Keil MCB54110: Cortex®-M4/MO+ Tutorial

a rm KEI L using ARM® Keil® MDK™ toolkit featuring Serial Wire Viewer
Version 1.54 Spring 2017 Robert Boys bob.boys@arm.com

The latest version of this document is here: www.keil.com/appnotes/docs/apnt 295.asp

Introduction: For the lab using the LPCXpresso 54114: www.keil.com/appnotes/docs/apnt 294.asp

The purpose of this lab is to introduce you to the NXP Cortex™-M4/MO0+ processor family using the ARM Keil MDK toolkit
featuring the uVision® IDE. At the end of this tutorial, you will work confidently with NXP processors and Keil MDK™,

Keil MDK has an evaluation version that limits code and data size to 32 Kbytes. Most Keil examples are under this 32K.
The addition of a license number will turn it into a full, unrestricted version. Contact Keil sales for a temporary full version

license to evaluate MDK with larger programs or Keil Middleware. MDK includes a full version of Keil RTX™ RTOS with
all source code included. See www.keil.com/NXP for information concerning Keil support of NXP products.

Why Use Keil MDK ?

MDK provides these features particularly suited for NXP Cortex-M0, MO+,
M3, M4, M7, M23 and Cortex-M33 processor users:

1. wVision IDE with Integrated Debugger, Flash programmer and the
ARM® Compiler toolchain. MDK is turn-key "out-of-the-box".

2. ARM Compiler 5 and Compiler 6 (LLVM) are included.
GCC is supported. https://launchpad.net/gcc-arm-embedded

3. Dynamic Syntax checking on C/C++ source lines.

4. Keil Middleware: Network, USB, Flash File and Graphics. R e = : e
5. NEW! Event Recorder for Keil Middleware. See Page 24. e e e R
6. MISRA C/C++ support using PC-Lint. www.gimpel.com o
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Compiler Safety Certification Kit: www.keil.com/safety/
TUV certified. SIL3 (IEC 61508) and ASILD (1SO 26262).

. CMSIS-RTOS RTX is included. RTX has a BSD or Apache 2.0 license with source code. www.keil.com/RTX.

10. CoreSight™ Serial Wire Viewer and ETM trace capability on appropriately equipped NXP processors.

11. Choice of adapters: LPC-Link2 (CMSIS-DAP), ULINK™2, ULINK-ME, ULINKpro and Segger J-Link.

12. Keil Technical Support is included for one year and is renewable. This helps you get your project completed faster.

13. Affordable perpetual and term licensing. Contact Keil sales for pricing, options and current special offers.
Significant features shown in this document:

1. DualCore debugging control for the Cortex-MO0+ and the Cortex-M4 cores on the NXP LPC5411x processors.

2. Serial Wire Viewer (SWV) with the ULINK2, ULINK-ME, ULINKpro and J-Link.

3. Real-time Read and Write memory accesses for Watch, Memory, Peripheral and RTX Tasks windows. These are
non-intrusive to your program. No CPU cycles are stolen. No instrumentation code is added to your source files.

4. RTX and its two kernel awareness windows. These windows update while the program is running.
5. A DSP example using ARM CMSIS-DSP libraries.
6. Create your own projects with and without RTX. Create a project using NXP MCUXpresso.

Serial Wire Viewer (SWV): Use a ULINK2, ULINKpro or a J-Link for this debugging feature.

Serial Wire Viewer (SWV) displays PC Samples, Exceptions (including interrupts), data reads and writes, ITM (printf),
CPU counters and a timestamp. SWYV is non-intrusive and no code stubs are needed in your source code.

Embedded Trace Macrocell (ETM): Use a ULINKpro for this debugging feature.

The LPC5411x family does not implement ETM instruction trace. Many other NXP family members do have ETM. ETM
provides program flow debugging, Performance Analysis and Code Coverage. Coverage can be exported in .gcov format.
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1) NXP ARM Cortex Processor Evaluation Boards:

This tutorial is for the Keil MCB54110 evaluation board. Keil supports and makes boards with other NXP processors. See
www.keil.com/NXP for more information.

All NXP processors implement SWV with the exception of Cortex-M0 and MO+, which have neither SWV nor ETM. The
Cortex-MO0+ (LPC800, LPC81x, LPC82x and LPC83x) has a MTB Micro Trace Buffer. All have non-intrusive read/write to
memory locations (for Watch, Memory and Peripheral windows), hardware breakpoints and Watchpoints. Many NXP
Cortex-M3, M4 and M7 have ETM instruction trace which also provides Code Coverage and Performance Analysis.

Keil produces the MCB54110 full feature board shown below. See www.keil.com/NXP for more information.
Keil MCB54110 Evaluation Board:

Contact Keil sales or your local distributor for pricing.

For more information:

www.keil.com/boards2/keil/mcb54110 and www.keil.com/mcb54110/mcb54110v1-1-schematics.pdf

The Software Pack including USB, File System, RTX and emWin GUI examples is available for download.

This board contains an on-board LPC-Link2. It can be used in either CMSIS-DAP mode or J-Link mode. It comes
preprogrammed with the Keil version of CMSIS-DAP. The NXP LPCScrypt contains a slightly different version.

RUN
coM
UsB

)

ARM ULINKpro

Summary: Five Easy Steps to Get Connected and Configured:
1. Obtain and install Keil MDK Core (evaluation version) on your PC. Use the default directory C:\ Keil_v5\.
2. Download the Software Pack for LPC54000_DFP and the examples for the MCB54110 board.
3. Configure puVision to use a ULINK2, ULINKpro, LPC-Link2 or a J-Link to communicate with the SWD port.
4

If desired, configure the Serial Wire Viewer with a ULINK2, ULINKpro or a J-Link as appropriate. LPC-Link2 in
CMSIS-DAP mode does not currently support SWV. LPC-Link2 in J-Link mode does. A ULINK-ME is
electrically equivalent to a ULINK2,

5. If used, connect your debug adapter to the Keil board. Power both of these appropriately with USB cables.
These steps are detailed in the next few pages.
Keil MDK Core Software Download and Installation: This tutorial used MDK 5.23.
1. Download MDK Core from the Keil website. www.keil.com/mdk5/install
2. Install MDK into the default folder. You can install into any folder, but this lab uses the default C:\Keil_v5\
3.  We recommend you use the default folders for this tutorial. We will use C:\00MDK\ for the examples.
4. If you install MDK or the examples into different folders, you will have to adjust for the folder location differences.
Licensing:

1. You can use the evaluation version (MDK-Lite) for this lab. No license is needed. However, the USB example
requires a MDK Professional license.

2. Totry the USB example and other Middleware examples, you can obtain a one-time free 7 day MDK Pro license in
File/License Management. If you are eligible, this button is visible: Evaluste MDK Professional |

3. This gives you unlimited code size compilation and access to Keil Middleware. Contact Keil Sales to extend this
license for evaluation purposes.
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2) Software Pack Installation Process:

A Software Pack is a zip file with a .pack file extension. It can contain header files, Flash programming algorithms,
examples, documentation and more. The contents of a Pack are described by a .pdsc file contained inside the Pack. A Pack
is installed using the pVision Pack Installer utility or installed manually.

1) Start pVision and open Pack Installer:

When the first MDK install is complete and if you are connected to the Internet, pVision and Software Packs will
automatically start. Otherwise, follow Steps 1 and 2 below.

1. Connect your computer to the Internet. This is normally needed to download the Software Packs unless you have a
standalone Pack. In this case, import it with Pack Installer or double-click on it to manually install it.

7.
2. Start pVision by clicking on its desktop icon. H,EM The Pack descriptions will download on the initial pVision run.

i

If there are any Updates available, you can download them now if they are applicable. & Update |

5. The window below opens up: Select the Devices tab. Scroll down and expand NXP. Select LPC54000 as shown
below. You could select a specific NXP processor but in this case one Pack supports all of them at this time.

6. Alternatively, you can click on the Boards tab and select MCB54110 to filter the Packs or Examples tabs.
TIP: The Devices and Boards tabs are used to filter the items displayed on the right side in the Packs and Examples tabs.
7. Note: “ONLINE” is displayed at the bottom right. If “OFFLINE” is displayed, connect to the Internet.

3. Open the Pack Installer by clicking on its icon: A Pack Installer Welcome screen will open. Read and close it.

4% Pack Installer - C:\Keil_v5\ARM\PACK N =10 5‘
File Packs Window Help
2 | Device: nxp- LPCs4600

ﬂ/ Devices | Boards ] | |[4] 7 Packs | Examples ] i
Search: +- X IW m Description
~ . ~
e 7 Samary (:J Device Specific 1 Pack NPC54600 selected -
o 73 = | - Keil:LPC54000_DFP & Install XP LPC54000 Series Device Support
& 5% (Pcsas00 |8 Devices > Sl 18 Fag .
N R T E TG 5 ARMCHISS — (9 Us Lo dake | CNISIS (Cortex Microcontroller Software Inerface Standard)
£3 LPCS4605)512ET180 | ARM Cortex-M4, 180 MHz, 192 kB RAM, 512 kKBROM (-ARM::CMSIS-Driver_Vali... | 53 Install SMSE-DiverNalldatlon
£ LPCS46061256ET180 | ARM Cortex-Md 180 MHz, 128 kB RAM, 256 kB ROM B-ARM:CMSIS-RTOS,Valid...| 5 Tnstall EMSIZRIOSValigition _lil
£1 1PC54606/5128D208 | ARM Cortex-M4 180 Mrz 192 kBRaM sizkeroM (Il | »
Output a x
Refresh Pack descriptions -
Completed requested actions [ ONLINE

TIP: If there are no entries shown because you are not connected to the Internet when Pack Installer opened, select
Packs/Check for Updates or R to refresh once you have connected to the Internet. This is not done automatically.

2) Install the NXP LPC54000 Device Family Pack (Keil::LPC54000_DFP):
1. Click on the Packs tab.

2. Select the Install icon @ beside Keil::LPC54000_DFP as shown above.

3. The latest Pack will download and install to C:\Keil _v5\ARM\PACK\NXP\ by default. This download can take two
to four minutes depending on your Internet connection speed.

The Pack's status will then be indicated by the “Up to date” icon: & Up to date |

5. Leave Pack Installer open to copy the examples on the next page.

TIP: You can also install a Pack manually. A Pack has a file extension .pack. It is an ordinary zip file with the extension
changed so it is recognized by pVision. You can download the Pack from the web or transfer the file in any other way.
Double click on this file and it will automatically be recognized (.pack) and installed by Pack Installer.

TIP: You can create your own Pack to distribute a DFP, BSP and an SDK. This is a way to distribute confidential material.
For CMSIS-Pack documentation: www.keil.com/pack/doc/CMSIS/Pack/html/
For complete CMSIS documentation: www.keil.com/CMSIS/
For CMSIS 5 on GitHub:_https://github.com/ARM-software/CMSIS 5

4
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3) Copy the Examples to your PC using Pack Installer:

1) Copy RTX_Blinky, CMSIS-RTOS DualCore Blinky, USB Device HID and USB Mass Storage:
1. Select the Boards tab. In the Search box enter MCB54110. Highlight MCB54110 as shown below on the left:
2. Select the Examples tab: Note there are nine examples for the MCB54110. We will use four of them.

4% Pack Installer - G:\Keil_v5\ARM\PACK I =[]

File Packs Window Help
,'8’| Board: MCB54110 (Ver 1.0}

ﬂ De'vlces/ Boards ] ﬁ ﬂ PaclcS/V Examples I ﬂ
Search: mcb54110 - X l_ Show examples from installed Packs only
Board 4 | Summary Example Action Description
= 6 Devices L — - CMSIS-RTOS Blinky [MCB54110) & Copy CMSIS-RTOS Blinky example -
-l MCB54110 (Ver1.0) LPC54114)256BD64, 1 x 8 MB SFI Flash 3 L. DualCore Blinky (MCB54110} * Copy DualCaore Blinky example
4___.__./ ~File System Demo (MCB54110) * Copy File manipulation example: create, read, copy, delete files on any enabled drive (!
+~USB Device Audio (MCB54110) * Copy USB Audio Device demonstrating USB Headphone.
USB Device HID (MCB54110) * Copy USB Human Interface Device providing access from PC to board LEDs and push b
USB Device Mass Storage (MCB54110) * Copy USB Mass Storage Device using SD/MMC Memory Card or RAM as storage media
~USB Device Virtual COM (MCB54110) * Copy Virtual COM Port example: bridges UART port of the eval board to a Virtual COM
emwWin Example (MCB54110) * Copy emWin Graphics simple example
L..emWin GUI Demo (MCB54110} Co emWin Graphics Demo example =
J i o

Ready ”W A
3. Beside CMSIS-RTOS Blinky as shown above: Select Copy: 4 Copy |
4. The Copy Example window below opens up: Select Use Pack Folder Structure. Unselect Launch pVision:
5. Typein C:\0OOMDK as shown here: — se—— x
6. Click OK to copy this example file into Destination Foider
C:\0OMDK\Boards\Kei\MCB54110\ [ cstwomok Brawse..
7. Pack Installer creates the appropriate subfolders. ¥ s pedrace souure [ tandsen
Repeat for CMSIS-RTOS DualCore Blinky, USB Device = | [=
HID and USB Mass Storage. You can copy all the example
files if you prefer. You need an MDK Pro license to compile the Network, USB and emWin graphics examples.
9. Close Pack Installer. Open it any time by clicking: L
10. If a dialog box opens stating the Software Packs folder has been modified, select Yes to "Reload Packs ?"
TIP: The default directory for copied examples the first time you install MDK is C:\Users\<user>\Documents. For
simplicity, we will use the default folder of C:\OOMDKJ\ in this tutorial. You can use any folder of your choosing.
2) Copy the DSP Example from www.keil.com: N
1. Obtain the DSP example zip file from www.keil.com/appnotes/docs/apnt_295.asp. Jios
2. This folder has now been created: C:\OOMDK\Boards\Keil\MCB54110\ ::Izra‘:e
] _Blinky
3. Extract the DSP example zip into this folder. You will now have these folders present:  s—) | RTX_DualCore
Super TIP: pVision icon meanings are found here: www.keil.com/support/man/docs/uv4/uv4 ca filegrp att.htm
At this point, you have everything loaded and installed to run some examples
and start developing your own pVision projects.
5
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4) Software Pack Version Selection and Manage Run-Time Environment:

These three sections are provided only for reference. These three utilities are useful for managing and using Software Packs.

This section contains three parts on this page and the next one:

A) Select Software Pack Version:
B) Manage Run-Time Environment:
C) Updating Source Files:

A) Select Software Pack Version: This section is provided for reference:

This pVision utility provides the ability to choose various Software Pack versions installed in your computer. You can select

the versions you want to use. You must have pVision running and any project open for the following exercises:
1.
2.

Select Project/Open Project and navigate to C:\00MDK\Boards\Kei\MCB54110\RTX_Blinky.

Open Blinky.uvprojx. Blinky will load into pVision.

A,
Open Select Software Packs by clicking on its icon: “w

The window below opens: Note Use latest versions ... is selected.

Unselect this setting and the window changes as shown similar to the one below right:

Y. select Software Packs for Target "LPC Link2"

[™ Use latest versions of all installed Software Packs

Pack Selection Version Description
----- ARM::CMSIS fixed - |5.00 CMSIS [Cortex Microcontroller Software Interface Standard) -
----- Keil:: ARM_Compiler fixed - |1.20 Keil ARM Compiler extensions
----- Keil:: LPC1700_DFP excluded - MX¥P LPC1700 Series Device Support, Drivers and Examples for MCBE1700 and LPC1755-32
----- Keil:LPC4300_DFP excluded = MXP LPC4300 Series Device Support, Drivers and Examples
- fixed - 210 MX¥P LPCS4000 Series Device Support
v
r
r
excluded - Keil MDK-ARM Professional Middleware for ARM Cortex-M based devices
excluded - ARM V2ZM-MP52 Board Support PACK for Cortex-M System Design Kit Devices =
"
,TI Cancel Help |

Expand the header Keil::LPC54000_DFP as shown here:

You will see only one version — the one you installed. If you had installed others,
you would see them listed like this: I

Select the fixed pull-down menu and see the three options as shown below:

If you wanted to use a different version, you would select fixed and then select
the check box opposite the version you wanted to use in your project.
These settings are stored with your project. This is a good way to m

freeze software components. otest

fixed

. Select Software Packs for Target 'LPC Link2'

[ Use latest versions of all installed Software Packs

- Keil:MDK-Middleware
- Keil:V2M-MPS2_CMx_BSP

<

Pack Selection Version
- ARM:CMSIS fined = 500
Keil: ARM_Compiler fixed - |1.2.0
--Keil:LPC1L700_DFP excluded =
-Keil::LPC4300_DFP excluded -
=3 fixed - (210
210 v
200 |_
120 i

excluded

4

excluded

“

10. Re-select Use latest versions... Do not make any changes at this time.

11. Click OK or Cancel to close this window.
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B) Manage Run-Time Environment: This section is provided for reference:
The Manage Run-Time Environment utility selects components from various Software Packs and inserts them into your

Project list. From here, you can access these files in the usual manner.

