Microchip SA M L10 Cortex -M23 Tutorial

q rm KE”_ The SAML 10 Xplained Pro evaluation board

Arm © Keil ® MDK 5 Toolkit Summer 2018 V 1.0 bob.boys@arm.com

The latest ver sion of this document is here: www.keil.com/appnotes/docs/apnt_313.asp

The latest SAM  L11 tutorial is located here:  www.keil.com/appnotes/docs/apnt_314.asp

Introduction:

The purpose of thisitorialis to inroduce you to th&licrochip SAML10 Cortex®-M23 processor usinthe Arm® Keil®
MDK toolkit featuringthe IDEe Vi £.i Wemwill demonstrate all debugging features available on this pwcessthe end
of this tutoria) you will be able to confidently work wittheseArm processorandKeil MDK .

Getting Started MDK 5:  www.keil.com/gsg Arm Compiler 6: www.keil.com/appnotes/docs/apnt_298.asp

Keil MDK supportsand has examples fanostMicrochip (and Atmel)Arm processts. Check the Keil Device Datab&smn
www.keil.com/dd2 This list is also pr ovi Seendvw.lkey.com/Migockipvi si on Pack

Many Microchip8051 processors are supported by Keilww.keil.com/dd/chips/atmel/8051.htm

Keil MDK -Litek is afreeevaluation version théimits code size to 32 KbytesSAM L10/L11 needs a valiiDK license.

RTX RTOS: All variantsof MDK containthe full version oRTX with Source CodeRTX has a BSD or Apache 2.0 license
with source codewww.keil.com/RTXandhttps://github.com/ARMsoftware/CMSIS _5FreeRTOS is supported.

Why Use Keil MDK ?
MDK provides these features particularly suitedMbcrochip CortexM users:

1. uVision IDE with Integrated Debugger, Flash programmer and tine® ACompiler
toolchain. MDK is turrkey "outof-the-box".

2. Arm Compiler 5(AC5) andArm Compiler 6(AC6) (LLVM) are included. =
3. GCCis supportednd available oeveloper.arm.com. é
4. Dynamic Syntax checking on C/C++ source lines. =
5. Compiler Safety Certification Kit: www.keil.com/safety/

6. TUV certified. SIL3 (IEC 61508) and ASILD (ISO 26262).

7. RTX RTOS SafetyCertificationwill be available 2Q18.

8. MISRA C/C++support using P€Lint. www.gimpel.com

9. Keil Middleware: Network, USB, Flash File andr&phics

10. NEW! Event Recorder for Keil RTX RTOS and User programs Pages13 & 19.

11.Cor eSi ght E Se r(SW)for méstrCertexil iprecassars.

12. ETM Instruction Trace: For some Cortbkprocessors. Includes Code Coverage and Performance Analyzer.

Consult your device datasheet availability.
13. DebugAdapters: On-boardMicrochip EDBG (CMSISDAP), Keil ULINK E 2, ULINK plus, ULINK pro and JLink.
14. Affordable perpetual and term licensingth support Contact Keil sales for pricing optionBiside Sales@arm.com
15. Keil Technical Support is included for one year and is renewable. This helps you get your project completed faster.
16. ULINK plus poweranalysis: www.keil.com/mdk5/ulink/ulinkplus/Contact Keil sales.

This document includes details on these features plus more

1. Realtime Read and Write to memory locations for the Watch, MemoryParigheral windows. These are non
intrusive to your program. No CPU cycles are stolen. No instrumentation code is added to your source files.

Four HardwareBreakpointgcan be set/unset ghefly) andtwo Watchpoints élsoknown asAccess Breaks).
RTX and RTXThreadsvindows: kernel awarenedsr RTX that updates while your program is running.
NEW! pVision Event Recorder. You caneuthis in your own programsSee pages 13 ané.1

printf usingEvent Recorder (EVR)No UART is required.

Create your wn pVision project from scratch. Add Keil RTX to any project.

o0k wN
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General Information:
1. Microchip Evaluation Boards & Keil Evaluation Software:
2. MDK 5 Keil Software Information MDK 5.25 or later
3. Debug AdapterSupported
4. Arm CoreSightDefinitions:

Keil Software and Software Packs:
5. Keil MDK Software Download and Installation:

6. Install the pVision MDK Fofessional License:
7. WVision Software Packownload and Install Process:
8. Install the Blinky example
9. Otherfeatures of Software Packs:
Blinky Example using the Microchip Cortex -M23 SAM L10

10. Blinky example using th®icrochip CortexM23 SAM L10:

Arm CoreSight Debugging Features supported by Keil pVision:
11. Hardware Breakpoints and Single Stepping:
12. Call Stack & Locals window:
13. Watch and Memory windows and how to use them:
14. PeripheraSystem Viewer (SV):
15. Watchpoints: Conditional Breakpoints:
16. NEW ! printf using Event Recorder

NEW ! Power Measurement using Keil ULINK plus :
17. Getting ULINKplusConnected t&AM L10 Xplained board via SWD:
18. Connecting ULINKplusto the Power Management Connectors
19. Displaying Power Measurement in System Analyzer:
20. Displaying Event Statistics:
21. More Features of Evetatistics:

Creating a New Vision © Project for SAM L10:
22. Creating a newaVision Project from Scratch:
23. Adding Keil RTX RTOS to your Project:
24. Adding a Second Thread (Task) to Your Project:
25. NEW ! Event Recorder for RTX:

Other Useful Information:
26. Document Resources:
27. Keil Products and @ntactlnformation:
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1) Microchip  Evaluation Boards & Keil Evaluation Software

Keil MDK providesboard supportor manyMicrochip CortexM processorghat were previously offered by Atmel.
Seewww.keil.com/Microchipfor thecompletdist.

