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OVERVIEW AND
PRE-REQUISITES



Pre-requisites

- Experience of programming in C

- Watch the (<5 mins long)

- Using MCUXpresso SDK selection from within MCUXpresso IDE (7 mins long):

2

-See this on nxp.com
- Using the tutorial as a guideline, install the SDK for the board you are using

h o
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https://www.youtube.com/watch?v=u4lA05MgGZQ
https://nxp1.sharepoint.com/teams/32/Ecosystem%20%26%20Tools/Shared%20Documents/Forms/AllItems.aspx?id=%2Fteams%2F32%2FEcosystem%20%26%20Tools%2FShared%20Documents%2FVideos%2FMCUXpresso%2Fmcux%5Fsdk%5Finstall%5F11%2E1%2Emp4&parent=%2Fteams%2F32%2FEcosystem%20%26%20Tools%2FShared%20Documents%2FVideos%2FMCUXpresso

The MCUXpresso Ecosystem

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

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

MCUXpresso * From NXP and partners

Partner IDEs

Debug Probes
Development Boards
From NXP and partners
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Evaluation to proof of concept on NXP Evaluation Boards

e Import/clone one of a large range
of SDK examples :

e Easy selection from with
MCUXpresso IDE

Examples

| type to filter

Mame

> [0 E FreeMASTER examples
aws_examples
crsis_driver_sxamples
ompenent_examples_lpc
emo_apps
river_examples
mwin_examples

mOOO0n

v vvwv v

emwin_serial_terminal
emwin_slide_show

e e a n

emwin_temperature_control
atfs_examples

oo oo (<] (1 (] oo oon 606 000 00 000

alm|

win evarmnles

e Or use MCUXpresso IDE
New project wizard and
Peripheral config tool to select
and configure drivers and middleware
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e Modify pin/clock settings for your application

e Simple, push button updates into IDE project

1AR Embadded Warkbench

e Visualize data in real time

e Implement debug control interfaces
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Transition to custom hardware and on to production

e Modify pin/clock settings for custom hardware e Encrypt/sign application images

e Simply update then rebuild for custom board e Setup provisioning and programming scripts

i ma -c - provisioning - O

File Tavg‘ﬁ't HE‘PWSZ o ; 5 < ~ | Edit | | Connection: SEC i
‘ e = I e Production

Source executable image ‘ C\ncp\MCUX_Provi_v1\HelloWorldApplication\evkbimurt1050_hello_weorld.bin

| Buidimage | Witeimoge | Keys Monagement |

[ Use custom bootable.i )_hello_world.bin

[ Use custom DCD (sinary): [

Use the following keys: ‘sm JIMG1_1, CSF11

e Same visualization and control
as on NXP evaluation board

e Options to choose different
interfaces
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Lab Setup/Prerequisites (FRDM-K64, if available)
- MCUXpresso IDE 11.1.x

- FRDM-K64 SDK V2.6.0 or later

- FRDM-K64F Board with micro-USB Cable

Bl DETAILS.TXT - Notepad — O

. FRDM-K64F Board with DAPIlink/CMSIS-
Oar WI In |# DAPLink Firmware - see https://mbed.com/daplink
DAP F' Unique ID: 924P0PEO25584e450007700F6bF0002750210000897969908
Irl I lwa re HIC ID: 97969988

Auto Reset: 8

-Bootloader rev0244 OpenSDA v2.2 overFa setection:

-DAPLInk rev0244 Firmware Bootloader Version: 6244
Git SHA: 5F9992d41cfdeeBlfef7bibda7fedf8767b81F84L

Local Mods: 1

USB Interfaces: MSD, CDC, HID
Bootloader CRC: @x251883d3
Interface CRC: 8x8676bc5d
Remount count: @

N
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https://www.nxp.com/mcuxpresso/ide
http://mcuxpresso.nxp.com/
https://www.nxp.com/freedom
https://www.nxp.com/opensda

Lab Setup/Prerequisites (LPCXpresso boards)

- Must be MCUXpresso SDK supported
- LPC54xxx, LPC55xx, LPC51U68
- MCUXpresso IDE 11.1.1

- SDK V2.7.x or later for board being used

CMSIS-DAP USB |
User RGB LED

- Board with micro-USB Cable (e.g. ...)

- Board may be pre-programmed with CMSIS-DAP or J-Link
firmware, but not essential

- LPC8xx boards may also be used
- Other boards above are a better option due SWO support
- Will have LPC11U35, CMSIS-DAP debug probe

- Ensure version 1.0.7 or later (will be shown when probe discovered at
start of debug session)

o
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https://www.nxp.com/mcuxpresso/ide
http://mcuxpresso.nxp.com/
https://www.nxp.com/demoboard/LPC55S69-EVK

Advanced Debug Course Sections

8

Part 1: Basic debugging and code flashing
Creating/Cloning MCUXpresso SDK Projects in the IDE
Building, Basic Debugging

Startup, Connect, Disconnect, Attach

GUI Flash Tool

*Instruction trace requires Cortex MO+ with MTB support or Cortex M4 w/ ETM
PUBLIC **SWO profiling requires LPC55xx/54xxx/51U68, i.MX RT1060 or i.MX RT10x0 with LPC-Link2 probe

h o
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PART 1: BUILDING,
DEBUGGING AND
DIRECT FLASHING



About this tutorial and the board you are using

- All steps in the tutorial are the same for whatever board is being used, but debug

probes vary between boards

- FRDM boards use micro USB to OpenSDA, as do some i.MX RT 4-digit boards
-LPC54000 or LPC5500 series will have LPC-Link2 CMSIS-DAP probe
-LPC800 boards will have LPC11U35 CMSIS-DAP probe

- The IDE debug system discovers probe for any of these, but the probe name will

10

be different

h o
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MCUXpresso IDE

wsp_mcux_10.2_Training - Welcome page - MCUXpresso IDE — O
File Edit Mavigate Search Project ConfigTools Run  FreeRTOS  Window Help
° R - R = . B _ . Lo o
(-l B-&-YLiI@-Biv| P EN 2SR Bl EIR RG-S L, AR F B0
(M P REDH e D [Quick Access] || 8 | i<
° &5 Proj... 52 Peri... iitf Regi... f&JSym = 8 @ Welcome i3 = O
= o« A e/ ey ressolDE_10.2.0_73%/ide/pages/registered.htm ~
& | B % | . A [} files/ /o mxep/ MUK IDE_10.2.0_73%/ide/pages/regi d.h B .
~
[

Help : =
@ Helo Content @ Workbench User Guide ‘;
EIp SOnients @ c/ces Development User Guide g
H"Clmprm IDE User Guide e Eclipse Marketplace User Guide O Qu.. =Gl =V 9Br. D=0 = g &
£ G =\a » B 5= Ou
,% ' Search k © EGit Documentation Welcome to MCUXpresso IDE !
@ GCov User Guide ~ MCUXpresso IDE provides an easy-to-use Eclipse-based development environment for NXP MCUs based on ARME
e . N f - Qui Cortex@-M , including LPC and Kinetis mi diMX RT p . It offers d
Sh ow C ontextu El H El FI g MCprI‘ESSD Cnnflg Tools User's Guide (IDE) L ioE ) mﬁgﬁg:zgidlnE Qu“kStart Pane editing, onmc:i:i:l:, I:ﬁ;d:ll?ugginganfeaﬂ.ll?:s f\rith the addition o:nMCIU-speci‘ﬁc debugging views, codeotrace and profiling,
o MCUXpresm IDE FreeRTOS Dehug Guide multicore debugging, and integrated configuration tools.
Show Active Keybindings.., @ MCUXpresso IDE Installation Guide > Create or import a project Your i;:iallaiinn of MCUXpresso IDE is ready to use. All product functionality is enabled, and no further activation is
- required.
. . e MCUXpresso IDE Instruction Trace Guide B8 Mew project... v
™ . Loy | | D tati
Tips and Tricks @ MCUXpresso IDE LinkServer Power Measurement Guide = :mpm DK Exa{m?leis"'f“l 2cumen o >
= rt t(s) ile system...
Cheat Sheets... @‘ MCUXpresso IDE LinkServer SWO Trace Guide pert prejSciE fram He ysem @inst. 2 D Prop.. B Cons.. [ Prob.. ([ Mem.. GdDebu.. @ lnstr.. mDPow E——
_ © MCUXpresso IDE User Guide CL T @ al
@ Eclipse User Storage ’ @ Tools (Compilers, Debugger, Utilities) o B .
Y 0y s [ Installed SDKs
[ Check for Upd = XPath 2.0 Processor User Manual
) eck for Updates ) _ . B . , s
@ X5SL Tools User Documentation = DT TR . . E . H To install an SDK, simply drag and drop an SDK (zip file/folder) into the 'Installed SDKs' view,
(- Install New Software... Name SDK Ver.. Manifes.. Location SDK Details o
. SDE_2.x_FRDM-t 2,40 3.3.0 =) WSDK_ x
ﬁi EClIFlSE MEFkEtFllECE... # K @ Selected SDK content.
_ « Miscellaneous v
# Additional resources ¥ < N v
Daone ' ' 0)

Product Information
MCUXpresso IDE support forum
About MCUXpresso IDE
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Create LED Blinky Project S e

Mew project...

k. |
f . Import 50K exarmple(s)...
Import projectis) from file system...