1. Click on the Manage RTE icon; ‘ The window below opens: This includes Keil Middleware, selected open
source software, RTX and CMSIS drivers for various peripherals. Not all Packs offer all options but more are being

added.

2. Expand various headers and note the selections you can make. A selection made here will automatically insert the

appropriate source files into your project.

3. Note CMSIS/Core (system.c), Keil RTX and Device/Startup (startup.s) files are selected. You can see the

appropriate files listed in the puVision Project window.

4. Do not make any changes.

. - - M Run-Time Envil it x
Click Cancel to close this window. x|
Software Component Sel. | Variant Version Description
‘ Board Support MCBS4110 1.0.0 Keil Development Board MCES54110 -
EI’ CMSIS Cortex Microcontroller Software Interface Compon
[ 5.0.0 CMSIS-CORE for Cortex-M, 5C000, SC300, ARMvE-M
[ 146 CMSIS-DSP Library for Cortex-M, SC000, and 5C300
1.0 CMSIS-RTOS APT for Cortex-M, SC000, and 5C300
W Keil RTXS |_ 5.0.0 CMSIS-RTOS RTXS implementation for Cortex-M, SO
W Keil RTX |7 4.81.0 CMSIS-RTOS RTY implementation for Cortex-b, SCO
‘ RTOS2 [AFT) 20 CMSIS-RTOS APT for Cortex-M, SC000, and 5C300
- ; o, B FRACTE Pirinins I iFimd Pumesiem Meivrmer oo limet fm CBACTE Piriorms £t
Select column colour meanings: A 1 ;FI
TIP: Different colors represent messages: | validation output | Description
) t
¥ . ; ] Resol Select Packs | Detai ok |  Cancel vep |
- Green: all required files are located. saive_| acks | s | | 7

Yellow: some files need to be added. Click the Resolve button to add them automatically or add them manually.

Red: some required files could not be found. Obtain these files or contact Keil technical support for assistance.
The Validation Output area at the bottom of this window gives some information about needed files and current status.

C) Updating Source Files: this section is provided for reference:

Some of the files provided by a Software Pack are stored in your project in .\RTE

If you update a Software Pack, some of these files might need to be updated from the new Pack. These files will show new
icons as shown below and described here: www.keil.com/support/man/docs/uv4/uv4 ca_updswcmpfiles.htm

Updating Source Files:

Note: Any changes you made to a file will be lost when it is replaced with the new one.

1. Rightclick on a file you want to update. A window similar to the one below right opens:

2. Select the appropriate Update selection. Remember, any changes you made to the original file are lost.
3. This procedure is described here: www.keil.com/support/man/docs/uv4/uv4 ca filegrp_att.htm

Icons for Software Components {SWC). Refer to Update Software Component Files for SWC containing
modifications.

&

SR & 2

IQW;'

SWC is available for the selected microcontroller.

SWC is not available for the selected microcontroller. The SWC is part of another project target
using another microcontroller.

SWC has been selected previously, but the Software Pack containing this SWC has been
uninstalled.

Contains files with fully backward compatible corrections.

Contains files with fully backward compatible extensions or new features.

Contains files with incompatible modifications requiring modifications in the application code.
File with fully backward compatible corrections. A file update is not required.

File with fully backward compatible extensions or new features. A file update is recommended.

File with incompatible modifications. A file update is required.

45 Options for Component Class "USB’
Update Config File (Ver: 5.0.2 -> 5.01)
Update Config File and Launch Merge

ﬁ Manage Project Items...
Open USBH_Config_HID.h
Open Build Log

%) Rebuild all target files
LJ Build target F7

Alt=F7
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5) CoreSight Definitions: It is useful to have a basic understanding of these terms:

Cortex-MO0 and Cortex-MO+ may have only features 2) and 4) plus 11), 12) and 13) implemented. Cortex-M3, Cortex-
M4 and Cortex-M7 can have all features listed implemented. MTB is normally found on Cortex-MO+. It is possible
some processors have all features except ETM Instruction trace and the trace port. Consult your specific datasheet.

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

2. SWD: Serial Wire Debug is a two pin alternative to JTAG and has about the same capabilities except Boundary
Scan is not possible. SWD is referenced as SW in the pVision Cortex-M Target Driver Setup.
The SWJ box must be selected in ULINK2/ME or ULINKpro. Serial Wire Viewer (SWV) must use SWD because
the JTAG signal TDO shares the same pin as SWO. The SWYV data normally comes out the SWO pin or Trace Port.

3. JTAG and SWD are functionally equivalent. The signals and protocols are not directly compatible.

4. DAP: Debug Access Port. This is a component of the ARM CoreSight debugging module that is accessed via the
JTAG or SWD port. One of the features of the DAP are the memory read and write accesses which provide on-the-
fly memory accesses without the need for processor core intervention. pVision uses the DAP to update Memory,
Watch, Peripheral and RTOS kernel awareness windows while the processor is running. You can also modify
variable values on the fly. No CPU cycles are used, the program can be running and no code stubs are needed.

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

SWV: Serial Wire Viewer: A trace capability 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 to collect ETM frames and optionally SWV (rather than SWO pin).

ITM: Instrumentation Trace Macrocell: As used by pVision, ITM is thirty-two 32 bit memory addresses (Port 0
through 31) that when written to, will be output on either the SWO or Trace Port. This is useful for printf type
operations. pVision uses Port 0 for printf and Port 31 for the RTOS Event Viewer. The data can be saved to a file.

9. ETM: Embedded Trace Macrocell: Displays all the executed instructions. The ULINKpro provides 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).

10. ETB: Embedded Trace Buffer: A small amount of internal RAM used as an ETM trace buffer. This trace does not
need a specialized debug adapter such as a ULINKpro. ETB runs as fast as the processor and is especially useful for
very fast Cortex-A processors. Not all processors have ETB. See your specific datasheet.

11. MTB: Micro Trace Buffer. A portion of the device internal user RAM is used for an instruction trace buffer. Only
on Cortex-MO0+ processors. Cortex-M3/M4 and Cortex-M7 processors provide ETM trace instead.

12. Hardware Breakpoints: The Cortex-MO0+ has 2 breakpoints. The Cortex-M3, M4 and M7 usually have 6. These
can be set/unset on-the-fly without stopping the processor. They are no skid: they do not execute the instruction
they are set on when a match occurs. The CPU is halted before the instruction is executed.

13. Watchpoints: Both the Cortex-M0, M0+, Cortex-M3, Cortex-M4 and Cortex-M7 can have 2 Watchpoints. These
are conditional breakpoints. They stop the program when a specified value is read and/or written to a specified
address or variable. There also referred to as Access Breaks in Keil documentation.

© N o o

Read-Only Source Files:

Some source files in the Project window will have a yellow key on them: ﬁ This means they are read-only. This is to help
unintentional changes to these files. This can cause difficult to solve problems. These files normally need no modification.

If you need to modify one, you can use Windows Explorer to modify its permission.
1. In the Projects window, double click on the file to open it in the Sources window.
Right click on its source tab and select Open Containing folder.
Explorer will open with the file selected.
Right click on the file and select Properties.
Unselect Read-only and click OK. You are now able to change the file in the pVision editor.
6. Itisagood idea to make the file read-only when you are finished modifications.
Super TIP: pVision icon meanings are found here: www.keil.com/support/man/docs/uv4/uv4 ca filegrp att.htm

I ICORS
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6) Debug Adapter Types:

A) LPC-Link2 (This has both CMSIS-DAP and J-Link Lite modes):

A small processor located on the target board acts as the debug adapter. On the MCB45110 board, this extra processor is
IC1. Connect a USB cable to connector USB LINK to use LPC-LINK2. CMSIS-DAP provides run control debugging, Flash
and RAM programming and Watchpoints. Hardware breakpoints can be set/unset while the program runs. Reads and writes
in the Watch, Memory and Peripheral windows are updated in real-time as well as the RTX System kernel awareness viewer.
At this time, the LPC-Link2 version of CMSIS-DAP does not support Serial Wire Viewer (SWV). LPC-Link2 also has a J-
Link Lite mode. Both can be installed with LPCScrypt. The MCB45110 is preprogrammed with a Keil version of CMSIS-
DAP. The NXP version using LPCScrypt will also work.

You must unselect Verify Code Download. See instruction 6 on page 10. This only needs to be done with the LPC-Link2.

You are able to incorporate a CMSIS-DAP design on your own custom target boards. For documents and software go to
https://github.com/ARM-software/CMSIS 5 Click on the CMSIS folder and then on DAP/Firmware.

This document was prepared using MDK 5.23. CMSIS-DAP, ULINK2 and ULINKpro work well with dual core operations.

To Install/Update the LPC-Link2 firmware on the Keil MCB54110 board: (Keil has its own version)
Download and Install NXP LPCScrypt on your PC: www.nxp.com/Ipcscrypt
Open the LPCscript folder under Windows Start/All Programs/LPCScrypt.
Run the “Program LPC-Link2 with CMSIS-DAP” utility OR “Program LPC-Link2 with Segger J-Link”.
With the board not powered, press and hold LINK_ISP button, apply power to USB connector USB LINK.
Release LINK_ISP when the USB dual tone sounds and follow the instructions provided in the terminal window.
6. When finished, unplug/re-plug the board to RESET the CMSIS-DAP processor. Connect using pVision.
Trouble ? Try a different USB port on your PC and/or cycle the power to the board and try programming again.

B) Keil ULINK2:

This is a hardware JTAG/SWD debugger. It connects to various connectors found on
boards populated with ARM processors. With NXP Cortex-M3, M4 and M7 processors,
ULINK?2 supports Serial Wire Viewer (SWV). ULINK-ME is equivalent to a ULINK2.
C) Keil ULINKpro:

ULINKQpro is Keil’s most advanced debug adapter. ULINKpro provides Serial Wire

Viewer (SWV) and ETM Instruction Trace support for NXP Cortex-M3, Cortex-M4 and
Cortex-M7 processors. Code Coverage, Performance Analysis and Execution Profiling are
then provided using ETM. ULINKpro programs the Flash memories very fast. ARM DS-
MDK can use a ULINKpro or a ULINKpro D to debug NXP i.MX Cortex-A processors.

D) Segger J-Link:
pVision supports J-link and J-Link Ultra (black case only) Version 6.0 or later.

1. Select the Target Options icon #X. ULINKpro | .
2. Click on the Debug tab. Select J-Link/J-Trace in the Use: box:
3. For SWV operation: Enter JLINK_SWO.ini in the Initialization File: box. Copy this file from the DSP example.

o M w D PE

Debug Adapter USB Connections: Important !
LPC-Link2:
1. Use USB Link USB connector.
ULINK2, ULINKpro or a J-Link:
2. Use USB connector to supply board power.
3. Connect a Debug Adapter to the 10 pin Cortex Debug or the JTAG 20 pin legacy connector.
4. Do not use USB Link as a conflict will arise between external and internal debug hardware.
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7) Debug Adapter Configuration:

Once you know which debug adapter you will be using, you can quickly select and test it in pVision.
It is easy to configure pVision for a variety of supported Debug Adapters.

Prerequisites:

pVision must be running and in Edit mode (not Debug mode). Your project must be loaded.

We will use the Blinky example and add LPC-Link2 CMSIS-DAP support. You can choose your own debug adapter by
using these instructions.

Create a new Target Selection:

1. Select a Target Option LPC54114 Flash to use as the template adapter; LPc>4114 Flash v
2. Select Project/Manage/Project Items... or select: ﬁ
3. Inthe Project Targets area, select NEW i | or press your keyboard INSERT key. ||_|:-c54114 Flash |v|
4. Enter LPC-Link2 CMSIS-DAP and press Enter. Click OK to close this window. tgggiﬁj EE:.?
5. Inthe Target Selector menu, select the LPC-Link2 CMSIS-DAP selection you just created: gzl
6. Select Options for Target &N or ALT-F7. Click on the Debug tab. ULINK2/ME Cortex Debugger  ~ |
. . ULIMEZ/ME Cortex Debugger
7. Select CMSIS-DAP Debugger... as shown here: ) ULINK Pro Cortes Debuncer —
8. If you are using a different debug adapter, choose it here now. CMS5I5-DAP Debugger

J-LINK # J-TRACE Corex

Test the Debug Adapter: Models Cortex-M Debugger
1. Connect your debug adapter as described on the previous page. ST-Link Debugger
] PEMicro Debugger
2. Power the board appropriately. MULink Debugger
Stellaris ICDI

3. Inthis case, for CMSIS-DAP, connect USB to the USB Link connector. SiLabs UDA Debugger -

Altera Blaster Cortex Debugger ™

Click on Settings: Confirm SW is selected in the Port: box and not JTAG. W Dovies

A valid SW Device must be displayed as shown here, —————) IDCODE | Device Name [

. . . SWDIO i i
Trouble ? If nothing or an error is displayed, check the LPCXpresso © G2BADTATT - ARM CorsSight SW-DP
firmware programming and USB connections. See the previous page for instructions. :
. . Download Options
This must be solved before you can continue.
[ Verfy Code Download

7. Ifusing LPC-Link2, unselect Verify Code Download as shown here: — me—) (r Dowrload to Flash

8. If this selected, an error may occur during the Flash programming process.

9. When completed, click OK twice to close the Options for Target windows.

10. Select File/Save All or click: 'j
Verify the Flash Program Algorithm: This step is optional. It is useful if Flash programming fails.

Select Options for Target EAN or ALT-F7. Select the Utilities tab.
Select Settings:

The window that opens will display the correct algorithm. This is selected automatically according to the processor
selected in the Device tab.

P ing Algorithm
4. This is the correct algorithm for the LPC5411x: e s | Address Rangs |
It might also state 512 kB. LPC5411x IAF 256kB Flash 256k On-chip Flash 00000000H - 0003FFFFH

If it is not visible, select Add to add it.
Click OK twice to return to the main pVision window.

7. Select File/Save All or click Ei.

The new Debug Adapter is now ready to use.
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1) Blinky example program using MCB54110:

Now we will run the Blinky example on the Keil MDK development system using the MCB54110 evaluation board.
Open the RTX_Blinky example program:

1. Start pVision by clicking on its desktop icon. ”ﬂ

2. Select Project/Open Project from the main mentﬁ.mm

3. Open the file C:\0OOMDK\Boards\Keil\MCB54110\Blinky\Blink.uvprojx.

4

This project uses either a LPC-Link2 in CMSIS-DAP mode or a Keil ULINK2 by default. You can add other debug
adapters. See page 9 for instructions.

A) If using the on-board LPC-Link2 in CMSIS-DAP mode:
1. Select LPC54114 Flash in the Target Selection box: This is configured for LPC-LINK2 in CMSIS-DAP mode.

LPC54114 Flash =
2. The MCB54110 board is preprogrammed with CMSIS-DAP.
3. Connect your PC USB cable to the USB Link connector. You will hear the standard USB dual tone sound.
4. Go to Confirm Target processor Connection below:
B) If using an external Keil ULINK2 or ULINK-ME:
1. Connect a ULINK2 or ULINK-ME to either the 20 pin JTAG legacy or 10 pin Cortex Debug connector.
2. Select LPC54114 SWO in the Target Selection box: This is configured for a Keil ULINK2. LPt34114 5W0 T
3. Power the MCB board with a USB cable to the USB connector. Do not use USB Link.
Confirm Target Processor Connection:

Select Target Options EAN or ALT-F7. Select the Debug tab:

1
2. Select Settings on the right where your debug adapter is displayed: U |CMSIS-DAP Debugger =] _setngs |
3

Confirm SW is selected in the Port: box and not JTAG. B
IDCODE | Device Name |

4. Avalid SW Device must be displayed as shown here. E—— LWD'O ) DZBAOWT] A CoreSght SLDP

Trouble ? If nothing or an error is displayed, check the MCB54110 firmware programming and USB connections. See the
previous page for instructions. This must be solved before you can continue.