Onthesecondast page of this document is an extensive list of resources that will help you successfully creatgegtsr p
This list includes application notes, books and labs and tutorials forMitrechip Armboards.

We recommend you obtain the latest Getting Started Guide for MDK5: It is avéitsbe www.keil.comfsal
Migrating from Arm Compiler 5 (AC5) to Arm Compiler 6 (AC6) : www.keil.com/appnotes/docs/apnt 298.asp
ARM forums: https://developer.arm.com Keil Forums:  www.keil.com/forum/

2) MDK 5 Keil Software Information . This document use s MDK 5. 25 or later

MDK 5 Core is the heart of the MDigolchain. This will be in the form of MDK Lite which is te®aluation version. The
addition of a Keil license will turn it into one of the commercial versions available. Contact Keil Sales for more ioformati

Device and board support are distributed via Software Packs. These Packs are downloaded fromith¢heelPack
Installer", the version(s) selected with "Select Software Packs" amgyoject configured with "Manage Rdnme
Environment" MRTE). Thesautilities are components of pVision.

A Software Pack is an ordinary .zipdilvith the extension changed.pack. It contains various header, Flash programming
and example fileand more. Contents of a Pack described by a .pdsc file in XML forma¥.ou can make your own Pack.

Seewww.keil.com/dd2/packor the current lisbf available Software PackdMore Racks aralwaysbeing added.

Example Project Files: This document usesxamples provided outside of the Pacid are distributed with this document.

3) Debug Adapters Supported

These are listed below with a brief descripti@onfiguration instructions start on page 7

1. Microchip EDBG CMSIS -DAP: Many Xplained boards contaBDBG: an on-board debug adapter that is
CMSIS-DAP compliant. You do not need an external dglger such as a ULINK2 to do this labhe SAM L10
does not have any feature suctS&8V or ETM that requires a specific adapter. All other CoreSight fundibomsi
on SAM L10are provided bfDBG CMSIS-DAP.

Toadd CMSISDAP to a custom board. Sk#ps://github.com/ARMsoftware/CMSIS 5

This tutorial usesnly the onboardEDBG CMSIS DAP. For theSAM L10, this is all you need. The Keil
ULINK pluswill provide power measurement f&AM L10. See below.

2. ULINK2 and ULINK -ME: ULINK-ME isonly offered as part of certain evaluation board packages. ULINK2 can
be purchased separately. These are electrically the same and both support Serial Wire Viewer (StWig, Run
memory reads and writes for the Watch demory windows and hardware breakpoint set/unsehetly.

3. ULINK pro : ULINK pro supports all SW\Meaturesand adds ETMnstruction Trace ETM records all executed
instructions. ETM provides Code Coverage, Execution Profiling and Performance Analtigsiese ULINKoro
also provides the fastest Flash programming tiniNest. all SAM processors have ETMConsult your datasheet.

4. NEW! ULINK plus : Power MeasuremertHigh SWV performane and Test Automation.
Seewww.keil.com/ulink/ulinkplusffor details.

5. SeggerJ -Link: JLink Version 6 (black) or later supports Serial Wire VieweWV data reads and writes are
not currently supported with aLink.

External J70 2 CORTEX DEBUG connector:

An external debug adapteanbe connectetb theJ702Cortex DebudlO pinconnector

J702is a10 pin CoreSight standambnnector.For pinouts searchh e web f or fAAKspecibllOw@h nect or s
cable isprovidedwith ULINK pro and ULINKplus ULINK2 and ULINK-ME will connect to J702.

Contact Segger for a special adapter board for-ttiekJseries.
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4) CoreSight ° Definitions: It is useful to have a basic understanding of these terms:

Not all processors have all feia¢s. CortexM0/M0+/M23 do not have SWV, ITM or ETM trace. They have DAP
read/write. CortexM3/M4/M7/M33 canhave allor most of theséeatures listedmplemented. MTBnay be found on
certainCortexM0+. Consult your specific datasheet.

1.
2.

© N o o

10.

11.

12.

13.

JTAG: Provides access to the CoreSight debugging module located on the Cortex processor. It uses 4 to 5 pins.

SWD: Serial Wire Debug is a two paiternative to JTAG and has about the same capabilities except Boundary Scan
is not possible. SWD is referenced as SW in the pVision Goft&arget Driver Setup.

The SWJ box must be selected in ULINK2/ME or ULIpHE. Serial Wire Viewer (SWV) must us&\® because

the JTAG signal TDO shares the same pin as SWO. The SWV data normally comes out the SWO pin or Trace Port.

