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Course pre-requisites/notes

- This course is an update of a 2019 Tech Day course on creating a custom SDK

(AMF-SOL-T3532)

- Updates include new functionality provided for custom SDK creation, first introduced in
MCUXpresso IDE 11.0

- The first section of this course for Tech Day hands-on sessions would include

1

iIntroductions to the MCUXpresso suite of tools

- These introductory notes are also coverd in AMF-SOL-T3991 “Understanding
MCUXpresso IDE and Configuration tools”

- These are not included in this training slide set
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Content

- Recap of MCUXpresso SW and Tools
- MCUXpresso Config Tools overview

- Changing package and part types

- Overview of the Custom SDK wizard

- Lab/demo sessions:
- Creating a board configuration
- Creating a Custom Board SDK
-Using a Custom Board SDK with the New Project Wizard
- Applying a board configuration to new and existing projects
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The MCUXpresso Ecosystem

Core Technologies from NXP:
« MCUXpresso IDE
« MCUXpresso SDK
« MCUXpresso Config Tools
« MCUXpresso Secure Provisioning Tool

Enabling Software Technologies:
* Run time software libraries and middleware
« Enable customers to focus on differentiation

MCUXpresso * From NXP and partners

Partner IDEs

Debug Probes
Development Boards
From NXP and partners
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Streamlined MCUXpresso development flow
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[+) Pins - FRD!

File Edit Tools Pins

Views Help

Easy-to-use muxing and pin
assignments

5 Pins 51| f Peripheals| = 0 |8 package 52 | QA O # < = O || Regsters| B Log | [ Sources 52 |
@) peiterten 4 3y “ | pin musc| pin much |
Ffd ER EEZEE
Pin  Pinname Label Identifier GPIO  UART 3~ Ezs 12's LECOLE 5 N =
B Z3xx¥ Du-Dm0Q@eX * Copyright (c) 2016, Freescale Semiconductor, Inc. [
7 J15[G1)/SD_CAR... SDHC_CD PTES UART3CTSH  F1 HgEan e LA E‘ms * All rights reserved.
10 122[3)/K64 MIC...  USB_DP 82358 EEE%82882355 3 *
££1% £332208 * Redistreibuti . .
@ 202K MIC.,  USEDM 5 I 7 2 4 s o Sy T o
= C St TRt * are pernitted provided that the following conditions
2 VRVEXTALZ2.. ETALSK - s0c0 s0ct * o Redistributions of source code must retain the abo
El J2120)/UB[4VI2C...  ACCELSCL PTE2  UARTATX L L ot *  of conditions and the following disclaimer.
