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- LPCXpresso and LPCOpen Overview
- Getting Started

- Launching a debug session

- Creating and editing projects

- Multicore Support

- Instruction Trace

- SWO Trace

- Power Measurement
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What is LPCXpresso IDE
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Enhanced Eclipse Mars + GCC5 based IDE

- Cross Platform:
= Windows
= Mac OS X
= Linux — recent Ubuntu and Fedora

- Single installer contains everything needed
- Focused on ease of use

Free Edition

- 256KB download limit

- Simple registration at LPCware.com
- Forum support

Pro Edition - US $495

- No download limit

- Additional SWO Trace functionality
- Professional customer support
Many tens of thousands of users

- Increasing popularity at large OEMs
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Latest Release : LPCXpresso IDE v8.1.4

- Major highlights over last year include:
-New parts support
- Updated versions of Eclipse and GCC
- Flash programming performance (Typically ~10x improvement since 7.5.0)
- Multiple flash driver support
-SWO Trace using LPC-Link2
- Power Measurement functionality
- Support for multiple simultaneous debug probe connections
= Several targets can be connected to same host
- Enhanced managed linker scripts and templates (Freemarker)
- More detalls at:
- http://www.Ipcware.com/content/forum/Ipcxpresso-latest-release
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More Information

- General Product Information

- Where to download

- http://lwww.lpcware.com/lpcxpresso/download
- Docs

- Within product : Built-in help system and PDFs
- FAQS

- http://lwww.lpcware.com/faqg/lpcxpresso

- Videos
- https://www.youtube.com/watch?v=NW7GmsMcrKc
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http://www.nxp.com/pages/:LPCXPRESSO

LPCXpresso Boards
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Concept pioneered by NXP

- Low cost, easy to use development platform with flexible expansion options
Works with all partner tool-chains (except V1) to provide a low-cost
evaluation/development platform

Features

- LPC Cortex-M processor with on-board debug probe (OBD)

- Connector for external debug probe (except V1)

- OBD probe can debug external target (except MAX / CD)

- MAX, V2 and V3 boards offer popular Arduino R3 expansion

- CMSIS-DAP and SEGGER J-link debug protocol support on V2 and V3
boards via on-board LPC-Link2

- Power measurement circuitry for LPC target and shield board on many V3
boards

LPCXpresso MAX

LPCXpresso V3 LPCXpresso V2
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LPC-Link2 Debug Probe

- LPC-Link2 is the LPC43xx-based debug probe technology used as the basis of the :
1. LPC-Link2 standalone debug probe
= Uses an LPC4370 +SPIFI device and is also an evaluation board for that MCU
2. On-board debug (OBD) probe on the LPCXpresso V2/V3 boards
= Uses LPC4322 (or similar) with internal flash
= Provides additional functionality — e.g. VCOM

- Supports use of partner toolchains (e.g. Kell, IAR, LPCXpresso IDE, Atollic, Rowley) via
different firmware images

- CMSIS-DAP :
= LPCXpresso IDE can soft-load using DFU boot (no flashing needed)
= For other tools, program into flash on probe

- Segger J-Link : Program into flash on probe.
= Note: limited version, restricted to evaluation use only

- Firmware programmed by LPCScrypt tool
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LPCOpen

- Extensive array of software

drivers and libraries

- MCU peripheral device drivers
with meaningful examples

- Common APIs across device

families

- Thoroughly tested and maintained

- Commonly needed third party and
open source software ports

- Keil, IAR and LPCXpresso projects
- http://www.lpcware.com/Ipcopen
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Example projects

Mouse, keyboard, USB-UART bridge...

of-<jfa )

emWIN/SWIM USB device LWIP ChanFAT CAN stack
Graphics and host TCP/IP file system (CANopen)

@  SIKEL R

X

LPCHFRESSD

’C I’s CAN usB USART  Ethernet P

CsP

Flash/E2 RTC ~ ADC  DAC  LCD  Timer  CRC

‘int main(void)
1
SystemCoreClockUpdate();
Board_Init();

Board LED Set(@, fTalse);

/* Enable SysTick Timer */
SysTick Config(SystemCoreClock / TICKRATE HZ);

/* Bail out after timeout */
while (sysTick <= TIMEOUT TICKS) {
__WFI();

| NX




GETTING STARTED




Start LPCXpresso IDE v8.1.4 — New Workspace

- Start LPCXpresso IDE on your system
- At the dialog box, enter a location for your workspace then click OK
- Suggest C:\LPCX_ FTF\workspacel

- Note: A workspace is just a folder containing the projects that you want to actively
work on during this IDE session

@ce Launcher &I

Select a workspace

LPCXpresso stores your projects in a folder called a workspace,
Choose a workspace folder to use for this session,

Workspace: CALPCX_FTP\waorkspacel| - Browse...

["] Use this as the default and do not ask again

| ok || Cancel
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New Workspace after Creation

- LPCXpresso IDE will
startup in your new empty |~ = = "
workspace with no initial e
projects

- Note that Welcome Page
shows that IDE has been
activated (in this a case v

® Import project(s)

with a Pro Edition License)

6] Mew project...
oy Build all projects []

With a fresh install, use
Help -> Activate to install
license
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Window Help
- BELA 0G| ® e M=
Quick Access
= 0 @ Welcome 7
= = O} Qé'ﬁ' file:///C/mup/LPCpresso_8.1.4_606/lpcxpresso/pages/registeredProbdition.htm
AV 4
‘ k LPCKFRESED

LPCXpresso IDE (Pro Edition) is fully activated

Welcome to LPCXpresso IDE (Pro Edition). The software is now fully activated and has no code size limits
Product Documentation

The LPCXpresso IDE User Guide provides instruction
# Help->LPCXpresso User Guide

s for using LPCXpresso. This is a

= | (Roeep)

=0 available from the Help menu

= 0

vg

= O Further product documentation is provided within the LPCXpresso IDE via the Help menu:
# Help-~Help Contents
Resources
H
The LPCware Forum community is exclusively built for NXP MCU users, including LPCXpresso, and is an
invaluable rezource for getting help and advice on uze of the NXP MCUs, tools and boards. So, get connected
i and jcin the LPCware community! i
= Console 57 = 0
- -

Mo conseles to display at this time.
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Develop Perspective

- A “perspective’ is a
collection of different “views”

11

The Develop Perspective was
created to provide a single

combined Project

Management and Debugging

view

In addition to the default
Develop perspective, the
LPCXpresso IDE also
supports traditional Eclipse

C/C++ and Debug
perspectives

PUBLIC USE

[ Develop - Welcome

File Edit Mavigate Search Project Run  Window Help

= [ % +@ ~ % T ELA o O = -l v .

Quick Access i=ig | _,( Develop
I Projec... &3 = 0 @ Welcome 3 = 0
= = O} Qéh file:///Ci/nxp/LPCipresso_8.1.4_606/1pcxpresso/pages/registeredProbdition.htm - B

Project N

E I ‘ k LPEXFRESSO
xplorer LPCXpresso IDE (Pro Edition) is fully activated

.
VI ( EW Welcome to LPCXpresso IDE (Pro Edition). The software is now fully activated and has no code size limits.

Product Documentation

The LPCXpresso IDE User Guide provides instructions for using LPCXpresso. This is alsg Ed I to r

# Help->LPCXpresso User Guide

Further product documentation is provided within the LPCXpresso IDE via the Help menu:
# Help->Help Contents VI eW

& Quie. = B8

Resources

»

Start here

# Import project(<) The LPCware Forum community is exclusively built for NXP MCU users, including LPCXpresso, and is an
invaluable resource for getting help and advice on use of the NXP MCUs, tools and boards. So, get connected
ity!

cf New project... Q 1 k c and join the LPCware community!
uickstart -

g Build all prajec & Console &2

Pan el Mo consoles to display at this time. . -
view

Console and Problems views

o
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Changing the Layout of the Develop Perspective

- Layout of views within a perspective can be tailored to meet your personal needs
- For example, if we wanted to have the Registers view always visible...

Click and hold
down on the View
you want to move

[ Project ... 2, Periphe... %H?Reglﬁersm £ Symbel.. = O
=5 5|y i
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[5 Project ... ‘2, Periphe.. i} Registers 52 &) Symbol ...

<5 B3

Continue to hold
down and drag
the cursor to the
location you want
to view to be
displayed

Then release the
mouse click, and
the view will be
placed at the
required position

L™ Project Explorer &3 = 8

181 Registers 23 25 | it - = g

Quick Access 1= | ‘ I

Customize...

Save As...

Reset L\\?

Close

‘ v | Show Text

T

Right click on the
Perspective
button (top right
of IDE window) to
reset the layout
back to the
default
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Import Some Projects

- Quickstart -> Import project(s) -> Project Archive, select ZIP, then click Next
-C:\nxp\LPCXpresso 8.1.4 606\lpcxpresso\Examples\LPCOpen

= lpcopen 2 16 lpcxpresso nxp lpcxpresso 4337.zip

D) Quickstart ... &1 | (%)= Variables ©g Breakpoints EE Outline™ o Expressions

b4 Start here

® Import project(s)
& New project...

\mg Build all projects []

(2 Quick Settings  ~

& Import preject(s) frem XML Description
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Import project(s)

Import project(s)

Import project(s) -
Select the examples archive file to import.

Projects are contained within archives (.zip) or are unpacked within a directory. Select your
project archive or root directory and press <Next=, On the next page, select those projects you
wish to import, and press <Finish>,

Project archives for LPCOpen and 'legacy’ examples are provided.

Project archive (zip)

Archive Browse...|

Project directory (unpacked)

Root directory

LPCOpen
LPCOpen is the recommended code base for Cortex-M based NXP LPC Microcontrollers.

LPCXpresso includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the LPCWare.com website for latest resources,

Browse LPCOpen resources on LPCWare.com...

@ < Back Next > Finish

Import project(s) -
Select the examples archive file to import. f

Projects are contained within archives (.zip) or are unpacked within a directory. Select your
project archive or root directory and press <MNext>. On the next page, select those projects you
wish to import, and press <Finishs.

Project archives for LPCOpen and 'legacy’ examples are provided.

Project archive (zip)

Archive Chnxp\LPCXpresso_8.1.4_606\Ipoxpresso’\Bxamples\LPCOpentlpcopen_2_16_Ipox

Project directory (unpacked)
Reot directory Browse...

LPCOpen
LPCOpen is the recommended code base for Cortex-M based NXP LPC Microcontrollers.

LPCXpresso includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below to Browse the LPCWare.com website for latest resources,

Browse LPCOpen resources on LPCWare.com...

® g e | g r—

\r
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Select Projects to Import

- Use the “Deselect All” option, then explicitly select required projects from scrollable
list, then click “Finish”

-1lpc board nxp lpcxpresso 4337 and lpc chip 43xx

-periph timers
f ».4 Import project(s) E uﬂl&J b4 Import project(s) o = uﬂlﬂ

Import project(s) — Import project(s) —
Select a directory to search for existing Eclipse projects. 4 Select a directory to search for existing Eclipse projects. 4
< <
Projects: Projects:
[] freertos_blinky (freertos_blinky) - | [ Calact Al ] [ freertos_blinky (freertos_blinky) Select All

[ lib_lpespifilib (lib_lpcspifilib) # [ lib_lpespifilib (lib_lpcspifilib)
[7] Ipc_board_nxp_lpcxpresso_4337 (Ipc_board_nxp_lpcxpresso_4337) Ipc_board_nxp_lpcxpresso_4337 (Ipc_board_nxp_lpcxpresso_4337)
[7] Ipc_board_nxp_lpcxpresso_4337_m0 (Ipc_board_nxp_lpcxpresso_4337_m0) Refresh

=

Deselect All

[7] Ipc_board_nxp_lpcxpresso_4337_m0 (Ipc_board_nxp_lpcxpresso_4337_m0)
. | . . e
[7] Ipe_chip_43xx (Ipc_chip_43x:) = Ipc_chip_43x¢ (Ipc_chip_43x
[ Ipe_chip_43:_m0 (Ipc_chip_43m_m0) [ Ipe_chip_43:_m0 (Ipc_chip_43m_m0)
[7] LPCUSBlib_AudioOutputHost (LPCUSBlib_AudieOutputHost) [7] LPCUSBlib_AudioOutputHost (LPCUSBlib_AudieOutputHost)
[ LPCUSBlib_KeyboardHost (LPCUSBlib_KeyboardHost) [ LPCUSBlib_KeyboardHost (LPCUSBlib_KeyboardHost)
[] LPCUSBlib_MassStorageHost (LPCUSBlib_MassStorageHost) [] LPCUSBlib_MassStorageHost (LPCUSBlib_MassStorageHost)

[] LPCUSBIib_SerialHost (LPCUSBlib_SerialHost) [] LPCUSBIib_SerialHost (LPCUSBlib_SerialHost)

= e A PR P i = e A PR P

Options Options f
Copy projects into workspace Copy projects into workspace f
Working sets | Working sets ‘

[] Add project to working sets [] Add project to working sets
Select... Select... |

14  PUBLIC USE
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Project Explorer View after Import

15

Following the import, you should see three projects inside
the Project Explorer View...

The board library : 1pc board nxp lpcxpresso 4337
- contains library headers and code for features of the board

The chip library : 1pc _chip 43xx
- contains library headers and code for the features of the MCU

The application project : periph timers
- contains the example application code

PUBLIC USE

I Project Explorer 22 | =, Peripherals+ (i} Regis

4 =% lpc_board_nxp_lpcxpresso_4337
- [t} Includes
- 2 inc
. [ src
4 =5 lpc_chip_ 430
- [ai Includes
. [ inc
. [ src
=] wversion.txt
4 =5 periph_timers
- [ap Includes
a4 [ example
4 = s
-] er_startup_lpcd3ec
- L] sysinit.c
- L] timers.c
|=| readme.txt

h o
P R



Building the Application Project

P 52 | B P MR, EJS. = O _
Select =@ - Check the build log

Proj eCt ' [:E;? |pc_hDard_nxp_|pcxpre;;g_ﬂ,33? & Console 32 12 Problems [J Memory 2 Instruction Trace SWO Trace Config B2 Power Measurement Tool = 0
. [ lpc_chip 43 B EEEER B0
CDT Build Console [periph_timers]

a5 periph_timers

B oo Building file: ../example/src/timers.c - ]
> 3%, Binaries Tnvoking: MCU C Compiler @- Complle
Includes arm-none-eabi-gce -D_ MULTICORE_NONE -DDEBUG -D_ CODE_RED -D_ USE_LPCOPEN -D_ REDLIE__ -DCORE_M4
d |£l] -I"C:\LPCX_FTF\workspacel\lpc_chip_ 43xx\inc" -I"C:\LPCX_FTF\workspacel\lpc_board_nxp_lpcxpressc_4337\inc" -08 -g3
a [E. E:{Er'l"IFI|E -Wall -c -fmessage-length=8 -fno-builtin -ffunction-sections -fdata-sections -fsingle-precision-constant Step
-mcpu=cortex-md -mfpu=fpvd-sp-d16 -mfloat-abi=softfp -mthumb -specs=redlib.specs -MMD -MP
(= STC -MF"example/src/timers.d"” -MT"example/src/timers.o” -MT"example/src/timers.d” -o "example/src/timers.o”
readrme.td ",I,,:'example,:’srsf‘timer‘s,c" .
Finished building: ../example/src/timers.c
> = Debug
Building target: periph_timers.axf .
Invoking: MCU Linker ﬁ- Llnk Step
arm-none-eabi-gec -nostdlib -L"C:\LPCX_FTF\workspacel\lpc_chip 43xx\Debug”
-L"C:\LPCX_FTF\workspacel\lpc_board_nxp_ lpcxpresso_4337\Debug” -Xlinker -Map="periph_timers.map” -Xlinker
--gc-sections -mcpu=cortex-md -mfpu=fpva4-sp-die -mfloat-abi=softfp -mthumb -T "periph_timers_Debug.1ld" -o
"periph_timers.axf" ./example/src/cr_startup lpca3xx.o ./example/src/sysinit.o ./example/src/timers.o
. H . - -1lpc_hoard_nxp_lpecxpresso_4337 -1lpc_chip_43xx
B u | | d It () Quickstart Panel &3 varnaoles breakpoints FinEsFed huzldgagptasget: Eeriph_‘tirFrller,aE‘F =
¥
W make --no-print-directory post-build .
L’! SsibaE Performing p‘?stl—buiil:d S‘FEFIS . ; . . . . . . ) POSt bUIld
& Import project(s) e, e e ol e e heony [y, 0 ey Tperiph siners.ant” . €€ t : f
e ' : Sriners i’ step [size 0

ﬁ M ect text data bss dec hex filename &
ci| New project... 17744 [} 352 18896  46b@ periph_timers.axf

image]

| Build all projects [Debug]
% Build 'periph_timers' [Debug]

4 [ Build the project for the current configuration ]
%5 Debug "periph_timers' [Debug]

h o
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Generated Image

17

Link step will generate an AXF file
- Standard ARM Executable Format — ELF/DWARF
- LPCXpresso IDE can directly download to target

- Post build step can be used to convert to other formats, such
as binary or hex (using arm-none-eabi-objcopy)

Linker scripts, controlling placement of code and data in
memory, generated automatically by IDE

MAP file generated by linker can be very useful too

- Shows where code and data has been placed, and sizes of
Individual sections

PUBLIC USE

4 =5 periph_timers
- ;ﬁ;}p Binaries
- [pp! Includes
- 2 example
4 [= Debug
- [ _examnle
. %5 periph_timers.axf - [arm/le]
makefile
objects.mk
=| penph_timers_Debug_library.ld
=| penph_timers_Debug_memory.ld
\=| periph_timers Debug.ld
=| pernph_timers.map
SOUFCES. Mk
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Symbol Viewer and Disassembly

4 = Debug
= example
- |%% periph_timers.axf - Larny =2 " 1
"Z :;Jj;:‘:‘:::‘ﬁk - [ Project Explorer 2, Peripherals+ 1} Registers | X1 Symbol Viewer 52 B & | o | | #= ¥ = 0
Peﬁp:_:ime“_gesug_“ g:: - Symbal Address (Range) Size Flags i
perph_fners Lebug. 4 periph_timers.axf |E‘
p::pb':::::‘ﬂ:b”g"d S Copy Ct 4 ted (12000000-1a004550) 17744 Local Debug o
o S il Paste t NVIC_EnableRQ 12000330 52 Local Function
Delete D MVIC_ClearPendingIRQ 12000364 52 Local Function
Move... Chip_RGU_TriggerReset 13000398 60 Local Function
Rename... Chip_RGU_InReset 1a0003d4 64 Local Function
Chip_TIMER_MatchPending 13000414 52 Local Function
g Import.. Chip_TIMER_ClearMatch 12000448 40 Local Function
Quic, & . i Export.. Chip_TIMER_Enable 1a000470 32 Local Function periph_timers.dis 2%
' #) Refresh Chip_TIMER SetMatch 12000450 40 Local Function 1171 1a88@760: f0@@ 836 bl 1a@@@7de <Board_UARTPutChar>
Chip_TIMER_MatchEnablelnt 1a0004b8 52 Local Function 1172 1aBBa754 597h ldr r3, [r7, #28]
1 Start here Make Targets Chip_TIMER_ResetOnMatchEnable 1a0004ec 54 Local Function 1173 12080766 ¢ 33/1 adds r3, #1
Import project(s) N Chip_SCU_PinMuxSet 12000600 52 Local Function 1174 1a@PA763: 617b str r3, [r7, #28]
) Chip_ENET_RMIEnable 13000634 40 Local Function 1175 la@ea/oa: 687b ldr r3, [r7, #4]
 New prifect.. Debug As Chip_GPIO_SetPinState 1a00065¢ 56 Local Function 1176 1aBB@76c:  697a ldr r2z, [r7, #208]
j Build all projects [Debug] Liohieis Chip_GPIO_SetPinDIROutput 1a000694 62 Local Function 1177 1la@@@76e: 4293 cmp r2, r3
, Build 'pe iph_timers' [Debug] Team Chip_UART_TXEnable 130006d4 26 Local Function 1133 la@aa7ia: d3fl bcc.n 1a@aa7ss <_5y5_wr‘ite-|—€i-x12>
* Clean ‘pesph timers' Debug] Compare With Chip_UART SendByte 12000650 30 Local Function ﬂﬁz Egzgi i:z: ig: :;: r[;?: #4]
Replace With Chip_UART_CaonfigData 1a000710 28 Local Function :"' ’ +
* Debug 'periph_timers' [Debug] Launch Configurations Chip_UART_ReadLineStatus 1a00072¢ b Local Function ﬂﬂ Engg i;éz :‘.:355 :;* #24
Smart update gpioLEDBits 12004338 6 Local Object - 1153 1000077a:  bdsa pop {f'_; pc}
i Edit 'periph_timers' project setting Utilities » S 1184
5 Quick Settings ~ Rinany Lisiitics v ' 1185 1a@8@877c <Board UART Init>:
i Tools N Fixup Error Parsers 1186 1a@8677c: b588 push {r7, 1r}
1187 1a@@877e: bBs2 sub sp, #3
%’ Run C/C++ Code Analysis Convert to Freemarker ter
. Refrech bAC mache
i Import project(s) from XML Descr Repai= L (IR & | View Symbols Ufilitiae b |
2 Extras 1 L— —I\; ] Binary Utilities b Create binary
Tools 4 | (&Y Drogram Flash,.,

¥

Run C/C++ Code Analysis

Disassemble |

Display the code in the

[

(ST

Display the symbols from |
the generated AXF file

generated AXF file
A4
4\
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LPC4300 MCUs

- 204 MHz Cortex-M4F processor and Cortex-MO co-processor (x2 on LPC4367/4370)
- Up to 1 MB dual-bank Flash; 282 kB RAM
- Flashless + XIP from QSPI via SPIFI
- Signal processing capabilities
- High-speed connectivity, display, timing
- FS/HS USB w/on-chip FS/HS PHY, dual-host capabilities
- Graphic LCD, free emWin graphic libraries
- SCTimer/PWM, SGPIO
- Security features (LPC43Sxx), including
- Hardware AES-128 encryption engine
- Two 128-bit non-volatile OTP memories
- True random number generator
- Pin compatible with LPC18/18S
- Available families:
LPC43x2, x3, x5, X7)
LPC43x0 (Flashless)
LPC437x
LPC43Sxx (security features for code & data protection