- Prerequisite:

- SDK_2.x_FRDM-K64F (or SDK for the board being used) [l Board and/or Device selection page
installed in IDE - soKmcus Avslable boards

MCUs from installed SDKs

Please select an available board for yo

AP MEBAFMN Moo 12 Supported boards for device: MKB4F
v Kix

MEE4FNTMos12

- Use Quickstart Panel with “Import SDK example(s)...”
- Select frdmk641 board image (or board being used)

Examples
: “ ”
- CIICk |typetu:-fi|tr:r
- Select “ " Name
v W] = demo_apps
- CI'Ck “ 7 ] = adclé_low_power
] = adcl8_low_power_peripheral
[]= bubhle
[ ] = bubble_peripheral
[] = dac_adc
[] = ecompass
[]= ftm_pdb_adcls
[] = ftm_quad_decoder
[1 = hello_world
[ = hello_warld_virtual_com
= led_blinky
= Ivhb_17310evh_brush
s [l o b_S4938euh b
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Build and Debug (FRDM-K64F)

- Debugger discovers probe
-Use SHIFT to force probe re-discovery &% 2

13

(micro USB to OpenSDA)*

-Windows may need to enumerate USB connection

PUBLIC

~ Debug your project

#‘DE

F: | Eehug project (Press SHIFT to force probe re-discovery) i

#‘TE

U Qui.. |09=Glo.. ®=Var. % Bre. g=Outh. = O

MCUXpresso IDE - Quickstart Panel
ioe | Project: frdmk84f_bubble_peripheral [Debug]

+ Create or import a project

== . MNew project...
2? . Import SDK example(s)..
& Import project(s) from file system...

+ Build your project ?‘
@&, Build —
JCIean

1

» Debug your projec.t\*—-".

3

M-E-H-

Probes discovered

Connect to target: MK&4FN1MOxx12

1 probe found, Select the probe to use:

Available attached probes

Mame Serial number/ID Type Manu... IDE Debug Mode
. DAPLink CM3IS-DAP 0240000028824e42  LinkSer. ARM Men-Stop

Probe search options

Search again

Remember my selection (for this Launch configuration)

@




Debug Info dialog

14

Image info provides a range of
information on a built application

Must load image info after selecting

project

Memory usage: overall memory use by

region

Memory contents: detailed breakdown of
all symbols by section

Call graph: shows functions called by
each function, stack usage (“Cost”)

- Useful for code size optimization

PUBLIC
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m Image

e

(7 Installed SDKs [] Properties (2| Problems [ Console (& Terminal |5 Image Info

frdmk64f_bubble/Debug/frdmk64f_bubble.axf - Aug 19, 2019 3:33:06 PM

Memory Usage| Memory Contents | Call Graph

Region

© PROGRAM_FLASH  0x0

14} SRAM_UPPER
5 SRAM_LOWER

e FLEX_RAM

Start address End address
0x100000
0x20000000 0x20030000
Ox1£Ff0000 0x20000000
0x14000000 0x14001000

Memory Usage | Memory Contents | Call Graph

Name

v & PROGRAM_FLASH

B tedt
v k .data
@ s_slowlrcFreq
@ _data
 s_fastircFreq

@ SystemCoreClock
» _edata
k- .data_RAM2

Run address
00

Memory Usage Memory Contents | Call Graph

Function
» @ ResetlSR

v @ main

v @ BO.

Depth Location

16
15
8
14
ARD _BootClo 10
CLOCK InitO: 1

» CLOCK SetXt 0
» CLOCK Setini 0

CLOCK_CONI 0

» CLOCK Boot™ 9

CLOCK SetSir 1

startup_...

led_blin...

clock_co...
fsl_clock...
fsl_clock...
fsl_clock...
clock_co...
fsl_clock...
fsl_clock...

Load address

Size
1MB
192 KB
64 KB
4KB

s «

Free
994.76 KB
183.70 KB
64 KB
4KB

Size
1MB
29.23 KB
16B
4B

0B

4B

4B

0B

0B

D A8A | M= [aor
(sl bier | e Ls

2 | G3 Debugger Console = (-

as =
= e S

Search... \

Used Usage (%)
29.24KB 2.86%
8.30KB 4.32%
0B 0.00%
0B 0.00%
Type )
memory region
section
section
local object
global
local object
global object
global

Local Cost FullCost Comment

Ox74e8
Ox74e8
OxT4e8
OxT4ec
0x74f0
Ox74f8
Ox74e8
Type
static 8B
&
2
static 168
static 8B
static  24B
static 168
static 24B
static 16B
static 16B
static 16B

272

264
64B
48B
16B
248B
16B
56 B
32B

B

section

No available stack cost informati...
Mo available stack cost informati...

B

h o
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Debugger Run Control

wsp_mcuwx_10.2_Training - frdmk64f_led_blinky/sourcef/led_blinky.c - MCUXpresso IDE = O
File Edit Source Refactor Mavigate Search Project ConfigTools Run FreeRTOS  Window  Help
R MR S -R-RIYLI@-rBin | Pl EBNIRR|ZT T BHEIRIRIG-ISIL NG
- Resume/Run | A -Biobie- —
B0 LI JRE I H D [Quick Access] || g | [&
75 Project Explorer 532 Peripherals+ [1!§ Registers /£, Symbol Viewer = O Debug 2 = ¥ = 8
) X P fi.) 2y 9 !
° S u S e n d/Pa u Se =] <§> | ® d?_., | . - v . frdmks4f_led_blinky LinkServer Debug [C/C++ (NXP Semiconductors) MCU Application
v 125 frrmksdf led blinky ~ w EE‘ frolmkedf_lad_blinky.axdf [MEKSAFN1MD0o12 (cortex-md)]
5 & Project Settings w o Thread 1N (Suspended : Signal : SIGINT:Interrupt)
. 3 ‘X’Bb Binaries = SysTick_DelayTicks() at led_blinky.c:67 0x2%ec
o | erminate / Sto ) B incudes = main) at edblinky.c:99 0244
s B CMSIS ,a arm-none-eabi-gdb (2.2,50.20171128)
5 = board
( D i s A2 drivers < >
. sconnec v & source
s [@ led_blin.c Welcome [€] led blinky.c 52 [c] se\host_hardfault.c B
s [€] semitiost_hardfault.c 64 void SysTick_DelayTicks(uint32_t\n) A
t I t » 2 start 65 {
- S ep Into " o8 it
) Quickstar...
- Step Over
MCUXp 5 5 5 v
LioE ) Project: frdmks4f_led_blinky [Debug] [y IR A S
. Step Out BT 0v @ o = B @ -
=Newpr0Ject... . 4 %|aaﬁ§~@@|ﬂa'ﬁ'
Import SDK example(s)... frelmkB4f_led_blinky LinkServer Debug [C/C++ (NXP Semiconductors) MCU Application] frdmké
[ ] & Import project(s) from file system... [MCUXpresso Semihosting Telnet console for 'frdmke4f_led_blinky LinkSe
 Build your project
GDQ @, Build
& Clean
~ Debug your project B-EH-HE-
#‘ Debug
4 Terminate, Build and Debug SE e
= framksaf_led_blinky "=E P NXP MKBAFNT Mool 2 (frdmkd...blinky)

