downloads automatically generated

- A monolithic download with all supported boards/devices is no longer offered
- Direct links to a pre-configured download for specific board will be available
- KSDK 1.x still available online at for legacy support

h o
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http://nxp.com/ksdk

Kinetis Expert Tool

Start with “Build an SDK"

Kinetis Expert

System Configuration Tool

Kinetis Expert provides a set of system configuration tools that help users of all levels with a Kinetis-based MCU solution. It is an expert on all things
Kinetis — let it be your guide from first evaluation to production development.

Get started now with the Kinetis Expert online preview.

Choose a configuration for a specific evaluation board or a specific MCU, then let Kinetis Expert help you build
a custom version of the Kinetis SDK and locate other software and tools.

Build an SDK

8 ) Estimate and optimize your system's power consumption quickly with this simple graphical interface.
Power Estimation

What's new
SDK Builder - This is the debut release of the online SDK Builder for Kinetis,
. ( and makes available the new Kinetis SDK v2.0 (for a select set of key Kinetis devices). )

iack

e
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Kinetis Expert Tool — Download KSDK

- After logging in, select the
board or device

- Optionally rename the - oo

configuration

TWR-KG4F120M

¥ Processors
¥ Kinetis E
¥ KE1x
¥ Kinetis K
KX
 Kix
¥ Kbx
MKB4FMN1MOxxx12

MHKEAFX512xxx12

MyController

Select Configuration

18 pPuBLICUSE  #NXPFTF



Kinetis Expert Tool — Download Kinetis SDK

I

19

SDK Builder page
Shows configuration
Select optional items

Select the configuration
options for RTOS, Host
OS, toolchain, SDK
version, and a unique
package name

Then click on “Build SDK
Package” button

PUBLICUSE  #NXPFTF

FRDM-K64F (voard)

MyController #

* Device

MKE4FN1MOVLLA2

Core Type
Cortex-M4F

Memory Size
1024 KB Flash
256 KB RAM

Maximum CPU Frequency
120 MHz

Kinetis SDK

Kinetis SDK for the selected configuration will include: The following optional items can be included:
¥ Kinetis MCU platform support FreeRTOS
> Demo applications and driver examples HC/OS-I
» FatFS FAT file system pCIOS-II
> USB stack - host, device, OTG
> IwlP TCP/IP networking stack
> Documentation - SDK API reference manual and user guides

Your custom version of the Kinetis SDK is now ready to be packaged! Click the button below to complete the process.

Package name SDK version Supported toolchain(s)

SDK_2.0_FRDM-K64F SDK20 - Kinetis Design Studio

Build SDK Package SDK AP Documentation v2.0 &

Host OS

A Windows -

Other Software Libraries

Additional Kinetis software products that may be of interest:

wolfSSL




Kinetis Expert Tool — Package Generation

System may take some time to generate a package. Some configurations are pre-
cached, but some may need to be generated

- Generally takes about 5 minutes

20

SDK API| Documentation v2.0 &

Building! In general, SDK builds should complete within a few minutes. However, depending on the complexity of the configuration and bandwidth of the build system,
specific build may take up to 30 minutes to complete.

PUBLIC USE
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Kinetis Expert Tool — Software Vault

- Once package is available for download, it will be found under the “Software Vault”
tab

- Download package by clicking on the Download icon

(O (= I TR 30 8 FRDM-KE4F (FRDM-KG4F) ¥

i= SDK Builder /& Tools ~
File Vault
Name - Configuration - Date -~ Actions
T SDK_2.0_FRDM-K64F
s Board: FRDM-KG4F, SDK version: KSDK 2.0.0, OS: Windows, Toolchain: ALL, FRDM_KB4E 2016-02-08 3 %
Selected optional items: FreeRTOS 06:44 AM GM
(109MB)
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Kinetis Expert Tool — Download Link

- If the download icon is grayed out, you may need to set the Project Description
filed in your preferences.

- There will be a link, or you can access it by clicking on your name in the upper right hand
corner

- Fill out Project Description and hit Save. Then go back to the Software Vault to download

KG4F (FRDM-KB4F) ¥

Anthony Huereca
Full Name
Email Address

& Software Vault i £ Preferences b0417B@ireescale co -
) c N
W Software Vault mpany Ham
E configurations o
=) Notifications
i Count
Date -~ Actions ountry
United St

G Logout

CCCCCC

Feedback

h o
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Kinetis Expert Tool — Multiple Packages

You can go back to the SDK Builder tab to create other packages. These new
packages will show up under the Software Vault

- In this example, I've created another package that only includes KDS projects

(O (= W TS i3 FRDMK64F (FRDM-K64F) ¥

= SDK Builder / Tools ~
File Vault
Name -~ Configuration ~ Date ~ Actions
= SDK_2.0_FRDM-K64F-KDS_only
= Board: FROM-K64F, SDK version: KSDK 2.0.0, OS: Windows, Toolchain: KDS FRDM.K64E 2016-02-08 3 %
Selected optienal items: FreeRTOS 06:54 AM Gl
(102MB
1 SDK_2.0_FRDM-K64F
= Board: FROM-K64F, SDK version: KSDK 2.0.0, OS: Windows, Toolchain: AL FRDM_K64E 2016-02-08 3 x
Selected optienal items: FreeRTOS 06:44 AM Gl
(109MB
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Kinetis Expert Tool — Multiple Configurations