TIMERS

OTP Key Storage

INTERFACES

SECURITY )

TRNG AES Engine f
\

s

ANALOG

y
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LPCXpresso4367 Board Configuration

21

LPC4367 target MCU
Tri-color LED 1x CM4, 2x CMO

Before connecting to USB,
ensure that “DFU Link™ (JP6) [
jumper is fitted so that )
LPCXpresso IDE can softload
probe firmware

32

Connect USB cable from PC to ekl il °° h o
“Link” port (J5) to provide ST po Bl F
debug

LPC-Link2 debug probe MCU
A N 4
PUBLIC USE 4\



Boot The Probe (Manually) — 1

- Enter “control devices” into Start Menu search box and hit Enter
- This will display “Devices and Printers” dialog within Control Panel

- Once your LPCXpresso4367 board is connected
over USB, you should see an “LPC” device appear

’ . = « All Control Panel tems » Devices and Printers »

Add a device Add a printer = o~ @

Windows can display enhanced device icons and infermation from the Internet. Click to change...

c ConTEXT

l Notepad

b o -
Control Panel (3) 4 Devices (3)

i View devices and printers

A% Set up USE game controllers .
| Getting Started e Device Manager .
= -1 How to add new hardware
= L
=4 Update device drivers ] T =

AMNDYBEESON09G Generic Non-PnP Virtual Mouse
6 Monitor

u Connectto a Projector

.f_ Calculator
devices.bet > Printers and Faxes (7)

Sticky Motes

Li& Snipping Tool

4 Unspecified (1)

5 ,J'- Paint
o Default Programs
4_,& KPS Viewer

% IfanView 64

»  AllPrograms

Help and Support

- 2
22 PUBLIC USE
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Boot The Probe (Manually) — 2 e .f% e (8 v

| Eoot Debug Probe h

- Now click on the “Boot Debug Probe” button in the LPCXpresso
IDE menu bar

. ] I ..\ Debug probe selection l | (=] |_ﬂh]
’ SeIeCt Llnkserver and CIICk OK Select the debug probes to be booted
- A popup should appear telling you the probe firmware is initializing. e
« Once the firmware is downloaded, and Windows has installed
. « . | SelectAll || DeselectAll |
any necessary drivers, then “Control Panel / Devices and
Printers” should update to show your probe ready to access @ ok ) [ coneel |

- Just OK any firewall messages

In normal LPCXpresso IDE operation, there is no need to
manually boot the probe in this way — booting will done
automatically in the background by the IDE when you start a
debug session

LPC-LINEZ
CMSIS-DAP
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Start Debug Session

5P 22| & P R, Ejs. = O
=& -
> (25 Ipc_board_nxp_lporpresso_4337
> 15 Ipc_chip_43cc
4[5 periph_timers
B
> [t Includes
a4 B eample
> = src
readme.tct

> [= Debug

) Quickstart Panel 2

b4 Start here

# Import project(s)

@ Mew project...

|m¢ Build all projects [Debug]

&%, Build 'periph_timers' [Debug]

& Clean 'periph_timers' [Debug]
%5 Debug 'periph_timers' [Debug]

[ Start debugging the project with the selected build configuration }
3 Frlt 'nerinh timers' nrniect cettinne

Select project in the
Project Explorer View,
then click on Debug in
the Quickstart Panel

24 PUBLIC USE

These settings will be remembered for next time you debug this project

T e E [ |
Connect to emulator: NXP LPC43xx¢
1 emulater found.
Select the emulator to use
|| Name Serial number/... Type Manuf,
LPC-LINK2 CMSIS-DAP V5147 LRA3BQCR LinkServer NXP S..

| . y

Emulator search options

Remember my selection (for this Launch configuration)

@ [

O%_] [ Cancel ]

The IDE should identify
your booted LPC-Link2
debug probe — click OK

Note: By default, selecting “Debug”
will trigger a build before the debug
session is launched

Select SWD or JTAG connection type

Initial selection of an SWD or JTAG connection.
This selecticn can be changed in the Launch configuration.

This target supports SWD or JTAG debug connections, Choose:

SWD - for debugging the master in multi-core systems or for the collection of SWO Trace data

JTAG - for debugging any core in multi-core systems only.

Select the debug connection type
() JTAG - Multi-core debugging; disallows SWO Trace

@ SWD - Single core only; allows SWO Trace

For LPC43xx parts, you
need to tell the debugger
what debug connection
type to use — select SWD

and click OK
\
A
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Develop Perspective — Debugging

Registers
and
Peripherals
views

Variables,
Expressions
and
Breakpoints
views
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File Edit Source Refactor Mavigate Search Project Run  Window Help

Run
Controls

- |~ Qvm L@ BOHELELE i AN Bl Al (N R R
Iy P v| e %= 5~ - - =1 v| = Quick Access I || oA Develop |Hg C/C++ %5 Debug
i Registers 22 = O %5 Debug 2 | i ¥ = B8
= 3 | et ™ 4 systick Debug [C/C++ (NXP Semiconductors) MCU Application] -
MName Value Description 'S 4 i systick.ad . . E Deb u g
. . a4 o Thread [1] <main> (Suspended : Breakpoint)
a 5 LPC812 (col systick.axf regisi — - - g -
= main(] at systicktest.c:78 Oxdbe
it 0 0x00000001 5 view
= wi gdb i
i 000000080 5
e 2 0xA0000000 - » =
systicktest.c 52 1 ]
W3 0x00002000 L . CN
Wid 0x000000D4 GPIOInit(); i
il 000000004 J* Set port 8 7 to output */
FH 012345678 GPIOSetDir( @, 7, 1 ); .
il 17 0:10000FEQ h Ed I to r
il 8 0xFFFFFFFF while (1) * Loop forever */
1010 -
i) | OFFRFRFE delaySysTick(18); view
aiai 10 OxFFFFFFFF GPIOSetBitvalue( 8, 7, @ );
_omem NxFEFEFEFE 2 delaySysTick({l@);
d il L GPIOSetBitValue( @, 7, 1 );
< . = } E
} |
6':2" E.. 2 = " 4 b
_ & | FY =l -
% B | + % S& " | b E con.. (£ Pro.. [ Me.. (B Pro.. & Dat. (@ Int.. ggint.. % Hos.. € Ins. 2[5 Ins.. = 0
Expression Type Value -
|| [Egl o), T o %
o (= _mtb_buffer_  char[1024] 0:10000000 E % @ == % © o8 &
9= SystemCoreClock uint32_t 12000000 InstNo  PC Disassembly Info  function filename line no o
9= TimeTick volatile ui... 0 475 0000007 ee strrl, [r2, r3] GPIOSetDir Wfsreflpefec g, 580
4P Add new expressio 476 0x000007f0 b.n 0x814 <GPIOSetDir+88> GPIOSetDir Jercflpcliocg. 580 C |
477 000000814 mov sp, 17 GPIOSetDir fsrcflpale 587 O n S O e !
Name : SystemCoreClock - B ol STE/IPEaiE_ g
Details:12ee08008 478 (00000816 add sp, #20 GPIOSetDir WfsreflpcBecg.. 587 | M e m O r
Default:l2e86888 m 479 000000818 pop {rd, r7, pc} GPIOSetDir WfsreflpeBecg. 587 - y
Mecdm-T.1 JR0GMEL -
b “ m ¢

and
Trace
Vviews

NEXP LPC812 (systick]

h o
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Sto p p ed At M al n () Terminate All

Terminate (Ctrl-F2) Step Into (F5)
- Image downloaded to Suspend Step Over (F6)
ﬂaSh aﬂd executed Resume (F8) Step Return (F?) Restart | Instruction
) stepping mode
- Default breakpoint set on \ J
function main() > m o vt:i.m O/«
- Debug View displayed
automatically O 4y Debug 3t [ ~= o
= 4 periph_timers Debug [C/C++ [NXP Semiconductors) MCU Application]
- Shows / controls current 3 4 2 periph_timers.axf [LPC4337 (cortex-md]]
(7] 4 # Thread #1 <main> (Suspended : Breakpoint)
SCOpe and target = main() at timers.c:76 0x1a00056a
(multlcore) o arm-none-eabi-gdb (7.10.1.20151217)
- Run controls are on main 2 timersc 3
t()()lk)éir 1 SystemCoreClockUpdate();

Board _Init();

- But before you begin to
run the code ...

'* Enable timer 1 clock and reset it */
Chip TIMER Init(LPC_TIMER1);

Chip RGU TriggerReset(RGU TIMERI RST);
while (Chip RGU InReset(RGU TIMERI RST)) {}

26 PUBLIC USE
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Registers and Local Variables

- Look at the contents of the Registers View and Variables View

Mame
a M4 PC4337 (cortex-
it
B rl
Bidi r2
Bidi 3
B rd
Bidi 13
Bty b

1010
pio 17

|||||
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Value

000000000
0:1000019C
000000402
0x1AD00178
000000000
000000000
000000000

1t Registers 53

Description

periph_tirers.axf registers

(*)= Variables 3
Mame Type Value
)= timerFreq uint32_t 436214393

In-scope local variables displayed
Locals displayed will change as
move up and down the call stack

h o
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Add a Global Variable to the Expressions View

Switch to the Expressions View and click
on the “List...Globals” button

() Quickstart... (%)= Variables 9g Breakpoints 0= Outline €% Expressions &2 = O
&t B4 1S Wil
ﬁis,tr select and add globals to view }

Expressicn Type

£ Add new expression

() Quickstart... (%)= Variables ©g Breakpoints §= Outline € Expressions &2 = O
EE| ¢ XK e T
Expression Type Value

(=)= SystemCoreClock uint32_t a
£ Add new expression

SystemCoreClock global is now
visible in the Expressions View

28 PUBLIC USE

-
b4 Expressions Llﬂlg

Select Variables:

[] errno -
[] ExtRateln

[] g_pfnVectors
[] gpicLEDBits
[] InitClkStates o
[ InitClkStates

] On9191

[] OscRateln

[] periph_to_base
[ pinmuzxing
SystemCoreClock
45 UART_BClock
[] UART_PClock .

m

1

| SelectAll || DeselectAl

]

® [ Ok ] [ Cancel

]

Scroll down and select
“SystemCoreClock”,
which will hold the
main CPU clock speed

h o
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Step Over and Updates to Registers and Expressions Views

29

Now do a “Step Over” . "=

After doing a “Step Over”, you should
have executed and returned from the
call to SystemCoreClockUpdate()...

L] timers.c 53
s /2~ 1NT Malnivola)
73 {
74 uint32 t timerFreq;
&3
76 SystemCoreClockUpdate();
77 Board Init();
79 /* Enable timer 1 clock and reset it
8@ Chip TIMER Init(LPC_TIMERL);
PUBLIC USE

E _|"

) Quickstart... (%)= Variables ©g Breakpoints EE Cutline tf"f'if'E:-q:]ru?_s,s,iu:urﬁ, &3
EE | X %I ~

Expression

(=)= SysternCoreClock

g0 Add new expression

Value
204000000

Changes in Register View and
Expressions View are highlighted
when execution pauses

Mame
&% | PC4337 (cortex-
i
il
1 2
LN
1 rd
it
1
07

1o
oo fE

Value

00 C28CEO0
0 AD043FD
0=0C28CBO0
0:1000015C
000000000
000000000
Q00000000
0:10007FCE
(000000000

1iti Registers &2

Description

periph_tirmers.axf registers

h o
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Step Into and Updates to Debug and Variables Views

Now do a “Step Into” = The Variables View will also be updated

. to show the Local Variables at the current
You should now be at the start of Board_Init() location (none in this case)

Note that the Debug View has updated to — —
show the call stack B &

3{;.‘[51 Debug 23 Mame Type Value

4 periph_timers Debug [C/C++ (MXP Semiconductors) MCU Application]
4 E periph_timers.axf [LPC4337 (cortex-md]]
a4 o Thread #1 <main> (Suspended : Step)
= Board_Init() at board.c:174 0:x1a0008d4
= main() at tirners.c:77 0x1a000572
g | arm-none-eabi-gdb (710.1.20151217)

1
L
(£

]

] timers.c [£] board.c 52 NOW use 45 Debug 52
1692 /* Set up and initialize all required blocks and funct 4 [c] periph_timers Debug [C/C++ [NXP Semiconductars) MCL
bhoard hardware */ 11 1] 4 5 periph_timers.axf [LPC4337 (cortex-md)]

- wvoid Board_Init(void) Step Out 4 B Thread #1 <main> (Suspended : Step)
{ = main() at timers.c:30 0x1a000572
/* sets up DEBUG UART s arm-nene-eabi-gdb (7.10.1.20151217)
AT to return to
[g] timers.c 52 | [€] board.c

main()

f* Tnitializes GPIO */
Chip GPIO_Init(LPC_GPIO_PORT);

f* Initialize LEDs */ u-{}
Board_LED _Init(); - -

Chip ENET_RMIIEnable(LPC_ETHERNET);

2= int main(void)
uint32_t timerFreq;

SystemCoreClockUpdate();
Board_Init();

/* Enable timer 1 clock and reset it */
Chip TIMER Init({LPC_TIMER1);
Chip_RGU_TriggerReset(AGU_TIMERI_RST);

h o
P R
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Display Peripheral Registers

Open the Peripherals+ View, Timerl registers are displayed in the Memory View
and Select Tlmerl E Console [2 Problems ] Memory 57 €% Instruction Trace 2 SWO Trace Config B3 Power Measurement Tool Gty |08 () 85 = O

Manitors &= 38 % (2. TIMERL: 0x40085000 [LPC4337] &% . cb Mew Renderings...
@ TIMER1 [LPC4337] Register Address Value |~
2 Peripherals+ 32 = " 4 2, TIMERL 0x40085000
- Wi IR 0%40085000 00
tE| it v . e TCR 0x40085004 0:0
Peripheral Address Description v bibi TC 040083008 00
. M PR 0x4008500c 00
E % SPI 040100000 SPI 1 pC 540085010 s
E % SPIFT 040003000 SPI Flash Interface (SPIFI) 1m0 MCR 0x40085014 0x0 =
712, ssP0 040083000 55P0/1 i MRO 0x40085018 0
E % S5P1 04005000 S5P0/1 i MRL 0x4008501c 00
[] =, TIMERO 040084000 Timer0/1/2/3 sl MR2 0x40085020 0
., TIMERL 0:40085000 Timer0/1/2/3 o o oesoas o
. My oo X!
E % TIMER2 04003000 T!merGﬂ_arLfB B . CRO 04008502 040
]2, TIMER3 04004000 Timer0,/1/2/3 L 1 Ry 040085030 00 —
[, UARTL (40082000 UARTL = > W CR2 040085034 0
E % USARTO 040081000 USARTO_2_3 e e noannarnnn no
D% USART2 04001000 USARTO_2_3 B .
E % USART2 04002000 USARTO_2_3 elge
15 11sen MheANONAENNN HSPN Hinct/Nevire/OTH rar T :
: ' registers are
Read Onl
. ) Console [ Problems | [J Memory 52 5 Instruction Trace [5] SW O Trace Config ED Power Measurement Tool B m TH | | (23] | g~ ¥ = 8 y
Expand a reg |Ster Monitors d= 3¢ ¥ (2. TIMERL: 0x4008500, [LPC4337] &2 . &b New Renderings...
% TIMER1 [LPC4337] Register Address Value -
(e g M C R) to See . TC 0x40085008 0x0
' - el PR 0x4008500¢ 0x0 b
LN o . . . Wi PC 0:40085010 0:0
the bltflelds Wlthln a i MCR 0:40085014 0x0
! & MR3s [11:11] DISABLED 3
. I d . & MR3R [10:10] DISABLED
InC U Ing & MRAI [9:9] DISABLED
& MR2s [8:8] DISABLED =
enumerations o ) DicseLD
& MR [6:6] DISABLED
& MRIS [5:5] DISABLED ‘ '
o MRIR [4:4] DISABLED ‘ k
31 PUBLIC USE & MR1I 3:3] DISABLED
& MROS [2:2] DISABLED
@ naDnD rM.11 NICADI CM S



Viewing Memory

Project Explorer |2, Peripherals+ 53 | i Registers Symbol Viewer = g = C.Dnsole Problems ' [J] Memory 52 €& Instruction Trace [F;] SWO Trace Config ED Power Measurement Tool [ ot v 1w | (gl | gg v ¥ = 8
Lt E| e v Monitars 25 3¢ g |0x1a000000 : 0x1AD00000 «Traditional> 57 . o= New Renderings..]
= @ TIMERI [LPC4337] Bx1AB00000 10885808 14000245 1ABBALFS 140001FD 1ABAB2G5 1ABBE2B0 .. ..E.. .8...7........... -
Peripheral Address Description i @ 0x1a000000 Bx1ABEAR1E 1ABEA21S S3FF73A2 GRERRRER DCOCOCH0 BABABARE 1ABBE2ID ... fSiS.......ceeeen...
[C1'F, USART2 04001000 USARTO_2 3 Bx1A@BEE38 1APAB22S DEOCEOEO 1ABBB22D 140006235 1AB8B23D 14808230 %.......-...5...=...=... L
[ # USART3 04002000 USARTO 2.3 BX1ABBBG4AE 1APPA23D GOCEODEE 1ABBA23D 1ABGA23D 1ABBA23D 1ABBE23D  =.......=...=...=...=... .-
E% .U.EE? gﬁggggﬁgg 3:3‘1] :;;fa::z:{::;;ﬁ; Bx1ABEBE60 1ABGE23D 14020230 1ABG823D 1ABEA23D 1ABBB23D 1ABBES2S =...=...=...=... ;
=BE o ! Bx1APBEAT7E  1A@BE23D 1APG0230 1ABBA23D 14660230 1ABBA23D 1ARBA23D  =...=...=...=...
1 WWDT e Windowed Watchdog timer .. Bx1AGBAAYS 1AABE23D 14020230 1ABRA23D 14808230 1ABBA23D 1ARBA23D  =...=...=...=...=...=...
@[5 MFlashAS12 012000000 Flash: size=0x80000 (512k) Bx1ABBABAS 1A@BE23D 1APG0230 1ABBA23D 14606230 1ABBO23D 1ABBAZ3D  =...=...=...=...=e..=...
= .E.:.‘ MFEl2ch 05T 01000000 Flash: size=0:80000 (512k) . . .
[ /& RamAHB16 0:20008000 RAM: size=0x4000 (16K) Add g t M y V
Dg RamAHB32 020000000 RAMN: size=0:8000 (32k) a' m e m O ry re I O n O e m O r I eW VI a'
Il |EI RamAHB_ETBE16 052000000 RAM: size=0x4000 (16k) B = =
O Rmo  oaomon weamenan < the Peripherals+ View (e.g. MFlashA512)
[[]|Z RamlLocdd (10080000 RAM: size=0xa000 (40k)
s | [] Memory 52 3 Instruction Trace
EEJ x % 012000000 : 0:dA ] Console (% Problems | [J Memory 52  §# Instruction Trace SWO Trace Config &3 Power Measurement Tool [ e oy oo || [&z] | ggr T = 0O
] b E’““"W 1 Monitors 4= 3 % [0:x10000000 : 0:10000000 <Traditional> 53 - < Mew Renderings...| |
[ Add Mem-::r}r Menitar 13 L & TIMERL [LPC4337] Bx1606EE00 BOABREER POREOAGH HRGRBEBE 10A0015C 1B8BBBLEC BABEAEAE  ............l...l....... -
Y u“ & 0x1a000000 Bx10000018 ©OODEEER PEEE0401 1000016C DOROREEE POBOBROE BEOBABAL  ........li......oee.e....
b4 Monitor Memory -
= it S— & 0x10000000 Bx160BE030 BOABREER 1000150 10600184 BAAORREE BBBORBAE BABEAAAZ  ....l...v.e...eiaeien... (
| B@x10000048 10000154 POCEOCOL DRORREBE DORODED] PBBOBBAE 1ODBALES  ...u....veesenesenes ..
Enter address or expression to monites Ox10860060 180BA1IC GEG0EA00 HRBAREAO GOGEAL02 1880B19C BEBABEAZ  ..ue....veeriieiieieaos

exlesaaa’s oeoeaede CC0OCEREL GEBEEEEE LOCEELOC BREEBEEE DOBREEEE .. ... ... ... eaea

0x10000000| 1 -

Add an arbitary address using the
“Add Memory Monitor” button
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Add a Breakpoint

Switch to the Breakpoints View.
No breakpoints currently set

1) Quickstart P... Variables ®g Breakpoints §3 Outline Expressions = O
w | g -

91 Chip TIMER ResetOnMatchEnable(l
97 Chip TIMER Enable(LPC_TIMERL);
53

CiA f* Emahlas +imar antarenant+s * /7

Breakpoint shown in Editor View and
Breakpoint View

fariables  ®g Breakpoints 33 Outline Expressions = B

XKEBH | BES ¥
[¥] o timers.c [line 92]

33 PUBLIC USE

More breakpoint options on Right-Click context sensitive

Double click in the margin of the
Editor View to set a breakpoint on the
call to Chip_TIMER_Enable()

L] timers.c &3 yoard.c r_startup_lpcd 3

-

76 SystemCoreClockUpdate();
77 Board Init();

79 /* Enable timer 1 clock and reset it
g6 Chip TIMER_ Init(LPC_TIMERL);

81 Chip RGU TriggerReset(RGU TIMERI RST)
g2 while (Chip RGU InReset{AGU TIMERI RS

84 /* Get timer 1 peripheral clock rate
85 timerFreq = Chip Clock GetRate(CLK X

87 /* Timer setup for match and interrup
a8 Chip TIMER_Reset(LPC_TIMER1);

89 Chip TIMER MatchEnableInt(LPC_TIMERL,
96 Chip TIMER SetMatch(LPC_TIMER1, 1, (t
=k Chip TIMER_ResetOnMatchEnable(LPC_TIM
92 Chip TIMER_Enable(LPC_TIMER1);

h
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Resume Execution s

Resume execution (Go!) and
the breakpoint should be hit

35 Debug &2

4 periph_timers Debug [C/C++ (NXP Semiconductors) MCU Application)
4 EEJ' periph_timers.axf [LPC4337 {cortex-md]]
a o Thread #1 <main> (Suspended : Breakpoint)
= main() at timers.:92 0x1a0005be
g arm-none-eabi-gdb (7.101.20151217)

[€] tirmers.c 52 | ] board.c ] er_startup_lpcd3scc

/* Enable timer 1 clock and reset it */
Chip TIMER Init(LPC_TIMER1);
Chip RGU _TriggerReset(RGU_TIMERI_RST);
while (Chip RGU InReset(RGU TIMERI RST)) {}

/* Get timer 1 peripheral clock rate */
timerFreq = Chip Clock GetRate(CLK MX TIMERI);

Chip TIMER_Reset(LPC_TIMER1);
Chip TIMER_MatchEnableInt(LPC_TIMERL, 1);

Chip TIMER ResetOnMatchEnable(LPC TIMER1, 1);
Chip TIMER Enable{LPC_TIMER1);

/* Enable timer interrupt */
NVIC_EnableIRQ(TIMERI IRQn);
NVIC ClearPendingIRQ(TIMERI_IRQn);

34 PUBLIC USE

Note that the TIMER1 registers have updated

J* Timer setup for match and interrupt at TICKRATE_

Chip TIMER SetMatch(LPC_TIMER1, 1, (timerFreq / TIC

Console Problems [] Memory &2 €& Instruction Trace “’WE.'.Z_..:_:"' g ED Power Measurement Too 0 o ““‘"|| |E_|| EU * ¥ =08
Monitors 4= 98 % (2, TIMERL: 0x40085000 [LPC4337] £2 . o= New Renderings...|
@ TIMERL [LPC4337] Register Address Value -~
I i TCR 0540085004 00 18
s TC 040085008 ()
> i PR 0:4008500¢ 0
= ot PC 0:40085010 0x0
a it MCR 040085014 018
o MR35 [11:11] DISABLED =
& MR3R [10:10] DISABLED
& MR3I [9:9] DISABLED
& MR2S [8:8] DISABLED
& MR2R [7:7] DISABLED
o MR2I [6:6] DISABLED n
& MRS [5:5] DISABLED
& MRIR [4:4] RESET
o MR1I [3:3] MATCH
& MROS [2:2] DISABLED

Now Resume execution again

The LED on the board should blink blue
Use Suspend to pause execution

Use Restart to go back to the beginning
of the Application

Use Terminate to quit debug session

(5>
L]
D
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Console — Debug Log (Messages)

& Console 22 | [ Proble.. [J Memory % Instru.. [JJSWOT.. =0 Power.. = O | B~ I
w | B bl B & & #(E sl "M =1 1CDT Global Build Console
periph_timers Debug [C/C++ (NXP Semiconductors) MCU Application] periph_tirmers.axf LB [Z] 2 CDT Build Console [periph_timers]

- The Debug Log can
provide useful
Information about a
debug connection,
particularly if things
go wrong!