JTAG and SWD are functionally equivalerithe signals and protocols are not directly compatible.

DAP: Debug Access Port. This is a component ofAtma CoreSight debugging module that is accessed via the
JTAG or SWD port. One of the features of WP arethe memory read and write accesses which providth@n
fly memory accesses without the need fiargessor core intervention. pVision uses the DAP to upgdataory,
Watch Peripherabnd RTOS kernel awareness windowsile the processor is running. You can also modify
variable values on the fly. No CPU cycles are used, the program can be runnimgcaieé stubs areeeded

You do not need to configure or activate DARision configures DAP when you select a function that uses it.
Do not confuse this with CMSIS_DAP which is Arm on-board debug adapter standard.

SWV: Serial Wire Viewer: A traceapability providing display of reads, writes, exceptions, PC Samples and printf.
SWO: Serial Wire Output: SWV frames usually come out this one pin output. It shares the JTAG signal TDO.
Trace Port: A 4 bit port that ULINKpro uses tacollect ETM framesand optionally SWV (rather than SWO pin).

ITM: Instrumentation Trace MacrocelAs used by pVisionITM is thirty-two 32 bit memory addresséRort O
through 31}that when written to, will be outpuin eitherthe SWO or Trace PoriThis is useful for pntf type
operations. pVision uses Port O for printf and Port 31 for the RTOS Event Viewer. The data can be saved to a file.

ETM: Embedded Trace Macrocell: Displays all the executed instructions. The ptd\iKovides ETM. ETM
requires a special 20 pin CoreSight connector. ETM also provides Code Coverage and Performance Analysis. ETM
is output on the Trace Port or accessible in the ETB (ETB has no Code Coverage or Performance Analysis).

ETB: Embedded TracBuffer: A small amount of internal RAM used as an ETM trace buffer. This trace does not
need a specialized debug adapter such as a UMNKETB runs as fast as the processor and is especially useful for
very fast CortexA processors. Not all processdiave ETB. See your specific datasheet.

MTB: Micro Trace Buffer. A portion of the device internal user RAM is used for an instruction trace buffer. Only
on CortexMO+ processors. CorteM3/M4 and CortexM7 processors provide ETM trace instead.

Hardware Breakpoints: The CortexM0+ has 2 breakpoints. The Cortd3, M4 and M7 usually have 6. These
can be set/unset @hefly without stopping the processor. They are no skid: they do not execute the instruction they
are set on when a match occurs.e BPU is halted before the instruction is executed.

Watchpoints: Both the CortexM0, MO+, CortexM3, CortexM4, CortexM7 and CortexM23 can have 2
Watchpoints. These are conditional breakpoints. They stop the program when a specified valamigoead
written to a specified address or variable. There also referred to as Access Breaks in Keil documentation.

Read -Only Source Files:

Some source files in the Project window will have a yellow key on trﬁr This means they-ardyredthisis
to help unintentional changes to these files. This can cause difficult to solve problems. These files normally heed no
modification. pVision icon meanings are found heneww.keil.com/support/man/docs/uv4/uv4 ca_filegrp att.htm

If you need to modify one, you can use Windows Explorer to modify its permission.

In the Projects window, double click on the file to open it in the Sources window.

Right click on its source kaand select Open Containing folder.

Explorer will open with the file selected.

Right click on the file and select Properties.

Unselect Reatnly and click OK. You are now able to change the file in the pVision editor.
It is a good ide@o make the file readnly when you are finished modifications.

SR S 0O W [=
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5) Keil MDK Software Download and Installation:

1. Download MDK 5.5 or later from the Keil websitewww.keil.com/mdk5/install
Install MDK into the defaulfolder. You can install into anfplder, but thistutorial uses the default &eil_v5
We recommend you use the default folders for this tutorial. We will U88M@DK\ for the examples.

You do not need a debug adagterthe basic exercisepist theSAM L10 board, a USB cablend MDK installed.
You do notneed &eil MDK license forthis tutorial. MDK-Lite, the evaluation version will work.

ok~ wbn

6) Install the pVision MDK  Professional License

1. Select File/License Manageent If you have not used this feature Evaluate MDK Professional
previously, this icon is displayed in lower left corner:

2. Click on this icon to obtain a temporary MDK Pro license. CelM&8 needs at least MDK Essential.
3. If this expires or is not available, please contact Keil Sales for temporary licénsiele Sales@arm.com

7) WVision Software Pack Download and Install Process:
A SoftwarePack contain components such asdezaFlash programming, documents and other files used in a project.
1) Start pVision and open Pack Installer and i nstall The SAML10 Software Pack from the Web:

V.
1. Start pVision: mgm Connect your PC to the Internet to download files.

Open the Pack Installer by clicking on its ic‘.@ A Pack Installer Welcome screen will open. Read and close it.