- If a new device or board is desired, then need to create a new configuration

- Go to the Configurations tab, and click on “New Configuration...”
- Or use drop-down box at top of the screen

), (= IS B FRDM-KG4F (FRDM-K64F) ¥

IE SDK Builder /& Tools ~

Configurations
Name ~ Board ~ Device -~ Actions
FRDM-K64F # FRDM-KB4F MKB4AFN1M0xxx12 x

© New Configuration ...
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Kinetis Expert Tool — Multiple Configurations

Switch between boards/devices on the Configurations tab or via drop down box

NXO Kinetis Expert @ English ~ 4 Anthony Huereca

= SDK Builder /~ Tools ~ W Software Vault Configurations
Configurations
Name -~ Board ~ Device ~ Actions
FRDM-K64F FRDM-KB4F MKG4FN1MOxxx12 x
FRDM-K82F FRDM-K82F MKB2FN256xxx15 x
© New Configuration ...

25 PUBLICUSE #NXPFTF



Kinetis Expert Tool — Extract Package

The download will be a zip file to
download and unzip anywhere on your
computer

- Path should not have spaces
- Consider using “C:\nxp” as the root

26

location

- KDS and KSDK Project Generator look
there first for KSDKs

PUBLIC USE

| 5DK_1.3_FRDM-KB4F

| 5DK_1.3_FRDM-K&2F

| 5DK_2.0_FRDM-KB4F

| 5DK_2.0_FRDM-K&82F
=2 SDK_1.3_FRDM-KB4F zip
=2 SDK_1.3_FRDM-KB2F zip
T2l SDK_2.0_FRDM-KG4F zip
T2l SDK_2.0_FRDM-K&2F.zip
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KSDK 2.0 File Structure

linker files)

boards
CMSIS
devices
docs
middleware
rtos
tools
|| LA_OPT_Base_License.htm
[ SW-Content-Register-KSDK_2.0.0_GA.bdt

| ksdk_manifestxml
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|
frdmkadf I

MKB4F12

middleware — stack source code
ros — RTOS source code

boards — All examples and board specific files
devices — All device and driver files (headers, feature files,

demo_apps
driver_examples
mmeau

rtos_examples

ush_examples

freertos 8.2.3
ucosii_2.9211
ucosii_3.05.01

dma_manager_2.0.0
fatfs_0.11a

Iwip 1.4.1
mmecau_2.0.0
sdmme_2.0.0
usb_1.0.0

arm
drivers
gece
1ar

utilities

Qj" fsl_device_registers.h

[ MKS4F12.h

[& MKB4F12_features.h

Qf’ system_MKG4F12.c
[&f system_MK64F12.h
|| MKB4F12.5vd

| MKB4FNIMD:ed 2 flash.ld
| MEKB4FNIMD:eed 2_ram.ld
|| MKB4FX512:00d 2 flash.|d
| MKB4F512:0042_ram.ld
|| startup_MEB4F12.5

[ sl_adcl6i.c

[ fsl_adc16.h

L_Ei- fsl_clock.c

[ fsl_clock.h

Q’ fsl_cmp.c

Qj’ fsl_cmp.h

Qj’ fsl_cmt.c

Qj’ fsl_cmt.h

Ej’ fsl_common.c
Qj’ fsl_common.h
Qj’ fsl_cre.c

Q’ fsl_crc.h

Q{ fsl_dac.c

[ fsl_dac.h

Qj’ fsl_drmamuzx.c
Ej’ fsl_dmamux.h
Qj’ fsl_dspi.c

[ fsl_dspi.h

Qj’ fsl_dspi_edma.c
Q{ fsl_dspi_edma.h
Ej’ fsl_dspi_freertos.c
Qj’ fsl_dspi_freertos.h
Ej’ fsl_dspi_ucosii.c
Qj’ fsl_dspi_ucosii.h
Qj’ fsl_dspi_ucosiil.c
[ sI_dspi_ucosiii.h

N
4

y
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KSDK 2.0 File Structure — Examples

29

Each example application has its own
unique copy of the board, pin_mux, and
clock config files.

These files are no longer shared among
all examples like they were in KSDK 1.3

Also each example also contains a pre-
compiled .bin file for easy drag-and-
drop programming

PUBLIC USE

b SDE_2.0_FROM-KB4F » boards » frdmkbdf » demo_apps » hello_world »

Data library

hello_world
Mame

armgecc
atl

iar

kds
mdk

|@| hello_world.bin

@' board.c

Q‘i’ board.h

Q‘i clock_config.c
Q‘i clock_config.h
Q‘i hello_werld.c
Q‘i pin_mux.c

i oY

g pin_mux.h
E‘i’ readme.txt
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KSDK 2.0 File Structure — Examples

30

Most configuration settings are Iin
board.h file

-UART module
-UART baud
- GPIO pins defined

Default UART pins defined in pin_mux.c
In BOARD _InitPins().