15  PUBLIC



Debug Startup Breakpoint

By default, target runs until main()

A

[ ]
B frdmkeaf
[
Opens Debug Configuration s Coner ”
p g g Modify configuration and continue. ﬁ
Name: | frdmk64f_led_blinky LinkServer Debug T —
® [j Main ‘4& GDB Debugger | LinkServer Debugger .’b Other Symbols @ GUI Flash Tool lﬁ- Startu_vp LB Sourcé'_ ] Commeon ]
Initialization Commands
[JReset and Delay (seconds): 3
- Can now debug startup code Eoe
[ ]
[ ]
[£] startup_mk64f12.c 2 Run Commiands
455E ,.'" ,.'":'::'::'::'"'"'"'"'"'"'::'::'::'::'::'::'"'"'"'"'"'"'"'::'::'::'::'::'::'"'"'"'"'"'"'"'::'::'::'::'::'"'"'"'"'"'"'"'::'“'“'”'”'”'"' D Set program counter at (hﬂ}:
456 // Reset entry point for your code. .
457 // Sets up a simple runtime environment and initializes { £ Set breakpoint at:
458 // library. [ Request hardware breakpoint
8= _ attribute_ ((section(".after_vectors.reset"))) | ${run}
1 woid ResetISR(void) {
3 // Disable interrupts
4 __asm volatile (“cpsid i");
5
& #if defined (_ USE_CMSIS)
7/ If __USE_CMSIS defined, then call CMSIS SystemInit code
8 SystemInit();
9
8 #else
1 /f Miczhla Liztrhdan 4
<
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Debug Toolbar in Debug View, Assembly Stepping

45 Debug %3 | YT EIEEEEEE L=

E na ble debug tOO| bar w . frdmbk&df_led_blinky LinkServer Debug [L/C++ (NAP Semiconductars)

W m“? frdrmkedf_led_blinky.axf [MKEFMTMI0o 2 (cortex-md)]

Yiew Management..,

| avequt b

: : : w o Thread 21 1 (Suspended : Signal : SIGINT:Interrupt)
- Turn on instruction stepping = SysTick DelayTicks{) atlec_binky.c:67 02Sec
= main() at led_blinky.c:93 0x2add o=k

Pe rfo rm Steppi ng .E arm-none-eabi-gdb (8.0.50.20171128)

lava ¥
>

Switch back to Source stepping

== Disassembly &3 = B

| Enter location here o || EI @ |

— = ' 3 ot
el B M| 2 ReE)|i). T O -
P 808420ec: ldr r3, [pec, #16] ; (8% A

_ . 288a20ee: ldr r3, [r3, #a]
Instruction Stepping Mode #o@@29fe:  cmp r3, #a
eeaa20t2: bne.n  @x29ec <SysTick Delay

7a }
eaaa20t4: nop
apaazata: adds r7, #12

eeaa20ts8: mov sp, r?
eaaa2ota: ldr.w  r7, [sp]., #4
aaaa2ofe: b 1r

AReazZaeea lzrs ré, ra, #6
aaaa2aa movs ra, Fa

76 1

17  PUBLIC



Debug Quickstart Shortcuts

- Quick and fast way to
- Debug (default)
- Attach
-Program
-Erase
- Setting is persistent between sessions

» Debug your project . E - E -
# #‘ Debug Debug using LinkServer probes (CTRL+5HIFT+L)
E i Attach to a running target using LinkServer (CTRL+ALT+L)

 Miscellaneous

. Program flash acin using LinkServer

Erase flash action™zing Link5erver
B Edit project settings

18  PUBLIC




Debug Quickstart Shortcuts: Attach

- Launch Configuration Icon has ‘A’
Decorator added:

» (2 utilities
» (= Debug
» (= doc
R frdmk64f_le:

- Subsequent use of Debug (instead of
Attach) will trigger a prompt to confirm
reversion to Debug

- Using Attach option will result in persistent
Setting in Debug Configuration

- Will revert automatically in future releases

19  PUBLIC

» Debug your project

‘*.'-F‘ Debug

‘?-’F‘ Terminate, Build and Debug
* Miscellaneous

Debug using LinkServer probes (CTRL+SHIFT+L)
Attach to a running target using LinkServer (CTRL+ALT+L)

== [Fl rncnla 3

Prodin flash action using LinkServer

Erase flash action using LinkServer
) Edit project settings

X=""2 3

B8 edit Configuration

Modify configuration and continue.

Name: ‘ frdmk64f_led_blinky LinkServer Debug
'[2] Main %5 GDB Debugger ([l LinkServer Debugger 35 Other Symbol

LinkServer Debugger

Debug Options

Debug Connection | SWD v | | Edit JTAG configuration

LinkServer Options

~ Debug Connection

Settings for the debug connection

[4] Attach only []Reset on Connect

h
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Disconnect

. button disconnects : =
from Target L e I “

£ Main [ €& GUIFlash Tool [[5] Commaon %5 Debugger . Source

[ MCUXpresso IDE LinkServer Debugger

-nochange - will leave the target in its
Stop on startup at: [ Request hardware breakpoint
current state o

-stop - will leave the target in debug state | o cmmeion
i . e . ha Ited Debug options for NXP MK64FNTMOxox 12 (cortex-m4)

- cont - the default, will either start the e
image from its current PC value or leave

ab[- Connect Script kinetisconnect.scp

It rU n n I ng ab[- Debug Level 2

e
:-| Debugger memory cache
I | Disconnec t behavior I

-run cont - will reset the target and let it
ru n Miscellaneous

Emulator selection | LinkServer ]
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GUI Flash Tool

bl ¥ 0S5

® Connected

. MCUXpresso |DE LinkServer (inc, CMSIS-DAP) probes
P&E Micro probes
SEGGER J-Link probes

Advanced Board flashing/programming =
- Program, verify, erase, check, resurrect, ...
- Programming multiple boards

GUI Flash Tool for:
;‘", MCUXpresso IDE LinkServer (inc. CMSIS-DAP) probes
Program file into flash: frdmké4f_led_blinky.axf

Target: MKS4FMN1 Mo 2

- Select lcon

Probe specific options

Connect script kinetisconnect.scp ~ || Workspace... || File System...
° J O b Reset Handling Default ~
Flash Reset Handling | Default ~

[JUse JTAG Interface [ ] Reset the target on connection

- Messages written to Console View

Select the target flash operation to perform

Program Eraseﬁ Resurrect locked Kinetis devicew

Actions
Select the action to perform

® Program (O Program (mass erase first)
(O Verify only (O Check file areas blank

« Can also be used for Mass Erase

Select the options to apply

File to program | |S{workspacE,Ioc};’frdmkﬁélf,Ied,b\ink_w'Debug,’frdmka,Ied,blinky.a)d v||WDrkspa(e... File System...
J

Program file into flash: frdmbk6df_led_blinky.axf

Format to use for programming @ axf (O bin

Base address 0x0

Operation successfully completed!
See flash programming tool console for more details,

Reset target on completion

General Options
Flash programming tool options

Additional options | ‘

[“] Repeat on completion []Preview command [ Clear console

Run... Cancel

21 PUBLIC
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PART 2: ACCESSING DATA
AND PERIPHERALS



About this section

- Screen shots shown are from a session with FRDM-K64F
- All operations also apply to any MCUXpresso SDK supported board

23  PUBLIC
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Global Variables View Update

- Global Variables View

- can use Filter for easier search, press

- Variable is automatically updated
- Refresh rate defaults to every 1000ms

5% Outline ©9= Global Variables 33 = m
X ar | Q 100 FHjoae| i <
Variable Type Value Address
(9= g_systickCounte volatile uint32_t 724 020000030

[Quckaces] | 29 | R0 4o

24  PUBLIC

95 Outline (9= Global Variables 53 =
X & | @ 1000 HoEe i ~
Variable Type Value Address
gp Add new express
Select symbols. O
9_sys i
Mame - Adldress
lglg_systickf:c'unter 0%200009b0 4
Select All Deselect All
@ Cancel




