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Introduction:

The purpose of this tutorial is to introduce you to the STMicroelectronics ST-Link/V2 debug adapter using the ARM® Keil™
MDK toolkit featuring the IDE uVision®. We will use a STM32F401C Discovery Kit in this tutorial. This tutorial can be
adapted to any board with an ST-Link/VV2. ST-Link/V2 supports Serial Wire Viewer (SWV) data trace.

Keil MDK-Lite™ is a free evaluation version that limits code size to 32 Kbytes. Nearly all Keil examples will compile within
this 32K limit. The addition of a valid license number will turn MDK into a full commercial version. MDK is free for STM32
FO/LO Cortex®-MO processors. See www.keil.com/st or contact Keil Sales for more information regarding evaluation licenses.

This tutorial describes practical methods to use ST-Link/\VV2 and SWV properly. Itis in a hands-on format.

Hardware and Software Requirements:

1. Any board with an on-board ST-Link/V2 or an external ST-Link/V2. Includes Discovery, Nucleo and EVAL boards.
This tutorial uses a STM32F401 Discovery. An on-board ST-Link can be used with an external STM32 board. It
should be easy to modify this tutorial for use with any STM32 board.

2. Keil MDK V 5.20 or later. The free evaluation version (MDK-Lite) will be used. No license is needed.
3. The appropriate Software Pack for your ST processor is installed in pVision.
4. Avalid MDK 5 project. You can use any example provided by Keil in the Software Pack for your processor.

This document details these features:

1. Serial Wire Viewer (SWV) data trace using ST-Link/V2.
Real-time tracing is updated while the program is running.

2. Real-time Read and Write to memory locations for Watch,
Memory and Peripherals windows. These are non-intrusive
to your program. No CPU cycles are stolen. No
instrumentation code is added to your source.

Six Hardware Breakpoints (can be set/unset on-the-fly)
Watch, Memory and System Viewer windows.
Display up to four variables with the Logic Analyzer. é
A printf utility using ITM Port 0 or Event Recorder. STM32F401C-Disco board

. . . . with an on-board ST-Link/\/2
Display interrupts in Exception Trace and Trace Records.
Data Writes display in the Trace Records window.

RTX Viewers: Kernel awareness windows for the Keil RTX RTOS
update while your program is running. FreeRTOS is now supported.

10. Determining and confirming the CPU frequency using SWV.

. o

© e N Ok

Serial Wire Viewer (SWV): ST-Link/V2 Supports SWV.

SWV provides to the pVision elements of your program such as Exceptions
(interrupts), data writes, variable values and more all while your program is
running. SWV is nearly always non-intrusive (Writes to ITM

rgglsters are not) and your program does not need to be stopped to Standalone ST-Link/\/2 2
display such elements. No code stubs are needed as CoreSight™ ]

. e connected to a Keil
technology provides this in hardware.

MCBSTM32F400 board.

SWV provides useful views into the internal workings of your
program in order to more easily debug it. Four variables can be displayed graphically in the Logic Analyzer. Interrupt events
are displayed live to help find tricky bugs. SWV is easy to configure and easy to interpret the results.
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Notes on using this document:
1. The latest version of this document is located here: www.keil.com/appnotes/docs/apnt 286.asp
2. ARM MDK 5.20 and Software Pack STM32F7xx_DFP 2.9.0 were used in the exercises in this document.
3. ST-Link/V2 interfaces very well with Keil pVision and its SWV performance is quite good.
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1) Keil Software Overview: MDK 5

MDK 5 uses Software Packs to distribute processor specific software, examples and middleware. MDK 5 Core is first
installed and you then download the Software Packs you require from the web. They can also be imported manually. A
Software pack contains headers, Flash programming, CMSIS files and documents in a regular .zip file. The extension is
renamed .pack. You need not wait for the next version of MDK or install patches to get the latest processor specific files.

STM32CubeMX provides a project in MDK 5 format consistent with Software Packs. Keil Middleware supports STM32.

2) Keil MDK Core Software Download and Installation: e
Download MDK Core from the Keil website. www.keil.com/mdk5/install

Install MDK into the default folder. You can install into any folder, but this lab uses the default C:\Keil_v5
You do not need any debug adapters: just the Discovery board, a USB cable and MDK 5 installed on your PC.
You can use the evaluation version (MDK-Lite) for this lab. No license is needed.

L e

3) Getting Started Guide MDK 5: Obtain this useful book here: www.keil.com/gsg/.

4) STMicroelectronics Evaluation boards:

This tutorial can support the three types of ST evaluation boards or a custom board: A board needs is a ST-Link/V2 and a ST
Cortex-M0, M3, M4 or M7 processor.

This tutorial uses a STM32F401C-Discovery board. For other boards you need to select the correct Software pack and
example. Serial Wire Viewer (SWV) is not supported n a Cortex-M0. Only Corex-M3, M4 and M7 are supported.

To use any ST-Link/V2 equipped board, download the appropriate Pack and the existing RTX_Blinky example.
1. Nucleo: On many Nucleo boards the ST-Link can be "snapped off" and used with pVision as an external ST-Link.
2. Discovery: As pictured on the front page. This tutorial uses this board.

3. EVAL.: These boards are high end and have all features implemented. They usually have an ETM connector.

5) There are three main methods to create your own pVision projects:

1) STM32CubeMX. This configures your processor and exports a pVision project in MDK 5 format.
You can obtain STM32CubeMX for your processor by going to www.st.com and search for stm32cube.

2) Standard Peripheral Libraries from ST (legacy). Contains extensive examples and source code for Keil MDK 5.
It is recommended to use STM32CubeMX instead.

3) uVision Software Packs, examples and Keil Middleware. A Software Pack includes examples and files that you
can use. See www.keil.com/pack/doc/STM32Cube/General/html/

6) DAP Debug Access Port:

DAP allows reads and writes to your target while the program is running through the JTAG or SWD ports. It is nearly always
non-intrusive. No code stubs are needed in your program. Watch, Memory, System Viewer (peripherals) and RTX Threads
and System windows use this feature. DAP reads are periodic and set by pVision. Do not confuse DAP with CMSIS-DAP
which is a debug adapter standard from ARM. All Cortex-M0, M3, M4 and M7 have DAP.

7) Serial Wire Viewer (SWV):

Serial Wire Viewer (SWV) displays PC Samples, Exceptions (includes interrupts), data reads and writes, ITM (printf), CPU
counters and timestamps. This information comes from the ARM CoreSight™ debug module integrated into the STM32.
SWV does not steal any CPU cycles and is completely non-intrusive. (except for the ITM Debug printf Viewer). SWV data is
output on the 1 bit SWO (Serial Wire Output) pin on the debug connector with ST-Link/V2. SWV is not available on the
Cortex-MO. It is available only on Cortex-M3, M4 and M7.

Up to four variables can be displayed graphically in the uVision Logic Analyzer.

8) Embedded Trace Macrocell (ETM): (includes Code Coverage and Performance Analysis)

ETM records and displays all instructions that were executed. This is useful for debugging program flow problems such as
“going into the weeds” and “how did I get here?”. ETM requires a Keil ULINK™pro and a 20 pin ETM connector such as on
STM32756G_EVAL. Code Coverage and Performance Analysis is provided by ETM. ETM is not explored in this tutorial.
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9) CoreSight Definitions: It is useful to have a basic understanding of these terms:

Cortex-M0 and Cortex-MO0+ have only features 2) through 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 ST datasheet.

1.
2.

10.

11.

12.

13.

14.

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

SWD: Serial Wire Debug is a two 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. See page 4, 2" picture.
The SWJ box must be selected in ULINK2/ME or ULINKpro. Serial Wire Viewer (SWV) must use SWD because
the JTAG signal TDIO shares the same pin as SWO. The SWV data normally comes out the SWO pin.

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

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 and RTOS kernel awareness windows in real-time 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 source 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 on-board debug adapter standard.

SWV: Serial Wire Viewer: A trace capability providing display of reads, writes, exceptions, PC Samples and printf.
SWV and SWO are only on Cortex-M3, M4 and M7 processors. They are not on Cortex-MO0 or MO+,

SWO: Serial Wire Output: SWV frames usually come out this one pin output. It shares the JTAG signal TDIO.
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 O for printf and Port 31 for the RTOS Event Viewer. The data can be saved to a file.

ETM: Embedded Trace Macrocell: Displays all the executed instructions. The ULINKpro provides ETM. ETM
requires a special 20 pin CoreSight connector. ETM also provides Code Coverage and Performance Analysis.

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.

MTB: Micro Trace Buffer. A portion of the device internal RAM is used for an instruction trace buffer. Only on
Cortex-MO+ processors. STM32 Cortex-M4 and Cortex-M7 processors provide ETM trace instead.

Hardware Breakpoints: The Cortex-MO+ has 2 breakpoints. The Cortex-M3, M4 and M7 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.

WatchPoints: Both the Cortex-MO0, 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. Keil documents also refer to these as Access Breakpoints.

ELF/DWARF: The ARM compiler produces an .axf file which is ELF/DWARF compliant. pVision can load
similar compiler output such as from GCC with all debug information visible. You can also use GCC as your
compiler of choice in pVision.

Additional Serial Wire Viewer (SWYV) Information:

Serial Wire Viewer data (frames) are output on the 1 pin SWO. This pin is located on 13 on the 20 pin legacy connector (the BIG
one). It is also available on the 10 or 20 pin CoreSight Debug connectors. SWO is on pin 6 on the 10 pin and pin 14 on the 20
pin. SWO is multiplexed with JTAG TDO pin. This means SWD (Serial Wire Debug) must be used and not JTAG mode. This is

easily set in uVision. SWD = SW in pVision. ST-Link/V2 supports SWD only and not JTAG.