5. Unselect Verify Code Download. This only needs to be done with the LPC-Link2: ses)
If this selected, an error will occur at the end of the Flash programming process.

Download Options

[~ Verify Code Download
I” Download to Flash
6. When completed, click OK twice to close the Options for Target windows.

7. Select File/Save All or click: 'ii
Compile, Load and Run the Project:

\51}
1. Compile the source files by clicking on the Rebuild icon. £ Progress in indicated in the Build Output window.

2. Enter Debug mode by clicking on the Debug icon. @ Select OK if the Evaluation Mode notice appears. Flash
programming progress is indicated in bottom left corner.

3. Click on the RUN icon to start the Blinky program. If the LEDs blink, Blinky is now running !
4. Stop the program with the STOP icon. ) The program will probably stop in the os_idle_demon function.

The eight red LEDs will blink in sequence ! Pot P1 will vary the step rate.

Now you know how to compile a program, load it into the LPC54114 Flash, run it and stop it.

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

11

Copyright © 2017, ARM Limited or its affiliates. All rights reserved.
NXP Cortex-M4/M0+ Lab with the MCB54110 evaluation board www.keil.com


http://www.keil.com/

2) Hardware Breakpoints:

Click on the RUN icon .
Bring Blinky.c in focus by clicking on its tab. If it is not visible, double-click on it in the Project window.

There are 3 threads in this example plus the idle_demon. main() in ] Biinkyc | ] Thread LED.c | | ] Thread ADCc | ¥ X
Blinky.c is one of them. The other two are Thread LED and 43 nsKernelStart () 7 |
Thread_ADC found in Thread LED.c and Thread_ADC.c. 3: ite (1) ¢

4. In Blinky.c, scroll down to inside the while (1) loop in Thread 1 46 while (Buttons GetState() & 4
found starting near line 46 as shown here: »|® ossignalser (tid Thread LED, 1

48 osDelay (delay wal):

5. Note on the left of the line numbers are darker grey blocks. This 49 } _
indicates there is assembly code present and you can set a hardware > _ILI
breakpoint on these lines. You can also see these blocks in the T t

Disassembly window.

6. While the program is still running, click to the left of a suitable line in the while loop and a red circle will be
created. This is a hardware breakpoint. Cortex-M3, M4, M7 have six and Cortex-MO0+ has two hardware
breakpoints you can use. pVision will warn you if you exceed this limit.

7. The program will soon stop at the line where you set the breakpoint on as shown below. The yellow arrow is the
current program counter position. This will be the next instruction executed. The cyan arrow is a placeholder you
can use to explore the relationship between a source window and the Disassembly window.

Add another breakpoint in while (1) or in a suitable place in one of the other threads.
Each time you click on RUN [g]|, the program will cycle to the next breakpoint.

Disassembly
TIP: You can set/unset hardware breakpoints with uVision e e cnatsnt (saa Thresd tep. 1oy : R
while the program is running or stopped. This is an (€/0x000001D0 2101 HMOVS 1, #0x01 —
. 0x000001D2 4804 LDR r0, [pc, #16] ; @Ox000001E
important feature. 0%000001D4 6800 LDR 0, [0, $0x00]
. . R R . 0x000001D6 FOOZFBIB BL.W os5ignalSet (0x00002810) T
TIP: You can identify an RTX thread by it having a first Kl ’
|ine SUCh as thIS example: @Disassembly ﬂL-Jgic Analyzer \ EH instruction Trace |
] Blinky.c | _] Thread LeD.c | ] ThreadADCc | s x
. . 44 -
void Thread_LED (void const *argument) { 45 while (1) {
46 while (Buttons_Get3tate() & 4U); f* Wait
[1} 47 osSignal3et (tid Thread LED, 1U); /% Signa
48 osDelay(delay wval); f* Wait
Managing Breakpoints: & A =
g = of

Select Debug/Breakpoints or Ctrl-B. This window opens:
2. You can temporarily unselect, delete or create breakpoints in this window. It is easier to create a breakpoint by

clicking in a source file or the Disassembly window. =
3. Watchpoints are also created in this window. This is Current Breakpoints:

700 (E] (eDDOODAEA, N Einky By e vae,
- 017 (E) 0x00000530, \\Blinky\Blinky c\78".
vl 02: (E) (x00000558. "\\Blinky\Blinky c\90".

discussed in a few pages.

Select Kill All to remove all breakpoints.
5. Click Close.

6. Click RUN for the next exercise.

K1 | i
Access
Expression: I ™ Read ™ Wiite
TIP: If you get multiple cyan arrows or can’t understand the cort: [ = Size:

. . . = ™ Bytes
relationship between the C source and assembly, try lowering the Commang: | = .
compiler optimization to Level 0 and rebuilding your project.

Compilers can do strange things while optimizing code. Detie | Kilekced | kmar | [ coss | Hep |

The optimization level is set in Options for Target EN under the
C/C++ tab when not in Debug mode.

See MDK-ARM Compiler Optimizations: Appnote 202: www.keil.com/appnotes/files/apnt202.pdf

12

Copyright © 2017, ARM Limited or its affiliates. All rights reserved.
NXP Cortex-M4/M0+ Lab with the MCB54110 evaluation board www.keil.com


http://www.keil.com/
http://www.keil.com/appnotes/files/apnt202.pdf

3) Call Stack + Locals Window:
Local Variables:

The Call Stack and Local 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 belonging to the active function.

If possible, the values of the local variables will be displayed and if not the message <not in scope> or similar will be
displayed. The Call + Stack window visibility can be toggled by selecting View/Call Stack window.

1.
2.
3.

7.
8.
9.

Stop the program with the STOP icon.

Click on the Call Stack + Locals tab in D] bottom right corner of pVision.

Inspect the various entries in the Call Stack + Locals window as shown below

when they are in scope.

Note the os_idle_demon is highlighted with green.

This program spends most of its time here at a branch to
itself.

You can easily adjust RTX time ratios in your code.

Double click on Thread_LED.c in the Project window to
open it.

In Thread_LED.c, set a breakpoint on the call to the
function LED_On near line 27 as shown below:

] Theead LEDc | ] Thread aDce | %7 ADC McBSAI0.C | = X‘
20 L
21 [Jvoid Thread LED (void const *argument) {
2 uint32_t led cnt = LED GetCount():
23 uint3z_t led_num = 0;
24
25[] while (1) {
_, seEazover) ; / weJ
27 LED_On (led_num) ; T
= p TTTETever) ; /7 We
29 LED Off (led num): /7 Tuw
KT — C

The program will probably stop in the RTX os_idle_demon function.

. Local variables are displayed only

Call Stack + Locals

Name

Location™Malug

Type

=~ Thread_LED: 2

- osSignalWait

¢ signals

¢ millisec

B et

= % Thread_LED
W argument
@ led_ent
] led_num

[~ % Thread ADC:3

E| % osDelay

L millisec

S % Thread_ADC
[ argument

% main:1

E| % osDelay

: L millisec

L % main

=@

o 9 ps_idle_demo

000000256

Task

000002838

struct <untaggeds= flint,unsigned int)

<not in scope>

param - int

<not in scope>

param - unsigned int

<not in scope>

auto - struct <untagged>

0:0000026C

void fivoid *)

<not in scopex

param - vaid *

000000008

auto - unsigned int

000000000

auto - unsigned int

0x0000020A

Task

0x00002778

enum [int} flunsigned int}

<not in scope>

param - unsigned int

000000000

void fivoid *)

<not in scopex

param - vaid *

0x000001 A4

Task

0x00002778

enum [int} flunsigned int}

<not in scope>

param - unsigned int

000000000

int f()

0x000009BC

Task

n |0x000003BE

void ()

-;-'j Call Stack + Locals | Watch 1 ‘ ﬂrﬂemm}- 1 |
Click on RUN to run to the breakpoint. The Call Stack window below left shows Thread_LED is active.
Click on Step ¢ or F11 until you enter the function LED_On as shown below right screen:

Shown below is the function Switch_On active. Its local variable led has a value of 0x01 in this case.

Call 5tack + Locals

Location, Type
0x00000256 Mgk
- % Thread_LED 0:0000026C void¥void *
-W argument <notin scope> parar’-\roid *
[ led_cnt 000000008 aufs - unsigned int

[ led_num
B- C:3

5@ Thread_ADC: 3

Lacation/Value

Type

0000256

Task -

0X000008CC

int flunsigned int}

000000007 ) param - unsigned int
Oxlg_____.-/ auto - unsigned char
eaD000026C void fivoid ¥
<not in scope=> param - void *
; 000000003 auto - unsigned int
(. led_num 000000007 auto - unsigned int
000000204 Task

10. Click on the Step Out icon & 10 exit the function LED_On. This is indicated in the Call Stack window.
11. Remove any hardware breakpoints by clicking on its red circle or Ctrl-B, then select Kill All and then Close !

TIP: This is standard “Stop and Go” debugging. ARM CoreSight debugging technology can do much better than this. You
can display global or static variables and structures updated in real-time while the program is running. No additions or
changes to your code are required. They must be converted to global or static variables so they always remain in scope.

TIP: Single Step:

1

(F11): If you click inside a source window to bring it into focus, the program will step one source

line at a time. If you click inside the Disassembly window to bring it into focus, it will then step one instruction at a time.
Call Stack Uses:

The list of stacked functions is displayed when the program is stopped. This is when you need to know which functions have
been called and are stored on the stack. This is useful to find program flow problems such as crashes.

Normal functions are displayed only when they are on the Stack. They are removed and added as appropriate. When RTX is
used, the threads are always displayed, even if not running. The active thread name and its number are highlighted in green.
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4) Watch and Memory Windows and how to use them:

The Watch and Memory windows will display updated variable values in real-time. It does this using ARM CoreSight DAP
debugging technology. It is also possible to “put” or insert values into these memory locations in real-time using the
Memory window while the program is running.

There is a global variable delay_val located in Blinky.c near line 26 we can use in the Watch and Memory windows.

Watch window:
. |

Click on the RUN icon to start the Blinky program. Name Value Type
2. Right click on delay_val in Blinky.c near line 26 and select Add ;@ delayval - 10:0000000A |unsigned ‘”ti!
‘delay val to... and select Watch 1. -« Enter expression> -l

3. delay_val will be displayed in Watch 1 as shown here: ~ m—) E— » u
g1 Lall >tack + LoCals dlCl Emory
As you vary the potentiometer P1, new values of delay val are °

displayed in real-time.
TIP: You do not need to stop the program to enter variables, raw addresses or structures in a Watch or Memory window.

5. You can modify the value in a Watch window when the program is stopped or changing slowly. You can modify a
variable in a Memory window anytime. Step 5 below illustrates this technique.

Memory window:
1. Rightclick on delay_val and select Add ‘delay_val' to... and select Memory 1.

2. Note the changing value of delay_val is displaying its address in Memory 1 as if it is a pointer as you vary the pot
P1. This is useful to see what address a pointer is pointing to: but this not what we want to see at this time.

Right click in Memory 1 and select Unsigned Long to see the data field as 32-bit numbers.

Add an ampersand “&” in front of the variable name delay val and press Enter. Now the physical address is shown
(0x2000_0000) in this case. This physical address could change with different compilation optimizations.

The data contents of delay_val is displayed as shown here:
Viemory

Right click on the memory data value and select Modify =

Memory. Enter a value and this will be pushed into Address: [adelay_val EI :l

delay_val. Since delay_val is updated often, you will not see  ##3Zg000000: 0000000 900000CC 20000098
a new value displayed. But the update did occur. oM - 1 00000000 00000000
- - 0=x20000018: 00000000 00000000 00000000 -
TIP: You are able to configure the Watch and Memory windows e =

while the program is running in real-time without stealing any CPU @ Call Stack + Locals | Waten1 |
cycles. You can change a value in a Memory window on-the-fly.

Memory 1

7. The global variable delay_val is updated in real-time. This is ARM CoreSight technology working.

8. Stop the CPU D) and exit Debug mode @ for the next step.
TIP: View/Periodic Window Update must be selected. Otherwise variables update only when the program is stopped.

How It Works:

pVision uses ARM CoreSight technology to read or write memory locations without stealing any CPU cycles. This is nearly
always non-intrusive and does not impact the program execution timings. The Cortex-M3, M4 and M7 are Harvard
architectures. This means they have separate instruction and data buses. While the CPU is fetching instructions at full speed,
there is plenty of time for the CoreSight debug module to read or write to memory without stealing any CPU cycles.

This can be slightly intrusive in the unlikely event the CPU and pVision reads or writes to the same memory location at
exactly the same time. Then the CPU will be stalled for one clock cycle. In practice, this cycle stealing never happens.

Remember you are not able to view local variables while the program is running. They are visible only when the program is
stopped in their respective functions. You must change them to a different type of variable such as global to see them update.
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5) System Viewer (SV):

System Viewer provides the ability to view certain registers in peripherals and the CPU core. In many cases, these windows
are updated in real-time while your program is running. They are available only while in Debug mode. Select
Peripherals/System Viewer to open the peripheral windows. Select CPU core registers by opening Peripherals/Core
Peripherals. Both of these are illustrated here:

Peripherals
In our Blinky example, the ADC controls the speed the LEDs flash. System Viewer ¥ ¥ | ADCO
Core Peripherals ¥ tRIE e
1. Click on RUN . You can open SV windows when your program is running. . CRC_ENGINE
CTIMER 3
ADC Port A: o0
2. Select Peripherals/System Viewer and then ADCO as shown here: ————) :f;ccoow R
3. The ADCO window opens up: — =o——) ——— 2:‘; '
4. Expand SEQ_GDATA as shown here: oo 1c v
- - - INSEL 125 13
5. As the pot P1is rotated, the value in RESULT will change. TS
6. You can change the values in the System Viewer while the program is iy ;:’;E’B”Ox
running or stopped. It will be difficult to see this as these values in this MRTD
case are updated so often that your changes will be overwritten. 5 PINT
7. This window is updated periodically using the same CoreSight - EEE o
DAP technology as the Watch and Memory windows. For fast changing & rmon e »
data, some values might be skipped. il SPIFD
8. Look at other Peripherals contained in other System M SUZZCRC;N R
Viewer windows to see what else is available. B, usBo
TIP: If you click on a register in the properties column, a description about this s ]':%‘ﬁ:'x‘"’gm.ggi%ﬁ"t :ﬁi

register will appear at the bottom of the window as shown here for SEQ_GDATB.

SysTick Timer: The Blinky example program uses the Cortex SysTick timer as the tick timer for RTX.
1. Select Peripherals/Core Peripherals and then select SysTick Timer. Run the program.
2. The SysTick Timer window shown below opens:
3. Note it also updates in real-time while your program runs using CoreSight DAP technology.
4. Note the ST_RELOAD and RELOAD register contents. This is the reload register value. This value is set in the

configuration of RTX in RTX_Conf_CM.c. x|
5. Note that it is set to 0x0001_869F = dec 99,999. This is created by 100 ?”::f:;m o % PWOLE P usouRce

MHz/1000-1 = 99,999. 1000 is specified as the timer tick value e = 2 RCIN T o lNTH He

1  Reload & Current Value
gT)_(r__CI:(o_ni_CM.tciSChangmg the reload value changes how often the R SR —
ys Tick interrup occurs. SysTick>VAL: [B0000D0T5 | CURRENT: [B00D015 |

6. Inthe RELOAD register in the SysTick window, while the program is p——

running, type in 0x5000 and click inside ST_RELOAD ! (or the other SysTick->CALIE: [B00000000 TENMS: [Bx000000

way around) [~ SKEW I~ NOREF

7. The blinking LEDs will speed up. This will convince you of the power of ARM CoreSight debugging.
fut
8. Replace RELOAD with 0x0001_869F. A CPU RESET F=T will also accomplish this easier.

9.  When you are done, Stop the program 1) and close all the System Viewer windows that are open.

TIP: Itistrue: you can modify values in the SV while the program is running. This is very useful for making slight timing
value changes instead of the usual modify, compile, program, run cycle.