Graphing variables

- Choose an example with data varying over time
- Examples in this tutorial use the “bubble” application example with FRDM-K64F

- Other options:
= emWin touch and draw example on boards with LCD panel (e.g. LPC546xx, i.MX RT1050)
= Any example reading on-board accelerometer or temperature sensor
= Use blinky application and monitor the systick variable

h o
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Global variables: select symbols

- In variables dialog, click on the eyeglasses logo to open symbol selection dialog
- If you cant find the global variables dialog, type “global” in the Quick access box

- Use filter to narrow down list of available globals (example from bubble application)

E Select symbaols, O =
- )
(4= Global Variables 53 ® 0O 1000 A =
Variable Type Value Address Name Address size
_ 0x000058b8 4
[]aF Add new expres = 0x0000D000 408

O g_serialHandle (% 2000002 ¢ 4
g_xAngle 0x 20000128 2
O g_xtal0Freq (% 20000030 4
O g_xtal32Freq (20000034 4
g_yAngle (% 2000012a 2
] mcgConfig_BOARD_BootClockRUN 0% 00006080 11
[ oscConfig_BOARD_BootClockRUN (x000060ad 8
O simConfig_BOARD_BootClockRUN (x0000609c 8

(9= Global Variables &3 b 4 -51:;"| Q 1000 : |

Variable Type Value Address
= g_xhngle volatile int16_t 0 (hc 20000128
. Select All Deselect All
)= g_yhngle volatile int16_t 0 (e 20000122
] 5 Y new expres

h o
L |
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Global variables: live value updates

- Press green “play” symbol to start live polling of variables

- With bubble application running, move the board around to see values
change
- Changed variables highlight yellow, variables begin plotting in Plot tab

EE Outline &)= Glohal\fariahlesx = H

% &7 [[Q]1000 H ok v
Variable Type Value Address
()= g_xAngle  volatile int16_t 0 020000108
(= g_yAngle  volatileint16_t 105 020000102
|m| & X[ E]=

Trace Statistics

ek aRFE kS E
10
|

80 -

60

40 4

20

t03s 135 235 355 435 33sIm3s  Im2is 1m4dis  2mis
th=0
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Global variables: Plotting controls

Plot _Trace | Statistics |

17 G Take/save
4 A A X snapshot

4
R A I“ (PNG format)

Measure values

Autoscale (zooms
to full plot size)

Step back / along vertical or
horizontal axis
Zoom in/out fwd thtr.ough
Zooms continuously operations
while left mouse
button depressed Select to pan Add/remove
Left/right or Annc|>t?t|on points
on plo
Zoom range, Show/hide
Horizontally/vertically legend

Press and hold left mouse
to select range
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Global variables: Trace and statistics tabs

H= Outline (4= Global Variables 52 = O B= Outline | (4= Global Variables 52 = 0
® & | Q100 Hote| e ~ % &7 || 100 Haote et v
Variable Type Yalue Address Variable Type Yalue Address
()= g_xAngle  wvolatile int16_t 9 O 20000103 =)= g_xAngle  wvolatile int16_t 10 (re 20000108
)= g_yhngle  wolatile int16_t 100 0x2000010a ()= g_yhngle  wvolatile int16 t o0 020000102

Clicking the save icon with
O|m|&E|x|H| ol w(@)x|E|= any of the tabs active will

Plot | Trace Statistic;| Plot | Trace | Statistics results in dialogS to save
Timestamp [ms] g_xAngle g yAngle " Variable rmin rnax avg PNG file for p|0t
298394 1 g_xAngle 0 23 9 tsv files for Trace and Statistics
208422 a1 g_yAngle 76 156 90
2909353 1
299330 24
300443 10
300452 a3
301560 12
301564 9
302534 1
302532 126
303420 4
303424 156
304468 g9
304472 100
L
< >
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Registers View

{5 Project Expl... 7, Peripherals+ !i!i Registers i3 #sFaults < O
g B |0 ¥

If view not already open: Menu Window > ™ e il
Show View > Other... > Debug > Registers fipe
'iti db
Pseudo Registers for Cycle Counters it &7
i d9

-cycleDelta: cycles since the last CPU stop i 410

el d11

Registers View for core registers

i d12
N K
it d14
5 d15 Double precision reg

v &) DWT Registers Data Watchpoint and
i cycles 0x2f20c43e Cycle Count Register
i cycleDelta Oxcde “ycle Delta

Q0 O 0 O O O O Q0 9 O Q
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Hard Fault — Faults view

31

i59
68
61
62
63
64
65 I
67
68
69

BOARD_InitPins();
BOARD_BootClockRUN();
BOARD_InitDebugConsole();

/* Init output LED GPIO. */
GPIO_PinInit(BOARD_LED_GPIO, BOARD_LED GPIO PIN, &led config);

*(int*)e = @;

/* Set systick reload value to generate 1lms interrupt */
if (SysTick_Config(SystemCoreClock / 1@eeu))

- Causes HardFault Exception

and let it fault

pseudo register shows fault details

PUBLIC

{7 Project Explorer ‘2, Peripherals+ iili Registers 4 Faults 33 =B = B

15 Active faults @ led_blinky.c [line 69]

Bus Fault (BFSR)

45 IMPRECISERR (2) Imprecise data bus error

Hard Fault (HFSR)

# FORCED (30) Indicates a forced hard fault, generated by escalation of a fault with configurable prienty
that cannot be handled, either because of priority or because it is disabled

Fault Status Registers

Name
IPSR

CFSR

BFSR
HFSR
DFSR
AFSR

Stacked Registers (LR/EXC_RETURN=0xfffffff9)

Value

Description

Exception Status Register (Hard Fault)
Configurable fault Status Register
Bus fault Status Register

Hard fault Status Register

Debug fault Status Register

Auxiliary fault Status Register

Name Value Description
RO 0x400FF040
R1 0x00000001
R2 0x00000000
0x20000008
R12
LR > GPIO_Pinlnit()
PC 0x00000626 < main()
PSR 0x41000000
SP 0x2002FFC8



Heap and Stack views

32

Real-time polling of Heap usage

Visual indication (Red/Orange/Green)
of usage vs limits

Heap limit set in Project properties

Stack cannot be read real time (as
target would have to be stopped)

PUBLIC

0 Mem... = Hea... 6 Expr... € Inst... Task... Que... Tim...
Q 1000
Type Usage (%) Address Range  Last Used Add... Used
Heap 0.49% Used  (0x20006ae8 - 0... (0x20006b10 40B/8KB
Stack 0.20% Used  0x2002e000 - 0...

Hea = B8
> M= - S
Free

99.51% (7.96 KB)

- Properties for frdmk64f_dev_composite_cdc_msc_bm

type filter text

» Resource

Builders

~ C/C++ Build
Build Variables
Environment
Logging
MCU settings
Settings
Tool Chain Editor

C/C++ General
Code Analysis
Documentation

<

File Types

Formatter

Indexer

Language Mappings

Paths and Symbols

Preprocessor Include Pat
MCUXpresso Config Tools
Project Natures

Project References
Run/Debug Settings
Task Tags

» Validation

Settings

Configuration:  Debug [ Active ]

& Tool Settings & Build steps

v 1§ MCU C Compiler
(2 Dialect
(2 Preprocessor
3 Includes
(% Optimization
(22 Debugging
&.3. Warnings
(%% Miscellaneous
(3 Architecture
v 13 MCU Assembler
Lifz General
(%3 Architecture & Headers
v B MCU Linker
2 General
g Libraries
(%3 Miscellaneous
(23 Shared Library Settings
(2 Architecture
(%3 Managed Linker Script
(23 Multicore
v 18 MCU Debugger
(2 Debug
(%3 Miscellaneous

~ | | Manage Configurations...