2 DUSYUBE/RC... ACCEL SDA PTEXS  UARTS_RX o1 o DACH © o peFEm S fr Hhmy + reproduce th
¥ e e o Redistributions in binary form must reproduce the :
e 2ULY/DL24Y/LE..  LED GREEN [BTERN uakrs CTs o 4DC1_SEdbl - o *  list of conditions and the following disclainer in
3 w3 sw3 PTAL Al X *  other materials provided with the distribution.
ADCY_SEHATCA F e N
Ed UI3[17)/RMIOR... RMI0_RXER PTAS Fl T 1 crion apioc Neither th  F le s ductor, T
* 0 Neither the name of Freescale Semiconductor, Inc. r
2 UISIZVRMID R... | RMID RXDL PraL2 A i = crice nco *  contributors may be used to endorse or promote proc
s U13[13/RMIOR...  RMIO_RXDO PTALZ A PTCI4UARTA_RY. ncz 1250 *  software without specific prior written permission.
“ UI3[1S/RMID_.. RMIO_CRSDV ~ PTAI4 UARTOTX GBS Luwy LFTVRD *
5 UL3(13)/RMI0_T... RMIO_TXEN PTAIS UARTORX = B = * THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS Al
||| erciensan o come en * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
o UISE20/RMID ... | RMID TXDO PTALE | UARTD CTS bl FICITIUARTS T o e * WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PART]
a7 ULBRL/RMID.T... RMI0_TXD1 PTAIT UARTO RTS b - * DISCLATHED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OF
50 UL3H6Y/RMIR..  EXTALOGRMIRX.. PTALS 2l o R SystemGontrl TR * ANY DIRECT, INDIRECT, INCIDENTAL, SPECTAL, EXEMPLARY,
53 UI3M0J/RMI0_..  RMI0_MDIO PTE) Fl POV Pr3 — — — =
s UI3[L/RMID..  RMI0_MDC PTEL Pl POV e
ADC0_sET0S =
& UTIAV/UARTO RX  DEBUG_UART RX  PTE16 UARTO_RX Al || seosmeem A Probiems 3| E]
& UIO[J/UARTOTX  DEBUG_UART TX  PTELT  UARTO_TX A FTGTICMT 0L
Mo eren DI2BVLEDRGE.... mylED MKB4FNTMOVLL12 - LQFP 100 package typefitertext
e pre2 D12(1/LEDRGB.... LED_REI < Level Issue Origin
] UBLL/SW2 SW2ACCELINTL  PTCE 553235255882
a5 o) ACCELINT, PTG UARTACTSH 282385 584508
« i v . = - ‘ m »
£ Routed Pins| =5
typefittertext
RoutedPins (@] 3
#  Deripheral  Signal Routeto  Label Identifier  Direction  Slewrate  Opendrain  Drivestrength Pullselect  Pullencble  Passivefilter Digital fiter
61 GPIOB Gho,z1 PTEN DI2[3]/LEDRGE_BLUE myLED. Output Slow Dissbled  Low Puldown  Disabled  Disabled
6  GPIoE Gh0,2  PTE2 DI2(1]/LEDRGE_RED LEDRED  Output Slow Dissbled  Low Puldown  Disabled Disabled
= GPIoE GPIO,25  PTE 201Y/DI24)/LEDRGE_ GREEN LED_ GREEN  Output Slow Dissbled  Low Puldown  Disabled  Disabled