2.
3. This window opens up: Selettte Devices tab. ok Lnctallo = CAKaT vB\ARMRPACK
4. Enter L10 in theSearch box. Highlight as shown s
| | Device: Microchip - SAML10
5. Inthe Packs tab, seelct Install as shown: 14 Devices | Boards o/ [[d] " Packs | Bamles bl
. . . . . I| searcn: 1o - X Pack Action Description
6. The Pack will be installed into pVision. P P = Device Specific 1Pack e
. R =9 ices iz + Keil:SAML10_DFP < _Install Microchip S
TIP: You can also install the Pack by doublieking on the |~ = %% UL L g oy —
.pack file. It will be recognized and installed. 5 % S ¢ o< % ARM:AMP & Install__| Software cor
€1 ATSAML10D14A  |ARM Cortex-M23... - ARM:CMSIS & Uptodate | CMSIS (Cort
€3 ATSAML10D15A | ARM Cortex-M23... R ARMECNOLS - Dnver L__]CMS'S Drive
€2 ATSAMLIODIGA | ARM Cortex-M23... # ARM:CMSIS-Driver Va... & Install CMSIS-Drive

8) Install the Blinky Example
Select the Devices tab in Pack Install&electSAM L10 asshown above.
Selectthe Examples tab and one Blinky exdenwill display: 4] packs” Examples | L

’7 Show examples from installed Packs only

Click on Copy. The Copy Example window shown here opens:

Example Action Description

Enter CYOOMDKJ\ as shown. Unselect Launch pVision. Click OK. -~Blinky (SAML10-XPRO) | & Copy | Blinky exemple
Blinky will copy to CAOOMDK\mdKboard&MicrochipSAML10-XPRO\ . | B
The Pack status is indicated i

* U[ to date I Copy Example

older

7. Update means there is an updated Software Pack available for Coox B==
download I [¥ Use Pack Folder Structure ™ Launch pvision
8. You can update any files at this time with a yellow Update box. o] [Toar]

9. Close Pack Installer. You can open it &inye by clicking on its
icon.

10. If a dialog box says Software Packddier has modified, select Yes.

S e o

TIP: Theleft hand pane filters the selections displayed onitie pane. You can start with either Devices or Boards.
TIP: For simplicity, we will use the defautlder of C:\OOMDK\ in this tutorial. You can use anfolder you prefer.
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Software Pack
ersion:

9) Other features of s: This page is for reference:
1) Select Software Pack V

ThispVision utility provides the hility to chooseamong thesarious software pack versions installed in your computer.

s,
1. Open the Select Software Pack by clicking on its i_wu:
2. Thiswindow opens up. Notés e | at e s tis seleeteds The latest vérsiohthe Pack will be used
3. Unselect this setting and the window chantgesllow various versions of Packs to be sedd.

W Select Software Packs for Target Target 1°

[V Use Iatest versions of all installed Software Packs

Pack Selection Description

E--ARM:CMSIS

Keil:ARM_Compiler

- Keil:MDK-Middleware | latest

Version
latest 3

latest

CMSIS (Cortex Microcontroller Software Interface Standard) -
Keil ARM Compiler extensions for ARM Compiler 5 and ARM Compiler 6
Middleware for Keil MDK-Professional and MDK-Plus

latest 240 Atmel SAM V71, V70, E70, S70 Software Foundation (HAL, Driver, BSP)
latest 2.1.0 Atmel SAMET0 Series Device Support
latest 2.1.0 Atmel SAMST0 Series Device Support
latest 240 Atmel SAMVT Series Device Support
Keil:SAM4_DFP latest 1.6.0 Atmel SAM4 Series Device Support and Examples
Keil:SAML10_DFP latest 1.0.99 Atmel SAML10 Series Device Support LJ
« | |
oK I Cancel | Help

Note vaious options are visible as shown h e | e|uded v[
Select excluded and see the options as shown: rest
Select Use latestersiong Do not make any changes.

Click Cancel to mse this windowo make sure no changes are made.

N o o s

2) Manage Run -Time Environment (MRTE) :
1. From the main pVision menugkectProject/Open Project.

Openthe project Blinky.uvprojx in C\0OMDK\mdKboard&MicrochiplSAML10-XPRO.

2
3. Click on theManageRun-Time Environment (NRTE) icon: ’ The windowbelowopens:
4

Expand various tealers and netthe selections you can make. A selection made here will automatically insert the
appropriate source files into your project.

5. Do not make apchanges Click Cancel to close this window.

¥ Manage Run-Time Environment

Software Component  Sel. Variant Version  Description
= € CMSIS Cortex Microcontroller Software Interface Components -
¥ CORE v 511 CMSIS-CORE for Cortex-M, SC000, SC300, ARMvE-M
¥ DSP - 1.5.2 CMSIS-DSP Library for Cortex-M, SC000, and SC300
¥ NN Lib N 1.0.0 CMSIS-NN Neural Network Library
@ € RTOS (API) 1.0.0 CMSIS-RTOS API for Cortex-M, SC000, and SC300
€ RTOS2 (API) 212 CMSIS-RTOS AP for Cortex-M, SC000, and SC300
[ € CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifications
@ Compiler ARM Compiler 121 Compiler Extensions for ARM Compiler 5 and ARM Compiler 6
= ‘ Startup, System Setup
¥ Startup [v 1.0.0 Headers and startup code for Atmel ATSAML10E16A
[ €% File Svstem MDK-Pro ~16.10.0 File Access on various storaae devices ﬂ
] | I _’I
I Validation Output Description
Resove | | SelectPacks | Detais ok | cancel | Help

TIP: pVision icon meanings are found hensww.keil.com/support/man/docs/uv4/uv4 _ca_filegrp_att.htm
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10) Blinky example program using the Microchip SAM L10 board

Now we will connect &eil MDK development system usitige SAM L10 board This page will use thilicrochip

EDBG CMSISDAP on-board debug adapter.
1. Connecta USB chle between your PC artide SAM L10 board J200 DEBUG USB connector.
2. The board will be poweredly this USB connection. The green POWER D201 LED will illuminate.