You must make sure a given peripheral register allows for and will properly react to such a change. Changing such values
indiscriminately is a good way to cause serious and difficult to find problems.
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6) Watchpoints: Conditional Breakpoints

Most NXP Cortex-M3, M4 and M7 processors have four data comparators. Since each Watchpoint uses two comparators,
you can configure two complete Watchpoints. Watchpoints can be thought of as conditional breakpoints. The Logic
Analyzer uses the same comparators in its operations. This means in pVision you must have two variables free in the Logic
Analyzer to use Watchpoints. The Cortex-MO0 might have one Watchpoint. The Cortex-M0+ might have two of them.
Currently, uVision supports only one Watchpoint.

Using the example from the previous page, stay in Debug mode. Click on RUN if the program is not running.
Enter the global variable delay_val into the Watch 1 window if it is not already there.

Click on Debug and select Breakpoints or press Ctrl-B. The Breakpoints window opens up.

Serial Wire Viewer (SWV) data trace does not need to be configured to use Watchpoints.

Select both the Read and Write Access.

Enter in Expression: "delay val == 0x55” without the quotes.

Click on Define and it will be accepted as shown here: x|
(the Expression: box will go blank) Eommm)>  Curent Ereskpoints:

Click on Close. The program will still be running. 00 (Rreadumie (2 fon=A). delay_yal = 0xs%"
Rotate the pot P1 to produce 0x55 in Watchl

10. When delay_val equals 0x55, the program will stop.
This is how a Watchpoint works.

N o g s~ wbdh e

2

. . . dl | 2
11. You will see delay_val displayed as 0x55 in the Watch -
. - CESS
window. Expression: | [~ Read [ wite
. I =1 Size:
Count: |1 =l l]ﬂeﬁ ™| Bytes
If You Have Serial Wire Viewer Running: = =1 ot
Trace Regords: Y_ou would be able to see the data writes of oo ] wiseeed| am | e | b |
delay_val displayed in the Trace Records window shown
below: right:
S
Here is the Trace Records display showing the data T T T T T
writes around 0x55: The address the data writtento |22} e A
and the PC of the write instruction is displayed as well Dmawme 2000000 il H__ w00z ells L7
as the timestamps: A ULINKprO and J_Llnk trace Data Write 20000000H 00000055H 00000228H 879193615 879193615 j

windows are slightly different from ULINK2.

Logic Analyzer: This is the Logic Analyzer (LA) window displaying delay_val. The blue circle is where delay_val
equaled 0x55 in the Watchl window. You can have up to four

displays in the LA. Watchpoints will use up one or two. Lo 2 x]
MinTme  MaxTme Gid |  Zoom | Min/Max |Update Screen| Trnsiion | Jumpto
This is nicer than watching a variable changing in Watch 1. [Save]|l 0s  [&291203s | 25 |[inJOut] AV [Acto][cido] | Stop ] Gear ] [Prevext] [Code [T
255 H H H H H i H H
12, When finished, click on STOP &, o

13. Delete the Watchpoint by selecting Debug and I

. . 4358203 s i ‘ 3 3 5358203 s : ‘ ] E 63.58203 s
select Breakpoints and select Kill All. ;@i - - ‘ e
Disassembly Logic Analyzer | = Instruction Trace
14. Select Close.

15. Leave Debug mode. @
TIP: You can set Watchpoints on-the-fly while the program is running like you can with hardware breakpoints.

TIP: To edit a Watchpoint, double-click 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 use the next TIP:

TIP: The checkbox beside the expression in Current Breakpoints as shown above allows you to temporarily unselect or
disable a Watchpoint without deleting it.

TIP: You can create a Watchpoint with a raw address and no variable value. This is useful for detecting stack overruns.
Physical addresses can be entered as *((unsigned long *)0x20000000).
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7) Configuring Serial Wire Viewer (SWV): Need a ULINK2, ULINKpro or a J-Link:
Serial Wire Viewer provides program information in real-time and is extremely useful in debugging programs.

SWV is available with any ULINK2, ULINK-ME, ULINKpro or a J-Link (external or LPC-Link2 in J-Link mode).
Configure SWV:

1.
2.

MVision must be stopped and in Edit mode (not Debug mode).

If using the on-board LPC-Link2 in J-Link mode: Load LPCScrypt as described on page 9 and install the J-Link
firmware. Connect a USB cable from your PC to connector USB Link to connect LPC-Link2 and power the board.

If using an external adapter such as a ULINK2, ULINKpro or J-Link: Connect to the 10 pin CoreSight Debug

or 20 pin JTAG connector. Power the board with a cable to the USB connector. Do not connect to USB Link.

Select LPC54114 SWO in the Target box. ULINK2 is preconfigured in this Target. LPc341145W0 T

Select Target Options EA or ALT-F7 and select the Debug tab.
Confirm the name of your debug adapter is correct: in this case ULINK2/ME Cortex Debugger. ﬁ
If you are using a ULINKpro or a J-Link, select it here now.
J-Link needs an .ini file. See page 9 under j-Link.

Select Settings beside the name of your adapter.
10. Inthe area SW Device must display a valid ARM CoreSight core.

11. In the Port: box, SW must be selected. SWV will not work with JTAG. Petlse =
12. Click on the Trace tab. The Target Driver Setup window below is displayed:

| Linker Debug |Utilities|

© © N o g &

' |se: IUL|NK2.'"MECDITEX Debugger j Settings |

13. In Core Clock: enter 100 and select Trace Enable. This value is crucial for a ULINK2 or J-Link as a UART is used.
14. If using a ULINKpro, unselect Autodetect and enter 2 in SWO Clock Prescaler box to give a 50 MHz SWO Clock.

15. Confirm EXCTRC is selected.

16. Click on OK twice to return to the main pVision &
menu. SWV is now configured. — = e I
. ) Core Clock: | 100.000000 MHz ¥ Trace Enzble
17. Select File/Save All or click = e P T T Everte
A . Serial Wire Output - UART/NRZ ~ ¥ Enabls Prescaler: [1 = ™ CPI: Cycles per Instruction
To Display Trace Records: WO ook i [ S F?EEE?ZT:teDCYdemd
H H [l Prescatr [1026°16 7] | | = 51 Lo Strm L Cycles
Enter Debug mode. Q Click on the RUN icon. : 510 o[ TZ50000 MHe | | 1 bt Pt [ SOWEags | | I FOLD.Fokdd renctirs
2. Open Trace Records window by clicking on the small [ onbes Frif Sanele ¥ BXCTAC Sespien Tacng
arrow beside the Trace icon shown here: (ULINK2) [ St Poris 31 Pt 2423 Pot 1615 Pt 8 7 Pot 0
Enab\e.||}xFFFFFFFF Ivlvlvivivivivie vivivivieiviele vivivivivivivie viviviviz] vl
3. The Trace Records window will Priviege: [(<00000008 Pot3l 24 W Pot2316 [0 Pot158 [ Pot 7.0 [~
open and display Exception 15 as et
. H Event Counters
shown below: (ULINK2 version) |, " ° oo
4. Double-click in the window to clear it. It will fill up again.
TIP: If you are using a ULINKpro or a J-Link, you must stop the program to display the trace data frames.
5. Displayed is Exception 15 (SYSTICK timer) with Entry, Exit and Return points.
6. Close the Trace Records window when you are done.
Entry: when the exception or interrupt is entered. x|
. f f f Type Ot | Num Address | Data | PC | Dy | Cycles | Time[s -
Exit: when the exception or interrupt exits. o T T =
. . . . Exception Exit 15 753103241 7.53103241
Return: when all exceptions or interrupts exit. This Exceton Rt o I 7531005
indicates that no Cortex tail chaining is occurring. Excxpion Emw 15 ’%Bilgg ’gggg}gg
eption Retum 7 7.
Trouble ?: If you do not see Exceptions as shown B e = Lty
and instead see either nothing or frames with strange | | gezten B a ey

data: the trace is not configured correctly. The most
probable cause is the Core Clock: frequency is wrong. ITM frames 31 and 0 are the only valid ones. Any other ITM
frames are bogus and usually indicate a wrong Core Clock value.
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8) Using the Logic Analyzer (LA): A ULINK2, ULINKpro or J-Link is needed for SWV:

pVision has a graphical Logic Analyzer (LA) window. Up to four variables can be displayed in real-time using Serial Wire
Viewer. Logic Analyzer data points occur when the events are active with each data write. If SWV overload occurs and
turning off unneeded SWYV elements is not enough, you can sample the data writes with another variable and display it.

The LA shares the comparators in CoreSight with the Watchpoints. They are mutually exclusive.

1. The project Blinky.uvprojx should still be open and is still in Debug mode and either running or stopped.

2. Right click on delay_val in Blinky.c and select Add ‘delay_val’ to ... and select Logic Analyzer. The LA will open.
TIP: An error message saying delay_val cannot be added usually means SWV is not configured or delay_val is not in focus.

3. Inthe LA, click on Setup and set Max: in Display Range to OxFF. Click on Close. The LA is now configured.
4. Select Debug/Debug Settings and select the Trace tab.
Logic Analyzer
5. Select on Data R/W Sample. Sewp_|[l0ad..]| MnTme MaxTme Gid |  Zoom | Min/Max |Update Screen| Transiion | Jumpto [ Sigral Info
6. Click OK twice to exit this menu. [Save.]|[ 0s |23751945 lTll. In ”OL"”.M ] [Ato] [Undo] || Stop I Clear \HPrev||lNext\|\Cnfie||Tmcel ™ Show Cycle
255 : i H H H H H
7. Run the program. oy
8. delay_val will still be visible in Watch 1. 0 R R Y R
9. Adjust the Zoom OUT or the All iconin | 7 — =
the LA to provide a suitable scale of B pisassemoy | B8 Logic Anaiyzer

about 2 seconds as shown above:
10. Rotate Pot Pland delay_val will display in LA as shown above and in Watch 1:

TIP: If no waveform is displayed in the LA, exit and reenter Debug mode @Q Q to refresh the comparators.
11. Enable Amplitude, Signal Info and Cursor in the LA window.
12. Select Stop in the Update Screen to stop the LA from collecting data. The program keeps running.
13. Click on a spot in the LA and position the mouse to demonstrate the method used to measure timing values.

TIP: When you enter a variable in the Logic Analyzer window, it is also displayed in the Trace Records (or Trace Data for
ULINKpro) window. A ULINK2 or ULINKpro displays these Data Writes. A J-Link does not.

View Trace Records Window (ULINK?2): x|
. Type Ovf [Mum [ Addess |  Data | PC_ [Dy| GCyles [ Timely <
1. Open the Trace Records window. Data Virte H O 00000228H §125133554 612515359
) . Data Wit 20000000H  0ODDODT4H  00000228H §12719358¢  61.27193534
2. Right click inside Trace Records and Data Wite 20000000H  0O0OODYSH  0DDDOZ2EH §1291935%4 6129193594
. Data Wike 20000000H  ODDDDDYEH  00000228H 6131133684 61.31153634
unselect Exceptions and ITM Events. Data Wirte H  000DDD23H  0DDDOZZEH 6133193584 6133193534
Data it 20000000H  0ODDDO2SH  00OO022EH 5135133534  61.35153634
3. Clear it by double clicking in it Data Virte H_ OOOOO2EH  00000228H B137193694 6137193584

The window similar to here displays: )

5. Note the times might be the same. This is from SWV overload as the Data Write frames are created at every event.
This example program creates many events. A ULINKpro works better as it can process SWO frames faster than a
ULINK2 or J-Link.

6. The first line in the Trace Records window above states: The instruction at 0x0000_0228 caused a write of data
0x0D to RAM memory address 0x2000_0000 at the listed time in CPU Cycles or accumulated Time in seconds.

The PC column was activated when you selected on Data R/W Sample in Step 7 and is optional to lessen overloads.

An X in the DLY or Ovf column means there is a SWO overrun. Solutions are to eliminate any SWV selections not
needed or use a ULINKpro which is faster. Candidates are Exceptions, ITM 31, ITM 0, PC Samples and entries in
the LA. Sometimes you can turn off Timestamps but this can cause SWYV to stop displaying if these are used.

View Trace Records Window (ULINKpro):

1. You must stop the program with a ULINKpro to view the frames in the Trace Data window.

2. In the Display: pull-down menu, select ITM — Data Write to filter the frames displayed. 2P M -DataWrite i

3. Double-click on a data write frame (or any frame) to highlight it in the source and Disassembly windows.

TIP: The Logic Analyzer can display static and global variables, structures and arrays. It can’t see locals: make them static
or global. To see peripheral registers, enter their physical addresses into the Logic Analyzer and read or write to them.
Physical addresses can be entered as *((unsigned long *)0x20000000).
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9) RTX Kernel Awareness Windows:

Users often want to know the current operating thread number and the status of the other threads. Keil provides two RTX
Task Aware windows. Keil uses "threads" instead of "tasks" for consistency. RTX_Blinky is running RTX_Blinky with
three threads. It is assumed an appropriate debug adapter is connected to your board as used on the previous page.

A) System and Thread Viewer: All adapters including LPC-Link2 in CMSIS-DAP mode work.
Use the RTX_Blinky example from the previous page.

1.

9.

B) Event Viewer:

1
2.
3.
4

10.

11. Stop the program. o Exit Debug mode. @

Click on the Run icon.

Open Debug/OS Support and select System and Thread Viewer and the window below opens. You might have to

grab the window and move it into the center of the screen for viewing convenience.

These values are updated in real-time using the same technology as used in the Watch and Memory windows.

Set a breakpoint in the thread

The program will halt while
Thread_ADC is active and this is
indicated as "Running" in the State
column.

Statistics such as Stack Usage and &1 Threads

timings are displayed.

os_idle_demon is the only thread

ready to run at this time. "

| System and Thread Viewer

Thread_ADC in file Thread_ADC.c. r——— o
Line 29 is a good place. R —

Tick Timer: 1.000 m5ec

Round Robin Timeout: 5,000 m5ec

Default Thread Stack Size: 400

Thread Stack Overflow Check: Yes

Thread Usage: Available: 3, Used: 3 + o..,

Priority

Delay

Event Value Event Mask Stack Usag

1 main Normal 16%

2 Jhrzad LED Normal 00001 20% —
—

3 Thread_i[lg) Narmal

255 |os_idle_demaon None

Remove the breakpoint. |

o
=

Download the free Getting Started Guide: www.keil.com/gsg

Need ULINK2, ULINKpro, J-Link (LPC-Link2 or external) with SWV configured:

Open Debug/OS Support and select Event Viewer. The window below opens. Use Zoom In & Out to show threads.

If no threads are visible, exit and enter Debug mode to refresh all the CoreSight registers. Q @
Note the threads are listed on the left side. A green block indicates an active thread.

This program spends most of its time in
idle_demon. You can change this.

Click on Stop in Update Screen to halt data
collection. The program keeps running.

Select Timing Info and Cursor.

If you hover the mouse over an active
thread green block, the block turns yellow
and timings are displayed as shown below:

Click on a spot and move the mouse to
another spot to display timing information.

If you are using a ULINKpro: Exceptions

will be displayed below the threads. Shown here are four interrupts. You can easily
determine how long they are active and when they occur. This feature is very useful for

‘ Min Time Max Time Grid | Zoom

Update Screen | Jump to Transition

‘l 7.01469ms | 30.01295z [s0me [ In |E5E|[al ]
i T i . i

[ stop ][ Clear ]| [Code][Trace]
i — i

=M

main (1) ' I ‘ I I |
I
Thread_ADC (3} I | EI | I § | | El | | E | |

Thread_LED (2)

SLIRELRTRRRNT

2949995 5 2974995 s

|

¥ Timing Info [
[~ Show Cydes

1 x

Event Viewer | System and Thread Viewer |

optimizing interrupt handlers for peripherals such as DMA, USB, 12C and more.

If you hover your mouse on a event, in this example FLEXCOMM is on for 2.22 usec FLEXCOMME (34
and ADCO for 0.4 usec. Also see the Trace Exceptions window.

main (1)

SVCall (1)

ADCO_SEQA (38) |
43386295

;I

i T

TIP: If the Event Viewer does not work, the most common cause is a wrong Core Clock: value or SWV overloaded. Reduce
the active selections in trace config to the minimum. Unselect EXCTRC in Trace Exceptions window. Clear the LA.