BOARD InitPins

BOARD_InitButtons | BOARD_InitLEDs £2 | BOARD InitDEBUG_UART

BOARD_INt0SC

BOARD_INtACCEL

BOARD_In/tENET

BOARD_InitSDHC

BOARD_IntUSB.

MCUXpresso Config Tools
ins Configuration

- Muxing and pin configuration with consistency checking
- ANSI-C configuration code
- Graphical processor package view

- Wizard for optimized assignments of functionality to
available pins

Selection of Pins and Peripherals

Routed pins with electrical characteristics

Registers with configured and reset values
- Source code for C/C++ applications
GPIO Input / Output initialization

- Documented and easy to understand source code

- Report generation

- Integrates with any compiler and IDE
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Clock configuration and

e e MCUXpresso Config Tools

Clock Configuration

- System clock configuration with consistency checking

Fie Edit Tools Clocks Views Help

| EE Clocks Tabi = 0 |[2 Clocks Dingram 5| QQE @ = O |[ Module Clocks [ Registers| B Log| [ sources 22
A agn . .
|Path Detais: Core_clock || dlock configic| cloct
Name ° -
L 2w '( ight (c) 2015, F 1e semiconductor, Tnc(
. * Copyright (c) 2015, Freescale Semiconductor, nc
CORECLK Frequency P = A1l rights reserved.
souTom o
OUTDIV...uency Tz * Redistribution and use in source and binary forn
MCGOUTC. quency o . * are permitted provided that the following condit . .
OMHz *
cuis utptr 1S AL or 5 T o e e o g o ra h ica I C | ocC k d laarams
PLLS PLLoutput T *  of conditions and the following disclaimer.
EPLL -
sus ||| * o Redistributions dn binary form must reproduce
PLL Frequen, 120MHe e
aveney *  list of conditions and the following disclaime
PLL clock Disabled *  other materials provided with the distributior
PLL clowp mode Disabled -
PROIV * 0 Neither the name of Freescale Semiconductor, 1 . . )
! =" contributors may be used to endorse or promote
o » T N N T *  software without specific prior written permic o - -
oscseL System Oscilator crram: 1 -
0SCCLK Frequency 50 Mk : e * THIS SOFTUARE TS PROVIDED BY THE COPYRIGHT HOLDE
05CCLK Frequency O possec s “ ANY_EXPRESS OR IMPLIED WARRANTIES, INCLUDING, Bl
5 0% e cioen [ : * WARRANTLES OF MERCHANTABILITY AND FITNESS FOR A
yste..cillator) 1 rwon ||| = DISCLAIMED. IN MO EVENT SHALL THE COPYRIGHT HOLL
05Cmode Using etema reference : ¢ * ANV DIRECT, TIDIRECT, INCIDENTAL, SPECIAL, EXEMF .
Frequency Range Very_high frequency rar ' + (INCLUDING, BUT NOT LINITED TO, PROCUREMENT OF
System ..y Losd oF ! o * LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTEF -—
1 * ANY THEORY OF LIABILITY, WHETHER TN CONTRACT, S1

| * (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ¢
— * SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
*/

S Configuration of prescalers and clock outputs

* and flash clock are in allowed range during ¢

* 2. Call CLOCK OscOTnit to setup 0SC clock, if it

MOS PLURURCEN stk —W-ME-MDL.‘_W.;;W swse 2 52 608 U0 QAo 59 i G . . . R
— o | Details and Full Diagram views with clock path

:.:4:‘::31;‘“’ MCG Mode | PEE (PLL Engaged Extermal) - & roem 5| =
BOARD_BootClockRUN 52~ BOARD_BootClockVLPR J = o = — o - Reg i Ste rs With CO nfi g u red a n d reset Va I u es

Source code for C/C++ applications
- Documented and easy to understand source code

- Report generation



MCUXpresso IDE with integrated Config Tools

Use the MCUXpresso IDE Quick Start Panel
to import an existing SDK Project or create a new one
IDE )(Tcra

2y Project Emlmer 2 Use the IDE project menu bar to
e[Sl 8 % | l K\‘ : -

switch to a Config Tool perspective

v s MCUKpressnPrnject Open Pins
& Project Settings 'l.ﬂ Oven Clocks , .
& Includes ) s Config Tool data will download on demand
. . ' 0 Peripheral
Use the Config Tools perspective &8 CMmsis o Gi e MCUNpraseo Conig Tooks - Pragrese sfotmation
. . (2 accel
to Conflgure PInS, C|OCkS, v (2 board 11l Open Device Configuration |'6'| Downloading component pwm ...
and Pel'iphel'a|s {3 E;:::I; -‘ﬁ\ Open Tools Overview _
L¢] clock_confige ™\ 5 E
|h] clock_config.h c g Cancel
- lc] peripherals.c l:ﬂ i
z = [n| peripherals.h E g
g L] pin_mux.c o g
[n] pin_mux.h U ﬁiiErmq}rG@

switch between config tools or return to the
Development perspective

2 component
(2 device The perspective icons can also be used to

[Z] Update Code ~

% Update Code from Config Tools to write the generated
files directly to the project folder and return to the
Development perspective

h
>N
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MCUXpresso Config Tool — Standalone Tool Workflow

‘ Use the MCUXpresso Config Tools Supporting:
to clone an existing SDK Project

ArMmkEIL

oo montod o o oot M g SIAR

and will create the connections
Project SYSTEMS
Folder

CFG

The standalone MCUXpresso Config
Tools are developed specifically for
working with non-MCUXpresso IDEs

Use the MCUXpresso Config Tools to
configure Pins, Clocks, and Peripherals

Generated .MEX file can be
exported / imported to other
2 projects to share board settings
Update Code -