SWO is only one pin and it can be challenging to send a large amount of SWV data through it. A ULINKpro using Manchester
mode on the SWO pin is more efficient. For even more throughput, ULINKpro can output SWV on the 4 bit Trace Port. This port

is available on most ST Cortex-M3, M4 and M7. Cortex-MO0 does not have SWV nor the Trace Port but has DAP read/write.
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10) pVision Software Pack and Examples Download and Install Process:

Software Packs contain files needed for your project such as header, flash programming and example files. For complete
information see www.keil.com/pack/doc/CMSIS/Pack/html/

These instructions reference a STM32F401C-DISCO board. If you are using a different board, install the appropriate Pack
and example. If you already have the Pack and an example installed for your board or processor, you can skip this section.

1) Start pVision and open Pack Installer (PI): (after the first MDK install is complete and if you are connected to the
Internet, pVision and Software Packs will automatically startup. Otherwise, follow Steps 1 and 2 below)
1. Connect your computer to the Internet. This is normally needed to download the Software Packs.
.
2. Start pVision by clicking on its desktop icon. wg-»

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

4. This window opens up: Select the Boards tab. Type stm in the Search box to filter the listings: You can also select
your processor under the Devices tab. F=TET
5. Select STM32F401C-Discovery: e ede Wndew el
2| Board: STM32F401C.Discovery Rev.5.1)
6. Select the Packs tab. d| 7 Deuces " Bosrds | Dl|Ld] 7 Packs | Bamples | [
R ) Search:  5Tm - X Pack Action Description
7. Click Install OppOSIte STM32F4XX_DFP — 7 | summany E-Device Specifi 2 Pack STI\432F401C-Dj
. ; —E% STM32F030-Discovery (Rev.) STIMEIFOSORE A T [-Keil::STM32F4¢_DFP ¢ Install icroelectrol
8. The Pack will now install to your PC. Eﬁ o STME2FOSLRE 2l E : il x %Sﬂ\ﬁcmelemm
£l STM32FO72RE henenc acks
. 66 2 3 T [#-ARM:CMSIS ‘ Up to date | CMSIS (Cortex !
9- .NOte. ONLINE 18 dl.spl?'yed at the bOttOm ‘ /132F4291 Discovery (R % ;[Cm [#-ARM: CMSIS-Driver_Val... | &2 Install CMSIS-Driver V.
rlght' If“OFFLINE” 18 dlsplayed, connect to 588 STM32F746G.Discovery [Rev.l] | STMS2F746M... | (-ARM:CMSIS-RTOS Vali... | & Install | CMSIS-RTOS Ve
: &= _Discove -~ #-ARM:mbedClient ! Up o date | ARM mbed Clie
the Internet. B BN || YRR s

10. The Pack’s status will then be indicated by the — EREE

Update available for Keil::5STM32F70_DFP (installed: 2.5.0, available: 2,6.0)

ovtpt x|
“Up to date” icon: ‘ UE to date I Completed requested actions [[omme

-

TIP: What you select in the left side of the Pack Installer in the Devices or Boards tabs, determines what is filtered on the
right side in the Packs and Examples tabs.

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

ﬂ Pack;/y Examples ﬂ
2) Install the CMSIS-RTOS RTX_Blinky Example: IV show examples rom instlled Packs only
Exam Action
1. Select the Examples tab: -~ CMSIS-RTOS Blinky (STM32F401C-Discovery) & Copy
) . L FRETL “Oiscovery) ‘ Copy
Select Copy beside CMSIS-RTOS Blinky: |# Capy -

2
3. The Copy Example window below right opens up: Select Use Pack Folder Structure: Unselect Launch pVision: ‘
4

Type in C:\ as shown to the right: Click OK to copy Blinky into =]
C:\AMDK\Boards\ST\STM32F401C-Discovery\ ID:”’ Folcer

TIP: The default directory for copied examples the first time you install 17 Use Pack Flder Stuctre W

MDK is C:\Users\<user>\Documents. For simplicity, we will use the default —

directory of C:\MDKJ\ in this tutorial. You can use any directory you prefer.
5. Close the Packs Installer. Open it any time by clicking on its icon.
6. When a window opens stating the Software Packs have changed, select Yes: 1

x

i "\'-I Software Packs folder has been modified.
' Reload Packs?

Yes I No
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11) Install the ST-Link V2 USB Drivers and Update the ST-Link Firmware:
ST-Link V2 USB drivers initially must be installed manually. Windows may attempt to install them but this might not work.

1) Install the ST-Link USB Drivers: This step normally needs to be done just once !
1. Do not have the Discovery board USB port connected to your PC at this time.

2. The USB drivers must be installed manually by executing stlink_winusb_install.bat. This file is found in
C:\Keil_v5\ARM\STLink\USBDriver\. Double-click on this file. The drivers will install without much notice.

3. Plug in the Discovery board to USB CN14. The USB drivers will now finish installing in the normal fashion.
2) Upgrading the ST-Link V2 Firmware: The ST-Link V2 firmware updater utility ST-LinkUpgrade.exe is located
here: C:\Keil VB\ARM\STLink\. Itis a good idea to upgrade the ST-Link firmware. Find this file and double click on it to

execute it. It will check and report the current firmware version. If you experience trouble, especially with SWV, update to
the latest ST firmware and USB drivers.

12) Testing the ST-Link V2 Connection: (Optional)

Start pVision === if it is not already running.
Connect the Discovery board USB ST-Link to your PC.

If the ST-Link USB drivers are installed correctly, you should hear the usual USB connected dual-tone. If not, you
might have to install the drivers manually. See the directions above.

Two red LEDs will light: LD7 and LD2 (PWR)
Select Project/Open Project.
Select the Blinky project C:\MDK\Boards\ST\STM32F401C-Discovery\Blinky\Blinky.uvprojx. (or any valid project)

. & [ =l
Select Target Options #N or ALT-F7 and select the Debug tab: | ke Do | i |

Select ST-Link Debugger: I —— |6‘ Use: [ST-Link Debugger 7| Settings | |

Click on Settings: and the window below opens up: If an IDCODE and Device name is displayed, ST-Link is
working. You can continue with the tutorial on the next page. Click OK twice to return to the pVision main menu.

10. A number in the SN: box means pVision is connected to the ST-Link adapter. SW Device means pVision is
connected to the processor via ST-Link/V2.

11. If nothing or an error is displayed in this SW Device box, this must be corrected before you can continue. See the

instructions above: Install the ST-Link USB Drivers:  Cortex-11 Target Drtver setp =
12. Once you see a proper display, your ST-Link USB drivers Il
are installed properly. Click OK twice to exit the Target Ve ST 4( o L= Ve
. . . Serial Number: [N7A (x2BAD1477  ARM CoreSight SW-DP il
Driver Setup windows. Continue to the next page. e oo
TIP: To refresh the SW Device box, in the Port: box select JTAG s | ee—T L
and then select SW again. You can also exit then re-enter this vaxOocc [t =] | | |4t || oo | Upase| i [

window. ST-Link/V2 does not support JTAG mode.

LED LD7 indication: (might not be applicable for all boards)

LED is blinking RED: the start of USB enumeration with the PC is taking place but not yet completed.

LED is RED: communication between the PC and ST-LINK/V2 is established (end of enumeration). pVision is not connected
to ST-Link (i.e. in Debug mode).

LED is GREEN: pVision is connected in Debug mode and the last communication was successful.

LED is blinking GREEN/RED: data is actively being exchanged between the target and pVision.

LED is off, except for a brief RED flash while entering Debug mode and a brief flash when clicking on RUN happens when
the SWV trace is enabled in puVision.

No Led: ST-LINK/V2 communication with the target or pVision has failed. Cycle the board power to restart.
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13) Blinky example: STM32F401C Discovery board:
We will connect the Keil MDK development system to the Discovery board using the built-in ST-Link/V2 debug adapter.
Start pVision by clicking on its desktop icon. i Connect your PC to the USB ST-Link connector.

Select Project/Open Project. Open C:\MDK\Boards\ST\STMF32F4-Discovery\Blinky.uvprojx

By default, the ST-Link is selected. If this is the first time you have run uVision and the Discovery board, you might
have to install the USB drivers. See the configuration instructions on the previous page.

5. Enter Debug mode by clicking on the Debug icon.@1 Select OK if the Evaluation Mode box appears.
The Flash will be programmed. Flash programming progress will be indicated in the Output Window.

6. Click on the RUN icon. Note: you stop the program with the STOP icon. Q

Four LEDs LD3 through LD6 on the STM32F401C Discovery board will blink in sequence.
Press the blue USER button and the program will stop in an infinite loop in main thread.

Now you know how to compile a program, program it into the STM32 processor Flash, run it and stop it !

Other boards may have different or no LEDs. To confirm your program is running if no LEDs blink, set a breakpoint in an
appropriate place in a source or Disassembly window. The program will stop when this instruction is fetched.

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

14) Blinky program highlights:
1. Blinky is running RTX RTOS with four threads: main, thread_LED, os_Timer_Thread and os_idle_demon.
This example is sequences four LEDs on GPIO Port D.
Keil uses the term threads instead of tasks for consistency when discussing CMSIS-RTOS RTX.
There are similar Blinky examples for many other STM32 boards. These are selected in the Pack Installer.

This Blinky uses STM32Cube Framework (API) and STM32Cube HAL. See the Manage Run-Time Environment
window for details.