TIP: If your program gets stuck in an ITM function see www.keil.com/support/docs/3861.htm SWYV is not configured.

NXP Cortex-M4/M0+ Lab with the MCB54110 evaluation board
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10) Debug (printf) Viewer: Need ULINK2, ULINKpro, J-Link (LPC-Link2 or external)

ITM Port 0 is available for a printf type of instrumentation that requires minimal user code. After the write to the ITM port,
zero CPU cycles are required to get the data out of the processor and into pVision for display in the Debug (printf) Viewer
window. It is possible to send ITM data to a file: www.keil.com/appnotes/docs/apnt_240.asp.

This works only with the Cortex-M3, M4 and M7. It will not work with the Cortex-MO0+ because it does not have SWV.

1. Stop the program @ and exit Debug mode @

Software Component | sel. | Variant

Add STDOUT File (retarget_io.c): E@ Domwe Support mcesatio !
1. Open the Manage Run-Time Environment window (MRTE) €. gg o e~ 1
2. Expand Compiler and 1/0 as shown here: — T e s [ Compter )
3. Select STDOUT and ITM. This will add the file retarget_io.c to the project. S I A
4. Ensure all blocks are green and click OK to close the MRTE. ¢ soera__ T _E:L o

Add printf and #include <stdio.h> to Thread_LED.c: ¥ STDOUT ﬁ m ) . :
1. InThread_LED.c, near line 4, add this line: #include <stdio.h> 5 Device

2. InThread_LED.c, in the thread Thread_LED (near line 21), near line 27, just before the call to LED_On, enter this
line: printf ("led_num = %d\n", led_num);

Configure Serial Wire Viewer:
1. Serial Wire has already been configured. ITM 0 must be enabled in the Trace configuration.
Increase the RTX stack size (If the program fails to run, perform - increase the stack size):

When a printf statement is added to a thread, you might have to increase the RTX stack size. This example has enough stack.
These instructions are for reference to show how to manage the configuration of RTX. You can skip these steps in this case.

1. Select the RTX _Conf CM.C tab. Click on the Configuration Wizard tab at the bottom of this window.
2. Set the Default and Main stack size to 400 bytes as shown here:

] RTX Conf cM.c | ] Blinky.c | ] Thread LED.c | v x
3. Ingeneral, if you experience trouble with RTX operation, try EpandAl |  Collpse Al | Hb | I ShowGid
increasing the number of threads and size of the RTX stack. Trio [Value
This stack is not the same as the CPU system stack as - Thread Configuration =
referenced by the Stack Pointer but it is still in RAM. T A o :I

Main Thread stack size [bytes] 400
Mumber of threads with user-provided stack size ]
: Total stack size [bytes] for threads with user-provided stack size 0

. . G L =]
1. Select File/Save All or click &, | =
E @ |||§ Text Editor_), Configuration Wizard |

2.

Compile and Run the Project:

Click on View/Serial Windows and select Debug (printf) Viewer.

Click RUN .
In the Debug (printf) Viewer you will see the printf statements appear. e
Right click on the Debug (printf) Viewer and select Mixed Hex ASCII mode.

GACall Stack - Locals | (54 Debug (printf) Viewer

7. When you are finished, stop the program Q and exit Debug mode @ .
Obtaining a character typed into the Debug printf Viewer window from your keyboard:
It is possible for your program to input characters from a keyboard with the function ITM_ReceiveChar in core.CM3.h.
This is documented here: www.keil.com/pack/doc/CMSIS/Core/html/group_ ITM__Debug__gr.html

A working example can be found in the File System Demo in Keil Middleware. Download this using the Pack Installer.
TIP: ITM_SendChar is a useful function you can use to send characters out ITM. It is found in core. CM4.h.

TIP: Itis important to select as few options in the Trace configuration as possible to avoid overloading the SWO pin. Enable
only those SWV features that you need. If you need high performance SWV, a ULINKpro works best.

TIP: The Configuration Wizard is a scripting language as shown in the Text Editor as comments starting such as a </h> or
<i>. See www.keil.com/support/docs/2735.htm for instructions on how to add this feature to your own source code.
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Dual Core Example: All adapters will work. SWV is not used in this section.

This example uses on-board CMSIS-DAP mode by default. It is possible to use a ULINK2, ULINKpro or a J-Link. To use
one of these debug adapters, see page 9 for configuration instructions. The CMSIS-DAP that comes with the MCB54110
board is different than the one distributed by NXP LPCScrypt. A ULINK2 or ULINKpro is best to use.

1) Notes on the DualCore Example:

1. MDK controls both processors by running two instances of pVision: one controlling the Cortex-M4 and the other
the Cortex-MO+. A dual monitor on your PC is a useful setup: use one for each instance of pVision.

2. There are two pVision projects: one for the Cortex-M4 and another for the Cortex-MO0+. They are located in the
\CM4 and \CMOplus folders respectively. They are configured into a pVision Multi-Project: DualCore.uvmpw

3. Each processor is running its own instance of RTX (Keil RTOS).
The Cortex-M4 sends LED status to the MO+ via an RTX mailbox. The Cortex-M0+ changes the LEDs accordingly.
5. In each of the instance pVision you need to select your debug adapter if not using CMSIS-DAP.
2) Loading and Configuring pVision for the Dual CPU project:

1. Connect a USB cable to USB LINK connector on the MCB54110 board for CMSIS-DAP mode. See page 9 for
connecting other debug adapters. Currently, Keil CMSIS-DAP, a ULINK2 or a ULINKpro are most stable.

Cortex-M4 Instance of pVision:

2. Start pVision by clicking on its desktop icon: or use a running instance. This will be the Cortex-M4 instance.

3. Select Project/Open Project and open C:\OOMDK\Boards\Kei\MCB54110\DualCore\DualCore.uvmpw.
4. Note the Project window shows two projects: both are called Blinky. s—)
5. The top one is for the Cortex-M4. The bottom one is for the Cortex-MO+. ng‘jng::mk,
6. The Cortex-M4 is active as evidenced by the grey block. B e e
7. Ifitis not, right click on the upper Project Blinky and select Set as Active Project: 35 ;’Z:r“d'”:u”;t::t”
Cortex-MO0+ Instance of pVision: Set as Active Project Eg EMSIS
1. Start a second instance of uVision by clicking on its desktop icon again. - e s
2. The DualCore uvmpw project should open automatically. g: somree e
3. Inthe Project window, right click on the lower Project: Blinky and select Set as Active: Eg i;ﬂ; Support
4. You will now have two instances of pVision running as shown below: The top header w4 Device
of each instance of puVision will indicate the instance by CM4 or CMOplus in the
filename. Eprojeat| @ sooks | {} Func..| O, Tems...

A c:\poMDK \Boards el \MCB 541 10\DualCore\CM4\Blinky. Lvprojx - piision

4 C:\DOMDK\Boards\Kei MCB541 10\DualCore\CMDplus Blinky. Lvproji - pVision

[ (]

3) Compiling the Programs:

Select the Cortex-M4 instance of pVision. x|
Click on the Batch Build icon: & This window OPENS: mmmmmp  select Project Targets:

1
2
3. Click Rebuild to compile both projects.
4

=y Build |
i L.V LPC54114 Flash
. . . . =1 Blinky Rebuild |
There will be no errors or warnings in the Build Output .7 LPC54114 MO+ Flash = |
ean

window. It will display "2 succeeded".
TIP: If you have created other Options Targets for other debug adapters, they will be visible here. Select what you need.
1. You have now successfully compiled both the Cortex-M4 and MO0+ source files in the Blinky example programs.

2. On the next page, you will program the Flash and run the program.

4) Programming the Flash (as an optional test):

Lopl
1. From the CM4 instance, click the Load icon. ¥# The Flash programming progress is indicated in Build Output.
2. The eight LEDs will now blink in sequence. If not, something is wrong and you must fix this to continue.
3. Note: the pot P1 will not vary the LED sequence rate in this project.
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5) Programming the Flash and Running the two Blinky programs:

At this point, the two Blinky programs are running on both cores from Flash memory without any intervention by pVision. If
you disconnect the ULINK2 and reset the board, these two programs will now run stand-alone from the Flash. Now, we will
connect pVision to each in turn to demonstrate two core debugging techniques.

CM4 Blinky:

1) Bring the CM4 instance of pVision into focus by clicking on or selecting it.

2) Enter Debug mode for M4 Blinky @- . The Flash will be programmed for both the M4 and MO+.

3) The LEDs will stop blinking. Click on RUN and they will start again. The MO+ was started by the M4 and is
writing to the LEDs. The pVision debugger is not connected to the Coretx-MO0+ core at this time.

CMOplus Blinky:

1) Bring the Cortex-MO0+ instance of pVision into focus by clicking on it or selecting it.

2) Enter Debug mode for MO Blinky @ . Click on RUN and the Coretx-MO+ program will run.

Troubles ? If you encounter trouble, repower the board and/or an external debug adapter and try again. With LPC-Link2
CMSIS-DAP, wait for the USB dual tone to sound indicating it has enumerated and connected before entering Debug mode.

TIP: You can see a source file from one instance of pVision in the other instance. Be careful to modify the correct one.
To determine which one is active: look for the grey boxes on the left indicating there is assembly instructions present as
shown below. No grey boxes mean this is not the correct Blinky.c for the active instance of pVision.

6) Setting Hardware Breakpoints:

CM4 Blinky:

1) Bring the CM4 instance of pVision into focus. Select the correct Blinky.c.
2) Set a breakpoint in Blinky.c in the while (1) loop near line 106 as shown here:

3) This is where the Cortex-M4 tells the Cortex-MO0+ to switch LEDs via the mailbox. 107
4) The CM4 program will soon stop on the breakpoint.

L1 Biinkyc |

102
103
104
105
4> 106

=

108

CM4 Blinky o

108

111 |}

5) Each time you click on RUN , the LEDs will change to the next position.

6) Remove the breakpoint. Click on RUN

CMOplus Blinky:

101 whils (1) {

if (MOplus_Trigger) {
MOplus_Trigger = 0;

MAILECX mutexWaict():
LPC_MBOX->BOX[0].IRQ = (w
MATLZ0X mutexRelease () ;

_1 Biinky.c | ] Blinky.c |

[Clwvoid MATLBOX IRQHandle:

1) Bring the CMO+ instance of uVision into focus by clicking on it. It will be running. 35 | wints2 t  bats
2) Set a breakpoint in Blinky.c in the mailbox_IRQ_Handler. Line 43 is a good place. gp | T T
38 pbit = (uint32_t *)LE
3) This is where the Cortex-MO+ signals the main thread to modify the LED after it = N
receives a message from the Cortex-M4 through the mailbox to do so. b el
4) The CMO+ program will soon stop on the breakpoint. R
44 *pbit = bit:
5) Each time you click on RUN, the LEDs will change to the next position. D AriEOK macexelesse
6) When finished, remove all breakpoints from both instances of puVision. s iec mo;_>3OX[:] —
@ 43 LPC}EOX—EOX['.] LIRQE
7) When you are finished, Stop the program Q and exit Debug mode in CMO Blinky |

both instances of pVision to continue.

TIP: You can see that you can easily control both processors using two instances of pVision. A standard MDK license
allows this operation. You do not need to purchase two licenses to operate the two Cortex cores as demonstrated here.

NXP Cortex-M4/M0+ Lab with the MCB54110 evaluation board
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7) Watch Window with DualCore:
Create two global variables to increment in each processor.
CM4 Blinky:
1) Bring the CM4 instance of pVision into focus by clicking on it.
2) Create a global variable near line 23 in Blinky.c: unsigned int CM4 =0;
3) InBlinky.c in the main() function near line 108, add this line just before MAILBOX_ mutexRelease();: CM4++;

4) Select File/Save All or click: 'j
TIP: Make sure you are modifying the correct Blinky.c ! Select Blinky.c in the Project window to make sure.
CMOplus Blinky:
1) Bring the CMO instance of pVision into focus by clicking on it. 1f asked to reload Blinky.c message, enter YES.
2) Create a global variable near line 16 in Blinky.c: unsigned int CMO0 = 0;
3) InBlinky.c, in the function MAILBOX_IRQHandler, near line 44 and just after bit +=1:, add this line: CMO0++;

4) Select File/Save All or click: 'j
Compile:
1) Select the Cortex-M4 instance of pVision.
2) Click on the Batch Build icon as done previously: & The Batch Build window opens.
3) Click Rebuild to compile both projects. A successful build (2) is displayed in the Build Output window.
4) There will be no errors or warnings. If there are, please fix them before continuing.
Run CM4 Blinky:
1) Enter Debug mode for M4 Blinky @ . The Flash will be programmed for both the Coretx-M4 and Cortex-MO+.
2) The LEDs will stop blinking.

3) Click on RUN = and it will start. Watch 1 2 X
4) Right click on the CM4 variable in Blinky.c and select Add ‘CM4' | M2me Value R

to... and then select Watch 1. o @ i _ unsigned i =

------ <Enter expression> =

5) Watch 1 will open and display CM4 incrementing from within the | 4| | _.|_I

CcM4 Blmky pI'OJECt as shown here: > g call St...| Watch 1 j;aTrace | j;aE'-.-'ent | I-1em-3...|

Run CMOplus Blinky:
1) Select the Cortex-MO+ instance of pVision.

2) Enter Debug mode for MOplus Blinky @ . The Flash is already programmed by the M4 project.

|
3) Click RUN El. 2o & X
. . . R R Mame Value Type
4) Right click on the CMO variable in Blinky.c and select Add ‘CM0' @ MO unsigned int
to... and then select Watch 1. i <Enter expressions
5) Watch 1 will open and display CMO incrementing from the CMO0+
project. 1 Call St... | Wateh 1 j@Trace E.| ,ﬁ'gE'-.-'ent o | E Memor..|

6) When you are finished, Stop the program @ and exit Debug mode @ in both instances of pVision.

TIP: With this system, the core you are developing can be controlled with puVision while the other runs by itself. You must
always build the projects from te CM4 instance as it creates files for the CMOplus instance.
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USB Mass Storage Example: All adapters will work. SWV is not used in this section.

There are many examples for the Keil MCB54110 board. They are components from Keil Middleware USB (Device and
Host classes), emWin graphics and a File System. These are loaded from a Software Pack with Pack Installer.

MDK Professiuonal is needed to compile components of Keil Middleware. You can obtain a one-time 7 day license
in File/License Management. If you are eligible, this button is visible:

This gives you unlimited code size compilation and access to Keil Middleware. Contact Keil Sales to extend this

license for evaluation purposes.

Evaluate MDK Professional

You can use any of the available debug adapters including LPC Link in either CMSIS-DAP or J-Link mode.
If you use a ULINK2, ULINKpro or a J-Link, you can use the Serial Wire Viewer. A ULINKpro works best.

The USB Mass Storage connector will be the USB connector. If using an external debug adapter, use this also for
power. If using the on-board LPC Link 2, connect a USB cable to both the USB and USB Link connectors.

Insert a micro SD card into the socket SD1. You will be able to read and write this device with this example.

1) Installing the USB Mass Storage Example:
Connect the MCB54110 board with an external debug adapter or the on-board LPC-Link2.
Select Project/Open Project from the main pVision menu.
Load C:\OOMDK\Boards\Keil\MCB54110\Middleware\USB\Device\MassStorage\MassStorage.uvprojx.

© ® N o

2) Keil USB Middleware:

Compile the source files by clicking on the Rebuild icon.

Enter Debug mode by clicking on the Debug icon. Q Select OK if the Evaluation Mode notice appears. Flash
programming progress is indicated in bottom left corner. You might hear the USB double down tone indicating a

USB device has been disconnected.

Click RUN .

You will hear the usual USB dual up tone as USB is initialized.

Open Windows Explorer and open the Removable Disk as shown here: s——)

=
p
e Removable Disk (E:)

L, Windows (C2)
s A .

You can copy or read any files that are on the micro SD card with Microsoft Explorer.

Open the Manage Run Time Environment window:

Expand various USB headers that are shaded in green
to see the potential settings that were made to create
the Mass Storage device.

Selecting these componets added the apropriate files
to the project.

Additional configuration is made with the
Configuration Wizard on some of these files.

||§ Text Editor_, Configuration Wizard |

Other Middleware components such as Network, File
System and Graphics are selected and configured in
the same way. It is clear to see this is a very efficient
way to distribute and use Keil Middeware products.
Keil provides comprehensive options for its
Middleware.