Update Code from Config Tools to write the

generated files directly to the project folder \ {
8  PUBLIC A
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Config Tools — Basic concepts

9

files include special that allow the configuration to be restored directly from source code.
- The full configuration is save into a file that can be imported into new configurations to
apply those settings.
- MCUXpresso Config Tool , but is designed to work with existing projects, however
there are instances where you can an existing SDK example as a starting reference

enable flexibility within application development to (re)configure pins and peripherals at

are available for clock configuration, but are for switch clock settings during
runtime
- The is designed to supplement the MCUXpresso SDK by providing a graphical configuration
utility for the . The peripheral tool generated the input structure to this function call.
- Config Tool data is of the IDE and SDK, when accessing the Config Tools, the tool
will check for the latest available data (which can include support for new features).

A ¥ 4
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How to configure a pin?

10

— Select cell at the cross
section of the Pin and Mux setting

view — popup dialog will
guide thru possible selections

view — similar to
graphical chip view, with signals
categorized as peripherals

Add new entry to “

PUBLIC

m Pins 52 [ Peripheral Signals

§§ﬂ| W’lll‘l -999*| 5 m|typeﬁltertext

Pin Pin name Label |dentifier
[\131 ADCOSEIZ/PTE. J2[20]/UB[4]/12C0... ACCEL SCL
[732 ADCOSEI8/PTE.. J2[18]/UB[6]/12C0... ACCEL SDA
B3z [ETee Y s21)/D12[4]/LED... LED_GREEN

34 PTAD/UARTO_CT.. JO[4]/SWD_CLK

35  PTAT/UARTORX.. J1[8]

36 PTAZ/UARTO Tx.. J1[12]/)9[6]/TRA...

37 PTA3/UARTO_RT.. JO[2]/SWD_DIO
[“738  PTA4LLWU P3/..  Sw2 sw3

R Pins Peripheral Signals 52

GPIO  UART FTM ADC
PTE24 UART4_TX ADCO_SETT
PTEZ5 UART4 RX ADCO_SE18
Q| IARTA TS b
PTAD IGP10 signals on pin no. 33 . R E R
PTA1 Routed signals: E 2 E E E EI ;I EI :I
PTAZ  |PTE26 (GPIOE,GPIO,26) - General purpose /0 pin 26; g o g"ﬁ; g B &
PTAZ Signalisn.)utedinlunctions: %%%2'%@5%.9_%%%95
PTAA BOARD_InitLEDs — EEE éEEEE §§ EE
ADC0 ADCA
SDHCO_D1 -
sOHCO_O0 . Pin [93] b4

BB WW e e e ¥ 6 veefite

> ™ cGrioe

> v GPIOC

v M Griop

GPIO, 0= [93] PTDO/LLWU_P12/5P10_PCS0/U
GPIO, 1 » [94] ADCO_SE5b/PTD1/SPI0_SCK/U
GP|G, 2w [95] PTDZ/LLW! E Routed Pins

GPIO, 3 » [96] PTD3/SPIO, [ ocfirer 1o

GPIO, 4= [97] PTD4/LLW!
GPIO, 5= [98] ADCO_SEGE
GPIO, 6= [99] ADCO_SETE
GPIG, 7= [100] PTODV/CM

> B GpicE
> [ 12C0

Routed Pins for BOARD_InitLEDs

-

67
68

33
® ]

Peripheral
GPIOB
GPIOB
GPIOE
GPIOA

Signal Route to
GPIO, 21 PTB21
GPIO, 22 PTB22
GPIO, 26 PTEZG
Grio, 14 ©

SDHCO_DCLK
SDHCO_CMD
SDHCO_D3
SDHCO_DZ
PTES

YOD1E
WSE17
U3R0_OF
USB0_OM
WOUTI3
YREGIN
ADCO_DP
ADCO_DMI
ADC1_DP1
ADCA_DNA
ADCO_DRDY,..
ADCO_DMOY...
ADC1_DPDY...
ADC_DMOY...