PUBLIC USE

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
&0
61
62

/% The UART to use for debug messages. */

#define
#define
#define
#define
#define
#define

#ifndef

#deiine

BOARD_DEBUG_UART_TYPE DEBUG_CONSOLE_DEVICE [IYPE_UART
BOARD DEBUG UART BASEADDR (uint32_t) UARTO

BOARD DEEUG UART CLKSEC 5YS_CLK

BOARD DEEUG UART CLK FRE( CLOCK GetCoreSysClkFreq()
BOARD UART IR( UARTO EX TX IRQn

BOARD UART IR() HANDLER UART0 RX TX IRQHandler

BOLED DEBUG TART BAUDRATE
BOLED DERUG TART BAUDRATE 115200

#endif ¥ BOARD DEBUG UART BANDHATE */

A% Define the port interrupt number for the board svitches *#/

#define
#define
#define
#define
#define
#define

BOARD SW2_GPIO GPIOC
BOARD SW2Z_PORT PORTC

BOARD SW2_GPIO_PIN &0

BOARD SWZ_IRQ PORTC_IRQn

BOARD SW2_IR{ HANDLER PORTC IRQHandler
BOARD SW2_NEME "SW2"
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Kinetis SDK 2.0 Projects

All source files are included in the

example application projects
- There is no longer platform libraries to
compile first
- Drivers are found under the drivers
folder
- Board specific files under the board
folder

Application specific files under source
folder

31 PUBLIC USE

Iy Project Explorer 52

4 (5 bubble_frdmkaz2f

+ g fsl_clock.c
; @ fsl_clock.h
+ g} fsl_common.c
. [} fsl_common. h
- gy fsl_ftr.c
[y fsl_ftm.h
- g, fsl_gpio.c
[k fsl_gpic.h
» g fsl_izec
> @ fsl_iZc.h
+ g fsl_Iptmr.c
[y fsllptmr.h
o g} fsl_lpuart.c
[} fsl_lpuart.h
[} fsl_porth
- gy fsl_smc.c
3 @ fel_smc.h

4 [y source

+ |, bubble.c

© [y startup

+ (g utilities

=| bubble_frdmk82f debug jlink.launch
=| bubble_frdmk82f debug pnelaunch

=| bubble_frdmbk82f release jlink.launch

=| bubble_frdmk82f release pnelaunch
=| bubble_frdmk&2f.wsd
= MKB2FN256:00d5_flash.ld
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CREATING A NEW
KSDK PROJECT




SDK Project Generator Overview

- Standalone utility designed to help users create custom SDK-based projects, within or
outside of the SDK source tree

- Cross-platform, supporting Windows, Mac OS and Linux

- Highly customizable output:
- Simple “Quick Generate” creates a barebones while(1) application in SDK tree
- Advanced Configuration
= Device selection by board or specific device
= New project or clone an existing one
= RTOS selection
= IDE selection
= Project can reside within or completely standalone from SDK source tree

h o
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KSDK Project Generator — All IDEs

- Execute and point to root

34

Download from
Unzip

KSDK installation path

PUBLICUSE  #NXPFTF

KINETIS-SDK: Software Development Kit for Kinetis MCUs +

Overview || Documentation Hardware & Tools || Training & Support

Filter By | Show All Recommended Software & Tools
Recommended Software & Tools

Software Development Tools Kinetis SDK Builder Mew

Initialization/BootDevice Driver Kinetis Expert: Software Development Kit for Kinetis MCUs, Online SDK Builder

Code Generation

Software Development Kits

Download

widdleware - Libraries Software Development Kit for Kinetis MCUs (Fre-configured releases)
Filter Software & Tools by
Keyword
Q Initialization/Boot/Device Driver Code Generation
Kinetis SDK Project Generator Tool B upostea
Quickly and easily create new Kinetis SDK (v1 & v2) projects, or clone existing

projects.



http://nxp.com/ksdk

SDK Project Generator — Quick Generate

[

Point to SDK installation —

Name your project\

Select your board =————

[ KSDFK Project Generator - 2.0

KSDK Path:
P C:/nxp/SDK_2.0_FROM-K64F
Project Name:

Browse

*myprojecti

Choose board:

=

Usage Tips

Hower over an item to view usage tips.

Click here to go to advanced menu.

FROMKRSF __________________J&

‘ Quick Generate!l
N

N

[

Output is placed in the SDK tree in:
<SDK_Install_Directory>\boards\<board name>\user_apps\<project name>

35
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/

Click on board image
to visit the board’s
product page

Create your project!