Build Artifact Iu_fg Binary Parsers € Error Parsers

Last used address of the heap [ _end_of_heap

First address of the heap

Maximum extent of heap

| _pvHeapStart

[ _pvHeapLimit

h o




PART 3: CODE & DATA
BREAKPOINTS



About this section

- Screen shots shown are from a session with FRDM-K64F
- All operations also apply to any MCUXpresso SDK supported board

35 PUBLIC
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Breakpoints and Breakpoints View

o [€] led_blinky.c 3
93 /* Define the init structure for the output LEL &
g i i fi led fig =
- Double-Click into ‘blue’ ribbon s P pigitaton, 0,
. . . . . 3? I -]I:'::l-rl:int i=@;li{5 rray)/sizeof (myarray[t
- Breakpoints are listed in Breakpoints view = mycrayi] -
1a4 F* Board pin ing
- Set/Enabled breakpoint have checkmark o serierint
- 7+ M :.uilzput LED GPTIO. */
. Be aware O.I: ‘Sklp A” BreaprIntS" RPIG_F‘MIHHI:ECI-ARD_LED_EPICI-_, BOARD LED GPIO_PII =
186 /* set systick reload walue to generate lms ini
187 if(SysTick _Configi(SystemCoreClock / leaal)) v
1 a1 r

< >

() Quic... |®g Brea.. 1 |(x)=Vari.. EE Outli... =Glob.. = O
XKEEAR|BES|N ~

) Quic.. % Brea.. 3 (®=Vari. g= Outli. ®=Glob. = O & [function: main] [type: Temporary]
4 S& IR | =l ﬂ=,=l>| o= [«] .2 led_blinky.c [line: 97]
M [function: main] [type: Temporary] & led_blinky.c [line: 103]
8, led_blinky.c [line: 97] — —
AN led_blinky.c [line: 103] Skip All Breakpoints (Ctrl+

Mo details to display for the current selection.

Mo details to display for the current selection.
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Assembly Stepping and Breakpoints

- Turn on Instruction Stepping ii'
- Add/Remove acsembly instruction breakpomis

35 Debug i3 = B == Disassembly E:E]

RO 0l @
W . fradmkedf_led_blinky LinkServer Debug

S %| 1= o alea GPIO PinInit(BOARD LED GPIQ, BOARD LED GPI
Ce+ (NXP S aaaa2a32: Moy r3, r7

v T frdmksdf led_blinky.axf [MKG4F 12 (cortex *ﬁiiié | e :‘i ;:3,_2
v o Thread #11 (Suspended: Ste 88882a38:  ldr ré, [pc, #52] ; (8x2a7@ <main+l@8>)
= main() at led_blinky.c:1 36 Fo0002a3a: bl @x2a7c <GPIC _PinInit>

o] arm-none-eabi-gdb (8,0.50.2 1a7 if(SysTick Config(SystemCoreClock / 1@8aU))
20882a3e: ldr r3, [pc, #52] ; (9x2a?4 <maint+ll2:)
28882248 ldr r3, [r3, #8]
28882542 ldr r2, [pc, #52] 3 (8x2a78 <main+llE>)
aaae2ad4d: umull rz, r3, r2, r3
aaee2a48: lsrs r3i, ri, #6
aaeazada: moy rd, r3
@aa82adc: bl @x2974 «SysTick Config:
2aaa2a5a: moy r3, ré
aaaa2as2: cmp ri, #a
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WatCh pOi nts ) Quickst.. | 2= OQutline 57 |04=Gl i ,

References »
:-I hnardih 4 Tu-ggle\ﬁ:chp-uint
. . = fsl_gpioh
- Breakpoint on data read/write o pinmuch Lounch Cwnfigurations >
# BOARD_LED_GPIC Smart update ¥
# BOARD_LED_GPIC_PIM Utilities 5
¢ & " g_systickCounter : volatile Uil reoeze
® T -
] Properties for C/C++ Watchpoint O
[} U Se VI eW : Comman Commeon v v
Te— Class: C/C++ Watchpoint
[ ] Project: fralrmkadf_led_blinky
File: Chtmptwsp_meux_10.2_Training\frdmbkg4f_led_blinky\sourcelled_blinky.c
Expression to watch: | g_systickCounter
. N [JRange:
- Read/ trigger condition —
Dt
- Apply and Close =l
Ignore count: |0
° Target =» stops on access
. . ® Cancel
- Use Breakpoint View to
. () Quickst.. O= Outline @)= Global V... (¥)=\anables g Breakp.. 2| = O
create/update/delete watchpoints XRES BB~
?ﬁ led_blinky.c [expression: 'g_systickCounter'] [condition: g_systickCounter < 1
£ >
Mo details to display for the current selection.
38 PUBLIC
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Watchpoint Properties

- Read/Write Access

h . k.4 Properties for C/C++ Watchpoint O
C ange type filter text T oo -
- Limitation of CDT: re-create P Closs: C/Co Access Watchpoint | |
WatCh Oint Filter Fllui:rEssil:ln . C:‘;tr:t[i::.ws:;;::lx_'l'E'.E_Tralnlng‘-.frdmkEdf_IEd_hllnky‘-.su:uurce‘-.led_hllnl-q,f.u:
g e g
- Condition: only stops on DEnabiec
. g . Condition: | g_systickCounter = 100
access if condition is true gorecoms [
- Ignore Count: counts down
to zero until it stops

® ACtions & Filter ® Apply and Close Cancel

- Note: stops target for
condition evaluation!

h
>N
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Watchpoints from Memory View

View Memory on Global Variable
In Memory View, select range
Add Watchpoint (C/C++)

Watchpoint on address range

(.} Quickstart Panel g= Outline | (J= Global Variables 53 |(x)=\Variables @g Breakpoints

b 4 .5-‘:1"| (3 1000
Address

SISl

Wariable

ﬁ Yalue
(=)= g_systick[uunter —t. wnlatile nint32 + 0

on Add new expression T'E“U“"'Y
M

Find...

ber Forrat

€32 ¢ n) &5 Addedq:u-ﬁiCi’C++}_
>
>
1= au) Smart update

Utjbad
Properties for C/C++ Watchpoint
Common Comman Dow v ow
-dLE Mode
Class: C/C++ Watchpoint
Expression to watch: |C'>12(3‘{}'309b'3 | Copy *
I Range: |4 | Reset To Base Address
[ ] Read Go to Address..,
MWrite I e I Refresh
[+] Enabled
. ax2aaaaacd  aaaa 28a8aaas Baaaaaa; aaaaaaas
Condition: | |
o [0 @ Breakpoints ¥ (1) Quickstart Pa.. = Cutline ()= Global Variabl... (x)=\arables = O
XERBA|BES|N 7
& [function: main] [type: Temporary]
@ [Applyond Close] | Canc | [/ lexpression: 0x200008b0] [units: 4]

40
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Stepping Return Value of Functions

- Problem

-How to see the calculated return value
- Usually calculated/returned in registers
-No local variable to inspect

- Solution

41

- Step-Return Value in Variable view

PUBLIC

int computeValue(int i) {
return i*3;

}

int foo(int 1) {
if (computeValue(i)!=0) {
return 1;
} else {
return 1;

}
}

h o
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Step-Return Value

- Debug

P00 @

[ S | ERRR S LPIKFHL-O-Q-® - 4[E

- Perform a Step-Return 45 Debug S —
_tep eturn ) o
N N e . frdmbktdf_led_hb - prebug [C/C++ (MAP Serniconductors) MCU Application]
from FunCtlon WhICh v 2 frodmkBdf_led_blinky.axf [MKSIFN1MDoo 2 (cortex-rmd)]
w o Thread #1 1 (Suspended : Breakpaint)
retu rn S Val u e = computeValuel) at led_blinky.c:73 (x5f34

= fool) at led_blinky.c:77 0555
= main() at led_blinky.c:103 0x2a38
o arm-none-eabi-gdb (2.0.50.20171128)

=g
(0= Variables 53 | LEEB| LI T | @ ledblinkyc 32
Mame Type Yalue 71 &
) ) 72=int computeValue(int 4i) {
0= | int > 73 return i*3; b
74 }
75
7e=int foo(int i) {
77 if (computeValue(i)!=8) {
78 return 1;
e 2 79 T else {
- a8 return 1;
81 }
W 82 } W
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Step-Return Value

- After the Step-Return, 45 Debug 52
retu rn Val ue iS Shown in v [ frdmk64f_led_blinky LinkServer Debug [C/C++ (NXP Semiconductors) MCU Application]

W E frambkEdf_led_blinky.axf [MEEAFNTMEec 2 (cortex-md)]