StartpVision by clicking on itdesktopicon. B,
Select Project/Open Project.
Open the fileBlinky.uvprojx located in: GOOMDK\mdKboardsMicrochipSAML10-XPRO\

o~ w

5. Compile the source fildsy clicking on theReluild icon.
not support Corte?23, you need to obtain a MDEssential license or higheGee page 5.

. If you get an error here stating ARM compiler does

6. Enter Debug mode by clicking on the Debug ic@. The Flash memory will berpgrammed Progress will be

indicated in the Output Window.

7. The program will run from the RESEvector to the start of main() and stop. This will be indicated in the main.c C

source window.

8. Click on the RUN icon.

The yellow LED LEDO willnow blink onthe SAM L10 board .

Now you know how to compile a program , program itintothe = SAML10 processor Flash , runit and stop it

Note:  The board will start Blinky stand -alone. Blinky is now permanently programmed in the Flash until reprogrammed

Set Optimization to Level -01:
This is needed for the breakpoints step on the next page.

1. Stopthe programe and exit Debug mod@'.

SelectOptions for Target:-“ﬁq or ALT-F7.

2.
3. Select the C/C++ (ACB6) tab.
4. Select Optimization leveD1 as shown here:
Optimization: I-O'I j
5. Click OK to close this window. . a rm
ULINKplus

6. Select File/Save All or cIic..ﬂ.

7. Compile the source files by clicking on the Rebuild icZ=.

8. Enter Debug mod&ql The Flash memory will be programmed
Progress will be indicated in the Output Window.

9. Click on the RUN icon.

Keil ULINK plus
Power Measurement System.
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11) Hardware Breakpoints:

The SAM L10 hasfour hardware breakpoints that can be set or unset on the fly while the program is.rummnigardware
breakpoints are nskidi that is they do not execute an instruction they are seitten it is encountered.

1. With Blinky running, in the Blinky.c window, click on a darker grey block on the left on a suitable part of the source
code. This means assembly instructions are presémse points. Inside tivéhile(1) loop between near line3l
through94is a good place You can also click in the Disassembly window to set a breakpoint.

2. Ared circle will appear and the program will presently stop.
3. Note the breakpoint is displayedboth the Disassembly and source windows as shown here:
4. Seta second breakpoint in tinile(1) loop as before. e ——
79: LED On (0);
5. Every time you click on the RUN icc the program will run 000002 a0 o e
until the breakpoint is again encountered. CRODSOCRE FTEEEERS ot FED_On [0x00000224)
a ." o elayl B . . fa _l
6. The yellow arrow is the current progracounter value. [Roxooooouns 2om  MOVS rew
. . . . . . . . 0x000002RA6 FTFFFFSF BL Delay (0Ox000001ES8)
7. Clicking in the source window will indicate the appropriate code 8l:  LED off(0); .
. . . . . . . . LOx000002AR 4620 MOV ro, r4
line in the Disassembly window and vice versa. This is relationship »H
indicated by the cyan arrow and the yellow highlight: ) Abstractod | ] maine | ] startup_samiioetsas | - x
8. Open Debug/Breakpoints or GBland you can see any 3; while () | |
breakpoints set. You can temporarily unselect them or delete them. 79 LED On (0):
) h] 80 Delay (250) ;
9. Deleteall breakpoints. 81 LED Of£(0);
. . ey - g2 Del. 250);
10. Close the Beakpoint windowif it is open o | olevid —
. . . . A4 S
11. You can also delete the breakpoints by clicking on the red circle |« »H

TIP: If you set too many breakpointsyision will wam you.

TIP: Arm hardware breakpoints dmt execute the instruction they are set to and landfsm CoreSight hardware
breakpoints are nskid. This is a rather important feature for effective debugging.

sin MU
gle -Stepping:
1. RUN icon for a shortime. Stop the program with the STOP icc@
2. The program will probably stop inside the Delay() funcstartingnear line29in Blinky.c.
By Assembly Instruction:

=
3. Click on the top margin of the Disassembly window to bring it into focus. Clicking i.}.‘pnr F11 advances the
program counter one assembly instruction at a time.
By C/C++ Source Lines

4. Click inside the Blinky.c source code window or better, on the Blinky.c tab.

5. Click on Step out? to exit the Delay() function. Step is not able to correctyp stside this function.

=
6. Click on the Step ico. .{ } or F11 a few times: You will see the program counter jumps a C line at a time. The

yellow arrow indicates the next C line to be executed.