- One of several logs
that are available in
the Console View
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[ Display Selected Console l . . ) o
i 3 periph_timers Debug [C/C++ (NXP Semiconductors) MCU Application] gdb traces

4 periph_timers Debug [C/C++ (NXP Semiconductors) MCU Application] arm-none-eabi-gdb (7.10.1.20151217)
5 RedlinkServer

& penph_timers Debug message

7 periph_timers Debug [C/C++ (NXP Semiconductors) MCU Application] periph_timers.axf

"I
& Console 52 | [®] Problems [] Memory 2 Instruction Trace ESWOTraceCDnﬁg B3 Power Measurement Tool = O
b B B-0-
periph_timers Debug messages
LPCXpresso RedlinkMulti Driver w8.1 (Mar 11 2016 13:34:34 - crt_emu_cm_redlink build &72) -

Probe Firmware: LPC-LINK2 CMSIS-DAP V5.147 (NXP Semiconductors)

Serial Mumber: LRA3IBQCR

VID:PID: 1FCS:@89a

USB Path: \\?\hid#vid 1fc9&pid ee98l8mi ee#7E28155chdipteeands{4dles55b2-f16T-11cf-88ch-201111068030
Emu{@): Connected&Reset. DpID: 2BABL477. CpulD: 41eFC248. Info: <Nonex

Debug protocol: SWD. RTCK: Disabled. Vector catch: Disabled.

inspected v.2 On-chip Flash Memory C:\nxp\LPCXpressc_8.1.4 686\lpcxpresso\bin\Flash\LPC18x7_43x7_2x512 BootA.cfx
image 'LPC18x7/LPC43x7 2x512KB (Boot Bank A) Feb 16 2816 89:18:47°

MxP: LPC4337 Part ID: @xBooooone

Connected: was_reset=true. was_stopped=false

LPCXpressoPro Full License - Unlimited

Writing 17744 bytes to address 8x1ABB8888 in Flash

Erased/Wrote page @-2 with 17744 bytes in 554msec

Flash Write Done

Flash Program Summary: 17744 bytes in 8.55 seconds (31.28 KB/sec)

============= 5CRIPT: LPC1BLPC43InternalFLASHBootResetscript.scp =============

Boot from FLASH image pc/sp reset script

PC = @xlAB@az45

5P = éxleeasoss

XPS5R = @x@lecsess

VTOR = éwxBaabbaas

============= END SCRIPT =====================================================

Stopped: Breakpoint #1

h o
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Launch Configurations

- LPCXpresso IDE automatically

L9 p ph t imers Debug Configuraticns

creates “launch configuration” files
In a project to store the settings for
a debug connection (1 per build .
configuration)

periph_timers Debug

Create, manage, and run configurations

= e . .
= R' = 5 MN: e periph_timers Debug

/| 5top on startup at main

Force hardware breakpoint

n . y f‘:u-r.ce ’ _ Cpie:ipAh_t:.metr.s Release
- "<projname> Debug.launch i} e oo
[£] C/C++ Postmortem Debuc,
n : n Import.. 2 EDCB: R;mote[fip“ca-tio ' Debug options for NXP LPC4337 (cortex-md)
-"<projname> Release.launch B 6o || oy Comecton S0 <] (657G e
Build Project =
- Normally no need to touch launch o ; v
. . . act iZ| Attach only False
configurations, as default settings v 07 e 2
should work in most cases without —— s corsuston » e
prOblem ® Import :Z:Targai : Miscellaneous
& New pr Run As 3 +
- - mj Build al b ilter matched 9 5f 9 items
- Can be accessed if required the Koy oo il e =
1 : s Clean' oA » '/?3' ebu o
"Launch Configurations" entry on ~ {& e , o e—
the context sensitive menu L
N . §E Edit'pe aunc onrigurations 3
available from the Project Explorer ... s |t crate
. = Q Utilities v | #F  Create edit
.@ Export Teools 2 %« De
VIeW. N {E Exzort: #7  Run C/C++ Code Analysis 3 Del : ITAG ¢ - onfiguratio ‘ '
& Import Properties Alt+Enter |
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CREATING AND
EDITING PROJECTS



Create a New Project

) Quickstart Panel 23 | (x)= Variables

b4 Start here

® Import project(s)
& New project...

il | (1] 1 ol . | 1 1

lax | Invoke the new project wizard h
&, Build "periph_timers' [Debug]

Click on New project in
the Quickstart Panel

FE = E; B

New project...
€3 No wizard selected. Choose a wizard for your MCU

Wizard
» Generic-M
> LPC1100 7 LPC1200
» LPC1300 / LPC1500
> LPC2000 7 LPC3000
» LPC1700 / LPC4000
4 LPC1800 / LPC4300
» LPC18xx
b LPEPo (foute M bk [«\x|pr LPC43x¢ (Cortex-M4 basic) projects|
. LPC43xx (Cortex-MO basic) BrolE
> LPC43we Multicore MOAPP
s LPCA3er Multicore MOSUB (LPC438:x/7x only)
> LPC43w Multicore M4
> LPC54100
» LPC54110
> LPC54220
> LPCEOD

@ < Back Next > Finish

FE = EE B

New project...
€3 Mo wizard selected. Choose a wizard for your MCU

Wizard o

> LPC1100 / LPC1200 T
> LPC1300 7 LPC1500
> LPC2000 /7 LPC3000
> LPC1700 /7 LPC4000
a4 LPC1800 / LPCA300
> LPCLBmx
a LPC43x0x (Cortex-M4 basic)
LPCOpen - C Project|
LPCOpen - C Static 148 [Simple C Praject linking to LPCOpen|
LPCOpen - C++ Project
LPCOpen - C++ Static Library Project
C Project -
C Project (Semihosted)
C Static Library Project
C++ Project
C++ Static Library Project
» LPC430c (Cortex-MD basic)

m

@ < Back Next > Finish

Open up the “expander”
for the part family you
want to create a project for

Expand again and select the
type of project you want to
create — generally an
LPCOpen one

h o
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Project Name and MCU

SRS
New project...
LPC43x (Cortex-M4 basic) -> LPCOpen - C Project
Project name: myproj| I
Use default location
CALPCX_FTP\workspacel\myproj

New project...
Select the target MCU

Target selection

NXP LPC4367

LPC4325
LPC4327
LPC4330
LPC4333
LPC4337
LPC4350
LPC4353
LPC4357
LPC4367
LPC4370
LPC43520
LPC43530
LPC43537
LPC43550
LPC43557
LPC43567
LPC43570

Enter a name for your
project, say “myproj’,
then click Next

39 PUBLIC USE

Select the target MCU for
your project, then click
Next

Selecting the correct target
MCU is important:

- CPU settings (e.g. Cortex-
M4 vs Cortex-MO)

- Auto-generated source files
(e.g. startup code)

- MCU specific options within
rest of project wizard

- Default memory map used in

automatic generation of
linker scripts

- Debug launch configurations

h o
P R



LPCOpen Library Selection

[ ET

Mew project...
LPCOpen Library Project Selection

Select the LPCOpen Chip and (opticnally) Board library project(s) that you
want your new project te link against,

Selected library project(s) must be present in this workspace, If
they are not, then click the Tmport’ button to run the Import Import.,
Wizard

Select LPCOpen Libraries

LPCOpen Chip Library Project | lpc_chip_43:xx - | | Browse...
LPCOpen Board Library Project - | | Browse...

If a Board Library Project is sele lpc_board_hitex_eva_4350 brary
Project must also be selected Ipc_baard_keil mech 4357
Ipc_board_ngx_xplorer_4330
For more information on LPCOpglpc_board_nxp_lpclink? 4370 e pen.
lpc_board_nxp_lpcxpressg 4337
be

'/?j' = Back H Mext = Finish Cancel

40 PUBLIC USE

- For LPCOpen based projects, need to select the
Chip and Board libraries that will be linked against

- Chip Library automatically selected from MCU selection

-Board Library : Needs to be selected based on your
target board

= For LPCXpresso4367 board, select
lpc board nxp lpcxpresso 4337

- Note that if you have not yet imported the LPCOpen
library projects into the workspace, you can use the
Import option to pull them in without needing to
terminate the wizard.
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ther New Project Dialogs

- You will then see a number of additional (part / project type specific) dialogs
- For now, click on “Next” on all of them until you reach the screen with “Finish” Enabled

New project... New project... New project....
CMSIS DSP Library Project Selection Other optiens Printf options
If required, select the CMSIS DSP library project that you want your new project to link Code Read Protect (CRP) Redlib printf variants
against. nable linker support for CRP [Z] Use non-floating point version of printf
See NXP dos for your MCU at hitp://www.nxp.com/| ts/ Using the nen-floating point variants of printf family functions reduces code size, but
microcontrollers for more information on CRP. means that you cannat output floating point values.

The selected library project must be present in this workspace. I itis
not, then click the Tmport’ button to run the Import Wizard, CMSIS
DSP library projects can be found in your LPCXpresso install directory
at */lporpresso/Examples/CMSIS_DSPLIE"

Project Structure []Use character rather than string based printf

Using the ‘character-by-character' printf provides slower semihosting eutput, but

User source directory  src
does not directly use the hezp.
[7] Create 'inc’ directory and add to path

CMSIS DSP Library to link project to: | None -
Compiler language dialect

For more information on the CMSIS DSP Library, visit http://www.lpcware.com/content/ C Dialect Default a2
fag/lpcxpresso/cmsis-dsp-library.

New project... New project...

Part fi ot
art specific options Memory Configuration Editor

Use of hardware Floating Point Unit
ST g LT T Allows external flash to be defined and appropriate flash driver allocated, or for layout of

Floating point unit; | Enabled_SoftABI B internal RAM to be reconfigured.
e = Generally, SofthBI s recommended if floating point unit is enabled. MNext » Finish Default flash driver LPC187 4347 26512 BootAck T
f HardABI s selected, then all code (including from libraries) must also be built g s
HardABI, Type  Mame Miss  Location Size -
Flash  MFlashAS12 Flash  0:da000000  0x30000
Flash  MFlashB512 Flash? 0000000 0:80000
RAM  Ramloci RAM  0:0000000 048000 3
RAM  Ramloct RAM2  0:0080000  0xa000
RAM  RamAHE32 RAMZ  0:20000000  0:3000 d .
RAM  RamAHE16 RAMA  0:20008000 0000 I h e n C I I C k
RAM  RamAHE_ETBLG RAMS  0:2000000 04000 i
F i r

Add m Add RAI

Join | | Dele

on Finish

<Back | Met» | Finish Cancel

P R
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Project Created ...

File containing a
simple main() function
automatically
generated for project

42 PUBLIC USE

9P 32

= O [£] myprojc B2

=25 -

. 5 Ipc_board_nxp_lpcxpresso_4337
o 5 Ipe_chip_43xx

a 5 myproj
> [l Incl

4 B src

> [g]

> [g]

3 [
o

udes

cr_startup_lpcd 3o
orp.c

myprnj.c é [

L1 L

sysinit.c
. =% periph_timers =
L Q =0
A Start here =

¥ Import project(s)

[&] New project...

my Build all projects [Debug]
4, Build 'mypraj' [Debug]

& Clean 'myproj' [Debug]
%5 Debug 'myproj' [Debug]

53 Edit 'myproj’ project settings

@ Quick Settings  +

Tkl e WRAE Mhme oSl e

Ll L L Ll b L Ll R RO RO RS RS PO RS ORI R RO

17
13

15

=k
= o

N A e ]

L= e T B s Y |

R T IS EVI LS B

(s = I i)

Y

#if defined (_ USE_LPCOPEN)
#if defined(NO_BOARD LIB)
#include “chip.h™

#else

#include "beard.h™ <
#enditf
#endif
#include <cr_section_macros.h>
: insert other include files here
: insert cother definitions and declaraticons here

int main(void) {

#if defined (_ USE_LPCOPEN)
// Read clock settings and update SystemCoreClock variable

LPCOpen header file

Read MCU clock
settings (as setup by

SystemCoreClockUpdate(); (
#if !defined(NO_BOARD LIE)
#if defined {_MULTICORE MASTER) || defined (_ MULTICORE_MOMNE)
// Set up and initialize all required blocks and
/f functions related to the board hardware
Board_Init();

initialization code)
Board

#endif
{/ Set the LED to the state of "On"

initialization

Board_LED Set(@, true); (
#endif
#endif

: insert code here
'/ Force the counter to be placed into memory

volatile static int i =8 ;
'/ Enter an infinite loop, just incrementing a counter

uhile(1) {
o :++ : (

Turn LED 0 on!

Increment
counter inside

}

return @ ;

infinite loop

N
4
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- L]
Editor View
333%void I2¢2 IRQHandler (void)[]

341
343®* Function MNawe : 3PI_IRQHandler([]
349%yoid SPI_IRQHandler (void][]

357

®+ Function MName @ 33P0 IRQHandler[]
Fyroid S3P0_IRQHandler (void)

{
#1 if (ch[S3P0_IRQChannel] != NULL)
+f {

- Source outlining and folding

- Within the editor, functions, structures etc may be folded
to show the structure and hide the detalil

- Separate outline view lists each element of the current

423®* Function MNawe : EINTO_IROHandler[]
fi I e 4z9%woid EINTO IRQHandler (void)[]
437

£% Call user defined callbasck function *4
ch[33P0 IRQChannel] ():

+f } -

i

439%* Function MNawe : EINT1 IROHandler[]

- Editor templates and Code completion =) R

- Ctrl-Space at any point will list available editor template, ey
function names etc e
- Ctrl-Shift-Space for parameters -

[ e GPICInit(veid) : void
I / .I: d I 1 . || ® GPIOIntClear(uint32_t pertNum,uint32_t bitPosi) : void
- A t' Or Wor CO m p etl O n _2_1 ® GPIOIntDisable(uint32_t porthum, uint32_t bitPosi) : void
3-;-5:- @ GPICIntEnable(uint32_t portMurm,uint32_t bitPosi) : void
@ GPIOIntStatus(uint32_t portMum,uint32_t bitPosi) : uint32_t

- Predefined templates are user extensible 221 GoSaDman: apetiamaino et

@ GPIOSetValue(uint32_t portNum,uint32_t bitPosi,uint32_t bit\ £

o M Isce”aneous T_':n ® GPIO_IRQHandler(void) : void
- Syntax coloring, Brace matching, Source formatting and

Press 'Ctrl+5Space’ to show Template Proposals P

3| ® GPIOSetInterrupt(uint32_t portNum,uint32_t bitPosi,uint32_t | |

Indenting, Comment/uncomment block, Line numbers
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Build the Project

Building file: ../src/sysinit.c

) Quickstart Panel &3 Inveking: MCU C Compiler

r- arm-none-eabi-gcc -D_ MULTICORE NONE -DDEBUG -D_ CODE RED -DCORE_M4 -D_ USE_LPCOPEN -D_ LPC43XX__ -D_ REDLIB
Start here -IMCALPCX FTFRA\workspacel\lpec _board nxp lpoxpresso 4337%\inc" -I"C:\LPCX FTF\workspacelllpc_chip 43x\inc"
9 Import project(s) -IMC:ALPCX FTFRAworkspacel\lpe _chip 43xx\inchusbd" -08 -fno-common -g3 -Wall -c -fmessage-length=8 -fno-builtin
-ffunction-secticns -fdata-sections -fsingle-precision-constant -mcpu=cortex-md -mfpu=fpvd-sp-dis -mfloat-abi=softfp
@NWPFDJEC’E--- -mthumb -specs=redlib.specs -MMD -MP -MF"src/sysinit.d" -MT"src/sysinit.o" -MT"src/sysinit.d"™ -o "src/sysinit.o™
"L srcfsysinit.c”

R Finished building: ../src/sysinit.c

@, Build 'myproj' [Debug]
Building target: myproj.axf
o Clki— . g E ypre]
= . = : Invoking: MCU Linker
ﬁD|hBUI|:jthEpr:3'll_Ectthr;hE T cnnflguratmnl arm-none-eabi-gcc -nostdlib -L"C:\LPCX _FTF\workspacelllpc board nxp lpcxpressc 4337\Debug"
Shug mypro IUebua -L"CALPCX_FTFRA\workspacel\lpe_chip 43wx\Debug” -Xlinker -Map="myproj.map" -Xlinker --gc-sections -Xlinker
-print-memory-usage -mcpu=cortex-md -mfpu=fpvd-sp-dl6 -mfloat-abi=softfp -mthumb -T "myproj_Debug.ld" -o "myproj.axf"

nghllght your new prOJeCt, JJsrcfer_startup lpcddxx.o ./srcfcrp.o Jfsrof/myproj.o ./src/sysinit.o -1lpc_board nxp lpcxpresso 4337 -1lpc_chip 43xx

Memory region Used 5ize Region 5ize ¥age Used
. . MFlashAs12: 6516 B 512 KB 1.24%
then CIICk On BUIId MFlashBs12: @ Gb 512 KB @.eak%
RamlLoc32: 16 B 32 KB @.e5%
RamlLocd@: @ GbB 48 KB 8. e
RamAHBES2: @ GbB 32 KB 8. e
RamAHELG: @ GbB 16 KB 8. ek
. . RamAHE _ETEBE1G: @ OB 16 KB 8. ea%
PijeCtS Created In RamMesuble: @ Gb 16 KB 8. ek
RamMasub2: @ Gb 2 KB @. ek
LPCXpreSSO IDE V814 Finished building target: myproj.axf
(and Iater) WI” use make --no-print-directory post-build
_ : - - Performing post-build steps
prlnt memory usage arm-none-eabi-size "myproj.axf"; # arm-none-eabi-objcopy -v -0 binary "myproj.axf" "myproj.bin" ; # checksum -p LPC4367 -d
1 1 1 "myproj.bin”;
Ilnker Optlon to dlsplay text data bss dec hex filename
addltlonal memory usage 6516 e 16 6532 1984 myproj.axf

info
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Try for Yourself... | -

ine 7 Expressions 22 & O
% |6=E§"| e v L
1. Start a debug session for myproj i et sndsdd gobol v

2. Display the “Expressions” view, and add “SystemCoreClock” to it
3. Single step through the code
- Watch for SystemCoreClock updating after the call to SystemCoreClockUpdate()
-View the registers to see them changing as you step
- Switch to the “Variables” view and see the value of “I”
loop
4. Terminate the debug session

5. Replace “// TODO: insert code here” with a function call to turn LED 1 on.

updating as you execute the while

6. Debug and single step again, noting when each LED color gets turned on.

h o
P R
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Copying Projects

- Sometimes using an existing project might be a better starting point than using the
new project wizard.

- Can copy and paste a project, but needs to be done with care — otherwise you end
up with files with the original project name in your new project, which can confuse!

- Note that using “Clean” does not remove all the relevant files.