AR S A

TIP: Many uVision windows update while the program is running. If a window updates only when you stop the program:
make sure Periodic Window Update is enabled:
This is selected in Debug mode by selecting View in the main pVision menu. v | Periodic Window Update
This window is enabled by default.

Top Reasons SWV does not work:

e Core Clock is incorrect. Use global variable SystemCoreClock to determine CPU speed. Note the CPU speed can
change after the PLL is configured and SWYV can stop. Use STM32CubeMX to calculate the clock tree.

e Check the Trace Records window: look for bogus ITM frames — should be only ITM 0 and 31 present.

e Enable PC Samples if necessary to create frames if interrupts or ITM are not used in your program.

e SWO pin is seriously overloaded. Unselect some SWV events. Always minimize active number of SWV events.
e Make sure View/Periodic Window Update is selected. Available only while in Debug mode.

Timestamps
¥ Enable  Prescder[1 ~

e Make sure Timestamps are activated: Some, but not all, SWV features will turn off if unselected.
e Some ST hoards have a solder hridae (SB) for SWO that needs ta he soldered. The STM32F4291- Disco an examnle.
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15) Hardware Breakpoints: this uses neither SWV nor DAP:
The STM32F4 has six hardware breakpoints that can be set or unset on the fly while the program is running.

Every time you click on the RUN icon the program will run until a breakpoint is again encountered.

1.

while loop. Between around lines 57 through 61 will suffice.

A red circle will appear and the program will stop.

Note the breakpoint is displayed in both the disassembly and source windows as shown below:
4.

existence of an assembly instruction at that point.
5.

. ) P nk i

6. You can also click on Single Step (Step In) i , Step Over { and Step Out 4 :

With Blinky running, in the Blinky.c window, click on a darker grey block in the left margin on a line in main() in the

You can set a breakpoint in either the Disassembly or Source windows as long there is a gray rectangle indicating the

TIP: To single step (Step In) by assembly instruction, click on the Disassembly window to bring it into focus. To stepbyaC

source line, bring any source window into focus.

TIP: A hardware breakpoint does not execute the instruction
it is set to. Arm CoreSight breakpoints are no-skid. Your
instructions in Flash are not substituted or modified. These
are rather important features for efficient software
development.

Remove all breakpoints when you are done for the next
exercise by clicking on them again.

TIP: You can delete the breakpoints by clicking on them or
by selecting Debug/Breakpoints (or Ctrl-B) and selecting Kill
All. Click on Close to return.

TIP: You can view the breakpoints set by selecting
Debug/Breakpoints or Ctrl-B.

EE]

0013C6 FTFEFF3D BL.W
57: hil 1

s58:
0xD80013CA E008

0x080013CC FTFFFED2Z BL.W
60:

0x080013D0 FTFEFF28 BL.
0x0D80013D4 Bllg

611

0x080013D6 F24FT0FL MOV
L]

Buttons_Initialize (0x08000244)

while (1)

0x080013DE
Inread LED():
Thread LED (0x08001374)
ns_GetState()) *
Buttons_GetState (0x08000224)
r0, 0x08D013DE

x0, §0x1F4

/% Slow blinking while ho

lding T

] Bunky.c r_] startup_stm32f746xcs r_] system_stm32F7xx.c r_] Thread_LED.c I

51
52
53
54
55
L3
57
58
58
&0
61

62 |
63 |
64 |}
65 L

I

SystenClock_Config();

ClockUpdate () ;
e():
Buttons_Initialize():

while (1)

Thread LED();:

/* Configure the System CL,

if (Buttons_GetState()}{ /% Slow blinking while holding USER

Delay(500) ;

16) Display CPU Frequency: Watch window uses DAP:
The global variable SystemCoreClock contains the speed of the CPU. It is declared and set in system_stm32f4xx.c.

Click on the RUN icon. You can configure the Watch and Memory windows while your program is running.

1.

2. Select View/Watch Windows/Watch 1 if Watch 1 is not already open.

3. Double click on <Enter expression> and enter SystemCoreClock and press the Enter key.

4. A value will appear. Right click on the variable name and unselect Hexadecimal Display.

5. The CPU frequency will now display in Hertz. Watch 1 2 X

6. When Debug mode is first entered and the program counter is still at Name Value T
the start of main(), the CPU frequency will be 16 MHz. - @ SystemCoreClock | 84000000 | unsigned int ﬁ’
After SystemClock_Config() is executed, it will be 84 MHz. Other < Enter expression> E

boards may/will be different.

0icall 5t | Watch1 | ETrace ... | [@Event .| E

TIP: You can also open the file system_stm32f4xx.c and right click on the
variable SystemCoreClock. Select Add SystemCoreClock to ... and select Watch 1.

TIP: You can also find the CPU clock value using the Serial Wire Viewer configuration in the Target Driver Setup window.

See page 19 for instructions.

k lem-:u...|
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17) Watch and Memory Windows and how to use them: Both use DAP:

The Watch and Memory windows will display updated variable values in real-time. It is also possible to modify values into
the Memory window while the program is running. You can modify a variable in a Watch window while the program is
running if the variable is changing slowly. Otherwise, stop the program to make a change to a Watch variable.

Watch window:

Add a global variable: The Watch and Memory windows can’t see local variables unless the program is stopped in their
function. Make local variables static or global to make them visible in a Watch or Memory window.

Stop the processor Q and exit Debug mode. @
In Blinky.c, declare a global variable (I called it counter) near line 20 like this: unsigned int counter = 0;
Add the statements counter++; and if (counter > 0x10) counter = 0; asshown here near line 89:

86 while (1) {

- . . . ‘sﬂ} 87 while (Buttons_Ge ate i0);
4. Select File/Save All o click &, Click on Rebuild. 88 | onSignaiSer (nid Thoead LED, 10
@ i ;z :;ul?z:::;r > 0x0F) counter = 0:

5. Enter Debug mode. Click on RUN =*. You can set Watch and oL osbelay(500):

Memory windows while the program is running.
6. In Blinky.c, right click on the variable counter and select Add counter to ... and select Watch 1. Watch 1 will open

if needed and counter will be displayed as shown here: — ———)
counter Will increment to 0XOF and will update in real-time. Name old U livpe

------ # SystemCoreClock |54000000 unsigned int  ~
- W counter 0x00000005 |wunsigned int
t-<Enter expression=

Note some values of counter might be skipped if it changes quickly because
the Watch and Memory windows are updated periodically. v

TIP: Make sure View/Periodic Window Update is selected. sncens.| watens | risce .| Bevent.| Dnten. |

9. You can also enter a variable manually by double-clicking under Name or pressing F2 and using copy and paste or
typing the variable. Use the View/Symbols window to enter a variable fully qualified.

Memory window:

1. Right-click on counter and similarly enter it into the Memory 1 window.

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

3. Add an ampersand “&” in front of the variable name and press Enter. The physical address is shown (0x2000_0000).
This address might be different depending on memory and compiler settings.

Right click in the memory window and select Unsigned/Int.
The data contents of counter is now displayed as a 32 bit value.

Both the Watch and Memory windows are updated in real-
time without stealing CPU cycles. Adeess: [icouree Dﬂ

x20000000: 00000008 0000BC 20000054 200008D0

7. You can modify counter in the Memory window with a

right-click with the mouse cursor over the data field and 0%200 : TG00 00000000 00000000 0501BDOQ
select Modify Memory. Enter the new variable value and  |9x20000020: 00000101 00000000 0000BACT 200008F0  ~|
press Enter. 1 Call Stack = Locals | Watch 1 | ] Memory 1

TIP: To view variables and their location use the Symbol window. Select View/Symbol Window while in Debug mode.

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. Remember the Cortex-M4 is a Harvard architecture.
This means it has 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 values 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.

9 Copyright © 2017 ARM Limited or its affiliates. All rights reserved
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18) System Viewer (SV): Uses DAP:

System Viewer provides the ability to view registers in the CPU core and in peripherals. In most cases, these peripherals are
updated in real-time while your program is running. These Viewers are available only while in Debug mode. There are two
ways to access these Views: a) View/System Viewer and b) Peripherals/System Viewer. In the Peripheral/VViewer menu, the

Core Peripherals are also available: Note the various peripherals available in this case. %
It is possible to create your own custom System Viewer for specified peripherals: Esiraiirira)  #0C ;
www.keil.com/support/man/docs/uv4/uv4 _db_dbg_scvd_viewer.htm Core Peripherals  » ;';z
1. Click on RUN. You can open SV windows when your program runs. ;:f '
GPIO Port D: s
GPIO L4 GPIOA
2. Select Peripherals/System Viewer, GPIO and then GPIOD as shown here: m—) 12c v cros
i i . GPIOD R x WDG GFIOC
3. This window opens up. Expand ODR: e 2
4. You can see ODR12 through ODR15 update as the LEDs blink Froperty I:a'ue . BeE GPIOE
in succession: Other boards may/will use different ports. po - chon
--ODR1S =
5. These are updated periodically, not when the value changes. To opuie P spio
view a register when it changes, you need to use the Logic - opRL2 riJ st '
Analyzer. It displays on a specified write operation. el £ -
6. You can modify register values while the program is running. Com I usRr
Select one of the bits ODR15 through ODR12. The I FEnTEE O
corresponding LED will come on until the program turns it off. o™= . e

TIP: If you click on a register in the Property column, a description/y

[Bits 31..0] RW (@ 0x40020C14) GPIO port output
data register

will appear at the bottom of the SV window. ODR is shown here:

SysTick Timer: This program uses the SysTick timer for RTX. This effectively controls how fast the program runs.