1 ' w f® Thread £1 1 (Suspended : Step)
Va rlables VIeW = fool) at led_blinky.c:77 0x5f56

= main() at led_blinky.c:103 0x2a38
p] arm-none-eabi-gdb (2.0.50.20171128)

=g
()= Variables 33 Y LEBE[ S % Y | [@ ledblinky.c 2
Mame Type Yalue &9 ¥ ~
Ja
()= 52 int 15 21 !
()= i int 3 72-int computeValue(int i} {
73 return 1%3;
74 }
75
76=int foo(int i) {
7 if (computeValue(i)!=8) {
< > 78 return 1;
. 79 1 else {
Name $? “ o8 return 1;
Details:15 81 1
oera1e B ..,
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PART 4:
INSTRUCTION TRACE



About this section

- Screen shots shown are from a session with FRDM-K64F (for ETM/ETB) and an
LPC845 Breakout (BRK) board (for MTB)

- Instruction trace availability shown on the next slide

h o
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Instruction Trace — Supported Targets in MCUXpresso IDE

- Cortex M3/M4/M7 MCUs

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

v Kinetis K, LPC18xx and LPC43xx parts rogram
- Cortex MO+ LPC/Kinetis MCUs Processor Iexecution info
\

- Target MCU must implement a Micro Trace Buffer (MTB)
v LPC81x/82x/84x parts
v LPC11U6x/11E6x parts
+ Kinetis L parts

RAM interface
- For parts with ETM only (LPC546xx/0xx, i.MX RT),
recommend debug probe and trace solutions from partners

Application
[ SRAM ] Data +
Trace Data
- E.g. SEGGER, PE Micro, Arm Keil, IAR, Percepio, Lauterbach,
ISYSTEM Instruction Trace in MCUXpresso can be
carried out via any supported debug probe

A 4
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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 &3

El Console L'g_\ Problems [] Memory (E Profile+ & Data Watc... (L) Int Statist... ilnt

b

else if ( mrt_counter > 1288 )

{

4| [

GPIOSetBitValue( @, 17, @ );

mrt counter

GPIOSetBitValue( @, 17, 1 )i

mrt_counter = @;

> 1888) && (mrt countd

«

eaeeB4a6: 17
baeee4as: 17
popoedaa: 17
eaeeedac: 17
Baeeadae: 15
peepadla: 15
Gaeeed4l2: 15
@opaed4ld: 15
eaeeed4le: 15
Baeee418: 15

gCe+ %Hor*trin... 5 Instructio... 2 Instructio...

<IDE Installation Path>\MCUXpresso IDE _Instruction_Trace.pdf

— C0ode

o NEre - | & | i s
movs r3, #2568 ; Bxfa -
1sls r3, r3, #2
cmp r2, r3
bls.n Bx426 <main+294>

ldr r3, [pc, #56] 5 (@x448 <main+328>) L
ldr 2, [r3, #8] 1
movs r3, #1158 3 Bw96

1=1s= ri, r3, #3

cmp r2, r3

bhi.n Bxd26 <main+294>
GPIOSetBitValue( @, 17, 1 );
movs ré, #a
movs rl, #17
movs r2, #1
h1 Fide <GPTOSetRitValues X

< | 1 | 3

= 0

Code

coverage

Current

PC

Instruction

Trace View

>
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InstNo  PC Disassembly function filename e no
2344 000000408 lsls 13, r3, 22 main fsrefmain.c 98 C n b
2345 0x0000040a cmp 12, 13 main Wfsrefmain.c 98 a e
2346 00000040 bls.n 0426 <. main fsrofmain.c 98 I H k d to S rC
B0 oome g lpo#6.  man  ssomame o UNKE
2348 000000410 Idr r2, [r3, #0] main Wfsre/main.e a8 H
2349 000000412 movws r3, £150 ... main srefmain.e 98 / aS m VI eWS
2350 000000414 lsls 13, 3, £3 main Wfsre/main.e a8
2351 000000416 cmp r2, 13 main fsrofmain.c 958 .
2352 000000418 bhi.n 0426 <. main Wfsre/main.c 95 l:

coverage
counters

h



Instruction Trace

-bubble demo application better than led_blinky

« Instruction Trace View

- If not visible, access by typing “Instruction trace in

Quick Access box (top right)

: the Target and then

« Turn on &

- Shows corresponding program location

48 PUBLIC

Button

€ Instruction Trace 3 L]

A XL 1L

InstNe  PC isassembly Info function
Record continuously h
< >
€ Instruction Trace 23 - O
® B h@OER
Inst No PC ssen\bly Info function
Download tracebuffer from target i
< >
(] Memory ()= Heap and Stack Usage & Expressions @€ Instruction Trace 3 =
@ @/ [0z &
InstNe  PC Disassembly Info filename
0 0x00004fb2 Idrb r3, [r3, £3] UnhandledPac../ 12C_MafterRea...| .. Jdrivers/fsl_i2...
1 0x00004f b4 utbr3, 3  J/ 12C_MasterRea... \ .. J/drivers/fsl_i2...
2 0x00004fbb andwr3, 3,#2  J/  12C_JMasterRea... \.. Jdrivers/fsl_i2...
3 0x00004fba cmp r3, 20 12¢/ MasterRea... \./drivers/fsl_i2...
4 0x00004fbc beq.n 0x4fb0 ... _MasterRea... \/drivers/fsl_il...
s MrANOAE Y Idr #2 [«T #2171 = hMartarRas felrneare el 32

Link to
disassembly

Link to source Profiling

PR 4

B
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Instruction Trace Triggers & o e .
@I 2=z B o e ~

I:":l Inst Mo pC Dizassen Y Infao |
Shows the Instruction Trace configuration view

Instructic:n Trace Config i3 o [% = = 0
o 4
W Configure |
. Refresh from target
- Address of global variable ~ insiriciion fr3c2

This view allows you to configure instruction trace,

- Press the refresh button in the toolbar to display current configuration.

_ oe

_ €’ Expressions 53 = O
LEE | X% i ar ~
— Expression Type Wi
» m Big_systickCounter wvolatile uint32_ t~ O

gp Add new expression

< >

Name : &g systickCounter
Details:@x208889b8 <g systickCounter:
Default:8x208889b8 <g systickCounter:
Decimal:536873392
Hex:8x282289b8
Binary:leaaaaaasaaadeaaaaleallallaaaa
Octal:ed4aa8884668
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Instruction Trace Trigger Configuration

[Bgl Instruction Trace Config 53 $ vigeE=0
@ Cnnfigure Unapplied changes in view - press apply button
[ ]
~ Enable trace * Counters
Simple Onelnput  Two inputs Reload value
disabl
() dizable + Trigger condition
Simple Onelnput  Two inputs
resource: | Watchpoint comparator 2 v
[ [JInvert resource
- Stall
[ Stall processor
Stall process wher 14 free bytes in the buffer
g I + Trigger position in trace
Words before trigger™WoTdy after trigger
~ *Watchpoint comparators 456
[ ]
10 Comnarator Idatch Walue Mazk =ize I
1 Release | | Data Wiite ~ | [ 0x200009b0 [0 B
. 0 - The buffer will mostly contain trace from
2 | Rr:lr:asr:| |Data Value Write v| | Ox000000fF | Z| before the trigger and some after the trigger.
= Link
+ Timestamp generation event
o Link1 |1 v Link2 |1 ~| - _
# Simple  Qnelnput  Two inputs
Data size | Word v| O enable

3 | Request | | Disabled or LinkAddress U | 0:x00000000 0 & @ disable
4 T e i s 2 [ 500000000 0 3

~ Start Stop block

Start Stop

Cormparater 1 [] [ * Settings
Comparator2 [

O
Comparator3 [ []
50 PUBLIC Comparaterd [] [

(] Output all branches []Debug Request [ Timestamps



PART 5:
FREERTOS
TASK AWARE DEBUG



About this section

- Screen shots shown are from a session with FRDM-K64F

- All operations also apply to any MCUXpresso SDK supported board that includes
FreeRTOS support

h o
L |
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FreeRTOS TAD

- Thread Aware Debugging

-Show and switch between threads in Debug View

-Views to inspect status of the RTOS

- Views read RTOS data structures while target is halted

- Debugger needs extra information:

sis | FreeRTOS  Window  Help

£

Tazk List @

Cueue List

Timer List :