4 [=F periph_timers a [ periph_timers I h b
. 9}3? Binaries , #}P Binaries Se eCt t e De ug
[ Includes - [t Includes
a4 2 example 4 2 example (and Release)
4 [= sIc » = SIC .
[ et et  resimesst directory, plus the
- g sysinit.c 4 = Debug
> Lg] timers.c = example I h f'I h
Open up the [|]Jbreadme.txt -f}periph_timers.axf-[arm,-'le] " aunC I eS1 t en
4 = Debug : . .
. . rnakefile
= example . right click and
perl p h_tl merS - %= periph_timers.axf - [arm/le] DhJTECtS'r_ﬂk .
. . ; |= periph_timers_Debug_library.ld
prOJeCt USIng m;keille " [Z] periph_timers_Debug_memory.ld Choose Delete
ohjects.m - -
Py ” |=| periph_timers_Debug_library.ld S per!ph_F!mers_Debug.ld
the expanders = penph_timers_Debug_memory.ld | pen Mew 3
= periph_timers_Debug.ld = lsour
= periph_timers.map _'i perfphj Copy Ctrl+C
sources.mk =] periph.{ Paste Ctrl+V
=| periph_timers Debug.launch 3¢ Delete Delete
=| periph_timers Releaselaunch %
Source
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Copying Projects (Cont’d)

a |5 periph_tirmers

K]

]

47

[l Includes New g
2 example Go Into
> SrC
readm Open in Mew Window
% Copy Ctrl+C
[ Paste I’\@ Ctrl+V

Now right-click and copy
the “clean” project, then
right click and paste

4|5 periph_timers
> ) Includes
4 2 example
» [ srC
readme.tet

-
b4 Copy Project —

Project name: Copy of periph_timers| I

Use default location
Location: | CALPCX_FTPworkspacel\Copy of periph_timer| | Browsse”

B i)

@ [ ok || conca |

Mew

Go Into

Open in Mew Window
[ Copy

[E Paste L}
W Delete

PUBLIC USE

Ctrl+C
Ctrl+Y
Delete

Enter the name of the
new project
e.g. periph_timers_copy

4 =5 periph_timers
> @]J Includes
4 [B example
4 = srC
» g er_startup_lpcd3ic
» |g] sysinit.c
» g timers.c
readme. bt
4 =5 periph_timers_copy
> @]J Includes
4 [B example
4 = srC
» g er_startup_lpcd3ic
» |g] sysinit.c
» g timers.c
readme. bt

New project
created in
workspace

h o
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Changing Project Settings

Open the Properties for
the “myproj” project via
the Quickstart Panel

Change optimization
level, click OK, then
trigger a build

Settings are for specified

Build Configuration
/

Switch to Compiler
Optimization settings

s |8 myproj Properties for mypraj / B[] | Optimization Level [Nune (-0 ‘FJ
=5 periph_ti o X
' peiphAmErE | Settings T Other optimizatidn flags ND”.E(. 00)
 Resource Optimize (-01)
) Quickstart P... 3 Builders o [] Enab'¢ Link-tirme optin Optimize more (-02)
4 C/C++ Build Configuration: ’Debug [ Active ] ‘] [ManageConfigurations...

Build Variables
Environment

b4 start here

Fat lto objects (-ffat-ltc Optimize most (-03)
Optimize for debug (-Og

Default Build at -O0

Legging i Tool Settings |.ﬁ' Build stepsl Build Artifactl Binarv"‘arsers-l @ Error Parsers|
= MCU settings
® Import project(s 9
X P project(s) Settings a B8 MCU C Compiler Optimization Level ’None (-00) 'J

1E] Mew project... Tool Chain Editer (£8 Dialect

Other optimization flags ~ “fna-common

|mp Build all projects [Debug]
% Build ‘'mypro)’ [Debug]
& Clean 'myproj' [Debug]
%5 Debug 'myproj’ [Debug]

» C/C++ General
Project References
Run/Debug Settings

B

(22 Preprocessor
@ Symbols

(22 Includes

(2 Optimization
@ Debugging
(2 Warnings

@ Miscellanecus
(2 Architecture
MCU Assembler

[C]Enable Link-time optimization (-flto)
Fat lte objects (-ffat-lto-objects)

s

m

Building target: myproj.axf
Invoking: MCU Linker

arm-none-eabi-gece -nostdlib -L"C:\LPCX_FTF\workspacel\lpc_k

Used Size
6516 B

B GB

16 B

Memory region
MFlashA512:
MFlashB512:

RamLoc32:

Region Size
512 KB
512 KB
32 KB

Hage Used

1.24%
8. 06%
8.85%

P

@ General

(#8 Architecture & Headers
4 B MCU Linker

(22 General

@ Libraries

@ Miscellaneous

(22 Shared Library Settings

@ Architecture

5] Edih‘myproj' project settings

@ QL{ Edit selected projects settings ]

Project changed to -Os

Building target: myproj.axf
Invoking: MCU Linker
arm-none-eabi-gec -nostdlib -L"C:\LPCX_FTF\workspacelllpc

Or use “Properties” entry

. . (% Managed Linker Script Memory region Used Size Region Size Hage Used
on PrOjeCt Explorer rlght- (& Multicore il MFlashAs12: 6424 B 512 KB 1.23%

. MFlashB512: 8 GB 512 KB 8.88%
click menu or press ) ok ][ Conce RamLoc32: 16 B 32 KB 8.85%

Alt-Menu (Windows) — \ ¥ 4
48  PUBLIC USE 4\
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Per-file Settings

4 =% mypro

First reconfigure the project —ome  NOte file decorator 7 ginae:

Eroparties for cr_startup_lpcd3ioac

back to build -O0 Seeins “o - icon has updated to » i Includes

Resource F ] E src
4 C/C++ Build

Then select the startup file, iy Contgsr: (b Thce] =) WGt show a change to =~ %‘cnﬂarwp—'pcﬂm
Tool Chain Editor S CFFI.C

then “Properties” in the >gii;[;egue;es’;ng; [7] Exclude resource from build the flle propertles . El m},rprl:u_i.c

right-click menu i ~
g 4 83 MCU C Compiler Optimization Level None (-00) I -
oM e U LA ST @ Dialect . L
.G Ipe._chip_ 43 Mew N (2 Preprocessor Other optimization flags ~ -fno-common
a 25 ryproj (% symbols [T Enable Link-time optimization (-fito)
> 45 Binaries Qpen (2 Includes Fat lto objects (-ffat-lto-objects)
» B Includes Open With 3 (22 Optimization —
= " @ Debugging - .
L S— 5 v Now rebuild the project and
. @ crp.c Paste Ctrl+V %‘: M\s(.e\lanauus .
8 i X O 5 e - compare to the default settings
> sysinit.c Gz > e
» (& Debug Move... @ [ ox [ Jfcancel |
=) periph_timers e D f 1
Rename... F2 — — — e aUIt Bulld at -OO
oo | P Building target: myproj.axf
& |[Exporte. 1 1 I Invoking: MCU Linker
£ Retreh s NOW Change the Optlmlzatlon arm-none-eabi-gcec -nostdlib -L"C:\LPCX_FTF\workspacelllpc_k

» level for this file to -Os e, T LI

— AR TEzsE i’ MFlashB512: 2 GB 512 KB 8.86%
Rl S B Resource Configurations 3 ] L . RamLoc32: 16 B 32 KB ?.85%
Optimization Level [Nune (-00) v] : -ean
= Build Selected File(s) N (-00) - o - e -
o HETiEE Clean Selected File(s) 0 o OneE |-
ther optimization flags Lt
# Impor projec(y - P 9 | Optimize (-01) Just startup changed to -Os
) eam 3 . - . - -
fﬁ Ne.wproject.... Compare Wih , [] Enable Link-time optir Opt!m!ze more (-02) Building target: myproj.axf
B Bu?ldla\l prOJicts[Debug] E——— . Fat Ito objects (-ffat-ltc Optimize most (-03) Inveking: MCIJ Linker . .
@&, Build 'myproj' [Debug] Launch Configurations v i arm-none-eabi-gcc -nostdlib -L"C:\LPCX FTF\workspacelllpc
& Clean 'mypraj' [Debug] Smart update » Optimize for debug (-0 Memory region Used Size Region Size Xage Used
% Debug 'myproj' [Debug] Utilities 3 MFlashas1z: 6448 B 512 KB 1.23%
£ Terminate, Build and Debug 'mypr Binary Utilities b MFlashB512: @ GB 512 KB @.e8%
83 Edit 'myproj' project settings oo ' EEITI!_OC?E : EEFE ?E E‘E E“ 'EEE
#7  Run C/C++ Code Analysis T ’
@QuickSeﬁmg; -
. Properties |, Alt+Enter ‘ '

49  PUBLIC USE 4\
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Debug and Release Build Configurations

- New projects are created with two default build configurations, with each configuration

having separate compiler/assembler/linker settings.

- Debug

. Release N~

- Code is compiled to give high level of source level debugging functionality (-O0)

1010 - f’t?l Del::lug (Debug build) !

- Code is compiled optimized for space (-Os) 2 Release (Release build) |

- Provides smallest code size, though with reduced debug view

- Can easily switch the build configuration being used for the currently selected project(s)

50

- Generally need to switch library projects as well as application project

h o
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Switching between Debug and Release Configurations

Click on the button directly to trigger build using current

Sets build configuration build configuration
of selected project(s) =i v | % -|§!-|_m ) | =
I3 Project Explorer 3 Build 'Debug’ for project 'lpc_chip_43:x i
Build 'Debug’ for project 'lpc_board_nxp_lpcxpresso_4337
= Build 'Debug’ for project 'pernph_timers'
=y : lpc_board_nxp_lpcxp "HSST
L | @ ¥ %’ L ‘E‘ - |25 Ipe_chip_43m

- |5 periph_timers

[’ Project Explorer 32 | 2, Periphera

Click on “drop down” to set build configuration of

| roj nd then trigger buil
.|l Ipc_board_nxp_lpcxpresso_4337 selected projects and then trigger build

|52 lpe_chip_43xx = - &~ &~ N

|l periph_timers i Project Explorer 52 v' 1Debug (Debug build) '
2 Releasze {?\Elease build)
b

- =% lpc_board_nxp_lpcxpresso_4337
- |25 Ipe_chip_43m
- |5 periph_timers

h o
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Result of Changing Build Configuration

+ 25 Ipc_board_nxp_lpoxpresso_4337
- 125 Ipc_chip_43m
- =5 periph_timers

U Quickstart P, 23

A Start here
® Import project(s)
[ New project...
g Build all projects [Release]
“% Build 'periph_timers' [Release]
& Clean 'periph_timers' [Release]

ﬁ‘« Debug 'periph_timers' [Release]

After changing the
current build
configuration setting,
the Quickstart Panel
will update to match

52 PUBLIC USE

4 =5 lpc_board_nxp_lpcxpresso_4337

- B Archives
* [ait Includes
. A2 inc

. A2 sre

> = Debug

. (= Release After building

4 = Ipc_chip_43xx

»E%.frclhi;es the Release
3 Iﬂj ncludes - -

En configuration,

= Debug you will now

y ElEdSE @

SR see a Release

. Ef’;:”g:;-;;:g:“ folder in the

o [nptl Includes 1

= S~ project

. Debu 1

’ g ebug. directory

» = example

s ﬁ periph_timers,axf - [arm/le]
makefile
objects.mk
[E| periph_timers_Release_library.ld
[E periph_timers_Release_mermory.ld
|5 periph_timers_Release.ld
[5 periph_timers.map
sources.mk

Building target: periph_timers.axf

Invoeking: MCU Linker

arm-none-eabi-gcc -nostdlib -L"C:\LPCX FTF\workspacelilpc chip 43xx\Debug"
Finished building target: periph_timers.axf

make --no-print-directory post-build

Performing post-build steps

arm-none-eabi-size “"periph_timers.axf"; # arm-none-eabi-chjcopy -v -0 binar
text data bss dec hex filename
17744 ] 352 18896 46b@ periph_timers.axf

Now build the Debug and Release
configurations of your projects and

compare the code size
[ You may need to do a “Clean” to force a rebuild ]

Building target: periph_timers.axf

Invoking: MCU Linker

arm-none-eabi-gecc -nostdlib -L"C:M\LPCX_FTF\workspacelllpc_chip_ 43xx\Release™
Finished building target: periph_timers.axf

make --no-print-directory post-build

Performing post-build steps

arm-none-eabi-size “periph_timers.axf"; # arm-none-eabi-objcopy -v -0 binary
text data bss dec hex filename
14144 @ 352 14496 38a@ periph_timers.axf
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C/C++ Library Selection

° C prOJeCtS ) Quickstart Panel i3 | G=Variables ©g Breakpoints D= Outline &3 Expressions
. Start here
- DefaUIt to Redllb ® Import project(s)
- C90 library, with some C99 extensions e < e
- Optimized for code size 4, Build Ipc1549 signedchar [Debug]
. . . . & Clean 'lpcl549 _signedchar' [Debug]
- Select use of integer printf in wizard 45 Debug pct545signedchar [Debug)
° %3 Edit 'lpcl549_signedchar' project settings
C++ & Import project(s) from XML Description Redlib (none)

- DefaUIt to NeWIIb (% Quick Settings -
- Provides C++ support, plus full C99 R S ——
- Can switch C projects to use Newlib if required include paths [Pl sgnedchar Debus]

- LPCXpresso also supports “Newlib-Nano”

Library search paths [Ipcl549_signedchar Debug]
Libraries [Ipcl549_signedchar Debug]
Set library type

AL

-

FEETEEEEEE

Redlib (nohost)
Redlib (sermihaost)
MNewlib (none)
MNewlib (nohaost)
MNewlib (semihost)
MNewlibMano (none)
MNewlibMano (nohost)

MNewlibMano (semihost)

- Code size optimized version of Newlib

- Can switch C or C++ projects to use this
- Integer only printf by default — enable floating point in Linker options
- http://www.Ipcware.com/content/faq/lpcxpresso/newlib-nano-support
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Library Variants

- Libraries are provided in number of variants, with
different underlying “stub” providing support

functions:
- None

C library
Printf function

= Smallest footprint. Excludes low-level file I/O
= For Newlib, excludes memory handling functions

- Nohost

= Provides memory handling functions and some file I/O.

= However, it assumes no host, and so file I/0 will do
nothing

- Semihost

= Full functionality.
= |/O resources are on the host side.

- More C library information at:
- http://www.Ipcware.com/fag/c-library
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Semihosting stub

None Nohost stub

Unresolved
references
from linker

Debug interface

Debugger on host

A ¥ 4
4\




Creating a Semihosted Project

F E’E - | — EI ES B
New project...
LPC4 3 (Cortex-M4 basic) -> C Project (Semihosted)

Wizard
> LPC1100/ LPC1200 i
» LPC1300 / LPC1500 °
» LPC2000 / LPC3000
» LPC1700 / LPCA000
a LPC1800 / LPC4300
> LPCLEw
4 LPCA3i (Cortex-M4 basic) ®
LPCOpen - C Project
LPCOpen - C Static Library Project
LPCOpen - C++ Project
LPCOpen - C++ Static Library Project
C Project g [ J
C Project (Semihosted)
C Static Library Project MSemihosted ‘HelloWerld' C project]
C++ Project
C++ Static Library Project
> LPC4 30 (Cortex- MO basic) s

m

® < Back

Start the New Project Wizard for an
LPC43xx (Cortex-M4 basic) and
select C Project (Semihosted)

55 PUBLIC USE

Give the project the name
“hello”

Choose LPC4367 for the
target MCU

Click Next through the
following few pages without
changing default options, until
you reach the “printf options”

page ...

X — ERRIEY===)

New project...
Printf options

Redlib printf variants
Use non-floating point version of printf

Using the non-floating point variants of printf family functions reduces code size, but
means that you cannet cutput floating point values,

[7] Use character rather than string based printf

Using the 'character-by-character' printf provides slower semihosting cutput, but
does not directly use the heap.

|| Cancel

@ Nei> | [ Finish

Select the non-floating point
(ie integer only) printf option,
to reduce code size, then
click Finish “r
4\



Running a Semihosted Project

%5 Debug &2
4 helle Debug [C/C++ (NXP Semiconductors) MCU Application]
4 EE‘ hello.axf [LPC4367 (cortex-md)]
r 4 f# Thread #1 <main> (Suspended : Breakpoint)
b Start here = main() at hello.c:25 0x130003e4
s arm-none-eabi-gdb (7.10.1.20151217)

(1) Quickstart P... &% | (%)= Varial

® Import project(s)

I‘ﬁ New project [£] timers.c [ board.c [£] cr_startup_lpcd3m.c [€] hello.c &2
17 #include <stdic.h:
g Build all projects [Debug] 18
ul
e P19 7/ TODO: insert other include files here
% Build 'hello' [Debug] e
=21 // TODO: insert other definitions and declarations here

2
Z= int main(void) {

& Clean 'hello’ [Debug]

return @ ;

: g 4
ﬁ DEbug%hE”D [Debug] 5 printf(“Hello World\n™});
. . 6

ﬁ'\TEI’I‘T‘IIﬂa e, Build and Debug 7 // Force the counter to be placed into memory
8 volatile static int 1 = @ ;
a // Enter an infinite loop, just incrementing a counter
@ while{1) {
1 i++ 3
2/ 3
4

el

Debug your “hello” project, selecting SWD for the connection
type

When the project has loaded and stopped at main(), set a
breakpoint on the increment of i

Resume execution, and you should see the output in the

debugger console.
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Utip Debug &3

4 [c] hello Debug [C/C++ (MXP Semiconductors) MCU Application]
F] EE} hello.axf [LPC4367 (cortex-md)]
4 o Thread #1 <main> (Suspended : Breakpaint)
= main() at hello.c:31 0:1a0003ea
p| arm-none-eabi-gdb (7.10.1.20151217)

[] tirners.c [ board.c [ cr_startup_lpcd3ionc [ hello.c &3

17 #include <stdioc.h>
18
B19 /7 TODO: insert other include files here
28
F21 // TODO: insert other definitions and declarations here
22

3= int main(void) {
4
5 printf({"Hello Worldin");
6
7 /{ Force the counter to be placed into memory
3 volatile static int 1 = @ ;
9 // Enter an infinite loop, just incrementing a counter
8 while(1) {
1 i++
B ¥
3 return @ ;
4}
5
4
&) Console 23 Problems Memory % Instruction Trace {5l SWO Trace C

hello Debug [C/Cxs (NXP Semicenductors) MCU Application] hello.axf

Hello World



Converting an LPCOpen Project to Use Semihosting

Semihosting causes CPU to drop into debug state Configure periph_timers project to link
- Interrupts not serviced until semihosting operation completes.  against the Semihosting library variant

- Code will fail if debugger not connected " S perph timers
Most LPCOpen paCkageS redirect Output to UART by dEfaUIt ) Quickstart P... 2 (%)= Variables @ Breakpoints = Outline &% Expressions
- Need to reconfigure board library and project to use S—

semihosting instead (& New project..

\m¢ Build all projects [Debug]
Build 'periph_timers' [Debugq]
penp g9
& Clean 'periph_timers' [Debug]

Configure board library to use Semihosting 35 Debug priph timers [Debug]

%5 Terminate, Build and Debug 'periph_tim=rs' [Debug]

® Ed it board . h BB it penpri_timers' project settings
« Uncomment the statement | & quikseings -

B3 Detined symbols [peripn_timess Debug]

#define DEBUG_SEMIHOSTING © i ombs . O
- g2y Include paths [periph_timers Debug]
%3 Library search paths [periph_timers Debug]
[n] board.h 32 o _ . .
a 5 lpc_board_nxp_lpcxpresso_4337 . ) o e T e Fal
. 2= T B SerFganing Foint 3
i B Archives S5 gdefine DEBUG ENAELE % _ — ;
- £2  Setlibrary/header type Redlib (none)
[ @]] Includes &0 i
i §19 /** Define DEBUG SEMIHOSTING al S—_ e riedlib (nohost)
a inc -
] 62 via zemihosting. You may ne Redlib (semihost) D’
[ @ board_api.h 63 gemihosting with this optic Maudib nons) s
& [n] board.h 54 \ .
65 //#lefine DEBUG SEMIHOSTING Newdib (nohost)

Mewlib (semihost) '
MewlibMano (none) k
MewlibMano (nohost)

MewlibMano (semihost)
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Running Semihosted LPCOpen Project

- Now when you rebuild, debug and run the periph_timers example, you should see
the introductory text printed out to the LPCXpresso IDE console

() Quickstart Panel % (%)= Variables @g Breakpoints

-
PA Start here El Console &3 Problems [] Memon

® Import project(s)
2] New project...

periph_timers Debug [C/C++ (NXP Semicond
Blinky example using timer 1!

|y Build all projects [Debug]
4, Build 'periph_timers' [Debug]

6{[ Build the prDjLECt for the current configuration h
%3 Debug periph_timers' [Debug] Timer 1 clock = 284000688 Hz
[ ¥ — s . o P 1 o - T

() Quickstart Panel £3  x)= Variables @g Breakpoints - Qutline & T:i.lTlEF 1 tick r-a-tE = 1.B HE

kA Start here

% Import project(s)

1E] New project...

|mg Build all projects [Debug]

4, Build 'periph_timers' [Debug]
& Clean 'periph_timers' [Debug]

Ee3 &ebug ‘periph_timers' [Debug]
B [ Start debugging the project with the selected build configuration h x{

58  PUBLIC USE FTE-DES-N19/73 s caeammmn fimee nmiart sstinne




Llnker SCI’IptS 4 =5 periph_timers

['__-\. . .
- %%, Binaries
- By default, use of “managed linker scripts” is enabled - [a) Includes
- Linker scripts automatically generation based on built-in e E{ﬂhmme
knowledge of MCU memory map 4 = Debug |
. . . . - = example
- Take into account changes made in memory config editor and %% periph_timers.axf - [arm/le]
library variant e
o Can modify scrlpt that is generated by providing modified & objectsmik
“Freemarker” template scripts locally in project (starting = periph_timers_Debug_library.Id
pOlnt N \leardS\Ilnker) =] periph_timers_Debug_memaory.ld
- Can also modify default locations used for specific code, — F’Effpﬂ—:?mﬂﬂ-”eh“&'d
data and bss by decorating source using set of predefined =l peniph_timers.map
macros: sources.mk

- See FAQs for more detalils

59

#include <cr section macros.h>
__BSS(RAMZ2Z) char bss buffer[128];
__RAMFUNC (RAM) (void) foo(void) (..
Can disable managed linker scripts if required and provide your own...