Select Peripherals/Core Peripherals and then select System Tick Timer.
The System Tick Timer window shown below opens: You might get different values with other boards or programs.

Note it also updates in real-time while your program runs. These windows use the same CoreSight DAP technology
as the Watch and Memory windows. Do not confuse this DAP (Debug Access Port) with CMSIS-DAP.

Note the ST_RELOAD and RELOAD registers. This is the reload register value set by RTX.

5. Note that it is set to 0x1481F. This is the hex value of 84,000,000/1000-1 that is programmed into SysTick in
SysTick_Config function in core_cmd4.h. The CPU clock in this example is 84 MHz.

6. Inthe RELOAD register in the SysTick window, while the program is running, type in 0x1000, press Enter and click
inside ST_RELOAD ! (or the other way around)

7. The blinking LEDs will speed up. This will convince you of the power of Arm CoreSight debugging.

O
8. Replace RELOAD with 0x1481F. A CPU RESET RsT and RUN will also do this.
9. You can look at other Peripherals contained in the System View windows.

10. When you are done, stop the program X and close all the System Viewer windows that are open.

_ @Q X
11. Exit Debug mode. ~Cortrol & Status
¥ EMABLE [ CLKSOURCE

STCTRLSTAT: (BRI 15 7icknT v COUNTRLAG
TIP: Itis true: you can modify values in the System Viewer while the ~Reload & Curent Value
program is running. This is very useful for making slight timing value ST_RELOAD: [B:0001481F RELOAD: [L01281F
changes instead of the usual modify, compile, program, run cycle. ST_CURRENT. [B<00007DAF | CURRENT: [Bx007DAF
You must make sure a given peripheral register allows for and will properly  —calibration
react to such a change. Changing such values indiscriminately is a good ST_CALIB: [2¢40002304 TENMS: [(<002904
way to cause serious and difficult to find problems. I SKEW [~ NOREF
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19) Configuring Serial Wire Viewer (SWV):

Serial Wire Viewer (SWV) is a data trace. It is supported by ST-Link/V2 and pVision. The output is on the 1 bit SWO pin.
SWD must be used as JTAG will not work with SWV because of a conflict with the JTAG TDO pins. SWV is non-intrusive
and does not need any code stubs in your program except for the ITM features. It is easy to configure.

Serial Wirer Viewer displays these items:
Exceptions including Interrupts and the number and when they occur.

Data read and write operations. Currently pVision displays only data writes.
Logic Analyzer (LA): display up to four variables in a graphical format. These are event driven.
printf: uses ITM Port O to output printf statements on a window in pVision. RTX Event Viewer uses ITM Port 31.
CPU Counters. Display various events such as number of CPU cycles in Sleep mode.
PC Samples: A sampling of program counter values. Of limited value. ETM with a ULINKpro is much better.

1.

AN S S A

6.

Important Things to Know about SWV:

1. The 1 bit SWO is easily overloaded. It is important to enable only those features you really need.
2. You might need to sample variables used in LA since an event is created each the variable is accessed.
3. You must know the exact CPU frequency to configure the SWO pin to UART mode.
4. Onafew boards (such as STM32F4291) you must short a solder bridge (SBxx) on the SWO pin to get SWV to work.
5. A few boards might need an initialization file to configure 1/0 pins. This file is provided with the pVision examples.
Configure the SWV Trace: |
Debug Trace | Fissh Download |
1. Stop the processor Q and exit Debug mode. @ Tore Cock: | _B2.000000 M ¥ Trece Encbie
i & ~Trace mestamp Trace Everts
2. Select Target Options &N or ALT-F7 and select the ¥ Enable  Frescaer[1 =] e
. . . . X - ption overhea
Debug tab. Select Settings: on the right side of this R PCSaping | [ gien e Oy
¢ ' . ” X W Autodstect Prescaler. [ 1024716 =] I LU Load Store Ui Cyck
window. Confirm SW is selected. SW selection is WO Gook [ Z00000 Mz | | [~ oo patod [ Dbieds | | I~ FOLD. rokdd patcions
mandatory for SWV. ST-Link uses only SW. I on Deta FAW Sample ¥ EXCTAC: Exceplon Tracig
3. Select the Trace tab. [T Simis P N Pt 2423 Pat 1615 Pet 8 7 Pt 0
Enable: |(xFFFFFFFF Wiviviviviviviv viviviviviviviv [vivivivivivivliv Vi ivivivivivie
4. Inthe Trace tab, select Trace Enable. Set Core Clock: to 57| Pl M B Pz 6] Peis8l) P20
H H r~ Advanced settings
84 MHz. Everything else is left at default. PSR —
5. Click OK twice to return to the Debug tab. L reniec¥eent
0K | Cencel dony |
6. Enter Debug mode. @ No need to recompile.
7. Click RUN The program will run as before. = o tm ] Al | a7 [oh] o [ Tl 1|
. R R IT™ kil 0800046BH 16346 0.00019460
Confirm SWV is working: T o ety a oK S ety
: : : e - X Gmm o ooowsein
1. Select View/Trace/Records or click on the arrow beside i 3 Fo X atsa oomsess
Exception Retum X 0 X 21358 0.00025426
: = - 1 W oot
the Trace icon = and select Records. 3 o donas
15 184839 0. DDZZD[)iE
The Trace Records window will open up: v e
. . i Mem oo
If you see Exception 15 and ITM 31 frames, then SWV is 2 I
working correctly. v 5 U
Exception Entry 18 436839 0.00520046 ;I
4. If you see nothing or any ITM other than 0 or 31, the most

probable cause is Core Clock: is incorrect. Check SystemCoreClock and enter the correct frequency. You can try

potential numbers such as 8, 16, 42 MHz.

You must get SWV working as described on this page before you can continue with this tutorial.

A

Make sure the Core Clock: is correctly entered. This must be exact to configure the UART mode.
A few boards need a solder bridge connected to get SWV working. This connects the SWO pin.

Cycle the power to the board and restart pVision.

Check for a signal on the SWO pin with an oscilloscope — this pin is found on the SWD connector.

If your program is not using exceptions or RTX, try enabling PC Samples in the trace setup window and try again.
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20) Display Variables graphically with the Logic Analyzer (LA): Uses SWV:

The Logic Analyzer can display up to four waveforms of a variable. This uses the same CoreSight hardware as the
Watchpoints. An event is generated each time the variable is written to and the frame is output on the SWO pin to pVision.
This means a variable that changes quickly can overload the SWO pin. If you have this problem, you can write a routine to
sample this variable. Display the sample variable in the LA.

1. Bein Debug mode. @ Run the program.
TIP: You can configure the LA while the program is running.

&l
4

Select View/Analysis Windows and select Logic Analyzer or select the LA window on the toolbar.
Position and size it for comfortable viewing.

4. Click on the Blinky.c tab. Right click on the counter and select Add counter to... and then select Logic Analyzer.
You can also Drag and Drop or enter it manually.

TIP: If you are unable to enter a variable in LA, the cause is the SWV is not correctly configured. See the preceding page.

In the Logic Analyzer window, click on the Select box and the LA Setup window appears as shown here:
|

| curent Logic Anaiyzer Sgnals: [RIES

With counter selected, set Display Range Max: to 0x15 as shown here:

Click on Close.
8. Run the program if it is stopped.
o A i . KN — |

9. You should have a waveform visible at this point (or at least a red line) o e

10. In the LA window, click on Zoom Out until Grid is about 1 second. ?w?z

11. The variable counter will increment to 0x10 (decimal 16) and then is set to 0. i e e |
TIP: If you do not see a waveform, exit and re-enter Debug mode to refresh the LA. You [ et Syt e | st e |
might also have to repower the Discovery board. Confirm the Core Clock: value is correct. | e

kA |[Coee | Help

TIP: You can show up to 4 variables in the Logic Analyzer. These variables must be global,
static or raw addresses such as *((unsigned Iong *)0x20000000). They can be a peripheral register memory address.

12. Press the blue User button

[Load.. || Min Time ax Time: creen | Transition | Jumy ignal Info ude ¥ Timestamps Enable
and release: See counter n %uﬂ e yT!\ b \|oL.t|| ] \l\mcuuﬂdqhus;p ||‘i1ear|}|;revi’ftleﬂ|}|cjdaﬁ':'m:a| I':;?ow‘tlgdes F e
stops incrementing as T P L
shown here:

13. Select Signal Info, Show
Cycles, Amplitude and
Cursor.

= . | | H H H | [ . H H H | | H — .

14. Stop the LA by clickingon | L=
the Stop icon in the Update ~ @0e oy | Bliagcanayee |
Screen box. The program keeps running normally.

15. Click your mouse on the waveform at a point to measure time from.
16. Move the mouse cursor to another point to measure any particular time. Here each LED is on for % second.

7 x

17. When you are ready to

i [Coad]| MinTime  MaxTime  Gnd Zoom | Min/Max_|Update Screen| Transiion | Jumpto | Signalifo W Ampltude 7 Timestamps C b=
continue, start the Update “'D—IWVT}I_IIO_MM_AMI_H}@W_I Mhl@@égh‘&ﬁé&”ﬂrd. i s Enc
Screen. D 5

18. On the next page we will Ll memml, |

look at the Trace Records =EEEETE
window more closely. 1 : :

counter
Mouse Pos Reference Point Delta

Time: 10.00623 s 9.500275 s 0.506 s = 1.976285 Hz

Value: 5 4 1

TIP: When a variable is entered in T, . ‘ D PCS A " s
the LA, the associated Data Write is |, ™" [ lgiats el |
also displayed in the Trace Records Buoisassemoy | Bl Logic Anaiyzer
window.
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21) Watchpoints: Conditional Breakpoints: uses neither SWV nor DAP:

Recall STM32 processors have 6 hardware breakpoints. These breakpoints can be set on-the-fly without stopping the CPU.
The STM32 also have two Watchpoints. pVision can currently use one. Watchpoints can be thought of as conditional
breakpoints. The Logic Analyzer uses the same comparators as Watchpoints in its operations and they must be shared. This
means in pVision you must have two variables free in the Logic Analyzer to use Watchpoints. Watchpoints are also referred
to as Access Breakpoints in Keil documentation.