Heap Usage =rie
Ene

f# Thread #1 1 (Rx Susp

<IDE Installation Path>\MCUXpresso IDE FreeRTOS Debug Guide.pdf

- SDK projects should be updated for this

# Task List (FreeRTOS) 23

TCB=  Task Mame Task Handle Task State Prigri... Stack Usage
1 Fx (he20000520 [ ] Suspended 2(d) 336B/1016E
2 T 020000928 [l Blocked 101} 1e0B /1016 B
3 | Sem 2000030 [ Suspended 4 (4) 300B /1016 B
: IDLE 0x20001150 B= Running 0 (0) ve Quene List (FreeRTOS) 5% |
5 TmrSwc 020001438 [0 Blocked 44  ~ | QueueName
v 1 TmirQ
R ARARDRECCL A LR E A —EA——SSS—S—— Head:
Tail:
Read from:
Write to:
53 PUBLIC S

wlE®=0

0%20000138
0%20000fd8
(x20000138
Ox20000f48

Queue Data [DEC)

Queue Data [HEX]

Queue Data [BIN]

Queue Data [ASCII]




Creating FreeRTOS Project

54

Select Board (

to create project

project

PUBLIC

S .
. Irport S0K examplels)..
2 Import project(s) from file system...

* Create or import a project

i mroi et

Examples

| type to filter

Mame
» [] £ ntag_iZc_plus_exam
v W] £ rtos_examples

» [] E wvisualization

[

freertos_dspi
freertos event

B
[]

freertos_generic

= freertos_h




Debug Probe Connection

- Configure to use
- Allows thread aware debug view
- Otherwise only current thread is shown

e . then

45 Debug &4 x> @M zRRS|P . Y=0

W . frdmk&df_freertos_generic LinkServer Debug [C/C++ (MNXP Semiconductors) BMCU

w1 frdmkfsf freertos generic.axd [MESAFNTM oo 2 (cortex-md)]

“ o Thread #1 1 (Rx Suspended) (Suspended : Container)
xueueReceivel) at queue.c:1'345 (2 0b0
preCueueReceiveTask() at freertos_generic.c:282 CxEba
prPortinitialiseStack() at port.c: 164 31934

read 2 4 (IDLE Stopped) (Suspended : Signal : SIGINT: Interrupt)
xPortGetFreeHeapSize() at heap_4.0:312 ;173
wvhpplicationldleHook() at freertos_generic.c:403 fxdbac
preldleTask() at tasks.c:3'284 Oxdelc
pxPortinitialiseStack() at port.c: 184 0x1934

o® Thread #3 3 (Sem Suspended) (Suspended : Container)

o® Thread #4 2 (TX Delayed) (Suspended : Container)

o Thread #3 3 (Trnr Svc Delayed) (Suspended : Container)
arm-none-eabi-gdb (20202017 T1L8)

v o

T m

>

?

b
v

55 PUBLIC

B Frobes discovered O >

Connect to target: MK64FN1MOooc12
1 probe found, Select the probe to use:

Available attached probes

Mame Serial number..  Type  Man.. [DE Debug Mo..
. DAPLink CMSIS-DAP 0240000028884e: LinkSer ARM  All-3top W

All-5to p

Supported Probes (tick/untick to enable/disable)
MCUXpresso IDE LinkServer (inc, CMSIS-DAP) probes
P&E Micro probes

SEGGER J-Link probes

Probe search options

Rermember my selection (for this Launch configuration)

@ oK | | Cancel




Thread Aware Debug View

- Lists all FreeRTOS tasks with stacks
- Switch debug context to thread er—r N e

v (B frdmk64f _freertos_generic LinkServer Debug [C/C++ (NXP Semiconductors) MCU Application]

- Context, reg isters, stack v 5B frdmks4f_freertos_generic.axf [MKS4FNTMOuo12 (cortex-md)]

v @ Thread #1 1 (Rx Stopped) (Suspended : User Request)
= _printf() at Oxdaed

° (to p ) Of a th re a d = prvQueueReceiveTask() at freertos_generic.c:260 0x73a

= pxPortInitialiseStack() at port.c:216 Ox1¢20

. v ;@ Thread #2 2 (TX Ready) (Suspended : Container)
. D e b u g |t ( ) = vPortExitCritical() at port.c:456 Ox1e76
prvQueueSendTask() at freertos_generic.c:236 Ox6fc
to a n Oth e r th read = pxPortlnitialiseStack() at port.c:216 Ox1¢20
v @ Thread #3 4 (IDLE Ready) (Suspended : Container)
= nrddlaTazlkN af tackes ~2 280N 2§44

= xQueueGenericSend() at queue.c:874 0x2188
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Task List

Lists FreeRTOS Tasks in the System

Menu

Pause Button: do not update data when target is stopped
Save Button: Store information as .csv file

[0 Memory (0= Heap and Stac... 6% Expressions @ Instruction Tr... Task List (Free... £3
Y. Task Name Task Ha...  Task State Pr.. Stack Usage Event Object

» 1 Rx 0x20000538 [ | Suspe... 2(2) 336B/1016B  xQueue (Rx)

y 2. TX 0x200009c0 G Ready 1(1) 1608/ 10168

» 3 Sem 0x20000e48 B> Runni... 4(4) J280B/ 10168

. 4 IDLE 0x20001168 (U Ready 0(0) 868 /3528

» 5 Trr Sve 0x200014c0 (U Blocked 4 (4) -WB;’T'IE B TrnrQ (Rx)

FreeRTOS Window Help

] Task List

&1 Queue List

1 Timer List

] Heap Usage

@& NXP Community

(@ About FreeRTOS TAD

= =
o LEL'

Runtime

P AN
L=
A1
i
iy
L&

(&b

A1
&
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Queue List

Lists all FreeRTOS Queues e Hindow T

Menu [EREEE

Bl Heap Usage

Pause Button: do not update data when target is stopped N

Save Button: Store information as .csv file © _About FreeRTOS TAD

s Queue List (FreeRTOS) 52 | ® = o
7 Cueue Mame Address Length ltermn Size FTxWai.. FRxWai.. CueueType
w ] Trnr) (o 20000l 010 (e FHEEFEF (-1 B 1] 1 Cueue
Head: O 2000038
Tail: Ohc20000Fd 3
Read from: Ohc2 000038
Write to: Ohc20000F48
z Address Clueue Data [DEC] Cueue Data [HEX] Clueue Data [BIN] Clueue Data [ASCI]
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Queue Timer

Lists all FreeRTOS Software Timer p———

EE TaskList

Bl Queue List

Menu [C Timerti ]
Pause Button: do not update data when target is stopped

Bl Heap Usage

08 MNXP Community
(i) About FreeRTOS TAD

Save Button: Store information as .csv file

s+ Timer List (FreeRTOS) 52 oo | = B
D Timer Mame Period [... Autorel.. Timer Number Callback function
Ohe) LEDTirner 200 Yes Chel) vExampleTimerCallback (Tx000006...
959 PUBLIC
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Heap Usage

- Status of FreeRTOS Heap and Memory Allocation — e
B Queue List
° Menu E  Timer List
. . IEl HeapUsagEI
- Pause Button: do not update data when target is stopped T pT—
. Save Button: Store information as .csv file S i
() Mem... (0=Hea.. €7 Expr.. € Inst.. Task... Que... Tim... Hea.. X SR LC]
,\
Type Usage (%) Used Free Address Range
Heap # ;; 52.11% Used 5.21kB/f10kB 47.89% (4.79 kB) 0x2000006¢ - 0x200...
2" Details Block Start Block End Size A
. e Mmg 02000007 0;;;} = 2
%1 F_{xﬂask ;tack} Mmm mzomusz? D;%fs (1:;_1:583
§ F;cI(lTa;I;;'CB} oxzoomm DxZOD(}USaf {_):;?j'a.(ﬁ?{;B)
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PART 6: SWO TRACE



Single Wire Output

- SWO: Single Wire Output

- ARM Cortex-M Hardware Feature (1 pin)

- Requires that the SWO pin is routed to debug headers
- Present on Tower (TWR) and LPCXpresso V2/V3 boards
- Freedom (FRDM) boards do not have SWO pin available