Close the MRTE window. Do not make any
changes.

@

W Manage Run-Time Environment

X

Software Component

Sel.

Variant Version

Description

» Board Support
& cmsis
4 CMSIS Driver
4 Compiler
@ Device
4 File System
@ Graphics
4 Network
B 4 UsE
@ CORE
#% Device
% Host
B4 Device
¥ ADC
¥ CoC
L% Custom Class
[
e msC
-4 Host
4
|

MCE54110 ~[1.00

Keil D 1t Board MCB54110

Unified Device Drivers compliant to CMSIS-Driver 5

ARM Compiler

Compiler Extensions for ARM Compiler ARMCC anc

Startup, System Setup

MDK-Pro ~ |69.0

File Access on various storage devices

MDK-Pro - |5.366

User Interface on graphical LCD displays

MDK-Pro ~|73.0

1Pv4/1Pv6 Networking using Ethernet or Serial protc

MDK-Pro - |69.0

USB Communication with various device classes

Release ~ |69.0

USB Core for Cortex-M [Release)

8.9.0

USB Device

69.0

USB Hast

USB Device Classes

6.9.0

USB Device: Audio Device Class (ADC]

69.0

USB Device: Communication Device Class (CD

6.9.0

USE Device: Custom Class

69.0

USB Device: Human Interface Device {HID] Class

8.9.0

USB Device: Mass Storage Class (MSC]

USB Host Classes

Cortex Microcontroller Software Interface Compon

I Validation Qutput

| Description
T

Resolve | Select Packs

Detais_| o |

cancel |
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3) Event Recorder: All adapters will work. SWV is not used in this section.

A new feature provides listing events that occur in the Keil Middleware. We will activate this feature. It uses CoreSight
DAP to output data from the target. This means any debug adapter including LPC-Link2 in CMSIS-DAP mode can be used.

For more information on Event Recorder: www.keil.com/support/man/docs/uv4/uv4 db dbg_evr.htm

Configure for Event Recorder Operation:
1. Stop the USB Mass Storage program @ and exit Debug mode @ Software Component Sel. | Variant Version

‘ Eoard Support MCES4110 = |1.00
CMSIS

Open the Manage Run Time Environment window: ‘

2. (4 CMSIS Driver
: . B4 Compi ARM Compiler  [1.1.0
3. Expand Compiler and Select Event Recorder as shown here: —% tentrecors 7[0S iio
4. Expand USB and beside CORE, change from Release to Debug. -
evice
5. Click on OK to close this window. File System MDKPro - [69.0
) ) ) ) Graphics MDEK-Pro - | 5.36.8
6. Various files are now added to the Project window. NDKPro  =|730
. . . e > |6.9.0
7. In MassStorage.c near line 11 enter this line: ¥ |Debug S EN]
#include "EventRecorder.h" 1 = [5.0.0)
. . . (= 6.9.0
8. Near line 13, enter these two lines at the start of main():
EventRecorderInitialize (EventRecordAll, 1) ;
EventRecorderStart ();
R . ﬂ | Validation Qutput | Description
9. Select File/Save All or click: J .
Compile and RUN the Program: Resohve | SelectPacks| Deate [[ o< | _

1. Compile the source files by clicking on the Rebuild icon.

2. Enter Debug mode by clicking on the Debug icon. Q Select OK if the Evaluation Mode notice appears. Flash
programming progress is indicated in bottom left corner.

3. Select the small arrow beside Analysis icon and select Event Recorder which will open:

Logic Analyzer
E= Performance Analyzer

Code Coverage

Event Recorder

Click on the RUN icon to start the Blinky program.

Events will start to fil in the Event Recorder window as shown here:
You can stop the recording by unselecting Enable Recorder:

When you re-enable it, the events not shown will be displayed as they were collected in the background.

Stop the USB Mass Storage program @

© o N o o k&

Hover your mouse over Event Property entries to gain more information: | Event on ARM_USED_SignalEndpointevent callback start (4P

10. Double clicking on an entry in the Event Property will bring up Help on that subject while the program is halted.

11. You can modify the information displayed with the Funnel icon: A"

] Event Recorder o x
Enable Recorder: ¥ X v Mark: ~ Al Operations - | Recording
Event Time (sec) Component | Event Property Value |

0 Init Event Restart Count=0x00000001 1
1 0.,00725356 Start Event

2 0.007 26350 USBED_Core Initialize device=0

3 0.00734070 USED_Core Oninitialize n=0

4 0.00734523 USED_MSC Initialize instance=0

5 0.00735093 USED_MSC Onlnitialize n=0

[ 0.,00745109 USBD_MSC OnGetCachelnfo n=0, size=512

7 0.00749323 USBD_Driver  |Initialize device=0

g 0.007 50697 USBD_Driver |PowerControl device=0, state=ARM_POWER_OFF

9 0.00751122 USBD_Core Connect device=0

10 0.00752172 USBD_Driver |DeviceConnecdt device=0

11 0.01150405 USED_Driver | OnSignalDeviceEvent device=0, event=ARM_USED_EVENT_SUSPEND j

TIP: When you are finished with debugging with the Event Recorder, you might want to return to the Release setting under
USB::CORE instead of Debug. @ core [l Retease]
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6) Using Serial Wire Viewer (SWV): Needs a ULINK2, ULINKpro or a J-Link.

The USB Mass Storage example uses RTX. We can use SWV to examine parts of RTX running but also measure the times
of interrupt routines (with ULINKpro) and view variables and peripheral registers as shown in previous exercises in this lab.

1. Stop the program LX) and exit Debug mode @
2. To configure SWV for your debug adapter, refer to Configuring Serial Wire Viewer (SWV): on page 16.

3. Enter Debug mode @ Click on RUN .
Trace Exceptions (and Interrupts):

1. The Trace Exceptions window will be active at the bottom right of pVision. Click on its tab: You can toggle its
view in View/Trace/Trace Exceptions or by using the Trace icon.

Trace Exceptions o x

H ia (71 ¥V  EXCTRC: Exception Tracing i Timestamps Enable

# Mame Count %, | Total Time Min Time In Max Time In Min Time Out | Max Time Out | First Time [s] Last Time [s]

15 SysTick 97870 337.841 ms 2970 us 1.005 ms 705.850 us 11614 s 17.25008767 126.77751003 ﬂ
44 USED 134 3.095 ms 9.750 us 119170 us 171.530 us 12754 s 17.94125644 12595468051

14 PendsV 170 9.273 ms 1794126759 12595469040

11 SVCall 182 1.377 ms 100.370 us 212410 us 0s 22387 s 18.33446519 125.95431762

2 MNonMaskable 0 0 -|

H
.;-leaII Stack + Locals | Watch 1 |@Trace Exceptions @E\.-‘ent Counters | ] Memory 1 |

Click on the Count column name to bring any active exceptions at the top.

Note exceptions visible — especially the USBO one. Exceptions can be turned on/off with the EXCTRC box. This
has the same effect as selecting/unselecting the EXCTRC box in the Trace configuration window.

4. Open the Trace Records window. Note this window will be different for ULINKpro and J-Link and the program
must be halted to view the trace frames.

Three ways to view Exceptions:
1. Trace Exceptions window.
2. Trace Records or Instruction Trace (ULINKpro).
3. Event Viewer (with RTX and ULINKpro).

Trace Records window with ULINK?2:

ﬂ
Type |ovi| Num | Address | Data | FC |Dly|  Cyces | Time] |~
Exception Entry 15 11823588534 118.23588534
Exception Exit 15 11823588826  118.23588826
Exception Retum 0 11823588835 118.23588835
Exception Entry 15 11823688534 118.23688524
Exception Exit 15 11823688826  112.23680826
Exception Retum 0 11823688835 112.23688835
Exception Entry 15 11823788534 118.23788534
Exception Exit 15 11823788938 118.23738938
Exception Retum 0 11823788947 118.23788947
Exception Entry 15 11823888534 118.2388854

Trace Data window with ULINKpro:

Trace Data o x
Display: Al - o = = = =R - in Al
Time Address / Port Instruction / Data Src Code / Trigger Addr |
20,618 107 390 s Exception Return ﬂ
20619104 330 5 Exception Entry - SysTick
20,619 107 300 s Exception Exit - SysTick
20619107 390 s Exception Return
20,620 104 330 s Exception Entry - SysTick
20,620 107 300 s Exception Exit - SysTick
20620107 390 s Exception Return
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Event Viewer with RTX: A ULINK2, ULINKpro or a J-Link is needed for SWV operation.
All Keil Middleware uses RTX by default. RTX has either a BSD or Apache 2.0 license depending on the version. See
www.keil.com/rtx. Source code is included. RTX can be selected using the Manage Run Time Environment utility.

Event Viewer displays timing of RTX Threads and, with a ULINKpro, exception handler timings.
1. Ifusing a ULINK2, unselect EXCTRC Exception Tracing in the Trace Exception window. " EXCTRG Exception Tracing
2. Open Debug/OS Support and select Event Viewer. The window below opens up:
3. Adjust ZOOM In and Out to about 1 ms or so. Scroll to the beginning of the Event Viewer window.

TIP: If Event Viewer is still blank, exit and re-enter Debug mode to reset the CoreSight components. Q9Q
Main Thread:
1. Select Stop in the Update Screen. Scroll to the beginning of the Event Viewer.

2. You can see which threads ran in which order. The

N R . R . Min Time MaxTime  Grid Zoom | Update Screen | Jumpto | Transition | Timing In
main thread is the main() function in MassStorage.c. |s:4733ms 393065 [ 15 [T JEREI[T] [Cstart | Gear ] [€ode race] Prev]Neat]| I~ show cy

It runs some RTX initialization code at the beginning. ; < { < < < < < <<<< ( { < < < ( <
Al Threads |55 | (255); | (255) | (255) o L@s8); | (235); ({253 | (255)
TIP: If Event Viewer is blank or erratic, or the LA variables M R ST R I 0

are not displaying or blank: this is likely because the Serial
Wire Output pin is overloaded and dropping trace frames.

osTimerThread (1)

Solutions are to delete some or all of the variables in the Logic | mna | | . o
Analyzer to free up some SWO or Trace Port bandwidth. Try
turning off the exceptions with EXTRC. Use a ULINKpro. HOBDMSCDThesd 6) I I | | | | ”l | | | | |
3. The 4 running threads plus the idle daemon are woceren f[| |1
displayed on the Y axis. Event Viewer shows which i A
thread is running, when and for how long. te 259 ———— ————
Click on Zoom In so several threads are displayed. A ~ mEl

Select Cursor and Timing Information. Position the cursor over one set of bars and click once. A red line is set.
Move your cursor to the next set and total time and difference are displayed.

N o g &

Since you enabled Show Cycles, the total cycles and difference is also shown when you hover your mouse.

6) Using a Keil ULINKpro to view Interrupt Handler execution times:
SWYV Throughput: ULINKpro is much better handling SWO bandwidth issues than a ULINK2 or a J-Link.

ULINKQpro can also use the 4 bit Trace Port for even faster operation for SWV. The LPC54114 does not have ETM but
many other NXP processors do. Trace Port use is mandatory for ETM trace. A ULINKpro in ETM mode provides program
flow debugging, Code Coverage and Performance Analysis. ULINKpro also supports ETB (Embedded Trace Buffer) as
found in some NXP processors.

Exceptions: A ULINKpro displays exceptions at the bottom of the Event Viewer. Shown here are the SysTick, PendSV,
SVCall and USBO exceptions. Any other exception events such as DMA will also be displayed here.

You can easily measure the duration of the time spent a handler runs with the Event Viewer techniques you have learned.
In this window, USBO (interrupt 44) handler runs for approximately 10 msec.

Idle (255) _ : : : : _ :
SVCall (11) I : :
IR
NIRRT
e

o 15.31 ! ! !15322445 ! ! ! !1j.3211|4§m

System and Thread Viewer  Event Viewer
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1) DSP Example using ARM CMSIS-DSP Libraries:

ARM CMSIS-DSP libraries with sources are provided for Cortex-MO0, Cortex-M0+, Cortex-M3, Cortex-M4 and Cortex-M7.
DSP libraries plus all sources are provided in MDK in C:\Keil_v5\ARM\Pack\ARM\CMSIS\ and are selected with MRTE.
See www.keil.com/cmsis and https://github.com/ARM-software/CMSIS 5.

This example creates a sine wave, then creates a second to act as noise, which are then added together (disturbed), and then
the noise is filtered out (filtered). The waveform in each step is displayed in the Logic Analyzer using Serial Wire Viewer.

This example incorporates the Keil RTOS RTX. RTX has a BSD or an Apache 2.0 license. All source code is provided.

This program will run with CMSIS-DAP but to see the interesting and useful SWV features you need any ULINK, J-Link or
LPC-Link2 in J-Link mode. See page 9 for instructions to implement these modes.

1. Open the project file C:\0OMDK\Boards\Keil\MCB54110\DSP\sine.uvprojx with pVision.
2. Touse LPC-Link: connect a USB cable to the USB connector.

3. For any ULINK or J-Link: Connect it to J5 Target Power and connect the ULINK or
J-Link to the 10 pin Cortex Debug or 20 pin legacy JTAG connector.

4. Select your debug adapter from the pull-down menu as shown here: »

LPC Link2 J-Link
ULIMEZ
ULIMNKpro

J-Link

5. Compile the source files by clicking on the Rebuild icon.

6. Enter Debug mode by clicking on the Debug icon. @ The Flash will be programmed.
TIP: The default Core Clock: is 100 MHz.

7. Click on the RUN icon. El Open the Logic Analyzer window = and the Watch 1 window: View/Watch/
8. This project has Serial Wire Viewer configured and the Logic Analyzer and Watch 1 loaded with the four variables.

9. Four waveforms are displayed in the Logic Analyzer using Serial Wire Viewer as shown below. Adjust Zoom for
an appropriate display. Displayed are the 4 global variables: sine, noise, disturbed and filtered.

Trouble: If one or two variables display no waveform, disable ITM Stimulus Port 31 in the Trace Config window. The
SWO pin is probably overloaded if you are using a ULINK2. ULINKpro handles SWV data faster than a ULINK2 or J-Link
can. Make sure the Core Clock is set to 100. If the variables in Watch 1 are changing, the program is running correctly.

10. Select View/Watch et

Windows and select [Setup|[Toad | o= = = | | Win/Wax  Updste Screen| Transtion | dumpto | Signal info [ Ampitude
Watch 1. The four Save 69.1403s | 055 |[In HOLrt" Al |HMO|@H Stnp [ Clear | ,ﬁ"—| Code Trace |_ Show Cydes v Curscr
variables are o \//‘\v/‘\ : /ﬁ\ /‘\ /‘\ /“‘x ﬂ
displayed updating il oz A Lo
as shown below: =5 i Lo Lo L i Lo L L
noise A R A W W LR WAL W v L W AL W L W AL W A v AL W S AT A W A v v \) o U wr \I o U o Ll L v g U o U oo
11. Open the Trace il oz I S A
Records windowand || 7 a0 /,/\f\ ,\/\/\ p/\,\ ,/\,-\
the Data Writes to e ava i D G Vs I RaVe \'\/“/ \'\/‘/ \’V‘/ Y
i 22767 : : : : : ‘ : : : ‘ :
the four varlgbles are L N
displayed using s : : : : ] : : ] :
. . . DI \ \ \ \ | H H H H | H H
Serial Wire Viewer. 6171167 1135] 6521135 esz1|3|s| )
] =|
When you enter a @Disassemhly | ﬂ Logic Analyzer

variable in the LA,
its data write is also displayed in the Trace window. With ULINKpro you must stop the program to display the data
Trace Data window. J-Link does not display any data read or write operations. LPC-Link2 CMSIS-DAP has no
SWV support at this time. It does in CMSIS 5.

12. Select View/Serial Windows/Debug (printf)
Viewer. ASCII data is displayed from the printf
statements in DirtyFilter.c. This features uses . @ noise
SWV so it is not available with CMSIS-DAP. - @ disturbed

13. You can view other windows such as the two for e
RTX and the Trace Records window. e eprEsen

short
short

14. Stop the program LX) and exit Debug mode @
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1) Creating your own MDK 5 project: with no RTOS:

All examples provided by Keil or MCUXpresso are pre-configured. All you have to do is compile them. You can use them
as a starting point for your own projects. However, we will create this example project from the beginning to illustrate how
easy this process is. Once you have the new project configured; you can build, load and run a bare metal (no OS) Blinky
example. It will have a simple incrementing counter to monitor. However, the processor startup sequences are present and
you can easily add your own source code and/or files. Then, we will add the Keil RTX RTOS.