- Properties -> C/C++ Build -> Settings -> MCU Linker -> Target

h o
P R
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1111 Registers 57 = O %% Debug i

= .=: - F] E rmdmaster Debug [C/C++ (NXP Semiconductors) MCL

L} -
I l mislave.axf: Thread [1] a4 17 mdmaster.axf
u I C O r e r O u C I O I l Name Value Description » 4 % Thread [1] <main> (Suspended : Step)

61

a4 M4 PC54102512-M0 ( rmlslave.axf regis £
1010

= main() at mdmaster.c:35 0:35a

0 w gdb
IIII 2 gﬁégégégi F] E] mislave Debug [C/C++ (NXP Semiconductors) MCU £
o1 T
10 4 7 mOslave.axf
The LPC43xx and LPC541xx MCUs have loosel —r
e XX an XX S ave Oose y D :4 Oxx020100D4 = main() at mslave.c:35 0x201016¢
- n nnnennms o5 gdb

couple multiple CPUs which share memory map
and peripherals e —E—

médmaster.axf: Thread [1]

MName Value Description it
L P( :43XX 4 M4 LPCS41020512 (cort mémaster.axt

3% 0 0x02010119
0x0000004D

- LPC432x / 433x / 435x — 1 CM4, 1 CMO (MOAPP) L
- LPC4370 / LPC4367— 1 CM4, 2 CMO (MOAPP and MOSUB)
- http://www.lpcware.com/content/fag/lpcxpresso/lpc4 3xx-multicore-apps

- Note : LPC43xx LPCOpen packages do not currently ship with LPCXpresso style multicore
projects, but a converted example can be found at:

= http://www.lpcware.com/content/forum/lpcxpresso-multiprocessor-example
LPC54102 / LPC54114
-1 CM4, 1 CMO+
- http://lwww.Ipcware.com/content/fag/lpcxpresso/lpc541xx-multicore-apps
- LPCOpen does ship LPCXpresso style multicore example projects

médmaster.c &2

7 #endif

PUBLIC USE

defined (_ MULTICORE_MASTER_SLAVE_M4SL

boot_multicore_slave();

h o
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Multicore Project Setup and Debug

- One application project per CPU Debugger

- Links Master (M4) project to downloads
Slave (MO) project(s) whole image
via M4

- Master pulls in binary from
Slave(s) to create single image to

download
Parallel deb i f all ioct LPCXpresso IDE provides ‘automatic
arafiel debugging ot all projects linkage’ between slave and master

- Start Master debug connection projects
first,
then attach to Slave(s)

Debugger

- Multiple instances of views attaches to
- Can pause / start CPUs in MO (no
download)

parallel (IDE not in hw)
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Run Import Projects

63

Use “File -> Switch workspace” menu to restart LPCXpresso IDE in a fresh

workspace

- Suggest C\LPCX_ FTF\workspaceMC
Quickstart -> Import project(s) -> Project Archive, select ZIP, then click Next
-C:\nxp\LPCXpresso 8.1.4 606\lpcxpresso\Examples\LPCOpen

= lpcopen 2 16 lpcxpresso nxp lpcxpresso 4337.zip

) Quickstart.. i1 (0= Variables @g Breakpoints EE Qutline f,}fExpressions

k4 Start here
® Import project(s)
] New project...

g Build all projects []

(%2 Quick Settings  ~

245 Import project(s) from XML Description

PUBLIC USE

=

»

Import project(s) - SR X

Import project(s)
Select the examples archive file to import. 4

Projects are contained within archives (zip) or are unpacked within a directory. Select your
praject archive or root directory and press <MNext>. On the next page, select those projects you
wish to import, and press <Finish>,

Praject archives for LPCOpen and 'legacy’ examples are provided.

Project archive (zip)
Archive Chnxp\LPCXpresso_8.1.4_606\Ipcxpresso\Examples\LPCOpen\lpcopen_2_16_|pex

Project directory (unpacked)
Root directory

LPCOpen
LPCOpen is the recommended code base for Cortex-M based MXP LPC Microcontrollers.

LPCXpresso includes the LPCOpen packages which can be imported directly by pressing the Browse
button in the Project archive (zip) section, above, and navigating to the Examples/LPCOpen directory.

Alternatively, press the button below te Browse the LPCWare.com website for latest resources.

Browse LPCOpen resources on LPCWare.com...

® o e [ e e
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Import CM4 and CMO LPCOpen Library Projects

In;;:tapdr::r{:::usearchfnrexisting Eclipse projects. ; ,._-" ¢ Use the “DeseleCt A”” Option, then
explicitly select required projects from
[T freertos_blinky (freertos_blinky)

L] L] “ L] | ] ,,
reeros link (reerto | sdectAl | scrollable list, then click “Finish
[T lib_lpcspifilib (lib_lpcspifilib)
lpc_board_nxp_lpcxpresse_4337 (Ipc_board_nxp_lpcxpresso_4337)

lpc_board_nxp_lpcxpresse_4337_m0 (lpc_board_nxp_lpcxpresso_4337_mi) Refresh
lpc_chip_43w0: (Ipc_chip_4300

lpc_chip_43:0m0 (lpc_chip_43wc_m) _

[7] LPCUSBlib_AudicCutputHost (LPCUSElib_AudioOutputHest) lp C_b car d‘_nxp_l p C Xp ress 0_4 3 3 7 _m O
[7] LPCUSBlib_KeyboardHost (LPCUSBlib_KeyboardHost)
[7] LPCUSBlib_MassStorageHost (LPCUSBlib_MassStorageHost) - lpC Ch lp 4 3 X X

[7] LPCUSBElib_SerialHost (LPCUSElib_SerialHost)

Projects:

[, [ »

-lpc board nxp lpcxpresso 4337

— -lpc chip 43xx mO0

Copy projects into workspace

Working sets
[T Add project to working sets . -
n’j Project Explorer 3 Peripherals+

Select...

> (5 lpc_board_nxp_lpcxpresso_4337

i » (2 lpc_board_nxp_lpcxpresso_4337_mi
s (25 lpc_chip_d3xx

y (2D lpc_chip_43x_mi

@ Ned> | [ Finish, ] Cancel |

e

h o
P R
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Create Slave Project

- Quickstart -> New project -> LPC1800/4300 -> LPC43xx Multicore MOApp

(X

- mﬁlg

Mew project...
LPC43:xx Multicore MOAPP -= LPCOpen - C Project

»

Wizard
Generic-M
LPC1100 7 LPC1200
LPC1300 / LPC1500
LPC2000 7 LPC2000
LPC1700 / LPC4000
4 LPC1800 7 LPC4300
> LPCLEx
» LPC4 3 (Cortex-M4 basic)
o LPCA 300 (Cortex- MO basic)
4 LPC43:x¢ Multicore MOAPP
LPCOpen - C Project
LPCOpen - C++ Project

v W WV

=

m

C Project "
C Project (Semihosted) L
C++ Project :
» LPC43ix Multicore MOSUB (LPC436:/7x only)
» LPC43x¢ Multicore M4 ||

@ < Back

Finish
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(X °

mﬁlg

New project...
LPC43: Multicore MOAPP -» LPCOpen - C Project

Project name:  mlapp

Uze default location

Location: | CALPCX_FTP\workspaceMChim0app

Browse...

®

Finish

Cancel

(X

New project...
Select the target MCU

Target selection

MNXP LPC4367-MD

LPC4325-M0
LPC4327-M0O
LPC4330-M0
LPC4333-M0
LPC4337-M0
LPC4350-M0
LPC4353-M0
LPC4357-M0
LPC4367-MO
LPC4370-M0
LPC43520-M0
LPC43530-M0
LPC43537-M0
LPC42550-M0
LPC43557-M0
LPC43567-M0
LPC43570-M0

m

< Back

Finish

Cancel

h o
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Select LPCOpen Library Projects

MNew project...
LPCOpen Library Project Selection

Select the LPCOpen Chip and (optionally) Board library project(s) that you want your

new project to link against.

Selected library project(s) must be present in this workspace, If they
are not, then click the 'Impert’ button to run the Import Wizard

Select LPCOpen Libraries
LPCOpen Chip Library Project | Ipc_chip_43wnc mi

- | | Browse...

LPCOpen Board Library Project | |pc_board_nxp_lpoepresso_ 4337_m0 = | | Browse...

If a Board Library Project is seleg Ipc_board_hitex_eva_4350_m0
also be selected Ipc_board_keil_mch_4357_m0
Ipc_board_ngx_xplorer_4330_m0
For more information on LPCOpgIpc_board_nxp_lpclink?_4370_m0
Ipc_board_nxp_lpogpresso_4337_mi

Project must

@ <Back |[ Net> || Finsh

Cancel
&
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—d

- Now click through —

- Select the LPCOpen Chip and Board libraries
that will be linked against

- Chip Library automatically selected from MCU
selection

-Board Library : Needs to be selected based on your
target board

= For MO cpu on LPCXpresso4367 board, select
lpc board nxp lpcxpresso 4337 mO

the next few wizard | —preemresmmm
pages until you P —r
reach the Memory
Configuration Editor...|

1 = ) !
i
Add RAI st | Join | [Dele [import..| [Merge...| [Export.| [Generate |

h o
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LPC4367
Memory Layout

- Multiple blocks of
memory in system,
which can be accessed
by all three CPUs if
required

- Need to allocate blocks
to store code+data for
each CPU

- Avoid bus contention

- This is the most
complex part of setting
up multicore projects!
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0x2000 0000

0x1F00 0000
0x1E00 0000

0x1D00 0000

0x1C00 0000

Ox1B08 0000

0x1B04 0000

Ox1B00 0000

Ox1A08 0000

0x1A04 0000

0x1A00 0000

0x1840 2000
0x1840 0000

0x1800 4800
0x1800 4000
0x1800 0000
0x1400 0000

0x1041 0000 |

0x1040 0000

0x1008 AOOO |-

0x1008 0000

0x1000 BOOO

0x1000 0000

16 MB static external memaory CS3

16 MB static external memaory CS2

16 MB static external memory CS1

16 MB static external memary CS0

reserved

256 kB flash B

256 kB flash B

reserved

256 kB flash A

256 kB flash A

reserved

8 kB RCM (M0 SERIAL)

reserved

2 kB SRAM (M0 subsystem)

16 kB SRAM (MO subsystem)

64 MB SPIFI data

reserved

64 kB ROM

reserved

32 kB + 8 kB local SRAM

reserved

32 kB local SRAM

New project...

Merory Configuration Editor

Default flash driver LPC18x7_43x7_2x512_BootA.cfx

Allows external flash to be defined and appropriate flash driver allocated, or for layout of
internal RAM to be recenfigured.

Browse...

Type
Flash
Flash
RAM
RAM
RAM
FAM
RAM

RamAHB_ETELG RAMS

Alias Location

Flash (0:1a000000
Flash2 (021 000000
RAM (010000000
RAM2Z (010080000
RAMZ (020000000
RAM4 (020008000
(02000000

4|

(LI

Size
0:B0000
0:B0000
08000
0:al00
(08000
04000
04000

s

m

k

[Add Flash] ’Add RAL [Split] Join @ ’Import...l [Merge...l [Export...l [Generate

@ <Back | Net> |[ Finish |[ Cancel
reserved Y 0x2001 0000
4 x 16 kB AHB SRAM 0x2000 0000
local SRAM/
external static memory banks 0%1000 0000
256 MB shadow area 0x0000 0000

\r
4\




Select MFlashB512 Flash Bank for Cortex-MO Code

- Two banks of flash
- Bank shown first in Memory Configuration Editor will be used by this project

- Use one for CM4 code, one for CMO code, so lets swap the order ...

| =] 2 B g

Highlight
“Flash” in
Alias column
of table, then
click on
Down arrow
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New project...
Memory Configuration Editor

Allows external flash to be defined and appropriate flash driver allocated, or for layout of
internal RAM to be reconfigured.

Default flash driver  LPCL8x7_43x7_2x512_Bootf.cfx

3 2E -

we selected memaory down in the table ]

Type MName Alias Lezation Size Sl

Flash  MFlashA512 Flash  04a000000 0580000

Flash  MFlashBS12 Frustid= (616000000 0580000

RAM  Ramloc2 RAM 0610000000 038000 3
RAM  Ramlocd0 RAM2  0x10080000  0xa000

RAM  RamAHB32 RAM3  (x20000000 058000 i

RAM  RamAHB16 RAMA (520008000  0x4000 (Mo
RAM  RamAHB_ETB16 RAMS  (x2000c000 054000 8

4| 1 3

Add RAN Join @ llmport‘.‘] [Merge...] [Export...] lGEﬂerate.

@ < Back ][ Mext > ] [ Finish ] l Cancel

Outline &' Expressions

|

New project...
Memory Configuration Editor

Allows external flash to be defined and appropriate flash driver allocated, or for layout of
internal RAM to be reconfigured.

Default flash driver LPC18x7_43x7_2x512_BootA.cfx

Type MName Alias Location Size i

Flash  MFlashB512 Flash 0:1b000000  0xB0000

Flash  MFlashA512 Flash2  0:1a000000  0x80000

RAM  Ramloc32 RAM 010000000 0xB000 3
RAM  Ramlocdd RAM2  0:10080000  0xa000

RAM  RamAHE32 RAM3  0:20000000  0x8000 4
RAM  RamAHB16 RAMA  (:20008000 04000

RAM  RamAHB_ETB16 RAMS  0:2000c000  0x4000 8

4| m b

Add RAK Join @ ’Import...] [Merge...] ’Export...] ’Generate.

s

@ <Back || MNet> || Fimsh || Cancel

h o
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Select RamLoc40 RAM Bank for Cortex-MO Data

- Multiple banks of RAM
- Bank shown first in Memory Configuration Editor will be used by default by application for

data/heap/stack

Highlight
“‘RAM” in
Alias column
of table, then
click on
Down arrow
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New project...

Memery Configuration Editor

Allows external flash to be defined and appropriate flash driver allocated, or for layout of
internal RAM to be reconfigured.

Default flash driver LPC18x7_43x7_2:x512 Bootf.cfx

Browse...

Type
Flash
Flash
RAM
RAM
RAM
RAM
RAM

MName
MFlashB512
MFlashAS512
RamlLoc32
RamLocd0
RamAHB32
RamAHB16
RamAHB_ETBE16

Alias
Flash
Flash2
RAM
RAM2.
RAM3
RANM4
RAMS

Location

(01 b00O000
(012000000
210000000
010080000
020000000
(20008000
02000000

<

I

Size
(0x80000
(0x80000
0x8000
(0xal00
0x8000
(04000
04000

3

-~

m

Add RAMN Jain @ ’Impor‘t...] [Merge...] ’Export...] ’Generate.

N

< Back

|

Mext =

J|

Finish

Cancel

New project...

Memery Configuration Editor

Allows external flash to be defined and appropriate flash driver allocated, or for layout of
internal RAM to be reconfigured.

Default flash driver LPC18x7_43x7_2:x512 Bootf.cfx

Browse...

Type
Flash
Flash
RAM
RAM
RAM
RAM
RAM

MName
MFlashB512
MFlashAS512
RamLocd0
RamlLoc32
RamAHB32
RamAHB16
RamAHB_ETBE16

Alias
Flash
Flash2
RAM
RAM2
RAM3
RANM4
RAMS

Location

(01 b00O000
(012000000
010080000
0x10000000
020000000
(20008000
02000000

<

I

Size
(0x80000
(0x80000
(0xal00
0x8000
0x8000
(04000
04000

3

-~

m

Add RAMN Jain @ ’Impor‘t...] [Merge...] ’Export...] ’Generate.

<Back | Nea> || Finish%J’ Cancel

Then click
on Finish



Check the MOApp Project Builds

[ Project Explorer &2 2, Peripherals+ [ili Registers & Symbol Viewer EI ¥ = B & Console 22 b 9 | LA B
. % Ipc_board_nxp_lpcxpresso_4337 CDT Build Console [m0app] _ _ _ S —
S | . 5 Ipc_board_nxp_lpcxpresso_4337_mi Finished building: ../src/mBapp.c
elect .
. % Ipc_chip_43xx 1ding Fil Jeres L.
H I - . Building file: ../src/sysinit.c
PrOJeCt ’ “£ Ipe_chip i3m0 Ch eCk the bu”d |Og Invoking: MCU C Compiler
: mapp arm-none-eabi-gcc -DDEBUG -D_ CODE_RED -DCORE M@ -D_ USE LPCOPEN -D_ LPC43X
Finished building: ../src/sysinit.c
) Quickstart Panel 3 Variables Breakpoints Outline Expressiops = B Building target: m@app.axf
T ] 20 Invoking: MCU Linker
LS Start here “ | arm-none-eabi-gcc -nostdlib -L"C:\LPCX_FTF\workspaceMC\lpc_board nxp lpcxpr
¢ Import project(s) Memory region Used Size Region Size ¥age Used
_ MFlashB512: 2388 B 512 KB 8.46%
{&] New project... MFlashas12: B GB 512 KB B.08%
= i i RamLoc4@: 16 B 48 KB a.84%
iy Build all projects [Debug] RamLoc32: 8 GB 32 KB 0.00%
Build it &, Build 'm0app’ [Debug] RamAHB32: @ GB 32 KB 0.00%
RamAHELG : @ GbB 15 KB 8.00%
¢ Clean mﬂaq Build the project for the current configuration } RamAHB_ETB16: @ GB 16 KB 9.0a%
, - RamMB5suble: @ GbB 15 KB 8.00%
% Debug ‘milapp [Debug] Ram@5ub2 : ® GB 2 KB 8.00%
$F Terminate, Build and Debug 'miapp’ [Debug] copy from “mBapp.axf' [elf32-littlearm] to “mPapp.axf.o' [elf32-littlearm]
Finizshed hnildine tarcet: mBann awf

Note the memory blocks used for placing code/data
A 4
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Create Master Project

- Quickstart -> New project -> LPC1800/4300 -> LPC43xx Multicore M4

-

X - w—

.:.Elg

Mew project...
LPC43:xx Multicore M4 -» LPCOpen - C Project

Wizard

[» LPC1100 / LPC1200

[» LPC1300 /7 LPC1500
| | LPC2000, LPC3000

[» LPC1700 /7 LPC4000

a LPC1800 / LPC4300
[ P18
LPC4 30 (Cortex-M4 basic)
LPC4350¢ (Cortex-M0 basic)
LPZ4 20 Multicore MOAPP

[ R

LPC4 300 Multicore M4

LPC43x Multicore MOSUB (LPC436x/Tx only)

m

| LPCOpen - C Project
LPCOpen - C++ Project
C Project
C Project (Semihosted)
C++ Project
[» LPC54100

71 PUBLIC USE

FTF-DES-N1973

-

X o

:.Elg

New project...
LPC43: Multicore M4 -> LPCOpen - C Project

Project name: | mé|

Uze default location

Location: | CALPCX_FTP\workspaceMCimd

Browse...

[ |
@ < Back Next >

Finish

Cancel

-

X -

New project...
Select the target MCU

Target selection

NXP LPC4367

LPC4325
1 LPC4327
LPC4330
LPC4333
LPC4337
LPC4350
LPC4353
LPC4357

LPC4367

LPC4370

LPC43520
LPC43530
LPC43537
LPC42550
LPC43557
LPC43557
LPC43570

m

Il @ [ <Back

|

Mext =

%

Finish




Select LPCOpen Library Projects

Mew project...
LPCOpen Library Project Selection

Select the LRCOpen Chip and (optionally) Board library project(s) that you want your
new project to link against.

Selected library project(s) must be present in this workspace. If they -
are not, then click the Import’ button to run the Import Wizard

Select LPCOpen Libraries

LPCOpen Chip Library Project | Ipc_chip_43xc -

LPCOpen Board Library Project | |pc_board_nxp_lpcxpresso_4337 - | | Browse...
If a Board Library Project is seleg Ipc_board_hitex_eva_4350 Project must
also be selected Ipc_board_keil_mcb_4357

lpc_board_ngw_xplorer_4330
For more infermation on LPCOpglpc_beoard_nxp_lpclink2_4370
lpc_board_nxp_lpoxpresso_4337

@ <Back |[ Net> || Finish
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- Select the LPCOpen Chip and Board libraries
that will be linked against

- Chip Library automatically selected from MCU
selection

-Board Library : Needs to be selected based on your
target board

= For CM4 cpu on LPCXpresso4367 board, select
lpc board nxp lpcxpresso 4337

- Now click through e

the next few wizard | e

pages until you e

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

FFFFFFFFFFFFFFF Flash2 010! 0800
RAM  Remloc32 RAM 01000 0+8001 3
re aC e e I I l O r RAM  Ramlocd RAM2  0x1008 03200
RAM  RamAHE3Z RAMZ  0:2000 0:2001 4
RAM  RamAHB16 RAMA  0:2000 0400
RA RAMS  0x2000 400! i
|

Configuration Editor...|

1 = ) !
i
Add RAI st | Join | [Dele [import..| [Merge...| [Export.| [Generate |




Memory Layout

- This time the default memory layout is OK
- But need to configure the CMO image to be used and where to place it

73

New project...
Memery Cenfiguration Editor

Allows external flash to be defined and appropriate flash driver allocated, or for layout of

internal RAM to be reconfigured.

Default flash driver  LPC18x7_43x7_2x512_Bootf.cfx

Type Mame Alias Location Size ol
Flash  MFlashA512 Flash 0x1a000000  0xB0000
Flash  MFlashB512 Flash2  0xb000000  0xB0000
RAM  Ramloc32 RAM 0x10000000  0xB000 3
RAM  Ramlocd0 RAM2  0x10080000  0xa000
RAM  RamAHB32 RAM3  0x20000000  0x8000 4
RAM  RamAHB16 RAMA  0x20008000  0x4000
|| | Ram  RamaHE_ETBIG RAMS  0x2000c000  0x4000 B
< m ] 3 _I

Add RAI' Join @ Import... | | Merge... @r‘tﬂ Generate
[y

@ [ <Back | wea> |[ Finsh |[ Cancel

]

B [ |

New project...
MOAPP Slave Project

MOAPP Slave Project Settings
MOAPP Slave Project
Opticnally allow an existing MOAPP slave project to be asseciated with this project.