Use the same Blinky configuration as the previous page. Stop the program if necessary. @ Stay in Debug mode.
We will use the global variable counter you created in Blinky.c to explore Watchpoints.

The SWV Trace does not need to be configured for Watchpoints. However, we will use it in this exercise.

The variable counter should be still entered in the Logic Analyzer from the last exercise on the previous page.
Select Debug in the main pVision window and select Breakpoints or press Ctrl-B on your keyboard.

Select both the Read and Write Access. In the Expression box enter: “counter == 0x5” without the quotes.
Click on Define and it will be accepted as shown here: Click on Close.

Enter the counter to the Watch 1 window if it is not |

already listed. Currert Breakpoints:

9. Open Debug/Debug Settings and select the Trace tab.
Check “on Data R/W Sample” and uncheck EXTRC.
We unselect EXCTRC (exceptions) to minimize
SWO loading. This step may be optional.

© N o R DN e

10. Click on OK twice. Open the Trace Records window. = |[4] | o
=R ORI Access
Records Expression: | [~ Read [ Wirite
11. Double click inside the Trace Records to clear it. caurt: [1 =] R
- Command: I m I~ | hjects
12. Click on RUN.

13. You will see counter increment in the Logic Defre | [Kilsepoed| Al | Gose | Hep |
Analyzer as well as in the Watch 1 window.

14. When counter equals 0x5, the Watchpoint will stop the program.

TIP: To see a data write event without stopping the program, enter it into the Logic Analyzer (LA) window.

15. Note the data writes in the Trace Records window shown below. 0x5 is in the last Data column. Plus the address the
data written to and the PC of the write instruction. PC was enabled by on Data R/W Sample in step 9 above.

16. If you enter a variable with no assignment, the program will stop at the next access read or write or both as you select.
17. To repeat this exercise, click on RUN.

|
18. When you are finished, stop the program, T O [Nom | Addwss | Daa | PC  [Di| Guoles [  Twel] |-l
click on Debug and select Breakpoints (or Data Ve ? Ca00022+ T L2507
Ctrl-B) and Kill the Watchpoint. Dota Ve 200000001 ca00022+ RO 4750072
19. Leave Debug mode. @

TIP: You cannot set Watchpoints on-the-fly with ST-Link while the program is running. You can with a Keil ULINK.

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 try the next TIP:

n | dmpto | Signallo [~ Ampltude
0ot AT [Pt [Endo] [ Sop | Giear ] [PrevFext] [Goce] Trmce] T Srow Ceies [ Cusmor

[Eetp[Loz6.] MnTme MaxTme Gid |  Zoom | Min/Max |Update Screen| Transhio
-

Sove. || 0s  [97500%s [ 1

TIP: The checkbox beside the expression allows you to
temporarily unselect or disable a Watchpoint without deleting it.

e

TIP: Raw addresses can also be entered into the Logic Analyzer. | > F B | s
An example is: *((unsigned long *)0x20000000) I |

Shown above right is the Logic Analyzer window displaying the variable counter trigger point of 0x5. This is three runs.
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22) printf with ITM (Instrumentation Trace Macrocell): Uses SWV and ITM 0:

It is easy to incorporate printf using ITM and the pVision utility Manage Run-Time Environment. This uses Serial Wire
Viewer and works with Cortex-M3, M4, M7, M23 and M33 processors.

To provide printf for Cortex-M0 and MO+ processors, see the next page.
1. Stop the program if it is running o and exit Debug mode. @
2. Open the Manage Run-Time Environment utility. This window opens:

. Manage Run-Time Environment

3' Expand Compller' M 'I/O as Shown‘ Software Component Sel. | Variant Version Description
. ‘ Board Support STM32F746G-Discov = | 1.0.0 STMicroelectronics STM32F746G-Discovery Kit
SeIeCt STDOUT and ITM - . CMSIS Cortex Microcontroller Software Interface Components
. CMSIS Driver Unified Device Drivers compliant to CMSIS-Driver Spedifice
5- A” the bIOCkS ShOUId be green If = ‘ Compiler ARM Compiler Software Extensions
- L i /i
not, click on the Resolve button. =& 1o _ Setmgsthouostost
- @ File r File System 1.00 Use retargeting together with the File System component
- - - r - 1.0
Click OK to close this window. D e
< A
H H H . Fomm - a Redirect STDOUT to a debug output window using ITM
The flle retarget_loc WI I I be added r ~(1.00 Redirect TTY to a user defined output target
to your project |n the projeCt WindOW -4 Data Exchange Software Components for Data Exchange

under the Compiler group.
8. In Blinky.c, near line 91 just after the if (counter>.... Line, add this line: printf("counter equals: %d\n", counter);

9. Select File/Save All or click 'j

10. Rebuild the source files £ RS ———
counter Eq'JE.J.S: T -
11. Enter Debug mode @ Click on RUN . counter equals: &
counter equals: =]
12. Select View/Serial Windows and select Debug (printf) Viewer.
13. The values of counter is displayed as seen here; ——) 1 ;lj

TIP: You can easily save ITM information to a file. See www.keil.com/support/man/docs/uv4/uv4_cm_itmlog.htm

Setting RAM for printf:
If your program doesn't work, you might have to do one or more of these items when implementing printf using ITM:
1. Increase RTX Thread Stack size. This is done in RTX_Conf CM.C. Use the Configuration Wizard. Try 300 bytes.

2. If you do not have MicroLIB selected, you must add some heap in startup_stm32f401xc.s or the correct startup.s file
for your processor. Try adding a 200 byte heap. MicroLIB results in smaller executable size.

Obtaining a character typed into the Debug printf Viewer window:
It is possible for your program to do this with the function ITM_ReceiveChar found in core.CM7.h.
See https://www.keil.com/pack/doc/CMSIS/Core/html/group_ i t m__ debug__ gr.html.

A working example can be found in the File System Demo in Keil Middleware. Download this using the Pack Installer utility.

TIP: pVision icon meanings are found here: www.keil.com/support/man/docs/uv4/uv4 ca filegrp att.htm
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23) printf for STM32F0 Cortex-M0: Uses Event Recorder and CoreSight DAP:

Event Recorder is a new Vision feature that can be used to instrument your code. Keil RTX5 and Middleware is already
instrumented with Event Recorder. Event Recorder can provide a printf utility using the DAP read/write abilities of the Debug
Access Port. A UART is not used. This can be used with STM32F0 Cortex-MO parts as well as any STM32F processor. This
is the same technology used in Watch, Memory and Peripheral windows. This method can also be used with any Cortex-M
processor. It does not use SWV as does the method on page 14.

. Manage Run-Time Environment

1. Stop the program if it is running Q and exit Debug mode. @

Configure Event Recorder: :5;:"1::,?;2?: o on |1
2. Open the Manage Run-Time Environment utility. |§| This window opens: Ei;&gﬂ -
Expand Compiler and 1/O as shown. Iy ;;";"“m“' Moo )

Select Event Recorder and STDOUT and EVR as shown: | e oome F oo

Al the blocks should be green. If not, click on the Resolve button. o smour P N

: e

At

Click OK to close this window.
retarget_io.c and EventRecorder.c will be added to your project under the Compiler group in the Project window.
Right click near the top of Blinky.c, and select Insert "#include" and select #include "EventRecorder.h".
At the beginning of the main() function, add this line: EventRecorderlnitialize (EventRecordAll, 1);
Add a prlntf statement to Blinky.c:

1. InBlinky.c add #include "stdio.h™ near the top of the file.

2. InBlinky.c, near line 91 just after the if (counter>.... Line, add this line: printf("counter equals: %d\n", counter);

© © N o sw

3. Select File/Save All or click 'ﬂ
Build and RUN the Blinky program and view printf:

1. Rebuild the source files |—| TS ———
counter equals: 7 -
2. Enter Debug mode @ Click on RUN . countexr eguals: 8
A A A A A counter eguals: g
3. Select View/Serial Windows and select Debug (printf) Viewer.
4. The values of counter is displayed as seen here: ——) 1 _»l:l
5. Open the Event Recorder window: e —— EE
6. Information about the printf statements are displayed as shown below: ® Logic Analyzer
7. You can annotate your own sources and display events. See " Performance Analyzer
www.keil.com/support/man/docs/uv4/uv4 _db_dbg_evr.htm Code Coverage
Event Recorder

TIP: Keil Middleware and RTX5 are annotated using Event Recorder.