D12[3)/LEDRGE_BLUE
D12[1)/LEDRGB_RED
J2[11/D12[4)/LEDRGB_GREEN

 nfa

All signals on pin [93]:

FB_CS1_b (FB,CS1/ALE/TS)
FTM3_CHO (FTM3,CH,0)
LLWU_P12 (LLWU,P,12)
PTDO (GPIOD,GPIO,0)
SPID_PCSD (SPID, PCS0/SS)
UART2_RTS_b (UARTZ,RTS)
(n/a,disabled)

H
i

[44] PTATLSSPID_PCS0/UARTO_TX/RMID_CH
[47] ADC1_SE17/PTAT7/SPI0_SIN/UARTO_R
[42] CMP2_INO/PTAT2/CAND_TX/FTIMI_C

ADCT_SEFB/RTCIAL..

PTC4/LLNL_PaY...

.r’-‘-DCCSBEb."FTCHJ."...
ADCT_SEAbI...
CMFI]:IHL"FTC?."...
PTCA/LLNL_P9J...

ADC1_SEdS..

PTCE

SPID
SUPPLY
UARTD
UARTS
Use0CD




How to configure clock settings?

Recommended to setup clock
sources first.

- Select functional group’s clock mode
(MGC / PLL) to adjust several
settings in sync

- Select desired output clock within
Clocks Diagram view to see full clock
path and limit details panel to
relevant parameters

- Selecting on an object within the
graphical view will allow many setting
to be selected directly
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E Clocks Table 7 :]-'h Clocks Diagram

Clock Sources

Mame | A| Value I
=| Internal

FAST_IRCLK 4 MHz

SLOW_IRCLE 32.768 kHz

IRC42M

LPO 1kHz
=| External

=1 Q5C (System Oscillator) @' 50 MHz
05SC mode Using external reference clock

Frequency Range
Systern Osc. ..pacity Load

Very_high frequency range 8-32 MHz
0pF

BB Clocks Table | J}» Clocks Diagram 52

FEI (FLL Engaged Internal)

FEE (FLL Engaged External)

JFBI (FLL Bypassed Internal)

FBE (FLL Bypassed External)

PEE (PLL Engaged External)

PBE (PLL Bypassed External) l}
BLPI (Bypassed Low Power Internal)
BLPE (Bypassed Low Power External)

|

|

I EL

L} OUTDIV] s—L P Coraclock
Wf#

MCGIRCLK
MCGFFCLK

MCGIRCLK Inactive

MCE
[ tin Inactive "
FASTURCLK | o FCRDIV Inactive :
/2 "
L] 1
Inactive : ' |
X
SLOW_IRCLK . I
IREFS o TIKS R
:
155 MHz | p  [Inactive . 120 MHz WMCGOUTCLK 1 :
Z 1
1.56... MHz n)
FRON V — 120 MHz ol
/32 540 ' /2
L] 1
McEFLLCLK ' ! OUTDIV:
120 MH e
PLL !
o OUTDIVA
715% 36 Inl G
;
PLLFLLSEL
Inactive

System os

|
EXTALD B3
]

50 MHz

RTC oscillator 32kHz

E |
cillator 0SCOLK r:-| |
Ll

OSCERCLK |

XTALD [

0SC3ZKCLK !