- Bt)wse... ]

MOAPP Project

MOAPP Slave Memory Location

[ Browse to the MOAPP slave project ]

By default, the MOAPP slave image will be placed in the 2nd RAM block of the
master (M4) project's memory map. Enable this option to place it instead in the
2nd flash bleck of a dual bank flash MCU.

[ Use 2nd flash block in dual bank flash MCU

The MOAPP slave memory setting in the master (M4) project should match how
the MOAPP project was built.

@ [ < Back ][ MNext > ] Finich

Cancel

Just click Next in Memory

Configuration Editor
PUBLIC USE

Click on “Browse” to
select MOApp project
from within workspace

. MOAPP Project

Browse to the MOAPP slave project

=% Ipc_board_nxp_lpcxpresso_4337

=5 lpc_board_nxp_lpcxpresso_4337_m0
=% Ipc_chip_43mx

=5 Ipc_chip_43x_m0

L= mapp

®@ l

oK D&Jl Cancel |

Select the “m0Oapp”
project, then click
on OK

h o

P R



Place in Flash

74

-

New project...
MOAPP Slave Project

X| ===

X [E=TE—)

New project...
MOSUE Slave Project

MOAPP Slave Project Settings
MOAPP Slave Project
Opticnally allow an existing MOAPP slave project to be associated with this project.

MOAPP Project | m0app T

MOAPP Slave Memory Location

By default, the MOAPP slave image will be placed in the 2nd RAM black of the
master (M4) project's memary map. Enable this option to place it instead in the
2nd flzsivolock of a dual bank flash WiZU.

Use 2nd flash bleck in dual bank flash MCU

Tl Use 2nd flash block in dual bank flash MCU |f () project should match how

TR oY s O

@ | <Back | New> | Finish

NOTE - Only applicable for LPC436x/Tx parts.

MOSUB Project
Optionally allow an existing MOSUB slave project to be associated with this project.

MOSUE Slave Project -

Mote - the MOSUE project will be placed in the 'RamM05Sublé’ RAM block of the Md's
memary map.

@ [ <Back | NE¢>R}J Finish

Tick the box to place the
MOApp project into the 2nd
flash bank, then click Next

PUBLIC USE

No MOSub project used in
this example, so leave
blank and click Next, then
click Finish on the next
page to create the project



Check the M4 Master Project Builds

[ Project ... &3 Periphe Registers Symba = B8 & Console 3

‘= | = COT Build Console [md4]
El arm-none-eabi-gcc -DDEBUG -D__CODE_RED -DCORE_M4 -D_ USE_LPCOPEN

4 E Ipc_board_ruxp_lpcxpresso_4337 Finished building: ../src/m4.c
o lpc_board_nxp_lpcxpresso_4337_mi
» 125 Ipc_chip_43xu: Building file: ../src/sysinit.c
» 5 Ipe_chip_43mmi ] Invoking: MCU C Compiler
Select , &5 mbapp Check the build |og arm-none-eabi-gcc -DDEBUG -D_ CODE_RED -DCORE_M4 -D_ USE_LPCOPEN

Finished building: ../src/sysinit.c

Project » & md

Building target: md.axf
Invoking: MCU Linker

) Quic... /aria Brea Chut 3 — B arm-none-eabi-gcc -nostdlib -L"C:\LPCX_FTF\workspaceMC\lpc_board
Memory region Used Size Region 5ize Xage Used
- MFlashAS12: 6856 B 312 KB 1.31%
E’! Start here - MFlashBS512: 2388 B 512 KB 8.465%
RamLoc32: 16 B 32 KB 8.85%
¥ Import projectis) RamLoc4@: @ GB 48 KB a.eeX
. RamAHES2 : @ GbB 32 KB 8.ea%
(€] New project... RamAHB L6 : 8 GB 16 KB 8.00%
= Build all projects [Debug] RamAHBE_ETB16: a8 Gb 16 KB 8.e8%
Bu”d |t : RamMBsublf: e GB 16 KB 8.68%
4§, Build 'm4' [Debug] Ram@5ub2 8 GB 2 KB @.e0%
o T Finished building target: md.axf
Build the project for the current configuration ]
e Ml o AT T AT T 1| m |

Note that MFlashB512 contains the MOApp image
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CM4 Master Project — Additional Contents

.| cr_start_mi.c @ md.c =3

—int main(wvoid) {

#if defined (_ USE_LPCOPEN)
// Read clock settings and update SystemCoreClock variable
SystemCoreClockUpdate();
#if !defined(NO_BOARD _LIB)
#if defined (_ MULTICORE MASTER) || defined (_ MULTICORE_NONE)
// Set up and initialize all required blocks and
// functions related to the board hardware
Board_Init();
#endif
[/ 5et the LED to the state of "On"
Board _LED Set(@, true);
#endif
#endif

4 =5 md
[ :ﬂf Binaries
[ @] Includes
4 2 src

cr_start_mi.c
cr_start_m0.h
cr_startup_lpcd 3xx.c

[T I C I T o R s SR Wy R S WY [y S T S+ I w

[/ Start MBAPP slave processor
#if defined (_ MULTICORE_MASTER SLAVE M@APP)
CFFII. C cr_start m@(SLAVE MBAPP,& core mBapp START  J;
#endif

md.c
// Start MASUB slave processor

#if defined (_ MULTICORE MASTER SLAVE M@SUB)
cr_start m@(SLAVE MBSUB,& core mBsub START );
#endif

sysinit.c

Ei? A T Y
2

ebug

Jf TODO: insert code here

/{ Force the counter to be placed into memory
volatile static int 1 = @ ;

// Enter an infinite loop, just incrementing a counter
while(1) {

[T s L o W, QA WV S S v I o] e I I Y

y
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Make a Minor Modification to M4 Main()

- Change

-Board LED_ Set(0O, true);
- T0

-Board LED_ Set(1, true);

- This means the CM4 and the CMO applications will turn on different LED colors!

h o
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Starting a Multicore Master Debug Session

|._|>_=| Project.. &3 Peripher Registers

= lpc_board_nxp_lpcxpresso 4337
=" lpc_board_nxp_lpoxpresso_4337_mi
[» J":_.T? lpc_chip_43x
(= lpc_chip_43x_m0

=
e AP

b =5 md

= 0O

BE ~

) Quic.. 2 (0=Varia.. 9g Brea.. o= Outh.. & Expr.. 5 O

b4 Start here

¥ Import project(s)

1] New project...

|y Build all projects [Debug]
% Build 'mé' [Debug]

& Clean 'm4' [Debug]

ﬁ? Debug 'mé' [Debug]

»

Start debugging the project with the selected build configuration ]

78 PUBLIC USE

FTF-DES-N1973

Probe boots
Select LPC-LInk2

E E— 1|

Select SWD or JTAG connection type
Initial selection of an SWD or JTAG connection.

This selection can be changed in the Launch configuration.

X

| Select the debug connection type

() SWD - Single core only; allows SWO Trace

This target supports SWD or JTAG debug connections. Choose:
SWD - for debugging the master in multi-core systems or for the collection of SWO Trace data

| ITAG - for debugging any core in multi-core systems only.

i @ JTAG - Multi-core debugging; disallows SWO Trace

For LPC43xx multicore debugging,

you must select a JTAG debug
connection, then click OK




Making the Multicore Master Debug Connection

X C — X

JTAG Configuration

3 available JTAG Devices detected.
Target 'Cortex-Md (Coresight DP)' has been selected.

De;ice Mame TAPId IR Len Details Scanchain
0 Cortex-M4 (Coresight ...  Oxdbal0477 4 APID:24770011 --=TDD
1 Cortex-M0 M0ball477 4 APID:04770021

] 2 Cortex-Ma Mlba0l477 4 APID:04770021 <--TDI
4 mn | H

@ ‘—L\,GK [[  cancel |

Select the appropriate CPU in the JTAG
configuration.

Device closest to TDO is the M4 CPU (device O
here). Make sure you select the right one!
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15 Debug &2
4 [Fc| md Debug [C/C++ (NXP Semiconductors) MCU Application]

4 ﬁ' md.axf [LPC4367 (cortex-md]]

a o Thread #1 <main> (Suspended : Breakpoint)
= main() at m4.c:33 0x1a000510
g arm-none-eabi-gdb (7.10.1.20151217)

[ er_start_m0.c [£ md.c 52

o oWn

LI == I

29= int main(void) {

#if defined (_ USE_LPCOPEN)
// Read clock settings and update SystemCoreClock variable
SystemCoreClockUpdate();
#if !defined(NO_BOARD LIB)
#if defined (_ MULTICORE MASTER) || defined (__ MULTICORE_NOMNE)
f/ set up and initialize all required blocks and
J// functions related to the board hardware
Board_Init();
#endif
[/ set the LED to the state of "On"
Board_LED Set(@, true);
#endif
#endif

/! Start MBAPP slave processor
#if defined (_ MULTICORE_MASTER_SLAVE_MBAPP)
cr_start_m@(SLAVE_MBAPP,& core_mPapp START )
#endif



Starting a Multicore Slave Debug Session

[ Project.. 2 Peripher... 1) Registers & Symbel.. = B
1 Fro P g { ¥

=15

. 5 Ipc_board_nxp_lpcxpresso_4337

s 5 lpc_board_nxp_lpcxpresso_4337_mi
s 5 Ipc_chip_43m

AT lpec_chip_83:m=_mi

. |5 mOapp

=
b )

() Quic... 3

= 8

Ed Start here

® Import project(s)

Tﬁ Mew project...

|mg Build all projects [Debug]
@, Build 'm0app’ [Debug]
& Clean 'm0app' [Debug]
%5 Debug 'm0app’ [Debug]

:t’#[ Start debugging the project with the selected build configuration ]
B3 Edit 'm0app’ project settings

80 PUBLIC USE

»

Select LPC-Link2

X ]
JTAG Configuration
2 available JITAG Devices detected,
Target 'Cortex-MD' has been selected.
De:rice Mame TAPId IR Len Details Scanchain
1 Cortex-M0 00ball1477 4 APID:04770021 --=TD0
2 Cortex-M0 0x0ba0l1477 4 APID:04770021 <--TOI
1| 1] [
[ ® ’ h[}i( Cancel ]

L)

Select the appropriate CPU in the
JTAG configuration. Device closest to
TDI is the MOAPP CPU (device 2

here).

Make sure you select the right one!

The MOAPP debug session is an “attach only”
connection — no code is downloaded

N
4

y
A




Master and Slave Debug Sessions Started

- The IDE is now debugging both cpus
- But the MOAPP CPU is still held in reset

- Ensure the m4 is highlighted in the Debug View,
then use “Step over” to step through the M4 code
until you reach

-Board Led Set
. Step this statement and the Green LED should
come on

- Then “Step over” the next statement

-cr start mO (SLAVE MOAPP,
& core mOapp START );

(1, true):;

81 PUBLIC USE

7t‘is: Debug 3
P md Debug [C/C++ (NXP Semiconductors) MCU Application]
4 E md.axf [LPC4367 (cortex-md]]
4 o Thread #1 <main> (Suspended : Breakpoint)
= main() at m4.c:33 012000510
s arm-none-eabi-gdb (7.10.1.20151217)
Fi mlapp Debug [C/C++ (MNXP Semiconductors) MCU Application]
4 {E} miapp.axf [LPC4367-MD (cortex-m)]
& Thread #1 <main> (Running : User Request)
p| arm-none-eabi-gdb (7.10.1.20151217)

(€] md.c 52

—int main(void) {

#if defined (_ USE_LPCOPEN)
// Read clock settings and update SystemCoreClock wariable
SystemCoreClockUpdate();
#if !defined(NO_BOARD LIB)
#if defined (_ MULTICORE_MASTER) || defined (_ MULTICORE_NONE)
/f Set up and initialize all required blocks and
// functions related to the board hardware
Board_Init();
#endif
// Set the LED to the state of “On"
Board_LED_Set(1l, true);
#endif
#endif

// Start MBAPP slave processor
#if defined (_ MULTICORE_MASTER SLAVE MBAPP)
cr_start_m@(SLAVE_MBAPP,& core_m@app_START_ );
#endif

h o
P R



MOAPP Is Now Running

- The M4 has now released the MOAPP from
reset and it has now hit its default breakpoint

on main().

- Ensure that mOapp is highlighted in the
Debug View, then use “Step over” to step
through the MO code until you reach

-Board Led Set (0, true);

. Step this statement and the Red LED should
come on (combining with the Green LED
turned on by the M4 to give a Blue color).
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35 Debug 2
4 md Debug [C/C++ (MXP Semiconductors) MCU Application]
4 E md.axf [LPC4367 (cortex-md)]
4 Thread #1 <main> (Suspended : Step)
= main() at md.c:61 0x1a000528
p| arm-none-eabi-gdb (7.10.1.20151217)
a miapp Debug [C/C++ (MXP Semiconductors) MCU Application)
F E milapp.axf [LPC4367-M0 (cortex-mi]]
4 ® Thread #1 <main> (Suspended : Breakpoint)
|= main(} at m0app.c:38 (1L bO0O02TSE |
p| arm-none-eabi-gdb (7.10.1.20151217)

[£] er_start_m0.c (] md.c [£ mDapp.c 22

int main(void) {

#if defined (M@ SLAVE PAUSE AT MAIN)
f/ Pause execution until debugger attaches and modifies wvariable
while (pause_at main == @) {}

#endif

5 #if defined (_ USE_LPCOPEN)
/{ Read clock settings and update SystemCoreClock variable
SystemCoreClockUpdate();
9 #if !defined(NO BOARD LIB)
#if defined (_ MULTICORE_MASTER) || defined (_ MULTICORE_NONE)
/f Set up and initialize all required blocks and
// functions related to the board hardware
Board_Init();
#endif
// Set the LED to the state of “On"
3 Board LED Set(@, true);
7 #endif
#endif

h o
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Switch to the Registers View

ipher... 1ili Registers &2

MName Walue

a NALPC4367-MO (cor
A0 0 (000000000
Al (000000000
1 r2 0x400F4060
] (000000005
A0 rd (0xFFFFFFFF
) (0xFFFFFFFF
L) (0xFFFFFFFF
il 7 0:10083FDO
140 8 (0xFFFFFFFF
A 9 (0xFFFFFFFF
1041 r10 (0xFFFFFFFF
I N (0xFFFFFFFF
14 2 0:0083F3C
1 sp 0:10083FDO
B I 0:1BO0031E

Symbo = B
EE| e v

Description

mlapp.axf registers

%5 Debug 2

N a [ md.axf [LPC4367 (cortex-md)]

N 4 B Thread #1 <main> (Suspended : Step)
= main() at m4.c:61 0:1a000528

s arm-nene-eabi-gdb (7.10.1.20151217)

a 1 mOapp.axf [LPC4367-MO (cortex-m0]]
a4 @ Thread F1 <main> (Suspended+Sten)
= main() at m0app.c:56 (1 b000284
s afm=none-eabi-gdb (7101201512171

m

r start mi.c nd.c [€] m0app.c &2

3 volatile static int i = @
4 // Enter an infinite loop Project
5 while(1) {
6 i+ ;
7 1 Marme
8 return @ ; T
i a } 4 oo
i

Switch to the M4 in the Debug View
and the Registers View should display

the M4 registers
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Fl miapp Debug [C/C++ (NXP Semicenducters) MCU Application]

1
2
3
rd
5]
i
7
B
B
10
ll
2

=p

Fl méd Debug [C/C++ (NXP Semiconducters) MCU Application]

Ensure that mOapp is highlighted in

the Debug View and the Registers

View should display the MO registers

Value

(000000000
(1 BOOQQOD
(40052104
(01000000
(000000000
(000000000
(000000000
(:10007FDO
(000000000
(000000000
(000000000
(000000000
(000000000
(:10007FDO
(1 AD00439

er.. i Registers 33

=Nl

Description

md.axf registers

m

= B |45 Debug 2

Pl 4 Debug [C/C++ (NXP Semiconductors) MCU Application]
4 a 2 md.axf [LPC43AT (cartex-md]]
b a_{% Thread #1 <main> (Suspended : Step}
= main() at m4.c:61 0:1a000528

s | arm-fiene=sahi-adb (7101 20151237

Pl miapp Debug [C/C++ (NXP Semiconductors) MCU Application]
a 2 mOapp.axf [LPC4367-MO (cortex-m0)]
4 o Thread #1 <main> (Suspended : Step)
= main() at m0app.c:56 (1 b000234
s | arm-none-eabi-gdb (7.10.1.20151217)

m

cr_start_m{.c [ md.c 52 mapp.c

ff TODO: insert code here

oo

/{ Force the counter to be placed into memory
volatile static int i = 8 ;
/{ Enter an infinite loop, just incrementing a counter
while(1) {

i++ 3

S @ W 00w

1

\r
4\



Display Both CPUs’ Registers — Create 2"d Register View

1117 Registers &3 nbao = O %% Debug 2
= | G e = a md De

ue Descriptic - 4 G5 mi
4

0000000 5
?EI.E.JE]E]?U 4 Imr:':lzu;:l[:

Click on “Open New View”

In the original Registers
View, and a 2" view will
open. By default this will
be in the bottom right of
the IDE, but you can

move it to where you want

It afterwards
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MName

i
4 s"'l;‘l

Per.. it Rew. &%

LPC4367 (cortex-
aiei
i

o1
1

o=
==
=,

ES
o

o=

o
1

ES
o

o=

o
1

2=
=

o=

o= o= o=
S5 S5 —o =
5252 52 B2 B2 B2 B
== == == =5

= =

=S

= Do

_u
=
[ e |

o=
==

o= L= ==
—= =0 =0

52 Bo oo

== —=

=

=

o=

Value

000000000
(-1 B000000
040053104
001000000
000000000
000000000
000000000
0:10007FD0
000000000
000000000
000000000
000000000
000000065
0:10007FD0

4

I

) = B 4 Debug %
= | i s 4 md Debug [C/C++ (MXP Semiconductors) MCL Application]

Des

md

-~

-

o

4 ﬁ? md . axf [LPC4367 (cortex-md]]
a B Thread #1 <main> (Suspended : Step)
= rmain() at md.c:61 0:1a000528
s/ arm-none-eabi-gdb (7.10.1.20151217)

M|+ v =8

4 miapp Debug [C/C++ (MXP Semiconductors) MCU Application]

4 ﬁ? mOapp.axf [LPC4367-MD {cortex-mi]]
a B Thread #1 <main> (Suspended : Step)
= main() at m0app.c:56 0x1b000284
s/ arm-none-eabi-gdb (7.10.1.20151217)

cr_start_m0.c |§| md.c &2

ff TODO: insert code here

4 - . —m

El Con.. [*] Pro.. [] Mem.. @ Inst. SW...

Mame
4 8| PCA36T (cortex-md)

B2 Pow... 05t Regin. &3

By

Value

0400000000
0:1B000000
(040053104
001000000

= 0O

o

=

-

h o
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Display Both CPUs’ Registers — Pin to Debug Context — 15t View

W Re.. 22 _ = B 4§ Debug i2
= | ek = 4 méd Debug [C/C++ (MXP Semiconductors) M

F] [;E} mé.axf [LPC4367 (cortex-md)]

Marne Value e
s LA (e Pin to Debug Context B Thread #1 <main> (Suspended : Step]
4 0o et (cortex- £,00000000 dad - = main() at md.c:61 0x1a000528
T;T; « arm-none-eabi-gdb (7.101.20151217)
vl M-A Dnnnnnn

Switch to the M4 In the

md.axf: Thread [1]

(5 Pro.. % Per.. ! Re.. 52 Sy

= O
= ]

35 Debug 2

4 mé4 Debug [C/C++ (MXP Semiconductors) M
4 ;E} rmid.axf [LPC4367 (cortex-md)]

Debug View, then use “Pin

4 % Thread #1 <main> (Suspended : Step’

yy Matie Value Des ~ - _
to Debug Context” in the 4 B 1pCa367 (cortex- a2 = main( at md.c61 02000528
. . . . e 0 000000000 3 g arm-none-eabi-gdb (710.1.20151217)
original Register View A odsoon # EE] mospp D (C1C» 0P Semiconductor

The original Register View is now locked
to the M4 CPU
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Display Both CPUs’ Registers — Pin to Debug Context — Both Views

%5 Debug 2 i#= ¥ = 08
Fl méd Debug [C/C++ (NXP Semiconducters) MCU Application]
a [ md.axf [LPC4367 (cortex-md)]
4 % Thread £1 <main> (Suspended : Step)
= main() at m4.c:61 0:1a000528
s arm-nene-eabi-gdb (7.10.1.20151217)

md.axf: Thread [1]

MName

a MALPCA36T (cortex-

= B8

8| i[E <

Value

(0:400000000
0:1B000000
040053104
(0:401000000
(0:400000000
(0:400000000
0:400000000
0:10007FDO
(0:400000000
(0:400000000
(0:400000000
(0:400000000
(0:400000000

M=A NNNT ENN

1010
it}
Fl miapp Debug [C/C++ (MXP Semiconducters) MCU Application] }:’; 1
4 ;E mbapp.axf [LPC4367-M0 (cortex-mi)] e 2
4 B Thread #1 <main> (Suspended : Step) e 3
= main() at m0app.c:56 (1 000284 100 o
g/ arm-nene-eabi-gdb (7.10.1.20151217) [T
[¢] mOapp.c &2 = 0 bl 16
— 7
. 3 it 8
return @ ; B il 9
m | P iAo
oo H = ‘!IJiI‘!IJiI r11
= it Regi... &2 o 1 12
A= | L=<j | = 1010 iy
]
Mame Value z
5 [ Pin to Debug Context }
a4 MALPCA367-MO (cortex-m0)
il 0 000000000 ‘ —‘ r

Switch to the MOAPP in the Debug
View, then use “Pin to Debug Context
In the second Register View

7

UL

Des =

-~

#{‘» Debug &3

i+ v =@

Fl méd Debug [C/C++ (NXP Semiconducters) MCU Application]

a [ md.axf [LPC4367 (cortex-md)]
4 % Thread £1 <main> (Suspended : Step)
= main() at m4.c:61 0:1a000528
s arm-nene-eabi-gdb (7.10.1.20151217)

Fl miapp Debug [C/C++ (NXP Semicenducters) MCU Application]

a 1 mOapp.axf [LPC4367-MO (cortex-m0]]
a4 % Thread £1 <main> (Suspended : Step)
= main() at m0app.c:56 (1 b000284

s arm-nene-eabi-gdb (7.10.1.20151217)

[ md.c 52
it ;

return @ ;

1| mn

LW

mlapp.axf: Thread [1]
Mame

a NALPC4367-MO (cortex-m0)

= 111 Regi.. 2

3

=

]

tB| i)

Value

(000000000
(000000000
(LA DN F40R0

Each Register View is now
locked to a specific CPU

The same can also be done with the
Variables and Expressions Views
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Run Control

- By default, the Run Control options work on the currently selected CPU.