Event Recorder o x

Enable Recorder. [V = = J | Mark: ~ Al Operations -~  Recording
Event Time [sec) Component | Event Property Value
0 Init Event Restart Count=0x00000001 -
1 0.00000010 5TDIC stdout (0nab3, 0006 F, 007 5,0005 E, 0274, 0005 5,007 2,020 j
2 0.00000020 5TDIC stdout 05,0271, 007 5,051, 06 C, 073, 003 4, 0% 20
3 0.00000030 5TDIC stdout 0331, 026004, 000, 000, 02600, 0200, 0000, 02000
4 0.00000040 5TDIC stdout (b3, 0006 F, 007 5,0005 E, 0274, 0008 5,007 2,020
5 0.00000050 5TDIC stdout 065,071,007 55,0051, 0x6.C, 0673, 003 4, 0% 20
6 0.00000060 5TDIC stdout 0332, 020004, 000, 000, 00600, 000, 0000, 02000
7 0.00000070 5TDIC stdout 0od3, 0006 F, 007 5,000 E, 0274, 0005 5,007 2,0x20
3 0.00000080 5TDIC stdout 05,0271, 007 5,051, 026 C,0x73, 003 4, 0% 20 LI
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24) Trace Records (TR): Uses SWV:

The Trace Records window displays the output of the SWO pin. The elements are selected in the Trace Config window. Any
frame overloads or overruns are clearly shown. uVision recovers gracefully from such issues.

Be in Debug mode. @ Run the program.

Open the Trace Records window by clicking on the small arrow beside the Trace icon: -
Select both Records and Trace Exceptions as shown here: Rl Records

v | Trace Exce ptions

3. The Trace Records window will open as shown here:

PRI P . x

Double-click inside this window to clear it. = — —— — ]

. . - . . 3t -

It will fill with more frames if the programis [y i T oo | el =
H ™™ 3 0103H 16364 0.00019481
runn | ng Exception Entry 1 16602 0.00019764
Frame Exp|anati0n ;E&“W ﬂ 1D1 }gg% g'gggég%}

- eption um 1

. ™™ 3 03H X 22402 0.00026663
. . ™ 3N FFH X 22402 0.00026669
1. ITM 31: Data for the RTX Event Viewer. Data Wrie 20000000H  0ODDOOOTH X 22402 0.00026663
Exception Retum X 0 X 22402 0.00026663
2. Exception 11: SVCall exception. ol 5 I N oA
. . . Exception Retum 0 101136 0.00120400
3. Exception 15: SysTick timer. xeﬁion Ewt:w s 1ede0 00022003
. - EchEtt:E: Retum i) 185029 D.DD22D2?3
e Entry: when the exception enters. Exception Entry 15 263830 0.00220035
Exception Exit 15 269018 0.00320260
e Exit: When it exits or returns. B Eoaam : o P

Exception Exit 15 353018 0.00420260 LI

e Return: When all the exceptions
have returned to the main program. This is useful to detect tail-chaining.

4. Data Write: Result of the counter being incremented in the Logic Analyzer. The write triggers this event.

5. There are a few other frames not displayed in this window since they are not enabled in the Trace Config window.
Frame Filters:

1. Note there are some "x" in the Ovf and DIy columns. These are SWO overloads and can cause SWV display errors.

2. Right click in Trace Records to filter out frames. Unselect Exceptions. ) v Counter Events
. .- .. . . R Exceptions
3. Clear the Trace Records window by double-clicking inside it. More frames will be displayed. w# PC Samples
4. Note the "x" do not go away in the DLY column. This is because this filter only affects the display ¥ ;;MEE;:::S
of frames and not their output on the SWO pin. To reduce overloads you must turn off various + Data Writes
events in the trace configuration window.
x
5. The Exception "X" are no not visible because [ s | 7 [y Goee | Twew -
the Exceptions are no longer displayed but iy . o) oo e
the overload is probably still present. iy H i Xz ponazest
. . . . . Data Write 200000004 00000001H X 23882 0.00028431
6. In this case, there is something still causing ITH 31 L0715 050020435
IT™ 3 03H X 42023126 0.50027531
the overloads. It could be too many Data T 3 X 402312 050027531
Data Write 200000004 00000002H X 42023126 0.50027531

Writes or the still collected Exceptions.

7. Note sometimes the Cycles and/or Time(s) sometimes stay the same as the result of an overload. It is possible to turn
off the timestamps but not all events will work without them.

Spurious Frames:

1. You might see some Counter frames. In this case, since all Counters are disabled therefore these frames are spurious
and are caused by SWO pin overloads.

2. Al ITM frames are either 31 or 0. Any other frame numbers are usually caused by the Core Clock: incorrect or
possibly caused by SWO pin overloads.

TIP: You can filter out types of frames in the Trace Records. This does not help reduce overloads. To reduce overloads it is
necessary to disable certain events in the Trace Configuration window. This will result in stopping and starting the program.
Trace Overload Display:

An indication of Trace overflows or not is displayed at the bottom of pVision. m \Trace: Data Overflow
It is common to see Data Overflow displayed and this is not always a need for high concern.

16 Copyright © 2017 ARM Limited or its affiliates. All rights reserved

STMicroelectronics ST-Link/V2 Tutorial using Arm® Keil™ MDK toolkit www.keil.com/st




25) Exceptions (includes interrupts): Uses SWV:

Exceptions include interrupts. These are displayed in two windows: 1) Trace Records and 2) Trace Exceptions. They are
enabled/disabled in the Trace Configuration window or in the Trace Exceptions window. The mnemonic is EXCTRC.

The exceptions in the Trace Records have been shown on the previous page. If Exceptions are filtered out, they are still being
output on the SWO pin potentially adding to overflows. The key to successful SWV operation is keeping the overflows down.

Trace Exceptions Window:
It is very useful to see when exceptions are occurring and how many times. This is displayed most completely in the Trace
Exceptions window.

1. Bein Debug mode. @ Run the program. The Trace Exceptions was opened on the previous page. If not:

2. Open the Trace Exceptions window by clicking on the small arrow beside the Trace icon:
3. Note the exceptions are listed by both number and name. ¥ | Trace Exceptions
4. Click in the Count box and active exceptions will come to the top as shown below: ; Event Counters
Records
5. This window updates in real time while the program runs.
6. The Exceptions can be turned off/on by unselecting EXCTRC: Exception Tracing. The program will not stop.
7. Exceptions can also be enabled/disabled by selecting Debug/Debug Settings in the pVision main menu and then
selecting the Trace tab and then EXCTRC box. This action will cause the program to stop. Click RUN to start .
Trace Exceptions o x
=l  @% @ | | EXCIRC ExceptionTracing | [¥ Timestamps Enable
# Mame Count % | Total Time Min Time In Max Time In Min Time Out | Max Time Qut | First Time [s] Last Time [s]
15 SysTick 151556 364.554 ms 2226 us 5.214 us 994,857 us 997.774 us 0.00120408 151.55620401 3
11 SVCall & 281,595 us 0.00020130 0.00043288
a7 FPU i} Os
89 12C5_ER 0 0s
85 2G_EV i} Os LI

Memory 1 |

,I_I Call 5tack + Locals | @Debug (printf) Viewer | Watch 1 |j§§Trace Exceptions ﬁE\:‘ent Counters |

Trace Overflow and how to minimize this: It is important to make sure overflows do not distort your SWV displays.
At this point we have these events coming out the 1 bit SWO pin:
e ITM 31(RTX Event Viewer) and ITM 0 (printf).
e Exceptions 11 and 15 (SVCall and SysTick respectively)
o Data Write. This results from the global variable counter being entered in the LA.
1. There are some display problems as the SWO pin is seriously overloaded. There are many "x" in the Trace

Records window especially for the Data Writes. The boicnaeer

LA is distorted (in my example) as shown: MoTwe MexTwe Gid |  Zoom | MivMax |[Upcate Screen| Tian
) i [Sve]|” 0= [154255s [ s |[n0u] AT [uto] [Ince] [ Som [ er] Prew
2. Inthe Trace Exceptions window, deselect EXCTRC: I R R R B S

box. In my case, the LA started displaying the original :
saw tooth waveform. The "x" on Data writes stopped.

Gourtter

3. It might take a few seconds for the LA to fully recover. 0| Iy ;
i i X 1541746 5 [15417 9 5
Turning off the exceptions freed up enough bandwidth R T

'[O enable the LA tO WOFk COI‘I‘ECﬂy @Dlsassemh\y |ﬂLog|cAnalﬂer

Rule Number 1 when using Serial Wire Viewer:
Enable as few events as possible to minimize SWO pin overflows. There are many SWV bits to push out the 1 bit SWO
pin and this is easily overloaded. Events chosen to output on the SWO pin are selected in the Trace Config window.

If you are a heavy user of SWYV, consider obtaining a Keil ULINKpro. This has much better SWO performance and can
use either the SWO pin in Manchester mode or the 4 bit Trace Port for increased throughput.
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26) Data Write: Uses SWV and Logic Analyzer Variables:

When a variable is successfully entered and displayed in the Logic Analyzer when the write event occurs, it is also displayed
in the Trace Records window as a Data Write. This feature is very useful for finding unexpected data writes or values.

1.
2.

3.

Right click in the Trace date window and unselect ITM Events. This is to make the Data Writes easier to see.
Select Debug/Debug Settings and select the Trace tab.

Select on Data R/W sample: W ‘on Deta RAW Sample i \il] add the PC column into the Trace Records window.

Select Close. Click Yes when a window opens and states that Configuration has changed and asked if to take values.
The program will stop.

Run the program. Double click in the Trace Records window to clear it. It will fill up with new Data Writes.

These fields will be displayed in the Trace Data window:

Address: The physical address of the variable.

Data: The data value written to this location.

PC: The location of the instruction that made the indicated data write. This field is optional. It is enabled by the on
Data R/W Sample in the Trace Configuration window: W on Deta RAW Sample s s off by default.

Cycles and Time(s): when the date write occurred. Data overflows can distort these times. They will often display
the same cycles/time if incorrect because of overflows.