- Debug Features with SWO

- SWO Console

- SWO Interrupt tracing/logging

- SWO Profiling L g?gi,,f

-via LPC-Link2 with NXP CMSIS-DAP firmware Ej % o0 s pn [ mmw

- Using SEGGER J-Link and PE Micro probes | ——— e
- Documentation (bisconnect Target Power) -~

- <IDE Installation Path>\MCUXpresso IDE_SWO _Trace.pdf

A
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Enabling SWO use

- To use SWO, the SWO function must be enabled on the device, and clock set up
to associated logic

- MCUXpresso SDK examples usually do not have this by default, but setup via pin
and clock configuration tools is typically quite simple

h o
L |
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SWO Trace Config

SWO Trace Config 53 =

- Dedicated view to configure SWO ~ “enfowre
- SWO Clock speed setting C

Clock speed: 100.0 MHz | change

@ Perfarmance Counters |.=EII
T SWD connection @

fml| |l] [fml] &1 &l

- (+) opens other views © Data Watch (@ clockspeed
@ Interrupte = probe backend @
10 probe @
o ITM console baud ®
i probe configured @
target configured @
@_ SWO Counters 53 CE|BE&E= O
Mame Total Owerflow Counter
Folded-instruction counter 0 0 0
Load-stare count 133 0 133
Sleep overhead counter 0 0 0
Exception overhead counter 0 1] 1]
CPI 44 0 44
Cycle counter 35691962 1] 35691962
< >

h
>N
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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

(7] Installed 5... [ Properties |[®* Problems = Progress Memo Debugger.. BD PowerMe.. [E|SWO Trac.. < Search [Fl SWOProfile 520 = O
p &g Preg v og ¥ &

Bl © E

Function Cumulative samples  Cumulative samples % Current samples % Coverage % First  Last  Since  Awvg Between Stat End  Co ™
prvCheckTasksWaiting Terr 630829 -3‘?"6 448.. 45. 000. 66Mus Ox3.. 3., 11
preTimerTask 2 lS.T‘?'Eu 1.7, 34.. 10525 833.538ms Ox3...  Ox3.. OO
_wfprintf 8 0.8% 533.. 40.. 472.. 440.218ms ... (x5,
SysTick_Handler 163 . 1.1.. 34. Ol Oxl.,
__aeahi_lowlevel_memset 1 259.. 25.. 5. x5,
vlistlnsert 2 1.1.. 249. M., O,
¥TaskResumeAll 4 11, 40, 472, T732347ms 2o, (2o,
preProcessExpiredTimer 2 1.1, 29. 1.644s 378.641ms M3, O3,
wlaskSwitchContext 1 1.7.. O3, O3,
¥TasklncrermentTick 71 1.1.. One2f... O3,
vPortExitCritical 5 353.. Ml Oxla,
vQueueWaitForMessageRe 1 553 M., O,
preUnlockCueue 1 4.0.. 2.  Ow2.. O
prvldleTask 266191 8.3. Ox3... | Ox3.. O
Pend5V_Handler 4 1.7. Ol | Ox1.., OOC
_printf 1 1.1.. 5., | Ox5.. OO
vPortEnterCritical 5 553... Oacl...  Owl.. O
prelnsertTimerinActivelist 1 1.7, 3., Ox3.. O
preProcessTimerOrBlockTz 2 353.. M3, | Ox3.. OO
¥QueueReceive 3 353.. 11, 34015 197.437ms M. D2 10w

< >
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SWO Trace - Interrupt Views

66

Wha SWO Int Table 57 OEE@EmE=O
Index D Ewvent Handler Time Ticks it
3098 35 EXIT 1 IRQHand... 16.048= 3273746073 3
3097 35 EMTRY 1 IRQHand... 16.048= 3273745862
3096 0 RETURM 16.0485+3.294us 3273740833
3095 -3 OVERFLOW SWO Overflow  16.048=+3.204us 3273740833
3094 0 RETURM 16.0485+3.294us 3273740833
3093 15 EXIT SysTick_Handler 16.048s 3273740833
3092 15 EMTRY SysTick_Handler 16.048s 3273740817
3091 Eil EXIT TIMER3_IRQH... 16.048= 3273740810
3080 Eil EMTRY TIMER3_IRQH... 16.034= 3270940679 5

Bl Console [%] Problems 3 Instruction Trace  [] Memory SWO Trace Config B0 Power Measurement Tool [J} SWO Int Stats m SWO Int Table (ﬁ SWO Int Trace E@]

O EmH@QA= o

TIMERO_IRQHandler

TIMER1_IRQHandler

TIMER?2_IRQHandler

TIMER3_IRQHandler

tc = 182.270611s
(28]

(29]

(30]

(31]

T il I » I '

Main

t: 100ms 200ms 300ms 400ms 500ms

600ms T00ms
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SWO Trace — Interrupt Views

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

- Benefits
- Determine time spent in interrupt handlers
- Optimization of interrupt handlers
o E] ® O

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

Int handler Count Timein Minftimein] Max(time in) Min{time between)  Max(time bet...
Main 793 23.506s,.. 945.790us 15.747s 1.270us 7140+2.790us  11.088ms+22 680us  1.270us 10.000ms 23.517s
CT32B0_IRQHandler[27] & 22.850us 2.840us 2920us 999,994 ms 999,994 ms 23.517s 999994 ms 16.297s 23.517s
CT32B1_IRQHandler[28] 16 46.830us 2.920us 2830us 502.438ms S02438ms 23.517s 502.438ms 15.809< 23.517=
SysTick_Handler[15] TTE 933.52.. 119%us= 1.200us 9998 ms 15.747= 23.516s 89.999ms 9.999ms 23.517=

Mote: this functionality 15 a Technology Preview

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 E SWO Trace Config @D Power Measurement Tool | [J) SWO Int Stats &3
Min(time in) Ma:-:[t{me in)  Min(time between) Max(time between) Total time be

Int handler Count  Timein
SysTick_Handler[13] 819 1.062s 1.716ms 1.716ms 83.725ns 42.574ms 5.800s
TIMERZ_IRQHandler[30] 27 277.959ms 10.295ms 10.295ms 229.427ms 249.983ms 6.584x
TIMER3_IRQHandler[31] 54 741.216ms 13.726ms 13.726ms 90.709ms 131.838ms 8.121s
TIMERQ_IRQHandler[28] & 20.593ms 3.432ms 3.432ms 996.566ms 996.566ms 6.841<
TIMER1_IRQHandler[29] 13 89.224ms 6.863ms 6.863ms 4893.712ms 496.559ms 6.773s
Main 291 4.661s 3.283ms 8.284ms 1.716ms 36.033ms 2.201s
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SWO Trace — DataWatch

69

Dynamic memory accesses

Read and write to target memory without stopping

CPU

Non-intrusive

Reads done on periodic basis (by default)

Unlimited number of addresses

Allows modifications to parameters in real

time

PUBLIC

& SWO Data 32

- Datawatch Trace

- Capture all accesses to memory location,
without stopping CPU

- Benefits
- Monitor and analyse memory accesses
- ldentify ‘rogue’ memory accesses

Enable Trace Value

[ [7] count_ct0 | 0x00000130
count_ctl 0:0000025d
[] count_stick 0:000076ch

Format
0208y
0 %e08x
O 3808

Type
Yalue
Yalue

Yalue

Access
Read
Read
Read

(] kS X %l = O |
Item Value Time Access  Repeats it |
count_ctd 000000130 1.241m W 0 =
count_ctd 0000001 2F 1.241m R 0
count_ctl 000000254 1.240m W 0 |
count_ctl 0:0000025¢ 1.240m R 0
count_ctl 0:0000025¢ 1.232m W 0 |
count_ctl 0:0000025b 1.232m R ]
count_ctd 0000001 2F 1.224m W 0
count ct 0000001 2e 1.224m R 0 i

Note: this functionality is a Technology Preview
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SWO 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

- MCUXpresso IDE allows user to redirect printf/scanf data by reimplementing low level Redlib

function _ sys write / __ sys readc
- Newlib reimplementation also possible

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

70

transfer data

m: SWO ITM Console 2% A= ® i

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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