- But you can select multiple CPUs in the Debug View using CTRL-Click, and then
use Resume/Step/Pause on all CPUs at the same time

- This will be made simpler in the next LPCXpresso IDE release

45 Debug 32 45 Debug 2 - 5 I AL NE SN - T S I (= Fe ey
4 [t m4 Debug [C/C++ (NXP Semiconductors) MCU Application] 4 [7c| md Debug [C/C++ (NXP Semiconductors) MCU Application] %%ﬁ
4+ T md.axf [LPCA36T (cortex-md)] 4 B md.af [LPCA36T (cortex-md]] | 2tep Over (F6) 2
P read #1 <main> (Suspended : Step 4 7a Hiredd #1 =main LaUspenaat Slep Debu
#9 Thread 21 <main> (S ded : Step) #5.T1 = ded.: Step) g 2
= ; ' = i t md.c:6l 0:1a000528
i = main() .at md.c:61 012000528 i main() aLmc 2 ' 4 md Debug [C/C++ (MXP Serniconductors) MCU Application]
s arm-none-eabi-gdb (7.10.1.20151217) gl im=none-eabi-gdb (7.10.1.20151257) 4 T md.axf [LPCA367 (cortex-md)]
4 mOapp Debug [C/C++ (NXP Semiconductors) MCU Application] F m0app Debug [C/C++ (MXP Semiconductors) MCU Application] : o, IThreau:I #1 <main> (Suspended : Step)
a (2 mOapp.axf [LPCA367-MO (cortex-m0)] 4 G} mOapp.axf [LPCA367-MY (cortex-md)] U= main() at md.c61 nﬁauuuszé i
#-4# Thread #1 <main> (Suspended : Step] a % Thread #1 <main> (Suspended : Step) : arm_none eabi gdeG:' 10.1.20151217)
— - — . L_‘. = = — . oL
= 7 1 = P
. = main() .at mUapp.c.:jli_ E]xlbUUUEE . main{) ?t mOapp.c:50 0:d 000284 P miapp Debug [C/C++ (NXP Semiconductors) MCU Application]
B Arm-none-Eauiegus (i ae..20151217) g| arm-none-eabi-gdb (7101.20151217) 4 P m0app.axf [LPC4367-MO (cortex-m0)]

F] d‘f‘} Thread #1 <rnain=> (Suspended : Step)
= main() at m0app.c:56 0x1b000284

Select 1st CPU Ctrl-Click to select 2" CPU B o

Can now step both at
the same time

h o
P R

Note : Synchronization here is done
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Terminating a Multicore Connection

- When you have finished debugging, you can use “Terminate/Disconnect All” button
on the icon bar to disconnect the debug connections to both the Master and Slave
CPUs at the same time

OG- le v B l@EEE. S &4

| Terminate All Debug sessions i

35 Debug i3

4 md Debug [C/C++ (MNXP Semiconductors) MCU Application]
4 E} md.axf [LPC4367 {cortex-md]]
4 ’.]"_"j?' Thread #1 <main> (Suspended : Step)
= main() at md.c:61 0x1a000528
g | arm-none-eabi-gdb (7.10.1.20151217)
4 mdapp Debug [C/C++ (MXP Semiconductors) MCU Application]
4 E,} mOapp.axf [LPC4367-MD (cortex-m0]]
4 2% Thread #1 <main> (Suspended : Step)
= main() at m0app.c:56 0x1 b000234
g arm-none-eabi-gdb (7.10.1.20151217)

h o
P R
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INSTRUCTION TRACE




Instruction Trace

- Collects details of instructions being executed

- Allows complex program flow problems to be examined
- Gives insight into what happening in system before a fault was encountered

[ main.c &2 Ps = B8 =2 Disassembly 53 COde
‘ il

Code N — T ) v coverage

Beeaades: 17 movs r3, #2258 ; Bxfa -

Coverage gé Goeeedas: 17 1sls ri, r3i, #2
a9 aaeeedba: 17 cmp r2, r3 .

160 GPIOSetBitvalue{ @, 17, 1 )3 Geeeedac: 17 bls.n Bx426 <main+294: . b
181 } faeeedde: 15 ldr r3, [pc, #568] ; (@x448 <maint+328:) =
182 Beeaadla: 15 1ldr 2, [r3, #e]

Current e else if ( art_counter > 1260 ) ooooosis: 15 1s1e Nro raaws o Il
104 ! : 2 M3
185 mrt_counter = @; Beaaadls: 15 cm[lJ r2, r3 .

PC 100 ) - 20008418: 15  bhi.n B Ox426 <main+204>
B J il 180 GPIOSetBitValue( @, 17, 1 ):
108 } |'_| papapdla: 14 movs ré, #e
189 E b & : 14 mavs rl, #17
118 — ;14 movs r2, #1 1

S : 14 h1 Pufde <GPTOSetRitWalues
AT » < [ | 3

E Console [ Problems [J Memory (B Profiles & DataWatc.., (D) Int Statist.. ggInt Ngee+ % Hostltrin... | € Instructio... 52 [ Instructio.. = B

s e EEE=Dms ~

Inst No PC Disassembly Info function filename e no

2344 000000408 lslz 13, 3, #2 main Jsrfmain.c 98 b
I n St r u Cti O n 2345 0:40000040a cmp r2, 13 main .fsro/main.c 958 Can e
2346 0x:0000040¢ bls.n 0xd 26 < main

. L —— | — s — || ] (To (O} (0
Tr ace VI eW ?W Idr r2, [13, #0] rmain Wfsrefmain.e 98

) 2349 000000412 movs r3, #150 ., main Wsro/main.e a8 / a-S m VI eWS

2350 000000414 lslz 13, r3, #3 main .fsrc/main.c 98
2351 000000416 cmp r2, 13 main Wfsro/main.e a8 E
2352 000000415 bhi.n 0x426 <... main Wfsro/main.c 98 =

h o
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Instruction Trace — Supported Targets

- Cortex M3/M4 LPC MCUs

- Target MCU must implement both an Embedded Trace
Macrocell (ETM) AND an Embedded Trace Buffer (ETB).

vLPC18xx and LPC43xx parts

XLPC17xx parts
x Do not implement an ETB

$ Third party tools allow trace using buffer implemented
via debug probe

XLPC13xx parts
x Do not implement ETM or ETB
- Cortex MO+ LPC MCUs Application
- Target MCU must implement a Micro Trace Buffer (MTB) [ SRAM ]<# _Data+
v LPC8xx parts

vLPC11U6x/11E6X parts _ _
Instruction Trace in LPCXpresso can be
carried out via any supported debug probe

Microcontroller

Program

Processor execution info

Debug
connector

\

@AHB interface
MTB

controller
RAM interface

\r
4\
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Instruction Trace Exploration #1

« Import from the LPCXpresso4337 LPCOpen examples:

- Build and Debug the Application:
- Click on the imported project in project explorer view to select it
- Click ‘Debug’ in Quickstart panel to both build and launch a debug session

= The example will now run to an automatic Breakpoint on Main

92

To begin: Create a new workspace
- From within the IDE select File -> Switch Workspace

= enter e.g. C:\LPCX_FTF\InstructionTrace

= The Chip Library - Ipc_chip_43xx

contains library support code for the features of the MCU

= The Board Library - Ipc_board_nxp_lpcxpresso 4337

contains library support code for features of the board

= The Project — periph_timers

contains our example code

PUBLIC USE

Convert Line Delimiters To L
Print... Ctrl+P
Switch Workspace J Other..,
Restart
f=  Import.
Project archives for LPCOpen and ‘legacy’ examples are provided.
Project archive (zip)
Archive | | J Browse.
Project directory (unpacked)
Root directory Browse...
LPCOpen
U Q. 5 |=V. 9%B. I=0. &LE. LPCOpen is the recommended code base for Cortex-M base NXP LPC Microcontrollers,
LPCxpresso includes the LPCOpen packages which ca/" be imported directly by pressing the Brows
§4 Start here button in the Project archive (zip) section, above, a°d navigating to the Examples/LPCOpen directc
® Import project(s) Alternatively, press the button below to Browse the LPCWare.corn website for latest resources,
[E] New project... Browse LPCOpen resources on LPCWare.com...

Jap Build all projects ]

® < Back Next = Finish
| \ya 2 0o = F
b4 Start here b

® Import project(s)
[E] Mew project...

|mp Build all projects [Debug]

&, Build 'periph_timers' [Debug]
& Clean 'periph_timers' [Debug]

%5 Debug 'periph_timers' [Debug]

h o
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Instruction Trace Exploration #2

- In this example we will trace through the initialization code from the beginning of main()
- To limit the amount of code we collect, we can trace from the start of main to a break point

Chip TIMER Enable (LPC_TIMER1);

- In the editor view, locate the source file timers.c
- Click on line 98 to place a Breakpoint i.e. before the while(1) loop is entered

* Enable timer interrupt *
NVIC EnableIRQ(TIMERI TRQn):
NVIC ClearPendingIRQ(TIMERI TRQOn):

DEBUGSTE ("Blinky example using timer 1!'\r
DEBUGOUT ("Timer 1 clock = %d Hz\r\n",
. . . DEBUGOUT ("Timer 1 tick rate = %d Hz\r\n",
- In the Console view, locate and select the Instruction trace view:
while (1) {
. ‘ . y .
- Click the ‘record continuously’ button to enable simple trace capture
. ‘ y . .
- Click ‘Resume’ to run from main() to our breakpoint © Instruction Trace ® B o E=EE
= Instruction trace data will have been captured to on chip ETB buffer Instho | PC Do | &
H ‘ ’
- Click ‘Download Trace buffer’ to download and decode the compressed data |
@ Instruction Trace 53 ﬁ. @ e =z BhPoias = O
InstNe  PC Disassembly Info function filename line no & ﬁ' Instruction Trace £4 @ "a QD%
1] Ox1a0004ee bl 012000860 <...  ISyncPacket Byte.. main Wfexarmplefsre,, 76 In=t No PC Disassembly G fu
1 12000860 push {r7, Ir} SysterCoreClockUpdate  ../src/chip_18x.. 114
2 Ox1a000862 add 17, sp, 0 SysternCoreClockUpdate  /sro/chip_18x.. 114
3 0x1a000864 movs rd, #105; ... SysterCoreClockUpdate  ../src/chip_18x.. 116
4 0x1a000866 bl Ix1a001028 «<... SysternCoreClockUpdate  ../src/chip_18x.. 116 |
5 13001028 push {r7, Ir} Chip_Clock_GetRate WJsrefelock 18, 618
il Ow1ad0102a sub sp, #24 Chip_Clock_GetRate Wsrcfclock 18, 618
7 1200102 add r7, sp, #0 Chip_Clock_GetRate Werefelock 18, 618
8 O1a00102e mov r3, ) Chip_Clock_GetRate Wfsrcfelock 18, 618
g 13001030 strh r3, [r7, 6] Chip_Clock_GetRate WJsrefelock 18, 618
10 Tw1ad01032 Idrh 3, [r7, 6] Chip_Clock_GetRate Wsrcfclock 18, 623 v

h o
P R
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Instruction Trace Exploration #3

- Code in the Instruction Trace view can be linked back to its Source and Disassembly

94

- Click the three buttons shown to;:

= Link to (and open) source file(s)
- Source will be shown with a Blue bar

- File are also located in the Project Explorer view
= Link to and spawn the disassembly view

« Instructions will be shown with a bar
= Show profile (code contained in capture)
- Green bars
- Click in the Instruction Trace view

= Use cursor keys to scroll through the Trace
- Note the code called to perform the initializations

PUBLIC USE

€] timers. £
Zint main(voldy
{

<

/* Enable timer
Chip TIMFR Init (LPC_TIMER1):

Chip RGU IriggerReset (RGU TIMERI RST);
while (Chip RGU InReset (RGU TIMERL RST)) {}

uint32_t timerFregq;

SystemCoreClockUpdate () ;

Board Init();

1 clock and

reset it */

/* Get timer 1 peripheral clock rate */
timerFreq = Chip Clock_GetRate (CLK MX TIMERI1):

=

g8

~

E) Conscle [#]] Problems | € Instruction Trace 52 | [J Memory SWO Trace Config B0 Power Measurement Tool

1a0004ee:

1a0004£2:
80
1a0004£6:
1a0004£8:
1a0004fc:
L1a0004fe:
8d
1a000502:
1a000504:

1a000506:

Enter location here vi| & | Ciet =08

0x1a000860 <SystemCoreClockUpdate:> ~
Board Init():

0x120006c8 <Board Init>

Chip TIMER Init(LPC_TIMERI1);

r0, [pc, #120] ; (0x1a0003570 <main+l136>)

bl

bl

ldr
bl

Ox1all

12c0 «<Chip TIMER Init>

Chip RGU TriggerReset (RGU _TIMER1 RST):;

r0, #33 ; 0x21

0x12001138 <Chip RGU TriggerReset>
while (Chip RGU_InReset (RGU_TIMER1 R5T)) {}

movs
bl

bla)s]
movs
bl
mov

cmn

x0, #33 ; Ox21

Oxlald
r3, rl
T3, &0

%78 <Chip RGU InReset>

v
>

InstNo  PC

Disassembly

function

filename

(12000862
(12000864
012000866
(12001028
(x1a00102a
(x1a00102c
(1200102
(12001030
(x1a001032

B T R T

)
=

push {r7, Ir}
add 7, sp, =0

movs r0, #105; ..
bl 0x12001028 <.,

push {r7, Ir}
sub sp, #24
add 7, sp, =0
mov r3, r
strh r3, [r7, #6]
ldrh r3, [r7, #6]

SystemCoreClockUpdate
SystemCoreClockUpdate
SystemCoreClockUpdate
SystemCoreClockUpdate
Chip_Clock_GetRate
Chip_Clock_GetRate
Chip_Clock_GetRate
Chip_Clock_GetRate
Chip_Clock_GetRate
Chip_Clock_GetRate

WJare/chip 18,
Wfsrc/chip_18x..
Wfsre/chip_18x.
Wfsrc/chip_18x..
Wsrclclock_18..
Wsrclclock_18..
Wsrclclock_18..
Wfsrefelock_18..
Wsrclclock_18..

Wfsrefclock_18..

A
cEEERDnS v =0

- :E:: :lP
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SWO Trace

96

Serial Wire Output (SWO) Trace

- Hardware blocks within the Cortex-M CPU that can output CPU activity information via a minimal
1 pin serial connection

- Also referred to as Serial Wire Viewer (SWV)

Supported on any Cortex M3/ M4 LPC MCU
-via LPC-Link2 with NXP CMSIS-DAP firmware

Requires additional SWO pin from MCU to debug connector

- Some parts also require pinmux configuration and/or trace clock enabling code
= Typically provided in pinmux setup of LPCOpen board library / LPCXpresso startup code

h o
P R
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SWO Trace Debug Connection

97

SWO trace features require an SWO Debug connection
- Be sure to select SWD when making your debug connection

Debug connection protocols are stored within a project
launch configuration

- These are automatically created when a project is first debugged
= And will be re-used for subsequent Debug operations

- To edit/change an existing connection protocol

= Right click on a project and select the Launch Configuration:
- Edit current -> Debugger ->Target configuration -> Debug Connection -> SWO

PUBLIC USE

Select SWD or JTAG connection type

Initial selection of an SWD or JTAG connection.
This selection can be changed in the Launch configuration.

This target supports SWD or JTAG debug connec tions, Choose:
SWD - for debugging the master in multi-core systems or for the collection of SWO Trace data
JTAG - for debugging any core in multi-core systems only.

Select the debug connection type
() JTAG - Multi-core debugging; disallows SWO Trace

(®) SWD - Single core only; allows SWO Trace

[ Main (] Comman | %5 Debugger B Source
[+]Stop on startup at: | main [1Force hardware br
Advanced..,
Debugger Options
Target configuration | Main
Debug options for MXP LPC4367 (cortex-md)
Debug Connection | SWD  w | Edit JTAG configuration
TAaG |
Configuration '"!pti.m Ve

ahl-Gditional options

h o
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SWO Trace Exploration #1

- To demonstrate the features of SWO Trace within LPCXpresso IDE, we need some code
that incorporates :

- some Functions ( )

- some Exceptions ( )

- some Global variables ( )
- and a Printf statement (1 71/)

- The LPC4367_SWO_ Example project incorporates these features :
- Configuration of 5 exceptions (4 Timers and 1 SysTick)
- Handler functions for each exception that updates some global variable(s)
- Flashing LED in Main timed from SysTick
- Print of the current LED colour (disabled in the initial build)

h o
P R
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SWO Trace Exploration #2

- To begin: Create a new workspace
- From within the IDE select File -> Switch Workspace

= enter e.g. C:\LPCX_FTF\swo

- Import the supplied example: LPC4367_SWQO_Example
Found in C:\LPCX_FTF
- This import consists of 3 parts:
= The Chip Library - Ipc_chip_43xx

contains library support code for the features of the MCU

= The Board Library - Ipc_board_nxp_Ipcxpresso 4337

contains library support code for features of the board

= The Project - LPC4367_SWO_Example

contains our example code

- Build and Debug the Application:
- Click on the imported project to select it
- Click ‘Debug’ to both build and launch a debug session

= The example will now run to an automatic Breakpoint on Main

99 PUBLIC USE

Convert Line Delimiters To J
Print... Ctrl+P
Switch Workspace J Other..,
.Restart
f=  Import.

W Q. 2 =V %SgB.

» 4 Start here

# Import projectis)
[E] New project...

ap Build all projects []

8= 0.

€ E...

Project archives for LPCOpen and ‘legacy’ examples are provided.

Project archive (zip)

Archive | | J Browse...

Project directory (unpacked)

Root directory Browse...
LPCOpen
LPCOpen is the recommended code base for Cortex-M base " NXP LPC Microcontrollers,

LPCxpresso includes the LPCOpen packages which ca/" be imported directly by pressing the Brows
button in the Project archive (zip) section, above, a°d navigating to the Examples/LPCOpen directc

Alternatively, press the button below to Browse the LPC\Ware.com website for latest resources,

Browse LPCOpen resources on LPCWare.com...

@ < Back Next = Einish Cancel

Q= ==V %8B Z=0 &E = O

+.0 Start here

¥ Import project(s)
[E] New project...
np Build all projects [Debug]

Build 'LPC4367_SWO_Example' [Debug]
p 9
ean 7 _Example' [Debu
Cl 'LPC4367_SWO_Example' [Debug]
ebug T _Example' [Debug
Debug 'LPCA367_SWO_Ex le' [Debug]

h o
P R



SWO Trace - Profile View

- Displays statistical profile of application activity
-Based on PC sampling, typically at ~50kHz
- Non-intrusive — does not affect application

- Benefits — Identify hotspots

LBl SWO Profile &

Function

Board_LED _Toggle
Chip_GPIO_SetPinToggle
Chip_TIMER_ClearMatch
CT32B0_IRQHandler
Chip_TIMER_MatchPending
updateC

SysTick_Handler

updateB

Cumulative samples

g2
25

=

2

17
499256
100
095882

Mote: this functionality is a Technology Preview

100

PUBLIC USE

Cumulative samples %
0.0%

0.0%

0.0%

0.0%

0.0%

30.5%

0.0%

61.4%

Current samples %
0.0%

0.0%

0.0%

0.0%

0.0%

30.8%

0.0%

61.4%

Coverage %

First

210...
12....
1.5.
17....
2.0..
20....
280...
184...

Last

...
16....
3.
25....
L
33..
33..
33

Since  Awvg Between

81255 303.719ms
147.... 154813ms
529... 71.J91s
7438s 4128s
8.549s 1.330s
348.... 66.57%us
155.... 328.010ms
0.00.. 33.344us

O =

Coverage bitmap

00000000011110...
00100000000000...
00000000000000...
00101100000000...
00000000100000...
111111111111117...