The first line in this Trace Data window says:

Data 0x0000_0004 was written to address 0x2000_0000 by the instruction located at address 0x0800_0420 at the indicated
time and CPU cycles.

With no "x": in the Dly or the Ovf columns means there are now data overflows. This is because the output of Exceptions to
the SWO pin have been disabled.

Trace Records x|
Type |ovi| Mum |  Address | Dam | FC |oy|  Cycles | Timefs] li’
Data Write 20000000H 00000004H 08000420H 2811160946 3346620174
Data Write 20000000H CO000005H 08000420H 2853160946 33.96620174
Data Write 20000000H 00000006H 08000420H 2895160946 34 46620174
Data Write 20000000H 00000007H 08000420H 2937160946 3496620174
Data Write 20000000H 00000008H 08000420H 2979160946 3546620174
Data Write 20000000H 0DD0D00SH 08000420H 3021160546 35.56620174
Dl LAl (a¥a aTa¥a ata W] NONNANNATLL DO AT AnCAA G AT A ACCRNATA

Address 0x0800_0420 is a STR instruction as shown here: v p——
0xD8000418 480E LDR r0, [pc,$56] ; @0x0D8000454
0x0D800041A 6800 LDR r0, [r0, $0x00]
0x0D800041C 1C40 ADDS r0,x0, #1
0 X 050054 Rt —""TTTK YT rerdhdde., . B0X08000454
0x08000420 6008 STR ro, Erl,#@
= Lv - IElooes ™ counter = 0;
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27) RTX System and Threads Viewer: Uses DAP:

RTX is a CMSIS-RTX compliant RTOS. See www.keil.com/rtx. There are two kernel awareness windows available.
1. Have the program still running from the previous pages..

In the main pVision menu, select Debug/OS Support and select System and Thread Viewer:

This window below opens: position and size it appropriately.

Shown are three threads in this implementation of RTX. ID of 1, 2 and 3 plus the idle daemon.

Various other RTX data is displayed. This window updates in real time.

This window is very useful to quickly see if your threads are configured correctly and running.

o gk wN

System and Thread Viewer

Property Value

J-System =
Tick Timer: 1.000 mSec
Round Robin Timeout: 5.000 mSec
Default Thread Stack Size: 200
Thread Stack Overflow Check: Yes
Thread Usage: Available: 7, Used: 3 + os_idle_demon

=|-Threads iari State Delay Event Value Event Mask Stack Usage
1 osTimerThread High wait MBX | | 32%
2 main Marmal Wait_DLY 21%
3 Thread_LED Marmal Wait_AND 00000 00001 40%
255 | os_idle_demon Mone Running

=
Tt

28) RTX Event Viewer: Uses SWV and ITM 31:
1. Inthe main uVision menu, select Debug/OS Support and select Event Viewer:
2. This window opens. Adjust the Zoom with the In, Out and All icons for appropriate scaling.
3. This window is useful to see at a glance when various threads are running and how long they are active.

Event Viewer o x

Load... Min Time Max Time  Grid Zoom Update Screen Jump to Transition | ¥ TimingInfo | Curser
?

Save.. || ||| 0.432262 ms | 1144.1715s |u 55 |[In ||Dut|| Al | [ Stop |[Clear | |Code |Traoe| -E |— Show Cydles

All Threads 255) | Il (255] Il (2551, e (2551, e (255}, e (255) Hle {255< Idle (255 Iplle {255 I;:Ile (255 Iplle (255 |¢|e {255)

main (2) |: |: |: |: |: | |:
: : : : : :

11386s 114165 114465

Al ' 11>l
Event Viewer | System and Thread Viewer |

4. Select Cursor and Show Cycles. Select Stop in Update Screen. The program keeps running.
5. Select a place with a mouse click and move the cursor to determine timings. Hover over a spot to see a dialog.
TIP: If you use a ULINKpro, interrupts and their handler timings will also be displayed in this window.
TIP: Event Viewer has high SWO bandwidth. It is very sensitive to SWO overflows. You may need to disable other events.
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29) Using SWV to Determine and/or Confirm CPU Speed:

It is possible to use SWV to determine or confirm the speed of the CPU. The Serial Wire Viewer must be outputting a
waveform on the SWO pin for this to work. The SWO output is a UART when used with ST-LINK/V2. The SWO Clock
frequency is the UART speed. This method provides an accuracy expected when using a UART.

How it Works: [ Cortex 1 Target river setup |
The Trace Config window has area called TracePort: as shown here: 'Debug Trace | Fiash Dowrload |
1. You enter what you believe is the correct CPU frequency in Core Clock: Core Cock | 52600000 e
2. WVision takes this frequency and calculates a SWO Clock Prescaler value to create oo For
a SWO Clock frequency within the range of the debug adapter: a STLink/V2. Serml Wiee 0ot UARTRZ 7]
3. Inthis case, u\{ision calculates a Prescaler of 42 is necessary and the resulting SWO Clock Prescaler:[ 22
SWO Clock: will be 2 MHz. 7 Autodetect
a. The SWO Clock Prescaler is a CoreSight register in the processor. SWO Clock: [ 2.000000 MHz
b. The SWO Clock can be measured with an oscilloscope on the SWO pin.

c. Core Clock: /42 = SWO Clock. In this example: 84/42= 2 MHz.
d. With this information plus the actual SWO Clock: frequency, you can easily calculate what Core Clock: is.
Steps to take:
1. Connect an oscilloscope to the SWO pin and obtain a signal of the SWO signal.
2. Measure the period of the narrowest pulse and invert it. This gives the actual SWO Clock:
3. Calculate CPU frequency as shown with this equation: SWO frequency * Prescaler = actual Core Clock:
Conclusions:
1. If you have valid and stable trace frames in the Trace Records window, the frequency in the Core Clock: is valid.
2. If you have no or erroneous frames in the Trace Records window, the Core Clock: is probably incorrect.
3. Erroneous frames include any ITM Ports other than 0 or 31 and exceptions known not to be active.
Example:
1. With the current Blinky project, Core Clock: was set to 60 MHz. The actual CPU speed is still 84 MHz.

2. The resulting Trace Records window is shown below: Note the ITM 24, 4, 20, and so on are bogus. The Data Write
data has a bogus value in the Data column. The Cycles and Time(s) columns are mostly all the same value. It is
safe to assume the Core Clock: setting is probably incorrect.

3. Referring to the board schematic, SWO is on Pin 6 of CN2. Connect an oscilloscope and as carefully as possible
measure the period of the shortest

oulse in the SWO signal, i

. Type Ovf | Num Address | Data | PC [Dy[  Cydes [ Timel] |
Calculations: ™ 24 FFH X 1759577039 22.06499134
. ™ 4 FFCTH X 1758577038 22.06499154

4. Period of shortest pulse = 353 nsec. m 4 FRCIH X ST 206459194 —
™ 4 BFCTH X 1758577033 2206499154
; ™ 4 BFCTH X 1758577038 22.06499154
5. Prescaler value is now 30. Data Wite 20000000  25B02008H X 1759577033 22.06499134
™ 2 DDADH 1759577042 22.06499199
6. (1/(353 nsec)) * 30 = 84.98 MHz. ™ 2 BABFH 1759577042 2206499139
(an ) ™ 2 ASBIH 1759577042 22.06499199
; ™ P BABSH 1759577042 22.06499199
7. Enter rounded 85 MHz in Core iy = pes (DT e

Clock: and the Trace Records now
works normally.

8. Shown is the SWO signal on the oscilloscope:
It is approximately 3.3 VP-P.

TIP: For CoreSight debug connector specifications see:
www.keil.com/coresight/coresight-connectors/

Or

www.arm.com and search for cortex_debug_connectors.pdf
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30) Serial Wire Viewer (SWV) Configuration window: (for reference)

The essential place to configure the trace is in the Trace tab as shown below. You cannot set SWV globally for pVision. You
must configure SWV for every project and additionally for every target settings within a project you want to use SWV. This
configuration information will be saved in the project. There are two ways to access this menu:

A. In Edit mode: Select Target Options AN or ALT-F7 and select the Debug tab. Select Settings: on the right side of
this window and then the Trace tab. Edit mode is selected by default when you start pVision.

1

2)

3)
4)

5)

6)

7)

8)

In Debug mode: Select Debug/Debug Settings and then select the Trace tab. Debug mode is selected with @- .

Core Clock: The CPU clock speed for x|
SWV. The glObal variable Debug Trace |Flash Downloadl
SystemCoreClock can be viewed to E
provide the CPU frequency' ThIS must Care Elock:l E4.000000 MHz 2 ¥ Trace Enable
be set correctly for ST-Link/V2. 3 Trace Por Vimesene s Eits
ISariaI “wire Output - UART AMRZ j V¥ Enable Prescaler: |1 'l [ CPI: Cycles per Instruction
Trace Enable: Enables SWV and ITM. [~ EXC: Exoeption overhead
. . S0 Clock Prescaler: I 55 FC Sampling———————————————
It can only be changed in Edit mode. I Autadtoat Abrescar 0775 =] I~ SLEEP: Slesp Cycles
. rescaler. hd .
This does not affect the Watch and D Clocke | 1183636 M [ LoU: LoadStore Link e
Memory window display updates oek: : ¢ [ Periodic Period:l <Dizabled: [~ FOLD: Falded Instructions
y p y p ’ [ onData RAW Sample [ EXCTRC: Exception Tracing

Trace Port: This is preset for ST-Link. 1T St P a A

H - H il Port 24 23 Port 16 15 Fort 8 7 Port 1]
TImeStamps' Enables t_lmeStampS and Enable: | 0=FFFFFFFF 2 v v v vl v v ol e o v oo o v e vl v v g o e o v vl v v v v oo o v g
selects the Prescaler. 1 is the default. Pivilsge: [3+00000008 o324 ¥ Pon23.16 Fort 15.8 For 7.0 ™
PC Sampling: Samples the program
counter:

| QK I | Cancel I

a. Prescaler 1024*16 (the
default) means every 16,384™ PC is displayed. The rest are not collected.

b. Periodic: Enables PC Sampling.