7. When you enter the Delay(); function, stepping will no longetkwdrhis is because interrupts are disabled during
singlestepping and this function uses the SystTick handler which is interrupt driven.

8. Click Step Ou to exit the Delay functioand return to main().
9. Stop the prograr@ if it is running
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12) Call Sta ck + Locals Window:

Local Variables:

The Call Stack and Locals windows are incorporated into one integrated window. Whenever the program is stopped, the Call
Stack + Locals window will display call stack contents as well as any local variables loctitecative functioror thread

If possible, the values of the local variables will be displayed and if not the message <not in scope> will be disptayed. Th
Call + Stack window presence or visibility can be toggled by selecting View/Call Stack Windogvrimatn pVision window
when in Debug mode.

1. Run and Stopa the Blinky program. It will probably stop inside the Delay() function.
Click on the Call Stack + Locals tab if necessary to open it. Expand some of the entries.
3. The Call Stack + Locals windowill show Delay and main as shown here: Local variables are displayed.

i {I‘F ) ) Call Stack + Locals » @
4. Click on Step Oul ¥ to exit the Delay() function. :
Onlv main will remain Name Location/Value Type
y ' - % Delay 0x000001EC void f(unsigned int)
: L . #% diyTicks | 0x00DO0OFA param - unsigned int
5. Click on the Step Inico.."* to enter a few functions. ® cuicks  |OOD0IADRE auto - unsigned int
6. As you click on Step In, you can see the program ¢ main 0x000003BC int f()

entering and perhaps leaving various functions. Note the

local variables are displayed £ Call Stack + Locals =

7. Shown isan example€all Stack + Locals windowvhile

the program is in the LED_Off function: Call Stack + Locals L x|
8. The functions as they were called are displayed. If thedeme Location/Value Type
functions hadocal variables, thegredisplayed. If the =@ LED_Off 0x0000024C void f(unsigned int)
functions are in scope, their values are displayed. *¢ num 0x00000000 param - unsigned int
¥ main 0x000003BC int f()

9. The Blinky program is very simple. Call Stack + Locals
is very useful in sorting otackissues in more

complicated programs !
P prog ;ﬁCall Stack = Locals t Em

10. Right click on a functiorand select either Callee or Caller code and this will be highlighted in the source and
disassembly windows.

E| W osTim T96
-W ar Show Caller Code ca|

Show Callee Code c_c||

v' | Hexadecimal Displ -
exadecima 1splay oo

11. When you ready to continue, remove the hardware breakpoint by clicking on its red circle ! You can also-type Ctrl
B, select Kill All and then Close

TIP: You can modify a variable value in the Call Stack & Locals windaly when the program is stopped.

TIP: This window is only valid when the processor is halted. It does not update while the program isbeoairsg locals
are nomally kept in a CPU register. These cannot be read by the debugger while the program is Amniogal variable
values are visible only when they are in scope.

If you need to monitor any variables, make it static or global and enter it in a Waiigmary window.
Do not forget to removeany hardware breakpoints before continuing.
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13) Watch and Memory Windows and how to use them

The Watch and mory windows will display updated variable values in-temaé. It does thisisingthe Arm CoreSight

debugging technology that is part@brtexM pr ocessor s. It i s vaidblevaluep intea¥atdhbre t o f
Memorywindowin reaktime. It is possible t@ntervariablenames into windows manuallyYou canalsoright click on a

varialdle and select Addarnameto.. and select the appropriate windovhe System Viewer windows work using the same
CoreSight technologyC a | | Stack, Watch and Memory windows carnmdt see
scope)

Watch window

A global variable: The global variablensTicksis declared inrmain.c near line T.

Leave Blinky runningClick Run: The yellow LED will be blinking.

1.

2. You canconfigurea Watchor Memorywindow while the program is running.

3. In Blinky.c, right click on msTicksand select AddnsTickst o é and sel ect Watch 1.
4. Watch 1 will automatically openmsTickswill be displayed: Watch +d
5. msTicksis updated in resimei no CPU cycles are stolen. Namj — ::;;;m - :::;ne TR
6. Click and select the entire variable value of msTicks. <Enter expression>

7. Enter O (or any otheralue) and press Enter. « | _.|j
8. The value of msTicks is set to zero. Incrementing will resume. <= < M Em

TIP: A Watch or Memory window can display and update global and static variables, structures a
peripheral addresses while the program is running. Thesmalpée to display local variables because
these are typically stored in a CPU register. These cannot be read by pVisiortimeeal o view a
local variable in these windows, convert it to a static or global variable.

Memory w  indow:

1. Rightclick @ msTicksand select AdehsTickst o é a nMkemasyd.l e ct

2. Note the value ofmsTicksis displaying its address in Memory 1 as if it is a pointer. This is useful to see what
address a pointer is pointingbut this not what we want to see at this time.