00000101101000

111111111111117...

h o

P R

m



SWO Profiling Example #1

- To start profiling the example application:

- First click the application Resume button to start execution from Main (% =

&l Console [*] Problems [] Memary E SWO Trace Config £

- From the Console view, select the SWO Trace Config Configure
o Profile =)=
- Click the Profile+ button to create and go to the SWO Profile view o Peformance Counten |5 ; ot
- Start Profiling by clicking the Profile Run button B o
= The first time a project is started, the MCU clock speed is required (B} SWO Profile 52 Q)=)E # © [
:nt samples % Coverage % First__Last="Since  Avg Between

- If available, this will be automatically read from the symbol:
- ‘SystemCoreClock’ and stored in the project .settings folder

- After a few seconds click the Profile Stop button

h o
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SWO Profiling Example #2

&) Conscle [2] Problems [J] Memory E SWO Trace Config | (P SWO Profile &2 | [J) SWO Int

. . . Function Cumulati\;esamples Coverage % Cumulative samples...  Cum

- In this example, interrupt handlers dominate the output <Sleeping> 3519867 W00%  79.1% 9.1
|

) SysTick_Handler 446124 [43.3% 10.0% 10.0°

- Some view features: TIMER3_IRQHandler 313568 [42.1% 7.0% 7.0%

_ _ _ _ _ TIMER2_IRQHandler 119401 B 2.7% 27%

= to look at the code corresponding to a function, just click the function name  TMEr1_RQHandler 40792 Bl 0:8% 0.9%

TIMERO_IRQHandler 10107 B 0.2% 0.2%

= to sort the columns, just click the column headings Chip_TIMER MatchPending 9 l%ﬁ% b0 oo

. i i i i Chip_TIMER_ClearMatch 8 [40.0%: 0.0% 0.0%

to auto select the width, just click between the column headings e ; e oo oo

Board_LED Test 2 | ERD 0.0% 0.0%

Board_LED_Set 1 |31% 0.0% 0.0%

- SWO Profiling information is generated by capturing the PC value at a timed interval and identifying the

function running from this particular code address

- The greater proportion of time a particular function executes, the more PC samples will be captured from the function

= Profiling provides visibility of code hotspots and coverage and it increases in accuracy the longer the duration of the run

- Looking at the Cumulative samples for the Timer Handlers we can see that:
- Handling Timer3’s exceptions consumed approximately 30x the runtime of Timer0’'s handler

= However from this view we cannot see whether this was due to the frequency the function was called or its size and/or complexity

= ... SWO Interrupt Trace will provide much more information on the behavior of exceptions
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SWO Bandwidth Issues

- SWO Trace captures data from the MCU and is non intrusive to the running application

- However when capturing high frequency events, data sizes become large and bandwidth issue can
arise within the debug chain

- Therefore for best results:
- Stop capture when data is no longer required
- Avoid running high bandwidth operations at the same time
= For example: Simultaneous Profiling and Interrupt capture should be avoided

h o
P R
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SWO Trace - Interrupt Views — Pro Edition

wha SWO Int Table 53 OEEHEE=O
Index 1D Event Handler Time Ticks n .
098 35 BT 2C1 IRQHand... 16.048s 3273746073 — | nterru pt Table and G rap h VvViews
3047 35 ENTRY I2C1_IRQHand... 16.048s 3273745862 . . L.
3096 0 RETURN 16.0485+3.294us 3273740833 ava”able N P o Ed |t|0n on |y
3095 -3 OVERFLOW SWO Overflow  16.048s5+3.294us 3273740833
3094 0 RETURN 16.0485£3.204us 3273740833
3093 15 EXIT SysTick_Handler 16.048s 3273740833
3092 15 ENTRY SysTick_Handler 16.048s 3273740817
3091 1 EXIT TIMER3_IRQH... 16.048s 3273740810
3030 Nl ENTRY TIMER3_IRQH... 16.034s 3270940679 -
Bl Console [#] Problems 3 Instruction Trace  [] Memory ESWO Trace Config B2 Power Measurement Tool [J) SWO Int Stats ESWO Int Table ESWO Int Trace 2 Q B s @ e @ = 0O

t: = 182.270611s
TIMERO IRQHandler

[28] ‘
TIMER1_IRQHandler

[20] ‘ ‘

TIMER?2_IRQHandler

TIMER3_IRQHandler
[31]

Main

te 100ms 200ms 300ms 400ms 500ms 600ms T00ms

h o
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SWO Trace - Interrupt Views — Free and Pro Editions

- Interrupts Stats
- Continuous count (and other stats) of all interrupts

- Benefits
- Determine time spent in interrupt handlers

- Optimization of interrupt handlers
(¥ E] ® O

&) SWO Int Stats &3
Total time between  Time since last  Firsttime run Current Time

Int handler Count Timein Mintimein) Maxitimein) Min{time between)  Max(time bet...

Main 793 23.5065... 945.790us 15.747= 1.270us 7140£2.79%0us  11.088ms£22.680us  1.270us 10.000ms 23.517s

CT32BD_IRQHandler[27] & 22.850us  2.840us 2.920us 099.9% ms 099994 ms 23.517s 009.9%4 ms 16.297s 23.517s

CT32B1_IRQHandler[28] 16 45.830us  2.920us 2.930us 502.438ms 502.438ms 23.517s 502.438ms 15.809s 23.517s

SysTick_Handler[15] 778 033.52.. 1.1%us 1.200us 0.998ms 15.747< 23.516s 0.999ms 0.999ms 23.517=
Mote: this functionality 1s a Technology Preview
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SWO Interrupt Trace #1

- To start Interrupt Trace on the example application: SO
Configure
- Click the run control Resume button to start execution (if required) o Prfie |l
o Performance Counters E
= Note: Ensure Profiling capture is stopped! o Deta Wetch 3
- From the Console view, select the SWO Trace Config o g

= Click the Interrupts + button to create and go to the SWO Interrupts view

Start collecting data by clicking the Interrupts Run button

O =@ AF

After a few seconds click the Interrupts Stop button
- Large amounts of data will be captured so limiting capture time to < 10 seconds is recommended

J

Initially only a 4.5 ms view will be displayed, click reset Zoom to see all
- To zoom in use the + button W

- Tozoom outusethe -button N ey

| ‘I|II‘I‘I‘I I‘I‘II‘I IIIIIIIIIIII

- To investigate a section, drag the mouse pointer to select a block to zoom
The display will show a timeline graph showing time spent in each exception | |

Wl

H!h

nnnnnnnnnnn

\r
4\
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SWO Interrupt Trace #2

- Five exceptions are recorded, and we can observe:
- TimerO exception occurs once per second

- Timerl exception occurs twice per second

- Timer2 exception occurs 4 times per second

- Timer3 exception occurs 8 times per second

- SysTick exception occurs more often than can be explored from this view

- To explore further - select drag with the mouse across a 1 second period (next slide)

=) Console [®]! Problems

te =9 BO391176ms

TIMERO_IRQHandler

TIMER1

TIMER?2 |

TIMERS3

[28]

_IRQHandler

[22]1

IRQHandler
[30]

_IRQHandler

[31]1

SysTick Handler[15]

Main

to

[0 Memory % Instruction Trace SWO Trace Config B Power Measurement Tool [J} SWO Int Stats  hflt SWO Int Table

II’ JI‘ | |M ‘M‘ H‘M M‘

A SWO Int Trace

=2

O = EEH eaada-s

_50s
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SWO Interrupt Trace #3

- Systick is now clearly visible as a 10ms event

- We can also begin to see the time spent within each handler

- Also the proportion of time ‘free’ to our main application

- If we zoom in further onto the display

- We can accurately measure the time spent within a handler (next slide)

= sb sl sl

TIMERO_IRQHandler
[22]

TIMER1_IRQHandler
221

TIMER?_ IRQEandler
[301

TIMER3_IRQFandler
[311

SwsTick Handler[15]

Miain

te

108

te = 999 36203 3ms

| |
UHH‘ ALLLLLLLL

100ms 200ms

PUBLIC USE

300ms 400ms

S00ms

SysTick Handler[13]|

50.0ms

G00ms TO0ms

S800ms SO0ms 1.00s

\r
4\



SWO Interrupt Trace #4

- Now measure the times spent in each handler:

Timer0 handler executes in ~3ms (3.44ms with more careful measurement)

Use the mouse to identify vertical locations on the graph, time information will be displayed in the top right corner of the view

Alternatively, hold <shift> and drag the display with the mouse to accurately set the origin 39 fdefine TIMERO DEIAY 100000

. . . . 40 #define TIMERI DELAY 200000
Timerl handler executes in 6.9ms, Timer2 handler executes in 10.3ms etc. 41 define TIMER? DELAY 300000

= Systick handler in 1.7ms 42 #define TIMER3 DELAY 400000
3 #define SYSTICK DELAY 50000

- Note how these measurements relate to the delay loop size built into each handler

- These loops are used to represent work in the handler and have been set to artificially large values for ease of visibility!

te = 5999.549753ms

TIMERO_IRQHandler
[28]

TIMER1_IRQHandler
[29]

TIMER2_IRQHandler
[30]

TIMER3_IRQHandler
[31] ‘

SysTick_Handler[15]

Main ‘

to 5.00ms 10.0ms 15.0ms 20.0ms 25.0ms 30.0ms 35.0ms

h o
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SWO Interrupt Stats

- Capturing Interrupt Trace also populates an SWO Int Stats View
- Switch to the SWO Int Stats View and compare the Stats with our measured values
- Note that for linear functions the Min (time in) and Max (time in) will be the same

= this is not true for time spent in Main (which is the interrupted code)
- Note the Min (time between) and Max (time between) is not guaranteed to be same

= This relates to interrupt default priorities and pre-emption

&) Console (* Problems [] Memory & Instruction Trace ﬂ SWO Trace Config B2 Power Measurement Tool [L) SWO Int Stats &3

Int handler Count Timein Min(time in) Ma:-:[tiqmein] Min(time between) Max(time between) Total time be
SysTick_Handler[15] 614 1.062s 1.716ms 1.716ms 63.729ns 42.57dms 5.800s
TIMERZ_IRCHandler[30] 27 277.5959ms 10.295ms 10.295ms 229.427ms 243,983 ms 6.584x
TIMERZ_IRCOHandler[31] 54 741.216ms 13.726ms 13.726ms 90.709ms 131.838ms 6.121s
TIMERO_IRCOHandler[28] & 20.593ms 3.432ms 3432ms 996.566ms 996.566ms 6.841<
TIMER1_IRCOHandler[23] 13 89.224ms 6.863ms 6.863ms 483.712ms 4356.559ms 6.773s
Main 591 4.661s 3.283ms 8.284ms 1.716ms 36.033ms 2.201s
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SWO Trace — DataWatch

- Dynamic memory accesses - Datawatch Trace

- Read and write to target memory without stopping - Capture all accesses to memory location,
CPU without stopping CPU
- Non-intrusive - Can trace up to 4 locations concurrently
- Reads done on periodic basis (by default) - 1 only in Free Edition
- Unlimited number of addresses . Benefits
. Allows modifications to parameters in real - Monitor and analyse memory accesses
time L ,
- I[dentify ‘rogue’ memory accesses
& SWO Data 52 o 6 R R L = O |
Enable Trace Walue Format Type Access Item Value Time Access  Repeats it |
| | count_ctD |OxGCICIG(]13CI 0x%a08x Yalue Read count_ctd 000000130 1.241m W 0
V| count_ctl 000000254 Oc%a08x Value Read count_ctd 0:0000012F 1.241m R i
count_stick 0:000076ch 05508 Value Read count_ctl 000000254 1.240m W 0 [
count_ctl 00000025 1.240m R 0
count_ctl 0s0000025¢ 1.232m W ] l
count_ctl 0x0000025b 1232m R 0
count_ct0 0x0000012f 1224m W 0
count ctl 000000122 1.224m R 0 Sk
Mote: this functionality is a Technology Preview

h o
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SWO Trace — DataWatch Example #1

- To start Data Watch Trace on the example application:

- Click the run control Resume button to start execution (if required)

= Note: Ensure Profiling and Interrupt capture is stopped!
- From the Console view, select the SWO Trace Config view (as before)
- Click the Data Watch + button to create and go to the SWO Data view

- To watch a global variable or address, click
= In this example, select a variable g_t0_cnt and click Finish

= Start monitoring by clicking the DataWatch run button
- Log the values and access by checking the box (this counter is incremented by the TimerO handler)

B Consale [*] Problems [J Memory @ Instruction... [5-] SWO Trace.. B PowerMea.. [J),SWOIntSt.. WRASWOIntTa.. WMSWOIntTr. grSWOData 32| = B
R % La
Enable Trace Value Format Type Access Item Value Time Access

0x000002ff Ox%08x Value Readl g_t0_cnt 0x000002fF 9.435m w

g_t0_cnt (eD00002fe 9,435m R

g_t0_cnt (eD00002fe 9.423m W

g_t0_cnt 0000002 9.423m R

g_t0_cnt (he000002fd 9.407m W

g_t0_cnt (e 000002fc 9.407m R

g_t0_cnt OreDOO002fc 9,406m W

g t0 cnt D000 b 3.406m R

112 PUBLIC USE

X
Add datawatch item

Select symbols, enter a C-style exp

7| and data size may be determined,

(®) Symbols: Mame Type
[] g_t0_toggle volatile uint32_t
[1g.tl_ent volatile uint32_t
[[] g_t1_toggle volatile uint32_t
[1g.t2ent volatile uint32_t
[[] g_t2_toggle volatile uint32_t
[1g.t3.ent volatile uint32_t
[[] g_t3_toggle volatile uint32_t
[1 g_tick_ent volatile uint32_t

() Expression

() Address: Size: 32 bits

Format: | Ox%e08x
[lEnabletrace ¥ Value PC Address
+| Read Write
Finish MNext >

ression from which an address
or enter these values directly.

h o
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SWO Trace — DataWatch Example #2

- DataWatch can also be used to write values to live global variables

- This can be used to changing program behavior while executing
- or to force a particular condition

) Console [*] Problems [J Memory & Instruction T... E SWO Trace C... B Power

g_td_ent 0x00000275 (%508 Yalue Read
For example [[] g.LED update | 0x00000001 0x%08x Value Read
- Add the global variable g LED update to the DataWatch view
. To edit a value: - -

& Console [*] Problems [J Memory % Instruction T.. [ SWO Trace C.. D Power

- Click inside the value field

. . Enable Trace Value Format Type Access
- erte In a neW Value Of O V] g_t0_cnt 000000293 O%e08x Value Read
. . [] g_LED_update 000000000 O 5608x Yalue Read
- Observe the LED will stop updating on the LPCXpresso Board —
« Code in main checks this variable before performing an LED Update
if (g_LED update) { £ >

Board LED 3et (0, (bool) (LED colour & 1));
Board LED Set(l, (bool) ((LED colour >> 1) & 1)):
Board LED Set (2, (bool) ((LED colour >> 2) & 1)):

}
- Now restore the value of the variable to 1

= observe the LED flashing sequence restarts

h o
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S

WO Trace = ITM Printf

Instrumentation Trace Macrocell (ITM) block provides a mechanism for sending data from your
target to the debugger via the SWO trace stream

LPCXpresso IDE allows user to redirect printf/scanf data by reimplementing low level Redlib
function _ sys write/ _sys readc

- Newlib reimplementation also possible

- Unlike semihosting, this scheme is both low bandwidth and does not halt the MCU to transfer data

114

m: SWO ITM Console £3 B # O

Blinky example using timer 1!
Timer 1 clock = 72000000 Hz
Timer 1 tick rate = 10 Hz

Enter your family name: LPCXpresso
Enter your age: 7

Mr. LPCXpresso , 7 years old.
Enter a hexadecimal number:

h o
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SWO Trace — ITM Printf Example #1

- To use ITM to support printf, some support code is required:

- This is already included in the LPC4367_SWO _Example via the file ‘retarget_itm.c’

= However it has been excluded from the build — to restore:
= Right click on the file in the Project Explorer

= Select Resource Configuration -> Exclude from Build

= Uncheck Debug and Release and click OK

- Additionally, some edits are required to our project:
= Ensure any existing debug session is Terminated
= From the example project locate the source file systick.c

= On line 34 - uncomment the statement - #define USE_ITM

- This will enable a printf statement within the example to be compiled

115 PUBLIC USE

4 (5 LPC4367_SWO_Example

a4 L= [PC4367_SWO_Example
» [al Includes
4 B example
P
+ €] er_startup_lpcdduc
- [ sysinit.c
+ €] systick.c
[#] retarget_itm.c

S

Exclude from build = =

> [ Includes
a B example
PR Exclude object(s) from build in the following configurations
> % cr_?ta.rtup_lpc43>oc.c [] Debug
’ sysmlt.c [] Release
. [ systick.c
1] retarget_itm.c
2l readmebt
» [ LPC4367 SWO_Bxample 1 Select All Deselect All
o % LPC4367_SWO_Exarnple_(TM
@ Cance
4 B example
4 =L 5rC
- €] er_startup_lpcd3oc
+ || retarget_itm.c
- €] sysinit.c
- €] systick.c
£ readrme.txt
[£) systick.c &2
2% * @brief Blinkv exampls
32 #include "board.h" ‘ '
fdefine USE_ITH ‘ k



SWO Trace — ITM Printf Example #2 Y TR ———

. B Archives

+ [al Includes
- Finally we must tell the board Library code that we wish to use Semihosting ‘e B board_spi
+ [ board.h

- Locate the file board.h within the Ipc_board nxp_ LPCXpresso4337 lib project
- On line 65 — uncomment the statement - #define DEBUG_SEMIHOSTING
- Now we can re-select our project within the Project Explorer view

[h] board.h 3
59 fdefine DEBUG _ENAELE

- Click Debug from the Quick Start view Define DESUG_SEMTFOSTING o]

7 gemihosting. You may ng

= Any unsaved files will be saved at this point

- To start ITM Printf on the example application:

- - - . . . I onsole [ : E’: ._ = E
- Click the application Resume button to start execution (if required) SWO MM Console &2 = bl E & G

LED i= Yellow
- From the Console view, select the SWO Trace Config view (as previously) EEE ji: Ete
LED i= Blue
LED i= Green

- Click the ITM Console + button to create and go to the ITM Console view

LED i= Cvan

- Click Start ITM Trace button to begin: ILED is Red
= The current colour of the LED will be printed to the ITM console EEE i: I;Zfif;;a

This scheme can be used to continuously generate status
information that is only visible when debug tools are connected

h o
P R
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Power Measurement

- Most LPCXpresso V3 boards (and NXP LPC shields) provide support for power measurement

- High speed ADC, measuring voltage across sense resistor via instrumentation amp

- LPC-Link2 CMSIS-DAP firmware provide USB channel for transmitting this data back to host —

separately from debug channel

& Console (2] Problems [ Memory € Instruction Trace & SWO Config = Power Measurement Tool &
3.985965+39.6ms: Current: 5.44953mA
i TR
i w‘n"ﬂ?ﬁ‘ WA My i S

Il h;q,;gaq,]iiﬁ},nq‘ ﬁiiﬁ,}]iMilmi“‘ ol ]iijﬂmmlmmi lumimiﬂim,g

14.0mA Mty !‘fﬁ;{’ﬁ‘ﬂ
12.0mA ‘

10.0mA ‘
§.00ma ‘
6.00mA l

4.00mA

2.00mA

0.00A
14.0ms 34.0ms 34.0ms 74.0ms 94 Oms
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@EReHBEA@QUIEN® = O

Configure

~ Settings

Configure the power measurement

sources.
Data source

Target Current

Target Resistor 8.2 -

Shield Resistor 10 -

Sample rate (ksps) 50000

Sample period (s) 5 =

Start Capture

~ Statistics

for most recently collected data
Target Current: 8.684 mA
Target Vdd: 0

 Average Power 2

Power Measurement: Averages

~ Statistics

for most recently collected data

Target Vdd: 3.299 VY
Target Current: 3.056 mA
Shield Current: 9.819 mA

Samples collected: 15925266
Breaks: 0

h o
P R

ONONOR! Ba=

L

m



Power Measurement — Example #1

- In this example we will explore the power consumed by the MCU executing our example code
- First Select the Power Measurement Tool view (bottom right of IDE window)

- Click the ‘configure the power probe’ button to generate the configuration dialogue

® @ tB@@@ttﬁ“‘@“

- Select ‘Other boards’ from the Power Probe Circuit and Click start

= A default 3 second sample of MCU power usage will be captured
- Mouse click drag horizontally to zoom in the X axis

- Mouse click drag vertically to zoom in the Y axis

= Now, exploreal second portion of the graph (next slide)

B LUNLRIE [ PTODIEINS - ) viemony s o cuon ridie w YW rraee

LUNNY | &= FOWET IMEESUTEITTETiL

T I —
30.0mA |
25.0mA [0
20.0mA |
15.0mA
100mA

5.00mA |

0.00A | | I
t0=2%e+ 500ms 1.00s 1.50s 2.00s

s m WLHInL 1 dane m SYVLIRIL T Tdle % SVVL Udld

2508

X
Power measurement configuration

Hardware setup Capture details

In detail mode a single source is sampled

Power probe circuit: and all data is collected and plotted.

Other boards v Data source
Sample rate (ksps) 200000 w

Target Current v
Target Resistor | 4,12

Shield Resistor | 10.0 Sampleperied (5) |3 [T

@ Start Cancel

L TRl -= R r I B S |

3.00s
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Power Measurement — Example #2

- Observe the frequency and size of the peaks in the graph

30.0mA

28.0mA

24.0mA

t0=1.1s 100ms 200ms 300ms 400ms 500ms  600ms  T00ms 800ms 900ms

- Zoom in further and contrast this output with our exception trace graph recorded earlier (below)

29 A

r\ H H H SysTick Handler[15]
28.0mA

1.8: 400

Main
20.0ms 40.0ms t: 50.0ms

P EEEERIE

- A clear match between our exceptions frequency and power consumption can be observed

- This behavior is due to our main application entering a sleep state at the end of the loop in Main()
- The CPU is woken when any exception occurs and this is reflected in the MCU power consumption

h o
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Power Measurement — Example #3

}
LED colour++;
LED colour &= 7;

- To see the effect of the WFI statement on power usage:
- Locate the _ WFI(); statement within the Systick.c file

& Clean 'LPC4367_SWO_Example' [Debug]

- Comment out the line and save the file

ﬁ Debug 'LPC4367_SWO_Example' [Debug]

- Click the Quick Start View line to ‘Terminate, Built and Debug’ S S ——
i3 Edit 'LPC4367_SWO_Example' project settings
= This is a shortcut for help the edit code and retest cycle e

- re-capture the power consumption of the MCU

30.0mA

25 0mA

= Contrast this result with the previous trace

20.0mA

- Without __ WFI(); e
« With _ WFI(); o

10=2.Te+ 500ms 1.00s 1.50s 2.00s 2.50s 3.00s

30.0mA

25.0ma T T

20.0mA

Note: in this example, the WFI command will put the MCU into 004
the first of 4 power saving modes — Sleep. Other modes are: o
- Deep Sleep o
- Power Down =

- Deep Power Down

h o
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Power Measurement — Example #4

Finally, we can also measure the average power consumption of an MCU running code.

- Within the Power Measurement Tool View, click to launch the Power Measurement Averages view
CoHOeBma@aaQar i~ O -

- Within the Average Power view, click the ‘Start Data Collection’ button
™ Average Power 23 E:' 'E) “T ® o @
- Compare the results achieved with _ WFI() and without __ WFI()

Power Measurement: Averages Power Measurement: Averages

« Statistics

~ Statistics
for most recently collected data

for most recently collected data
Target Vdd: 3.289V

Target Current: 27.03 ma,
Shield Current: 126.5 p&
Samples collected: 16328344
Breaks: 0

Target Vdd: 3299V
Target Current: 28.73 mA
Shield Current: 128.5 pA
Samples collected: 26398162
Breaks: 0
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