SDK Project Generator — Advanced Options

« Click on the Advanced button to view

- Project name and board selection are

36

advanced options

carried over

PUBLIC USE

r @}‘_‘ KSDK Project Generator -- 2.0 -

KSDK Path:
C/mep/S0E_2.0_FRDM-KB4F
Project Name:

myP ru:u_iecti
Choose board:

Usage Tips
Hover over an item to view usage tip‘

Advanced

Click here to go to advanced menu,

_,

Quick Generate!
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SDK Project Generator — Advanced, New Project

@E KSDK Project Generator — 2.0 A =L
Project Name: Device:
myProjecﬂ MEG4FMNI MOzed 2 - -Help
broject T Sevice or Board Choose target based
. ro ype: ice or rd: .
New PrOJeCt\.I @ Mew B Cloni @ Device (") Board on device part
—hoose Sipporied ToolchamTaR: number or board
[] Kinetis Design Studio
[7] 1AR Embedded Workbench for ARM IDE SeleCtion
RTOS Configuration: [T Keil MDE-ARM -J
RTOS selection @ Mone [ Atellic TrueSTUDIO
) FreeRTOS
] Project Parent Directory:
Determines whether Chnxph SDE_2.0_FRDM-K64 P\boards\frdmbkb4f\user_apps Browse
project output is in or

[7] Generate standalone project

out of SDK source l

Ret
tree w ‘Advanced Generate!

Click here to return to previous menu.

-

EﬁeledDevice Package. Ell =] I@

Package:

MKS4FNIMOVDC12

y
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SDK Project Generator — Advanced, Clone Existing Project

- If cloning project, can only clone project once.
-Work-around is to rename project on hard drive.

@E‘ KSDK Project Generator -- 2.0 El_lﬂ

Project Name: Board:
myProject2 FROM-KG4F -

Clone Existing ~ —_|| (ProlectType: Eroject — Select project to clone
) New ® Clone| [ bubble "

Choose Supported Toolchain(s):
Kinetis Design Studio
IAR Embedded Workbench for ARM

RTOS Configuration: Keil MDE-ARM
@ MNone Atollic TrueSTUDIO
FreeRTOS
Project Parent Directory:
ChnxphSDK_2.0_FRDM-KE4F\boards\frdmkb4fiuser_apps Browse

Generate standalone project

Click here to return to previous menu,

Advanced Generate!
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Freedom Development Platforms

Product Features

Low-cost/low-power - Low—cost (starting at $12.95 USD)
development hardware . . :
- Designed in an industry-standard
compact form factor (Arduino R3)

Enables quick application . Easy access to the MCU I/O pins
@ prototyping and demonstration
of Kinetis MCU families

- Integrated open-standard serial and
debug interface (OpenSDA)

- Compatible with a rich-set of third-party

Customer Application expansion boards

FRDM-K64F:

Stacks
(TCP/IP, USB)
Middleware
Application
Specific

Libraries Operating
(DSP, Math, Encryption) SyStem

BSP, Drivers &

HAL Bootloader

Enabled

MCU Hardware
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FRDM-K64F Hardware Overview

Reset Button

Arduino Expansion Header Push Button

FXOS8700CQ
OpenSDAv2 Debug

Accel + Mag

o L

- -

Ethernet Port

RIS

-3 ‘.-'.: LTS Tri-Color LED

o |18
e r
& !

son:@! , Push Button

MK64FN1IMOVLL12
Arduino Expansion Header 120 MHz, Cortex-M4, 1MB Flash,

. y
256K SRAM, USB, Ethernet, 16-bit ADC, x
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Lab 1 Overview

Objective:
This lab explains how to import and build the demos that are bundled with Kinetis SDK

Lab Flow:
Importing demo project
Build Demo
Download and Debug
Use Project Cloner Tool to create new project to be used in next lab
Explore Project Options

Required Hardware and Software:
FRDM-K64F Board configured with CMSIS-DAP Debugger
Kinetis Design Studio (v3.0 or newer)
Kinetis Software Development Kit (v2.0)
Mbed serial driver installed
Terminal Program (ie TeraTerm or PuTTY)
Micro USB Cable
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KSDK Project Information

43

Right click on project and select
Properties

Navigate to the C/C++ Build->Settings
page

Look at the Cross ARM C Compiler-

>|ncludes screen to see how the KSDK
directories are included

PUBLIC USE

'F; Properties for hello_world_frdmk&4f

type filter text

» Resource
Builders
a C/C++ Build
Build Variables
Environment
Logging
Settings
Tool Chain Editer
Tools Paths
» C/C++ General
Linux Tools Path
Project References
Run/Debug Settings
» Task Repositorny
WikiText

Settings

Configuration: ’debug [ Active ]

'] [ Manage Configurations... ]

& Tool Settings | B3 Toolchains | 4 Build Stepsl

Build Artifact | Binary Parsers | @ Error Parsers|

@ Target Processor
(# Optimization
@ Warnings
(= Debugging
4 %3 Cross ARM GMU Assembler
(2 Preprocessor
(2 Includes
@ Warnings
(# Miscellaneous
4 33 Cross ARM C Compiler
(2 Preprocessor
(2 Includes
@ Optimization
(25 Warnings
(2 Miscellaneous
4 %3 Cross ARM C Linker
(% General

@ Libraries
2 Miscellaneous

Include paths (-T)

j-"’. .:a'devi ces/MKE4F12/drivers

Jfdevices/MKB4F12/ utilities

€ & &

&

Include files {(-include)
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KSDK Project Information Continued