3. Add an ampersand fi&o i n f r on fThephfsicaladdeeshermis 0x2OADI00O8. na me ar
4. Right click in the Memorywindow and select Unsigned/Int Memory 1 r g
5. The data contents afisTicksis displayed as shown here: Adcres: [imsTid D A
6. The Memory windows alsoupdated in reatime. e e
H JUULLLuY U00LULLuL

7. Right-click with the mouse cursor over tdesireddata field 0xZ20UTTUT T UUUUU000 00000000 00000000

and select Modify MemoryYou can change a memory or ji;jjjjjJ jjjjjjjj jjjjjjjj jjjjjjjj

variable onthe-fly while the program is still running. G Call Stack + | T Memory 1

SystemCoreClock

1. In the Watch1 widow, double click or<Enter Expression> and type 8ystemCoreClock.
2. Right click on SystemCoreClock and unselect Hexadecimal Display.
3. 4 MHz will be displayed. SystemCoreClock is provided by CMSIS to help determine the CPU clock frequency.

TIP: No CPU cycles are used perform these operations.
TIP: To view variables antheir locationuse the Symbol wdow. Select View/SymbdlVindow while in Debug mode
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14) Peripheral System Viewer (SV):

The System Viewer provides the ability to vieartainregisters in the CPU core and in peripherals. In most cases, these
Views are updated in retime while your program is running. These Views are available only while in Debug mode. There

are two ways to access these View$View/System Viewer antl) Periphera/System Viewer.

1. Click on RUN. You can open SV windows when your program is running. i
Peripherals | ADC
SeIeCtADCO: System Viewer » ;ilc
. . Core Peripherals  »
1. Select Peripherals/System Viewer and tRERT and PRT as ShOWN NelQ——) o
2. This window opens up. Expat@ROUR _ porT i .
3. You can now sethe portupdate as theED blinks. - e e
4. You can change the values in the System Viewehetfly. In this = (Gt 2 o
i i ¥ DR e
case, the values are updated quickly so it is hard to see the change.. prcr wic
. . . . # DIRSET 10x00000080 NVMCTRL
5. You can look at other Peripherals contained in the System View - oPiMp
WindOWS. @ OUT 00000080 0SC32KCTRL
. . . . o =/ OUTCLR 000000080 OSCCTRL
TIP: If you click on a register in the properties column, a description about OUTCLR _ 000000080 o
A N 5 . . . & ™M
this register will appear at the bottom of the winddihis is very useful and o [ 8 = o| [ vo
is aneasywayto find the address of a peripheral port. @ IN RSTC PORT_I0BUS '
@ CTRL o | o
@ WRCONFIG N SERCOM 2
= FVCTRI P SUPC
OUTCLR SysTick
[Bits 31..0] RW (@ 0x40003014) Data SystenControl
QOutput Value Clear - .
TRAM
SysTick Timer: TG

wWoT

This program uses thgysTick timer astick timer forthe Delay() function.
Blinky.c prograns Systickin main() near lie 76 with this CMSIS function:

SysTick_Config(SystemCoreClock / 1000);  /* Setup SysTick for 1 msec */

1. SelectPeripheralsZore Peripheraland then select SysTickTimer. A SO means Secure state.

2. The SysTick window shown below opens:

3. Note it also updates in retime while your program runs. These windows use the same CoreSight DAP technology

as the WatchMemoryandPeripheralwindows.
4. Note the $sTick->LOAD regiser. This is the reload register value. This is seinduhe SysTick configuration.
5. Note that it is set to @F9F This is the same hex value4000,00010001 (0X0FAQ)-1) that is programmelly

Blinky.c. This is where this value comes from. Chagdtme variable passed to this function is how you change how

often the SysTick timer creates its interrupt 15.

In theSysTick>LOAD register in the SysTick windowyhile the program is runnindgype in 0800and press Enter.

6

7. The blinking LED willspeed up This will convince you of the power 8fm CoreSight debugging.
i
8. Replace RELOAD witldxOF9F A CPU RESET1R=ET and RUN =" will also do this.
9

When you are done, stop the progrgland close all the System Viewer windows that are open.

TIP: Itis true: you can modify values in the SV while the program is runnin

This is very useful for making slight timing value changes instead of the usual; ¢,
modify, compile, program, run cycle. SysTick->CTRL | SysTick->VAL  SysTick->LOAD
You must make sure a given peripheral register allows angnojdlerly react to | |0x00010007 | 0x00000028 | 0x00000F5F

such a change. Changing such values indiscriminately is a good way to cau
serious and difficult to find problems.

v COUNTFLAG [v¥ CLKSOURCE [v TICKINT

SysTick->CALIB  TENMS
| 0x40000000 | 0x00000000

[~ NOREF
Iv SKEW
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15) Watchpoints: Conditional Breakpoints

TheSAM L10 CortexM23 processor has two Watchpoints. Watchpoints can begthaif as conditional breakpoints.
Watchpoints are also referred to as Access Breaks in Keil docun@oitexM23 processors do not have the equalityitest
only address matching. Using a data test cgugisson to stop the processor creating subsshptogram delaysCortex
M3/M4/M7 and M33 have data tests implemented.

Watchpoints can be useful to detect a read or a write to a specified adiffessthe specified address is accessed, the
program will stop.This can be used to determine the raoighe Stack Pointerlt is alsouseful for determining instructions
making reads or writes to memorWe will demonstrate # Stack Pointerdre.