Install the Software Pack for your processor:

1. Start pVision and leave it in Edit mode. Do not enter Debug mode. A project must be loaded. Any project at all.
2. Pack Installer: The Keil::LPC54000_DFP Software Pack must be installed. This was done on page 4.
Create a new Directory and a New Project: = E
i . i . { C: \DOMDK \Boards Kiei WMICBS4110\BlinkyNEW ) =] &3 [ search Binkynew
1. Inthe main pVision menu, select Project/New pVision R e ——— =- @
Project... A Create New Project window opens: o S |
2. In this window, shown here, navigate to the folder  scarno i —
C:\00OMDK\Boards\Keil\MCB54110\ —— s d
3. Right click in this window and select New (or click New s
Folder) and create a new folder. I called it BlinkyNEW. G
4. Double click on BlinkyNew to open it or highlight it and C;;.\W 1l j
Select Open Save SR PrGect Fies (*.uvpraj; = uvprojx) |
5. Inthe File name: box, enter Blinky. Click on Save. —— ot |
6. This creates the project Blinky.uvproj. (MDK 4 format)
7. The Select Device for Target...automatically opens: — Se—————) Device | Target | Outout | Lsting | ser | ¢
Select the Device you are using: — NX:”
1. Expand NXP and LPC54110 and select LPC54114J256BD64:M4 as Shown here: o) —Ocvcs: LFCo1141256305 14
Toalset: ARM
TIP: Make sure you select the deepest layer device or this will not work correctly. S [
2. Click OK and the Manage Run Time Environment window shown below right opens. T2t treoenco
Select the CMSIS components you want: E‘?;;Cf:;;jmmw
1. Expand CMSIS and Device. Select CORE, LPCOpen and Startup as shown below. They @ oot
will be highlighted in green indicating there are no other files needed. Click OK to close. [l s
L@
Click on File/Save All or select the Save All icon: = b vosn

What has happened to this point:

The project Blinky.uvproj will now be changed to Blinky.uvprojx. (MDK 4 ™= MDK 5 format)

You now have a new project list as shown on the bottom left below: The CMSIS files you selected are
automatically entered and configured into your project for your selected processor.

Note the Target Selector says Target 1. Highlight Target 1 in the Project window.

Click once on it and change its name to CMSIS-DAP and press Enter. The Select Target name will also change.
You can enter any hame you want.

¥, Manage Run-Time Environment x|

You have created a blank pVision project using MDK 5 Software Component | sel. | Variant Version | Descrption
-4 Board Support MCBS4110 =100 Keil Development Board MCB54110
Software Packs. All you need to 4 cms Cartex M Softwsre Interface Componants
H ¥ CORE '7 ) 500 CMSIS-CORE for Cortex-M, SC000, SC300, ARNMVE-M
d_o now is add your own source Ehes P'f’“t'mmky = @ D: 146 CMISIS-DSP Library for Cortex-M, SC000, and SC300
files and select your debug Ergd CMSIS-DAP 4 RTOS (AP 10 CIMSIS-RTOS AP for Cortex-M. SC000. and SC300
i~[3 Source Group 1 & RTOS2 (AP 20 CMSIS-RTOS APl for Cortex-M, SC000, and SC300
adaptel’. The Software Pack has g CMsIS 49 CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Specifi
. . El 4 Device -4 Compiler ARM Compiler |1.1.0 Compiler Extensions for ARM Compiler ARMCC and AR
pre'COHflgured many SettlngS for ﬁ keil_lib_power.lib (LPCOpen) EI@ — Startup, System Setup
yOUr Convenience. ﬁ lib_chip_5411xlib (LPCOpen) ¢ % LPCOpen Y 3.00c001 |LPCOpen chip drivers for the NXP LPC54110 family
] RTE_Device.h (Startup) N startup Icd 310 System Startup for NXP LPC54100 Devices =
1] keil_startup_lpcs411x.s (Startup) e | »
: sysinit.c (Startuj e
j v ¢ Pl I Validation Output ‘ Description
T
4] | 24|
e Project | ¥ Books | {} Functions| ), Templates| Rosove | SeectPacks| Detis [[ ok | cancd | _ e |
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2) Create Source Files and Confirm Flash Programming:

Create a blank C Source File:

Add Mew Item to Group 'Source Files'..

1. Rightclick on Source Group 1 in the Project window and select

2. This window opens up: xl

3. Highlight the upper left icon: C file (.c): B (restenen Coourcefeand sGdit 0 the project

4. Inthe Name: field, enter Blinky. C[CrReian)

5. Click Add to close this window. | Iﬁ:mj;l)m

6. Click on File/Save All or 'j gi:f

7. Expand Source Group 1 in the Project window and ] UsrCode Terplt
Blinky.c will now display. It is a blank file.

Add Some Code to Blinky.c: e :‘W“’

Right click in Blinky.c and select Insert '#include file'. o :j%-%emswwupcmsml14\a|.nkyNEw [
Select chip.h. This will be added to Blinky.c _ e | _ e |

In the nearly blank Blinky.c, add the C code below:

4. Click on File/Save All or 'j

s

5. Build the files.

There will be no errors or warnings.

Fix them if there are any.

#include "chip.h" //Device Header

unsigned int counter = 0;

int main (void) {

while (1) {
counter++;
if (counter > 0xOF)

counter = 0;

//make sure you add a CR Carriage Return or Enter after the last parentheses.

TIP: You could also add existing source files:
Confirm the Target Flash Configuration:

Add Existing Files to Group 'Source Files'...

But not at this time.

pVision configures Flash settings based on the Software Pack.

Select the Target Options icon EAN . Select the Target tab. Note the Flash and RAM addresses are already entered.
Select Use MicroLIB to optimize for smaller code size. An error will be generated if you cannot use this feature.
Select the Linker tab. Select Use Memory Layout from Target Dialog. The addresses in the Target tab will be

used. If unselected, you can add your own custom scatter file.
4. Click on the Debug tab. Select the debugger you are using in the Use: box:

Linker Debug | Uties |

j Settings |

- * lse: ICMSIS-DAP Debugger

You can use CMSIS-DAP, ULINK?2, ULINKpro or a J-Link. See page 9 for instructions.
Connect your Keil MCB54110 board to your PC USB port. See page 9 for instructions.
Select the Settings: button beside Use: CMSIS-DAP Debugger as shown above.

Set SW as shown here: *[% = [|f your board is connected to your PC, you should now see a valid IDCODE and
Device Name in the SW Device box. If you do not, you must correct this before continuing.

8. Click on the Flash Download tab. Confirm the correct Flash algorithms are present: Shown here is the correct one

for the MCB54110 board:
9. Click on OK twice to return to the main menu. {

10. Click on File/Save All or 'j

o

11. Build the files.

P ing Algorithm
Description | Device Size | Device Type | Address Range I
LPC5411x IAP 256kB Flash 256k On-chip Flash 00000000H - DO03FFFFH

There will be no errors or warnings if all was entered correctly. If there are, please fix them !
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3.
4. The Software Pack has pre-configured many items in this new project for your convenience.

What we have so far ?
1.

A project has been created in C:\00OMDK\Boards\Keil\MCB54110\BlinkyNEW\

2. The folders have been created as shown here: S ——————————————
RTE contains the CMSIS-Core startup and system files.

Name “

3) Running Your Program:

1.

a kM e

Enter Debug mode by clicking on the Debug icon @ The Flash will be programmed.

Click on the RUN icon. Note: you stop the program with the STOP icon. %)
Right click on counter in Blinky.c and select Add 'counter' to ... and select Watch 1.
counter should be updating as shown here:

N

& Blinky.uvprojx

DebugConfig

Listings

Objects

RTE

Blinky.c

Blinky. uvguix.bobboy01
Blinky. uvoptx

You can also set a breakpoint in Blinky.c and the program should stop at | Name

this point if it is running properly. If you do this, remove the breakpoint.

You are now able to add your own source code to create a meaningful 3
project. You can select software components in the Manage Run-time
Environment window. You can experiment with this later.

TIP: Watch 1 is updated periodically, not when a variable value changes. Since Blinky is running very fast without any
time delays inserted, the values in Watch 1 will appear to jump and skip some sequential values that you know must exist.

Determining the CPU Clock:

This project is running at the default of 200 MHz.

STOP the program. Q Exit Debug mode @

In Blinky.c, near line 8, just after int main(void) {, add this line:

Click on File/Save All or 'j

Enter Debug mode. @ The Flash will be programmed.

Click on the RUN icon.

In Watch 1, double click on <Enter expression> and enter SystemCoreClock and press Enter. You can also right-
click on SystemCoreClock as found in chip_5411x.c and enter it in the usual way.

Right click on SystemCoreClock in Watchl and unselect Hexadecimal Display.

The CPU speed is displayed as 100 MHz as shown in Watch 1.

10. Stop the CPU. ) and exit Debug mode. Q
TIP: To change the CPU frequency, use the Clocks Tool in MCUXpresso Config Tools.

G vatch 1 2 x
R —— Type
- @ counter 0x00000005 ) |unsignedint
i< Enter expreis\ong"'—-—-—"'" :I
| 3
lé—hCﬂ” Stack = Locals | Watch 1 Ellemal}l |
8 SystemCoreClockUpdate();

Watch 1 L

MName

# counter
¢ SystemCoreClock | 100000000
<Enter expressions

Type

unsigned int i’
unsigned int
[

@ Call Stack + Locals | Wateh1 |

Memaory 1 |

What else can we do ?

5

© ColNSlNNCE

You can create new source files using the Add New Item window. See the top of the previous page.
You can add existing source files by right clicking on a Group name and selecting Add Existing Files.
You can easily add NXP example files to your project. You can use MCUXpresso to help you.

If you use RTX or Keil Middleware, source and template files are provided in the Add New window.

Now, we will add RTX to your new project !
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3) Adding RTX to your MDK 5 project:
Software Packs contain all the code needed to add RTX to your project. RTX is CMSIS-RTOS compliant.
Configuring RTX is easy in MDK 5. These steps use the preceding Blinky example you constructed.

I L o

Configure RTX:
1.

I e

7.
Build and Run Your RTX Program:

1.

6.

Using the same example from the preceding pages, Stop the program @ and Exit Debug mode. Q

Open the Manage Run-Time Environment window: @ | . ranage Run-Time Environm
Expand the elements as shown here: —— | Software Component Sel.
. . ‘ Board Support
Select Keil RTX as shown and click OK. Do not select RTX5. | =4 cmss
1 H |7

Appropriate RTX files will be added to your project. See the Project window.

In Blinky.c, on the first line, right click and select Insert '# include file'. Select
"cmsis_os.h". It will be added as the first line in Blinky.c.

B~

v A
s

=
v

L@ kelRDG [T
B4 CMSIS Driver

In the Project window, expand the CMSIS group.
Double click on RTX_Conf_CM.c to open it.
Select the Configuration Wizard tab at the bottom of this window: Select Expand All.
The Wizard is displayed here:  e—————).
Select Use Cortex-M SysTick Timer as RTX Kernel Timer.

1 Blinky.c.”” ] RTX Conf cm.c |

Bpand Al | Collapss Al | Heb | T showGrc
Set Timer clock: to 100000000 as shown: (100 MHz) option [vatue
Use the defaults for the other settings. &-Thread Configuration

i--Number of concurrent running user threads [

Default Thread stack size [bytes] 200
; Main Thread stack size [bytes] 200
E-----Number of threads with user-provided stack size 4]
é-----TotaI stack size [bytes] for threads with user-provide... 0

Click on File/Save All or ﬂ

A ) i i ~-Stack overflow checking v
Build the files. There will be no errors or warnings. Stack usage watermark r
“-Processor mode for thread execution Privileged moc
Enter Debug mode: Q Click on the RUN icon. RTX Kemel Timer Tick Configuration .
Ticl +i Dk L Ti "2
Select Debug/OS Support/System and Thread Viewer. The RTOS Kernel Timer input dock frequency [Hz] 10000008
RTX Timer Lick INTETV; C 03] 1000

window below opens up.

You can see three threads: the main thread is the only one
running. As you add more threads to create a real RTX
program, these will be automatically added to this window.

Ié_|---System Configuration
---Round-Robin Thread switching ¥
---UserTimers v
ISR FIFO Queue size 16 entries

Configuration Wizard lf

Stop the program 1) and Exit Debug mode. @

What you have to do now:

1.
2.

You must add the RTX framework into your code and create your threads to make this into a real RTX project.
Getting Started MDK 5: Obtain this

System and Thread Viewer

useful book here: www.keil.com/gsg/.  eroperty | value
It has information on implementing E-System =

- Tick Timer: 1.000 mSec

RTX as We” as Other SUbJeCtS Round Robin Timeout: 5.000 mSec
YOU can use the Event VleWer tO ; Default Thread Stack Size: 200

. . . Thread Stack Overflow Check: Yes
examine your threads graphically if Thread Usage: Available: 7, Used: 2 = ..
you have a ULINK2, ULINKpro or a :
J-Link. Event Viewer uses SWV and | ¢ ree:
is not yet supported by LPC-Link2 L Linadicesd High Sdait lEX 32%
CMSIS-DAP. You can use LPC- o L o -
Link2 in J-Link mode to use SWV. —

-
4| | »

See page 9 for setup information.

TIP: The Configuration Wizard is a scripting language as shown in the Text Editor as comments starting such as a </h> or
<i>. See www.keil.com/support/docs/2735.htm for instructions on how to add this feature to your own source code.
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4) Adding a Thread:

We will create and activate a thread. We will add an additional global variable counter2 that will be incremented by this new

thread we will call jobl.

1. InBlinky.c, add this line near line 5:

Create the Thread job1:

1. InBlinky.c, add this code before main(): —)
This will be the new thread named job1.

| 5 unsigned int counter2 =

0;

(counter2 > 0xO0F)

counter2++;

7 void jobl (void

8 for (;;) |

9

10 if

0;

11 osDelay (1500) ;
12 }

13 }

const *argument)

counter?2

{

Add another osDelay to main(): (Note: main() is a thread !)

1. Add this line just after the if (counter >.. statement near line 25:

Define and Create the Thread:

1. Add this line near line 15 just before main():

2. Create the thread jobl near line 18 just

after main() and before the while(1) loop:

3. Click on File/Save All or ﬂ

Build and RUN the Program:

1. Define and Create the Thread Build the files. i There will be no errors or warnings. If there are, please fix them

before continuing.

25 osDelay (1500)
15 osThreadDef (jobl, osPriorityNormal, 1, 0);
18 osThreadCreate (osThread (jobl), NULL);

Enter Debug mode: @ Click on the RUN icon.
Right click on counter2 in Blinky.c and select Add counter2 to ... and select Watch 1.

Both counter and counter2 will increment but slower than before:
The two osDelay(1500) function calls each slow the program down by 1500
msec. This makes it easier to watch these two global variables increment.

TIP: osDelay() is a function provided by RTX and is timed by the SysTick timer.

© o N o U

Open the System and Thread Viewer by selecting Debug/OS Support.
Note that jobl has now been added as a thread as shown below:
Note os_idle_demon is always labelled as Running. This is because the program spends most of its time here.

Set a breakpoint in thread jobl and the program will stop there and jobl is displayed as "Running" in the Viewer.
Set another breakpoint in the while(1) loop in main(). Each time you click RUN, the program will change threads.
10. There are many attributes of RTX you can add. RTX help files are located here depending on your CMSIS version:

Watch1

MName

Value

i1

Type

x

- W counter
¥ counter2

‘- <Enter expression>

0x00000005

unsigned int

0x00000005

unsigned int

01 Call Stack + Locals | Watch1 | (E

C:/Keil_v5/ARM/Pack/ARM/CMSIS/x.x.x/CMSIS/Documentation/RT X/html/index.html.