¢) On Data R/W Sample: Displays the address of the instruction that caused a data read or write of a variable listed
in the Logic Analyzer. This is not connected with PC Sampling but rather with data tracing.

ITM Stimulus Ports: Enables the thirty-two 32 bit registers used to output data in a printf type statement to
M1Vision. Port 31 (a) is used for the Keil RTX Viewer which is a real-time kernel awareness window. Port 0 (b) is
used for the Debug (printf) Viewer. The rest are currently unused in pVision.

e Enable: Displays a 32 bit hex number indicating which ports are enabled.
e  Privilege: Privilege is used by an RTOS to specify which ITM ports can be used by a user program.

Trace Events: Enables various CPU counters. All except EXCTRC are 8 bit counters. Each counter is cumulative
and an event is created when this counter overflows every 256 cycles. These values are displayed in the Counter
window. The event created when a counter wraps around is displayed in the Instruction Trace window.

a. CPI: Cycles per Instruction: The cumulative number of extra cycles used by each instruction beyond the
first, one including any instruction fetch stalls.

b. Fold: Cumulative number of folded instructions. These results from a predicted branch instruction where
unused instructions are removed (flushed) from the pipeline giving a zero cycle execution time.

c. Sleep: Cumulative number of cycles the CPU is in sleep mode. Uses FCLK for timing.

EXC: Cumulative cycles CPU spent in exception overhead not including total time spent processing the
exception code. Includes stack operations and returns.

LSU: Cumulative number of cycles spent in load/store operations beyond the first cycle.

f. EXCTRC: Exception Trace. This is different than the other items in this section. This enables the display
of exceptions in the Instruction Trace and Exception windows. It is not a counter. This is a very useful
feature to display exception events and is often used in debugging.

TIP: Counters will increment while single stepping. This can provide some very useful information. You can read these
counters with your program as they are memory mapped.

STMicroelectronics ST-Link/V2 Tutorial using Arm® Keil™ MDK toolkit
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31) Serial Wire Viewer (SWV) and ETM Trace Summary:

Serial Wire Viewer can see:
= Global variables.
= Static variables.
= Structures.
= Peripheral registers — just read or write to them.
= Can’t see local variables. (just make them global or static).
= Can’t see DMA transfers — DMA bypasses CPU and SWV by definition.

Serial Wire Viewer displays in various ways:
= PC Samples.
= Data reads and writes.
= Exception and interrupt events.
= CPU counters.
= Timestamps.

Top Reasons SWV does not work:

e Core Clock is incorrect. Use the global variable SystemCoreClock to determine CPU speed. Note the CPU speed
can change after the PLL is configured and SWV can stop. Use STM32CubeMX to calculate the clock tree.

e Check Trace Records window: look for bogus ITM frames — should be only ITM 0 and 31.
e SWO pin is seriously overloaded. Unselect some SWV events. Always minimize active number of SWV events.

V¥ Enable Prescaler: |1 'l

e Make sure View/Periodic Window Update is selected. Only while in Debug mode. Ti
e Make sure Timestamps are activated: Some, but not all, SWV features will turn off with this. {

e Some ST boards have a solder bridge that needs to be soldered. The STM32F429I- Disco is one example.

ETM Trace is good for: A ULINKpro is needed to obtain ETM Instruction Trace:
= ETM Instruction Trace adds significant power to debugging efforts. Tells where the program has been.
= Arecorded history of the program execution in the order it happened as opposed to the way the program was written.
=  Trace can often find nasty problems very quickly. Weeks or months can be replaced by minutes.
= Especially where the bug occurs a long time before the consequences are seen.
= Or where the state of the system disappears with a change in scope(s).
= ETM facilitates Code Coverage, Performance Analysis and program flow debugging and analysis.

These are the types of problems that can be found with a quality ETM trace:
= Pointer problems. lllegal instructions and data aborts (such as misaligned writes).

= Code overwrites — writes to Flash, unexpected writes to peripheral registers (SFRs), a corrupted stack.
How did | get here ?

= Out of bounds data. Uninitialized variables and arrays.
= Stack overflows. What causes the stack to grow bigger than it should ?

= Runaway programs: your program has gone off into the weeds and you need to know what instruction caused this. Is
very tough to find these problems without a trace. ETM trace is best for this.

= Communication protocol and timing issues. System timing problems.

For information on Instruction Trace (ETM) please visit www.keil.com/st for other labs discussing ETM.
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32) Document Resources: See www.keil.com/st

Books:
1. NEW! Getting Started MDK 5: Obtain this free book here: www.keil.com/mdk5/.
2. There is a good selection of books available on Arm: www.arm.com/support/resources/arm-books/index.php
3. MVision contains a window titled Books. Many documents including data sheets are located there.
4. Alist of resources is located at: www.arm.com/products/processors/cortex-m/index.php

®© N o o

Click on the Resources tab. Or select the Cortex-M processor you want in the Processor panel on the left.
Or search for the Cortex-M processor you want on www.arm.com.

The Definitive Guide to the Arm Cortex-M0/MO+ 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.

Application Notes:

1.
2
3
4,
5
6
7.

8.
9.

10.
11.
12.

13.
14.

Using Cortex-M3 and Cortex-M4 Fault Exceptions www.keil.com/appnotes/files/apnt209.pdf

Segger emWin GUIBUuilder with pVision™ www.keil.com/appnotes/files/apnt 234.pdf

Porting mbed Project to Keil MDK™ www.Kkeil.com/appnotes/docs/apnt_207.asp

MDK-Arm™ 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 in MDK 5 C:\Keil_v5\ARM\PACK\ARM\CMSIS\.5.00\CMSIS\RTOS\RT X
(replace 4.5.0 with the RTX version you desire)

RTX CMSIS-RTOS www.keil.com/rtx and www.keil.com/cmsis

Barrier Instructions http://infocenter.arm.com/help/topic/com.arm.doc.dai0321a/index.html

Lazy Stacking on the Cortex-M4: www.arm.com and search for DAI0298A

Cortex Debug Connectors: www.arm.com and search for cortex_debug_connectors.pdf

Sending ITM printf to external Windows applications: www.keil.com/appnotes/docs/apnt_240.asp

NEW! Migrating Cortex-M3/M4 to Cortex-M7 processors:  www.keil.com/appnotes/docs/apnt_270.asp

NEW! Armv8-M Architecture Technical Overview https://community.arm.com/docs/DOC-10896
NEW! Determining Cortex-M CPU Frequency using SWV  www.keil.com/appnotes/docs/apnt_297.asp

Keil Training Courses:

1.

Keil Training Courses, Workshops and Tradeshows: www.keil.com/events/

Useful Arm Websites:

AR R S A

NEW! CMSIS Standards: _https://github.com/ARM-software/CMSIS 5 and www.arm.com/cmsis/
CMSIS Documents: www.keil.com/pack/doc/CMSIS/General/html
Arm and Keil Community Forums: www.keil.com/forum and http://community.arm.com/groups/tools/content

Arm University Program: www.arm.com/university. Email: university@arm.com
mbed™: http://mbed.org

For comments or corrections on this document please email bob.boys@arm.com.
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33) Keil Products and Contact Information:

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 is equivalent to a ULINK2.
= New ULINKplus- Cortex-Mx High performance SWV & power measurement. Available now !
= ULINKpro - Cortex-Mx SWV & ETM instruction trace. Code Coverage and Performance Analysis.
= ULINKpro D - Cortex-Mx SWV no ETM trace ULINKpro also works with ARM DS-5.

= For special promotional or quantity pricing and offers, please contact Keil Sales.
= In USA and Canada, 1-800-348-8051.  sales.us@keil.com

* Outside the US: +49 89/456040-20 sales.intl@keil.com

= Global Inside Sales Contact Point: Inside-Sales@arm.com

RTOS: Keil RTX RTOS is now provided as part of MDK: See www.keil.com/rtx
DSP: Keil provides free DSP libraries with source code for Cortex-M processors. R ———S—

Call Keil Sales for details on current pricing, specials and quantity discounts. Sales can also

KEIL |
provide advice about the various tools options available to you. They will help you find KEIL e DZ(NIS
various labs and appnotes that are useful. 1‘[ RSN . i

\ ettin; Stnv‘(cd‘
All products include Technical Support for 1 year. This is easily renewed. S~ g
Call Keil Sales for special university pricing. Go to www.arm.com/university to view e T *

various programs and resources.

MDK supports all STM32 Cortex-M0, M3, M4 and M7 processors. Keil supports
many other ST processors including 8051, ARM7™, ARM9™ and ST10 processors.
See the Keil Device Database® on www.keil.com/dd.

For Linux, Android, other OSs and no OS support on ST Cortex-A processors such as
SPEAr, see 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
Global Inside Sales Contact Point: Inside-Sales@arm.com

Keil World Wide Distributors: www.keil.com/distis/

Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the US: support.inti@keil.com
CMSIS: www.keil.com/cmsis New CMSIS Version 5: https://github.com/ARM-software/CMSIS 5

Cortex [JCMSIS  armekeil

ARM?® Cortex” Microcontroller

Intelligent Processors by ARM® Software Interface Standard
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