This test will put the program in the main() function. The first time Delay() function is called, amtite Stack Pointer will
trigger a Watchpoint and stop the processor.

Stop the progran'.a. Normally you can configure\Watchpoint while the program is runniog halted

The program will probably stop in the Delay() function.

Click Step ouf¥ so that only main() is indicated in the Call Stack + Locals window.

SelectDebugin the mainuVision window and then seleBreakpointsor press CtrB.
Select Access t@/rite as shown here: X

Current Breakpoints:

o g s~ w N PE

Enter: msTicksin the Expression boxThis window
will display:
7. Click on Defineor press Enteandthe expressiomill be

acceptednto the Current Breakpoints: bas shown
belowin the bottom Breakpoints window:

8. Click on Close.

Expression ImsTlcks [~ Read
9. Click on RUN. Ek. \W'E) e

10. When the programrites to the msTick variabléhe Command: | = [ Objects
Watchpoint willdetect this and stop the program.
Define | Kill Selected | Kill Al | Close | Help |

< |

11. The command window displays the can§éhe halt s} =

12. This is the instruction at 0RO001ECthat caused the write.{, [

13. This instruction is displayed in the Disassembly window: p—

14. Select Debug/Breakpoints (or GB) and aletethe Watchpoint 59 wnile ((msTicks - curTicks) < dlvTicks): -
with Kill All and select Close. [omooooies 1ae3 s rsesiee -~

0x000001F0 4283 CMP r3,x0
0x000001F2 D3FB BCC 0x000001EC

15. Exit Debug mode.@- 543 ) E

TIP: To edit a Watchpoint, doubldick on it in the Breakpoints window and its information will be dropped down into the
configuration area. Clicking on Define will create another Watchpoint. You should delete the old one by highlighting it and
click on Kill Selected or try the next TIP:

Breakpoints

Current Breakpoints:
e —— —

[ [ 00: (A write 0x200001F8 len=4), *({unsigned long “)(x200001F8) ",

TIP: The checkbox beside the expression allows you to temporarily unselect or disable a Watchpoint without deleting it.
TIP: Raw addresses can be used with a Watchpoint. An example is: *((unsigned long *)0¥200000

12 Copyright © 2018 ARM Ltd. All rights reserved
Microchip SAM L10 Cortex-M23 Lab using ARM®K e i | E 5SNtlkt www.keil.com



16) printf

using Event Recorder:

printf is provided by Event Recordgrstrumentatiorthat requires minimal user code.
printf data will be displayed in thBebug (printf) Viewerand Event Recordavindows. If
you areusing a Coret13/M4/M7/M33 youcan send this data out the ITM port O using
SWV (Serial Wire Viewer). CorteM0/M0+ and M23 do not have SWV. &huse DAP.

1.

Stopthe programe and exit Debug mod@'.

Add STDOUT File (retarget_io.c):

orwpp

1. Atthetop éd mainc,rightc | i ¢ k

Open the Manage Rufime Environment window (MRTE)@.
Expand Compiler and I/0O as shown herez
Select Event Recorder atttenDAP as shown:

Select STDOUT anthenEVR. This adds the file retarget_io.c to the project.

T

Ensure all blocks are green and click OK to close the MRJIliEk Resolve if there areed or orange blocks.
TIP: If you selecedITM instead of EVR printf will require SWV. Cortex-M23 does not have SWV, only DAP.
Add printf and ER statementdo Blinky.c:

and sel ect

6 | n s BverttReabiidar.lg" |

ude f il

2. At the beginning of mainfear line 73add this line: EventRecorderlrtize (EventRecordAll, 1);

3. Inside thewhile(1) loop in main()add this line printf(*msTicks = %", msTicks);
Increase theStack and Heap: ) mainc ] statup_samii0s | ] system samiioc T co
1. In the Project windw, doubleclick on startup SAM L10.sto open it. m !
2. Select the Configuration Wizard tab at the bottom of this window. : j EE?E?T;S?EI
3. Change Stack to 0x300 bytes and Heap to 0x100 bytes. < PriRt ("nsTicks = d\n", meTicksli
Compile and Run the Project: | ! i
1. Select File/Save Al or clicl e —
2. Rebuild the source fllelii'iI and enter Debug mode ji%j z 55:3
3. Click on View/Serial Windows and select Debug (printf) Viewer and click on RUN. ~ [5iici - =22
4. In the Debug (printf) Viewer you will see the printf statements appeahowhere mey | v
5. Right click on the Debug window and select Mixed Hex AS@dde. Note othanseful i ZDebug (print) .
settings that are available. .-
6. Select the small arrow beside the Analysis window icon and select Event Receorsemss) | s wogic anaiyzer
7. Event Recorder opens and the AS@ihtf frames are displayeas shown below S o
8. Itis possible to annotate your codewivent Recordenith your own mesages 130 system anatzer
9. Seewww.keil.com/pack/doc/compiler/EventRecorder/html/ £ vErent Recoder

10. Stopthe programe and exit Debug mod@.
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