11. Remove any breakpoints
you have created.

System and Thread Viewer

Memory 1 |

Property Value
E---System Item Value
Tick Timer: 1,000 mSec
. Round Robin Timeout: 5.000 mSec
On the next page, we will Default Thread Stack Size: 200
demonstrate the Event Viewer. For Thread Stack Overflow Check: Yes
thIS yOU must use a KEI| UL'NKZ Thread Usage: Available: 7, Used: 4 + 0.,
ULINKpro or a Segger J-Link.
Ii:|---Threads Priority State Delay Event Value Event Mask Stack Usage
RTX is part of the new CMSIS 5 See 1 |osTimerThread High wait MBX | | 36%
httDS//qlthchom/ARM' 2 main Mormal Wait_DLY 36%
3 jobl Mormal Wait_DLY 36%
SOﬁW&rE/CMS|S 5 255 |os_idle_demon MNone Running
=
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5) View RTX Thread Timing: Requires a Keil ULINK2/ME, ULINKpro or a Segger J-Link.
The Event Viewer displays threads running in a graphical format. It is possible to make timing measurements.

The Event Viewer uses Serial Wire Viewer (SWV). For this exercise, you must use any Keil ULINK or a J-Link. LPC-
Link2 in CMSIS-DAP mode does not support SWV. LPC-Link2 in J-Link mode does. A ULINKpro is best for SWV.

This page assumes you are running your Blinky with any ULINK or a J-Link connected to your Keil MCB54110 board.
Configure SWV:

1.

o gk~ wb

7.
8.
9.

Stop the program @ and Exit Debug mode. @

Select the Target Options icon AR :

Click on the Debug tab. Select the debugger you are using in the Use: box: This is for ULINK2: [ULN/VE Cortex Debugger =]
If using a J-Link, enter JLINK_SWO.ini in the Initialization File: box. Copy this file from the DSP example.

Click on Settings on the right side of the target Options window. The Cortex-M Target Driver Setup window opens.

Set SW as shown here: Pot[s% = JTAG does not support SWV. If your board is connected to your PC, you
should now see a valid IDCODE and Device Name in the SW Device box.
If you do not, you must correct this before continuing.

Select the Trace tab. Select Core Clock: to 100 MHz. Select Trace Enable.
If using a ULINKpro, unselect Autodetect and enter 2 in SWO Clock Prescaler. 100 MHz is too fast for this SWO.
Unselect EXCTRC to minimize potential SWO overflows. With a ULINKpro you can leave EXCTRC set.

10. Click OK twice to close the Target configuration windows.

11. Click on File/Save All or 'ﬂ SWV is now configured.
Run Blinky and Open Event Viewer:

6.

Enter Debug mode: @ Click on the RUN icon.

The program will be running as shown in the System and Thread Viewer as shown on the previous page. Viewing
this window gives a good indication RTX is configured and running properly.

Select Debug/OS Support and select Event Viewer.
This window will open and if SWV is available and correctly configured, the threads will be displayed.
Use the In and/or Out buttons to select an appropriate horizontal scale.

ver
2

[¥ Timing Info [+ Cursor
[~ Show Cycles

Load...|[ ]|  Min Time MaxTime Grid |  Zoom | Update Screen | Jumpto | Transition

Save... || 0.305?15 =) 99.955595 02s !| In ”Dut“ Al |“ S‘top |[ Cear |!|§ode||Tr§ce\!

Idie (255) |Idlé (255) idie(255) | |1dié (255) Ide(255) | |Idié(255) | idie(255) | |idie (255)

All Threads

main ‘\‘--> obT‘Z ma;n 1
— | | ||||

| |

Timing of jobl' (Thread #2 @0x0000091d)

dle (255) All Slices: Min Max Average
Count: 199 14.33071 us 16.07058 us 15.45064 us
4o00343s ! ! 5000343 5 ! Cursors: Mouse Reference Difference
;I 5.500343 s 5.000343 s 0.5 s = 2.000000 Hz | »

Event Viewer | System and Thread Viewer ‘

Note the program spends most of its time in Idle (os demon). This can be modified in your program.

The next section describes how to create example pVision projects with MCUXpresso.
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6) Using MCUXpresso : http://mcuxpresso.nxp.com

MCUXpresso is a utility provided by NXP to simplify creating and configuring NXP devices. A set of MDK 5 projects and
other files are created for download. They can be loaded into pVision, compiled and run or added to your own projects.

Starting and Configuring MCUXpresso:
1.

Select the Config Settings:

The page below will open. Click
Current Configuration and Select

2.
3.
4

The URL for MCUXpresso is http://mcuxpresso.nxp.com
You will need to create an account and sign in:

MCUXpresso Config Tools

MCUXpresso Config Tools provides a set of system conﬂgurat\orle New Configuration I
a Kinetis or LPC-based MCU solution. Let it be your guide from first evaluation fo production

CFG

New Configuration:

Select the processor or board you are
using: Name this configuration and
click Select configuration:

Select Keil MDK and Windows as
shown here:

Choose an RTOS or no RTOS as
you require. You can add RTX later
if you prefer.

Building and Downloading the SDK:

development.

Config Settings

s for

LPCXpresso54114 w

@ ()

S ——

Assign signals to pins, set
electrical properties, and
generate initialization
code

Generate a downloadable
SDK archive for use with
desktop MCUXpresso
Tools

Setup the system clocks
and generate initialization
code

Your custom SDK will be built and stored for you to download. An email will be sent to you.

1. Select Build an SDK to access SDK
Builder. Build an SDK Specify optional
middleware and
- environment sefting:
SeleCt Download your configuration
In the menu bar at the top of the screen, select
Manage to download your SDK: see this menu
below:
5. Extract the SDK file into a suitable folder: | used
C:\0OMDK\Boards\Keil\MCB54110\SDK
6. You can explore and see the many other examples
and useful code is present in the SDK.
7. You should also explore the Pins Tool and Clocks
Tool.
Notes:
1. Ensure View/Periodic Update is enabled. If not,

your windows will update only when the processor
is stopped.

OVERVIEW

Configuration Settings

Specify included middleware, RTOS selections, and development preferences.

Current Cenfiguration

LPCXpressod4114 v

Developer Environment Settings
Selections here will impact files and examples projects included in the SDK Download and Generated Projects

Development Host 05 Toolchain/IDE

Windows Keil MDK

Select Optional Middleware
Selections here will be included in your SDK download, generated projects, and will impact Peripheral Tool settings

Jitems selected - Selected Middleware

CMSIS DSP library, FatFS, USB stack

h_ Return to Overview Go to SDK Builder

MANAGE ~

TOOLS ~

This is the End of the exercises !
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1) Serial Wire Viewer Summary:

We have several basic debug systems as implemented in NXP Cortex-M3, Cortex-M4 and Cortex-M7 processors:
1. SWV and ITM data output on the SWO pin located on the JTAG/SWD debug connector.
2. ITMis a printf type viewer. ASCII characters are displayed in the Debug printf Viewer in pVision.
3. Memory Reads and Writes in/out the DAP SWD port. The Memory, Watch and Peripheral views use this.
4. Breakpoints and Watchpoints are set/unset through the JTAG/SWD ports.

What kind of data can the Serial Wire Viewer display ?
1. Global, Static variables, Structures and physical addresses.
2. Can see Peripheral registers — just read or write to them. Use Peripheral Viewer as it uses DAP reads and writes.
3. Can see some executed instructions. SWV only samples them.
4. CPU counters. Folded instructions, sleep, extra cycles and interrupt overhead.

What Kind of Data the Serial Wire Viewer can’t display...

1. Can’tsee local variables. (just make them global or static).

2. Can’t see CPU register operations. PC Samples records some of the instructions but not the data values.
SWYV can’t see DMA transfers. This is because by definition these transfers bypass the CPU.

Overloading the SWO pin:

The Serial Wire Output pin (SWO) is just that — a single bit high speed line that is expected to handle all the data sent to it. A
Cortex-M3 can read and write data much faster than the SWO can process.

Overloads have an X in the Ovf or DIy (overflow or Delay) column in the Trace Records window: but not always.
ITM frames with IDs other than O or 31 are a sure sign of either overloading or an incorrect Core Clock setting.

Here are some hints on reducing traffic to minimize SWO overruns:
1. Reduce the number of variables in the Logic Analyzer.
2. Reduce the number of items selected in the Trace Configuration window: These include:
a. PC Sampling. Turn this off or increase the Prescaler to reduce the sampling rate.
b. On Data R/W Sample.
c. EXCTRC: Exception Tracing
d. Any Trace Events. (the Counters)
e. ITM Stimulus Ports 31 and 0. (Event Viewer and ITM printf respectively)
Set the Timestamp Prescaler to 1.
Turn the timestamps off. Sometimes this will turn the trace off though. But it is worth a try.
Lower the rate of reads, writes and exception calls in your software.
Turn off the SysTick timer in your software if you are not using it.
The General Rule is: activate only those SWV features you need.

Use a ULINKpro. It uses the SWO pin in Manchester mode which is faster than the UART mode used in ULINK2
or J-Link. It can also access SWV via the 4 bit ETM Trace Port (if equipped) and this is even faster.

TIP: uVision recovers easily and painlessly from data overruns. You are made aware when frames are lost.

N o O~ W

Top Five Reasons why you can’t get SWV working:
Symptoms can range from an inability to enter a known variable in the Logic Analyzer, corrupted or no trace frames.

1. Core Clock is wrong. This is the number 1 reason. Normally, the SWO speed is derived from the Core Clock
speed. ULINK2 and J-Link need this set accurately. ULINKpro uses Core Clock: for timing display calculations.

View/Periodic Update is not enabled. Your windows update only when the processor is stopped.

Trace Enable is not checked. No needed initialization file is present. A few processors need an initialization file.
Using JTAG instead of SWD (SW in pVision). pVision will complain about this when you enable Trace.

You have selected too many SWV items and it is seriously overloaded.

a M wbd
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2) Document Resources: See www.keil.com/NXP
Books:

1.

2
3
4
5
6
7
8
9
Application Notes:
1
2
3
4
5
6
7
8
9

NEW! Getting Started with MDK 5: Obtain this free book here: www.keil.com/gsg/

There is a good selection of books available on ARM:  www.arm.com/support/resources/arm-books/index.php

pVision contains a window titled Books. Many documents including data sheets are located there.

A list of resources is located at: www.arm.com/products/processors/cortex-m/index.php

Or search for the Cortex-M processor you want on www.arm.com.

The Definitive Guide to the ARM Cortex-M0/MO0+ by Joseph Yiu. Search the web for retailers.

The Definitive Guide to the ARM Cortex-M3/M4 by Joseph Yiu. Search the web for retailers.
Embedded Systems: Introduction to Arm Cortex-M Microcontrollers (3 volumes) by Jonathan Valvano
MOOC: Massive Open Online Class: University of Texas:  http://users.ece.utexas.edu/~valvano/

NEW! ARM Compiler Qualification Kit: Compiler Safety Certification: www.keil.com/safety

Using Cortex-M3 and Cortex-M4 Fault Exceptions www.keil.com/appnotes/files/apnt209.pdf
CAN Primer: www.keil.com/appnotes/files/apnt_247.pdf
Segger emWin GUIBUilder with pVision™ www.keil.com/appnotes/files/apnt_234.pdf
Porting mbed Project to Keil MDK™ www.keil.com/appnotes/docs/apnt_207.asp
MDK-ARMT™ Compiler Optimizations www.keil.com/appnotes/docs/apnt_202.asp
GNU tools (GCC) for use with pVision https://launchpad.net/gcc-arm-embedded
RTX CMSIS-RTOS Download www.keil.com/demo/eval/rtx.htm
Barrier Instructions http://infocenter.arm.com/help/topic/com.arm.doc.dai0321a/index.html
10. Lazy Stacking on the Cortex-M4: www.arm.com and search for DAI0298A
11. Cortex Debug Connectors: www.keil.com/coresight/coresight-connectors
12. Sending ITM printf to external Windows applications: http://www.keil.com/appnotes/docs/apnt_240.asp
13. FlexMemory configuration using MDK www.keil.com/appnotes/files/apnt220.pdf
14. Sending ITM printf to external Windows applications: www.keil.com/appnotes/docs/apnt_240.asp
15. NEW! Migrating Cortex-M3/M4 to Cortex-M7 processors:  www.keil.com/appnotes/docs/apnt_270.asp

16.
17.
18.

NEW! ARMv8-M Architecture Technical Overview https://community.arm.com/docs/DOC-10896
NEW! Using TrustZone on ARMv8-M with Keil MDK: www.keil.com/appnotes/docs/apnt_291.asp

NEW! Determining Cortex-M CPU Frequency using SWV  www.keil.com/appnotes/docs/apnt_297.asp

Useful ARM Websites:

1.

2
3.
4.
5

CMSIS:  https://github.com/ARM-software/CMSIS 5 www.arm.com/cmsis/ www.Kkeil.com/cmsis

ARM and Keil Community Forums: www.keil.com/forum and http://community.arm.com/groups/tools/content

ARM Developer:_https://developer.arm.com/
ARM University Program: www.arm.com/university. Email: university@arm.com
mbed™: http://mbed.org

Sales In Americas: sales.us@keil.com or 800-348-8051. Europe/Asia: sales.intl@keil.com +49 89/456040-20
Global Inside Sales Contact Point: Inside-Sales@arm.com Keil Distributors: www.keil.com/distis/
Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the US: support.intl@keil.com
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3) Keil Products and Contact Information: See www.keil.com/NXP

Keil Microcontroller Development Kit (MDK-ARM™)
= MDK-Lite™ (Evaluation version) 32K Code and Data Limit - $0
= New MDK-ARM-Essential™ For all Cortex-M series processors — unlimited code limit
=  New MDK-Plus™ MiddleWare Level 1. ARM7™, ARM9™, Cortex-M, SecureCore®.
= New MDK-Professional™ MiddleWare Level 2. For details: www.keil.com/mdk5/version520.
For the latest MDK details see: www.keil.com/mdk5/selector/
Keil Middleware includes Network, USB, Graphics and File System. www.keil.com/mdk5/middleware/

USB-JTAG adapter (for Flash programming too)

» ULINK2 -(ULINK2 and ME - SWV only - no ETM) ULINK-ME - Electrically equal to ULINK2.

= New ULINKplus- Cortex-Mx High performance SWV & power measurement.

= ULINKpro - Cortex-Mx SWV & ETM trace.

= ULINKpro D - The same as a ULINKpro without ETM support. It can be used with pyVision or DS-5.
For Serial Wire Viewer (SWV), a ULINK2 or a J-Link is needed. For ETM support, a ULINKpro is needed.
All ULINK products support MTB (Micro Trace Buffer) with NXP Cortex-MO+.
The Keil RTX RTOS is provided with a BSD or Apache 2.0 license. This makes it free. All source code is prowded

See https://github.com/ARM-software/CMSIS_5 and www.keil.com/gsg. { —
RTX documentation is free. www.keil.com/pack/doc/CMSIS/RTOS/html/ f
For the feature list see: www.keil.com/RTX \ S]KEIL

nnnnnn ARM

Keil provides free DSP libraries for the Cortex-MO0, Cortex-MO0+, Cortex-M3, | DEKE"' Development Tools
Cortex-M4 and Cortex-M7. . s s o

Call Keil Sales for details on current pricing, specials and quantity discounts. ST
Sales can also provide advice about the various tools options available to you. e
They will help you find various labs and appnotes that are useful. - — | T

All products include Technical Support for 1 year. This is easily renewed. r“ ‘
Call Keil Sales for special university pricing. Go to www.arm.com/university R -

Keie ™

Keil supports many other NXP processors including ARM7 ™and ARM9™ \‘ g
series processors. See the Keil Device Database® on www.keil.com/dd for the
complete list of NXP support. Also see www.keil.com/NXP

NXP i.MX processors are supported by ARM DS-MDK™. www.keil.com/ds-mdk or DS-5: www.arm.com/ds5

For more information:

Sales In Americas: sales.us@keil.com or 800-348-8051. Europe/Asia: sales.intl@keil.com +49 89/456040-20
Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the US: support.intl@keil.com.
Global Inside Sales Contact Point: Inside-Sales@arm.com Keil Distributors: www.keil.com/distis/
Forums: www.keil.com/forum  http://community.arm.com/groups/tools/content https://developer.arm.com/

JICMSIS  Cortex ARMIKEI

ARM? Cortex” Microcontroller

Software Interface Standard Intelligent Processors by ARM’ .
Microcontroller Tools
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