° LOOk a‘t the Preprocessor Screen to See &) Tool Settings | ¥ Toolchains | A4 Build Stepsl Build Artifactl Binary Parsers | @3 Error Parsers
. . % Target Proceszar [] Do not search system directories (-nostdine)
the various KSDK defines B Opmiation i

[] Preprocess only (-E)

@ Warnings

Defined symbols (-D £ u il
(% Debugging = (D) IR SRRl
4 BB Cross ARM GMU Assernbler DEBUG
(55 Preprocessor CPU_MKG4FNIMOVMD12

PRIMTF_FLOAT_EMNABLE=0
SCAMF_FLOAT_EMABLE=0
PRINTF_ADVAMCED_EMABLE=0

@ Includes
(# Warnings

@ Miscellaneous SCANF_ADVAMCED_EMABLE=0
a 153 Cross ARM C Compiler FRDM_KB4F
|£3='**"-2'-’*I Preprocessor | FREEDOM

(2 Includes

(# Optimization

(# Warnings

@ Miscellanecus
4 B3 Cross ARM C Linker

(# General : -

@ Libraries Undefined symbols (-U) @ |E] @ ‘i}l 7'}|

@ Miscellanecus

y
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KSDK Project Information Continued

. Linkel‘ F|I e ¥ Tool Settings | $3 Toolchains | #* Build Steps | ' Build Artifact | b} Binary Parsers | @ Error Parsers |

(% Target Processor Script files (-T) eagya
(% Optimization IAKE

@ Warnings
(# Debugging
a 3 Cross ARM GNU Assembler
(% Preprocessor
@ Includes
(# Warnings
[*E; Miscellanecus
a4 3 Cross ARM C Compiler
@ Preprocessor
(# Includes
(% Optimization
(2 Warnings
@ Miscellaneous
4 B8 Cross ARM C Linker
|E;°%-:'?4I General |
(2 Libraries
@ Miscellaneous

y
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KINETIS EXPERT
SYSTEM
CONFIGURATION
TOOLS




Kinetis Expert (KEx) System Configuration Tools

Kinetis Expert is a suite of evaluation and configuration tools
that helps guide users from first evaluation to production
software development. The tools are available in online and
desktop editions.

SDK Builder packages custom SDKs based on user selections Customer Application
of MCU, evaluation board, and optional software components.

Project Generator creates new or clones existing SDK
projects.

Integrated configuration and
development tools for Kinetis
MCUSs.

Power Estimation tool provides energy and battery-life
estimates based on a user’s application model

Middleware

Stacks
(TCP/IP, USB)
Application

Specific

Power Analyzer measures and displays energy consumption
data

JUCISCIO,

Software and Hardware
Evaluation & Dev Tools

Libraries :
(DSP, Math, Crypto) Operating System
Pins, Clocks, and Peripherals tools generate initialization C
@ code for custom board support. BSP, Drivers & HAL

(®

©)

MCU Hardware
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— Model your application’s power modes. Get energy usage, battery-life, and
design recommendations.

— Desktop application to analyze energy consumption data provided by an
energy monitoring circuit embedded in the evaluation boards.

— Assign signals to pins and generate initialization code

— Configure peripheral modes and generate initialization code
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Kinetis Expert (KEx) — 2016 Milestones

Today Preliminary Schedule

Subject to Change

+ Clocks Tool
July 2016

Power Estimation v1.0
+ SDK Builder

+ Project Generator

1
1
!

A

Online Edition

Desktop Edition

+ Peripherals Tool

+ Pins Tool

1
1
1
1
1
1
1

Power Project Generator |

Estimation v1.0 . May 2016 . Mar 2017 !
1
! + Power + Power
! Estimation v2.0 Analyzer v1.0
! Dec 2016 TBD
|
Today

y
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Kinetis Expert Power Estimation Tool

Product Features:

50

Part of the Kinetis Expert suite of system configuration tools

Online and Desktop versions available now

Models application states and estimates the power profile

Provides immediate energy consumption & battery life estimations
Generates consumption and battery discharge graphs

Provides ability to save & load profiles and generate reports

Local and online versions to be available

English & limited Chinese language support

Backed by real power measurement data

Quickly evaluate which Kinetis MCU fits your use-case and power budget

Accelerates learning curve for advanced power management features

Ideal tool for developing wearable and other battery-operated applications.

PUBLIC USE

.

Estimate and optimize your
system’s power
consumption

S

Profile Edit Options Examples Help
MCU Selection: MK22FN512xxx12 #
Series: | Kinetis K

MCu: MK22FN512xxx12

Battery Selection

Top 5 Hungry States

1: State #1 (Run 1): 23.1% of bat...
2: State #3 (Run 2): 23.1% of bat...
3: State #5 (Run 3): 23.1% of bat...
4: State #9 (Run 4): 23.1% of bat...
5: State #4 (Stop 1): 6.8% of batt...
Temperature & Power Supply 2|l
Temperature: | 25 °C/77.0 °F | *
33V
3.3V

VDD Power Supply:
VDDA Power Supply:

Helps you design for
efficient use of energy

Power Modes Clocks Peripherals Consumption Graph Discharge Graph Notes

I | i i
I t t t
100 m#; (ryn 1) 3 (Run 2) 5 (Run 3) 9 (Run 4)
10 mA 1 |
17 (0224m
1mA 4 (Stop 1 6 (VLPT] )
100 pA
10 pA 8 (viLg3 1)
1pA T (VLLSO 1)
7S 0.0ms 4.0ms 8.0 ms 120ms 16.0ms 20.0ms 24.0ms 28.0ms 32.0ms 36.0 ms

Time-Equal View Total current ® MCU-core current Peripherals current == Average current mm Profile

Power Profile

B X +

State Name Duration Power Mode MCG SystemCore Bus Flash FlexBus FLLPI
1 Runl 1 ms (2.7%) Run FEI 80 MHz 40 MHz 26.67 MHz 20 MHz 80 I‘
2 VLLS01 10 ms (27.03%) VLLSO OFF OFF OFF OFF OFF OFF,
3 Run2 1 ms (2.7%) Run FEI 80 MHz 40 MHz 26.67 MHz 20 MHz 801
5 Run3 1 ms (2.7%) Run FEI 80 MHz 40 MHz 26.67 MHz 20 MHz 801
6 VLPW 1 VLPW BLPI 2 MHZ 2 MHz 667 kHz 1 MHz OFF

1ms (2.7%)

Gydetme: 37 ms  Average consumprion: 2,24 MA | ibetl AN SeedekOUES Sl

N
4

y
A



Kinetis Expert Pins Tool

Product Features:

- Part of the Kinetis Expert suite of system configuration tools Easy-f[o-use_ muxing
oo and pIN assignments

for Kinetis MCU's

- Online and Desktop editions released in May 2016

- Muxing and pin configuration with consistency checking

- ANSI-C configuration code e ee
Kinetis SDK t ==t 2 * EEEEEERRERRRIRRSRERIIIOEE ey
° |ne |S SUppOI’ B apco e R pin_mux.c pin_mux.h
. . ADC1 " ape Sneh . ‘
- Graphical processor package view CANO c ey P
ceo HS "o e on mo  fE
- Multiple configuration blocks/functions CMP1 j e R e B e
CMP2 FTEL FTM3 GPIOA GPIOB GRIOC FTEL
- Wizard for optimized assignments of functionality to available pins o R e
. . . DAC1 Ll -5:0:20; ?;ICI égquc EIUMPPLY z:l?emcm %BES}
- Selection of Pins and Peripherals oMA g e ewem w4
) . ENET %Eg ﬂ?;ggn UART4 UARTS o USED %IEISWE
- Package with IP blocks Ewm . o g
e i
- Routed pins with electrical characteristics o i
- Registers with configured and reset values s
GPIOA
- Source code for C/C++ applications GPIOB a 2
GPIOC
- Documented and easy to understand source code GPLoD O L :
GPIOE # Peripheral Signal Route to  Direction Slew rate Open dra.. Drive str
- Report generation e B o Do Fast  Disabled Low
. . 12C2
- Integrates with any compiler and IDE 1250 BOARD_Initpins

\r
4\
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Kinetis Expert Clocks Tool

NS 500"

Product Features: GO
- Part of the Kinetis Expert system configuration tools
- Online and Desktop editions planned for release in July 2016 Easy-to-use clock
- System clock configuration with consistency checking configuration for Kinetis
- ANSI-C initialization code MCU's
- Kinetis SDK v2 support
- Graphical clock diagrams P options. Help _
- Multiple configuration blocks/functions :wk:dﬁ I CE— I':OTF‘ i o2t De“'“lk e
- Easy-to-use guided graphical user interface cow ek s e o o |
- Selection of Clock Sources o e —— I e
- Configuration of prescalers and clock outputs ENET[;SS I Pe:izlt o aem e
- Details and Full Diagram views with clock path s [ |2 pmb-emsdewcte; - -
- Registers with configured and reset values N -
- Source code for C/C++ applications = | dmdl
- Documented and easy to understand source code oy
- Report generation ::@
- Integrates with any compiler and IDE I

BOARD_BootClockRUN

h o
P R

52 PUBLIC USE



PORTING TO
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Custom Board Configuration

- Each example in Kinetis SDK has board configuration files
- Found In

<KSDK_ PATH>\boards\<board name>\demo_ apps\<demo_name>
- Contains board-specific details for Kinetis SDK
- Applications easily portable across different boards and devices

- These files should be reviewed and modified for custom hardware:

54

-board.c and board.h
- pin_mux.c and pin_mux.h
- clock _config.c and clock_config.h

PUBLIC USE

kds
mdk
[j board.c
Il
IQ board.h
[j clock_config.c
[;’1" clock_config.h

|%| hello_world.bin

[j hello_world.c

[;’1" pin_rmux.c
[ﬁ" pin_mux.h
Iﬁ readme. bt

h o
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Board Initialization

- Each project calls three configuration functions that are set in these files
-BOARD _InitPins(); //defined in pin_mux.c
-BOARD_BootClockRUN(); //defined in clock _config.c
-BOARD _InitDebugConsole(); //defined in board.c