= 7|System Oscillator %
L]

QUTDIV1 [}—> Core clock
T
1 [ 1= System clock 120 MHz
|
QUTDIVZ Bus clock 60 MHz
T
i

1.56... MHz

P> MeaFreLK
X

87120 MHz

[ —1> FlexBus clock 40 MHz

i
[ }—I» Flash clock 24 MHz
I

MCG PLL/FLL/IRC4EM clock
Inactiy

nactive

IRC48MCLK Inactive

OSCERCLK Inactive




Migrating from a standard SDK to a custom SDK
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How to change device package?
Requires edits to IDE, SDK, and Config Tools:

- Not explicitly required, but can be changed to prevent conflict messaging in Config Tools

- Package variants use exact same SDK driver files
- SDK uses preprocessor defines to properly compile SDK drivers for different packages
- Preprocessor defines can be edited within the IDE project settings

- Use the “switch package” icon from within the Pins Tool to select a different package
- Config Tools will attempt to transfer all compatible pin muxing settings to the new package

v & = o
K 1

£ Package i3 QR0
] S'r‘.-itl:h package

i

g

N

T2

g
RT4 TH...
RT4_R¥
BPTC 11
ib/ATCAD. .
IPTCTE..
U_Pa;...
U_Pa/

13 SEE ZEF
oo —':‘-In_u-l

v

b
...
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How to change device part number?

Option 1 — Create new project: Recommended / Cleaner approach

- Create a new blank SDK project for the desired device, this will ensure the IDE and SDK are setup correctly and include the correct
SDK driver files.

- Include all required drivers during the new project creation wizard (these can also be added later)
- Copy application specific source files from previous project to new project (sources subfolder)

- Update device header includes in application specific source files

- New IDE project should correctly setup needed preprocessor defines and include the correct SDK drivers that are unique to each
device

- Open Config Tools to enable them within the new IDE project
- Import the previously configured .mex file from the previous project to apply (as best possible) the pin and clock settings

h o
L |
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How to change device part number?

Option 2 — Edit existing project: Harder, but might be necessary...

- Change the target MCU in the IDE project settings
- Update device header includes in application specific source files

- Change the preprocessor defines within the IDE project settings to match the device and package
- Replace all SDK drivers with equivalent ones from the correct SDK download
- Replace CMSIS header files, startup files, utilizes with equivalent ones from the correct SDK.

- The Config Tools will present errors in detect project setting and can auto corrected to the new device
- As needed, use the “switch package” icon from within the Pins Tool to select a different package
- Config Tools will attempt to transfer all compatible pin muxing settings to the new package

h o
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Board SDK Wizard

- Board SDK Wizard was introduced in MCUXpresso IDE 11.1
- Starting from an existing SDK and a project customized for your board, the Wizard

enables:
- Creation of an exportable .zip SDK package that others can easily import and use
- SDK attributes, photo and #defines to be added to improve usability

- Primary purpose:

16

- Enabling creation of applications using MCUXpresso IDE New Project Wizard with pin
and clock configurations included
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Example Custom SDK Creation

- Step 1: create a board configuration that includes the custom pin and clock configuration of
the (custom) board being used

- Step 2: use the Custom SDK Wizard in MCUXpresso IDE to generate a custom SDK that
can be imported and used by other developers in your team

- Step 3: create such a new project with the custom SDK from Step 2

- Step 4: use board configurations from Step 1 to modify a standard demo board example
for use on a custom board

- These steps are described in the lab handout, and walked through in the video tutorial

- The tutorial uses the LPC845-BRK board (see next slide)

- Although this board now has its own SDK, for the tutorial we will start from the LPC845 part SDK,
as a representative flow from a standard NXP EVK

h o
L |
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LPC845 Breakout Board - Overview

LPC845 (QFN48) LPC11U35 CMSIS-DAP + VCOM

User potentiometer

. 01. DI g "l'

3 A R (B gy l‘."_f‘ AN, C 2y
q ?ﬁ‘.‘“‘g‘%&g“gﬁ.._ 2 % e Q S B Debug probe / VCOM / Power USB

ChATR T L

aaaaaaaaaaaa

Reset
ISP/User button

Cap touch button User button
(snap off)

RGB User LED

\

38 Ports available for prototyping via breadboard

Schematics located at:
18 PUBLIC
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https://www.nxp.com/downloads/en/schematics/SCH_LPC845_BRK.zip

SECURE CONNECTIONS
FOR A SMARTER WORLD
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