/% Board pin, clock, debug console init #/
TE BOARD InitPins():
79 BOARRD BootClockRUN();
a0 BOARD TnitDebugConsole();
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board.h File

- Defines debug UART peripheral and pins
- For stdin/stdout functions, like printf()
- Mainly used for Kinetis SDK examples, specifying:
- Features available on board, like sensor for demos
- Peripheral instances for examples, like 12C0O
- Pins for LEDs and buttons
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board.c File

- BOARD _InitDebugConsole()
- Initializes debug console
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In_mux.c and pin_mux.h

Kinetis devices provide great flexibility in muxing signals
- Each digital port pin has up to 8 signals muxed on pin
- Some peripherals route same signals to multiple pins

BOARD _InitPins() inside pin_mux.c is used to initialize pins
- Used to set pin mux options for all pins used on board

10.3.1 K64 Signal Multiplexing and Pin Assignments

9] [ 2| 0| Pokame | Déait | ALD ALTH am | AW M| AT AT | AT | Efe
LOFP | WAP | XFBG| LoFP
BGA | A
m e 1 |rm ADC! SE& | ADCI SE& | PTED SPH_PCS! | UARTI TX |SOMDO DY | TRACE. | bCiSDM | ATC
CLKOUT CLKOUT
22 | | 2 |PTEN | ADCY SEG | ADCISESa | PTEN | SPH_SOUT | UARTI RX | SDHCOD0 | TRACEDS | lotscL | SPism
LW PO LLWU PO
M | 2| 3 |PTEY | ADCOLPY | ADCOLPY | PTEN | SPH.SOK | UARTI | SDWCD | TRMCEDO
WU P1 | ADCY SE6a | ADCH SEa | LLWL P CT5b Do
4 | B | | ¢ |[PE2 | ADCODWE | ADCO W | PTE SPHSN | UWRTI_ | SOHC) | TRACEDM 3P _SOUT
ADC! SETa | ADCH SETa Ash | oD

K&4 Sub-Family Reference Manual, Rev. 2, January 2014
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GPIO Driver Uses These Defines

. GPIO_Pinlnit(BOARD LED GPIO, BOARD LED_ GPIO_PIN, &led_config) //Init
. GPIO_WritePinOutput(BOARD LED GPIO, 1u << BOARD LED GPIO_PIN,1): //Turn On
. GPIO_DRV_WritePinOutput(BOARD LED GPIO, 1u << BOARD LED GPIO_PIN, 0): //Turn Off

- PORT_SetPinConfig() used to set more pin options

59

- Pull-ups/pull-downs
- Skew
- etc

h o
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Kinetis SDK Porting — Change Default UART

[ T o T o Y Y Y Y Y Y
Iy T T T s T T & B B, (O (O S|

L

#define
#define
#define
#define
#define
#define

El#ifndef
#define

FFendif f

- Modify board.h to select the UART and baud rate to use

/% The URRT to use for debug messages. */

BOARD DEBUG UART TYPE DEBUG CONSOLE_DEVICE TYPE UART
DEBUG UART BASEADDR (uint32_t) UARTO

UG_UARRT CLESRC 5YS_CLK

 DEBUG UART CLE FREQ CLOCK GetCoreSysClkFregq()
RD UART IRQ UARTO R¥ TX IRQn

RD UART IRQ HANDLER UARTO R¥ TX IRQHandler

I
=
=

L i i I i I
[ T T T T T
R = R = = =
oY
l_.||l_.|
oo
Il [T [*
o m L

b
=

) DEBUG_UART BAUDRATE
) DEBUG_UART BAUDRATE 115200
RD_DEBUG UART BAUDRATE */

EE
EE

*» [0
[
[ =]
5]
=

o

)

- Modify pin_mux.c to select the pins to use

60
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S* Initialize UARTO pins below #*/

/* Ungate the port clock #*/
CLOCE_EnableClock (kCLOCE PortE) ;

/% AWffects PORTE PCR16 register #/

PORT SetPinMux (PORTE, 0, kPORT MuxA1t3):
/% Affects PORTE PCR17 register #*/

PORT SetPinMux (PORTE, 70, kPORT MuxA1t3) :
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clock config.c and clock config.h

- Defines clock configuration and default speeds
- Defines external clock frequency

- Definition of BOARD BootClockRUN() which is called from main() to initialize
clocks.

- Also have BOARD_BootClockVLPR() option.

vold BOARD BootClockRUN (void)
=
CLOCE SetSimSafeDlivs():

CLOCE InitOscl (&g defaunltClockConfigRun.oscConfig)
CLOCKE SetXtallFreq(BORARD XTALO CLE HZI):

CLOCE BootToPeeMode (g_defaultClockConfigRun.megConfig.oscsel, KMCG P11C1kSelP110,
&g defanltClockConfigRun.meglonfig.pll0Config)

CLOCE SetInternalRefClkConfig(g defaultClockConfigRun.mogConfig.irclkEnableMode,
g_defaultClockConfigRun.mogConfig.ircs, g defaultClockConfigRun.megConfig. fordiv

CLOCE SetSimConfig(&g defaultClockConfigRun.simConfig) :

SystemCoreClock = g_defaultClockConfigRun.coreClock:
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USB Hardware Porting

- USB clock set inside each USB project via CLOCK EnableUsbfsOClock()
- Modify these lines if USB clock source needs to change

329 #if ((defined F51. FEATURE USE KHCI TRC48M MODULE CLOCE ENABLED) && (FS5L FEATURE USE FHCI TRC48M MODULE CLOCE ENAELED) )
30 CLOCE EnableUsbfs0Clock (kCLOCE UsbSrclrc4iM, yor
331 felse

332 CLOCK_EnableUsbfs0Clock (kCLOCK UsbSrcP110, CLOCK GetFreg(kCLOCK P11F11SelClk)) :
33 #endif /* FSL_FEATURE USB_KHCI_IRC48M MODULE CLOCK ENABLED */

USE_CLKIN »
. . > USB 48MHz
~.  Fractional Divider
MCGFLLCLK SIM_CLKDIV2
MCGPLLCLK [USBFRAC, USBDIV]
IRCABMCLE —:-/T/
SIM_SOPT2[PLLFLLSEL] SIM_SOPT2[USBSRC]

Figure 5-7. USB 48 MHz clock source
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KINETIS SDK
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Kinetis SDK v2 — Peripheral Drivers

- Kinetis SDK Drivers:
- Single driver for each peripheral
- Full peripheral coverage for each MCU

- All drivers include low-level functional
APIs

- Communication peripheral drivers feature

Stacks / Board
Middleware | Support
transactional APls Peripheral Drivers
= Non-blocking, interrupt based

- Communication peripheral drivers also CMSIS-CORE and CMSIS-DSP
have optimized RTOS wrapper drivers

= Uses native RTOS APIs — no operating Microcontroller Hardware
system abstraction
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KSDK v2 Drivers

- Unified driver layer
-No longer have separate HAL and Driver layer

- Designed to simplify the most common driver use-cases
- Does not cover every peripheral feature.

- The Kinetis SDK v.2.0 API Reference Manual contains the details of the new
API.
- Examples found in <KSDK Installation>\boards\<board name>\driver _examples

h o
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Low Power with Kinetis SDK

- The SMC drivers allow Kinetis SDK projects to go into low power modes
- Uses the SMC_SetPowerMode<mode> API

- Selectable wakeup sources

- See the power mode examples for details:

-\boards\<board _name>\demo_apps\power_manager
-\boards\<board _name>\demo_apps\power _mode_switch
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Lab 2 Overview

Objective:
This lab will show how to use the GPIO and 12C drivers. You will turn on and off an LED, read accelerometer data,
and explore the Kinetis SDK start-up flow.

Lab Flow:
Modify the newly created project from the previous lab
Build Demo
Download and Debug

Required Hardware and Software:
FRDM-K64F Board configured with CMSIS-DAP Debugger
Kinetis Design Studio (v3.0 or newer)
Kinetis Software Development Kit (v2.0)
Mbed serial driver installed
- Terminal Program (ie TeraTerm or PuTTY)
Micro USB Cable
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KINETIS SDK 2.0
TRANSITION




Highlighted Changes from KSDK v1.x to v2

- New unified driver layer with new API
- FreeRTOS is now the main RTOS. MQX is no longer available.

-The MQX RTCS Ethernet and MQX MFS File System stacks have been removed. IwIP
and FatFs are still available for applications needing Ethernet and file system stacks.

- File structure changed

- Startup and board configuration changed

- The USB stack has been re-written and is now a BSD licensed solution

- There is no longer a separate KSDK platform library. All examples and demos

consist of a single project, which include all the necessary Kinetis SDK and
application files.

- The Kinetis Expert tool is replacing Processor Expert, so there is no longer

70

Processor Expert support with KSDK 2.0.

h o
P R

PUBLIC USE



Highlighted Changes from KSDK v1.x to v2 (Continued)

71

- Not all boards from 1.x are currently supported in 2.0, but will be rolled out over

2016

- Updates for Kinetis Design Studio to integrate it with Kinetis SDK are now provided

via the online update tool, and no longer as part of a zip file included with Kinetis
SDK. This update provides a wizard to create new SDK v2 projects inside of KDS.

- The Operating System Abstraction (OSA), Power Manager, and clock manager are

no longer required by the drivers

- mbed TLS now included as part of the accelerated cryptography drivers

h o
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Kinetis SDK API

- The driver and HAL layers are now combined into a single layer

- Because of this significant change, there is not a straight forward mapping of the
API modifications required

- The Kinetis SDK v.2.0 APl Reference Manual contains the details of the new
API.

h o
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Kinetis SDK Project Transition

- Most straight forward method to move project from 1.x is to create a new KSDK 2.0

project using the Kinetis SDK Project Generator tool

- There is also the option to use the New Project wizard in Kinetis Design Studio to create
this new project too.

- Then copy in the existing application code into this new project.
- Then go through the hardware_init() function and setup the pins and clocks using

the new KSDK 2.0 API.

- Finally, the driver code utilized by the application can be re-written to be compatible

73

with the 2.0 API.
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