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Introduction:

1.

The purpose of these hands-on exercises is to give you exposure to the RealView MDK® microprocessor
development kit and enhance familiarity with the Cortex-M3 core. Emphasis is placed on demonstrating the Real-
Time Trace: Serial Wire Viewer (SWV) which is a component of CoreSight™ on-chip debug and trace technology.
You will learn some interesting facts about the Cortex-M3 processor.

The target processor is the STMicrolectronics STM32F103RB 32 bit ARM Coretx-M3 processor. The Cortex-M3 is
the latest ARM processor and is targeted for the embedded market.

You will use Keil example programs to configure pVision, compile and load these programs into the processor
Flash memory. You will then put pVision into debug mode and you can start and stop the program and observe
various data inside the processor. Most will be viewed in real-time with the Serial Wire Viewer.

Where possible, we will use the Keil default settings. MDK is designed to offer “out of the box™ operation. It takes
a minimal effort to get projects configured, compiled, loaded and running. This saves much time. You do not need
to write any new code.

This document requires the use of ARM® MDK Version 3.20. The IDE (Integrated Development Environment)
used is Keil pVision®3. MDK uses the ARM RealView toolset including C, C++ compilers, libraries, assembler
and linker and with the full version, the Keil RTX RTOS kernel is included.

Later versions of MDK will work but the example programs are subject to change as is pVision. Earlier versions of
MDK do not have the Serial Wire Viewer incorporated into pVision. Please contact M Onions or R Boys or Keil
technical support for the latest version of this document.
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6. You can download MDK free from www.keil.com. Without a license key, pVision will run in evaluation mode.

Code size is then restricted to 16 Kbytes. This is sufficient to compile and run all the Keil examples.
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Installation:

1.

Software:
When installing MDK, please use the default directories. All the example files are installed with pVision in
C:\Kei\Arm\Boards\Kei\MCBSTM32.

Hardware:
A Keil MCBSTM32 evaluation board and a ULINK2 or ULINK2-ME USB to JTAG adapter are required. Running
the examples on other target boards or adapters is possible but is beyond the scope of this document.

All these examples will compile and link with the MDK evaluation version (no license is required). When the
dialog box in Figure 1 appears when you enter debug mode, please click on OK. This e i
bOX does n0t appea‘r On a‘ Ilcensed Copy Of MDK —'—S MISSING DEVICE (RO0O3: SECURITY KEY NOT FOUMD)

Running with Code Size Limit: 16K

Connect the hardware to your PC as shown in Figure 2. The USB cable connected to
the MCBSTM32 board is only to power it. All communication to and from the board

is through the Keil ULINK®2 USB-JTAG adapter.

There must be two (2) USB cables attached to your computer as shown in Figure 2.

Figure 1 Evaluation Mode

When all the connections are correct, the MCBSTM32 LCD displays some graphics or letters and a red LED will be
on. On the ULINK2, only the red LED will be illuminated.

When you start pVision, if the ULINK2 needs its firmware upgraded — this will happen at this time. It will notify
you of this fact and will only take a minute or so and then you can continue with the exercises.

Many of these exercises can be run without a target hardware using the pVision Simulator. The Serial Wire Viewer
will not be available as a real Cortex-M3 chip must be used to access this valuable feature.

Please send any corrections and comments to robert.boys@arm.com.

Figure 2 Hardware Connections: MCBSTM32 and ULINK?2
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Lab exercises introduction: General Information needed to run the exercises.
1. ULINKZ2 operation and LED meaning: (for reference only — do not start uVision yet)

a. The “USB” led will illuminate (red) with power connected to its USB cable.
b. With pVision running and in debug mode, the “COM?” led will illuminate (blue).
c.  When a program is running under command of pVision, the “RUN” led will illuminate (blue).

2. If pVision locks up, temporarily disconnect the USB cable to the ULINK2 and the connection will be automatically
restored. Control will then be restored to pVision.

3. Editand Debug mode. pVision has two modes: Edit and Debug. Clicking on the debug icon Q

these modes. When this icon has a square box around it — pVision is in debug mode.

toggles between

a. Edit mode is essentially for configuring much of pVision, creating and modifying source files and
compiling them and programming the processor Flash memory.

b. Debug mode is essentially for running and stopping the program and viewing registers and memory
locations of various types. The RUN and STOP icons are available only in debug mode. The core registers
are available only during debug mode. You will quickly learn to know which mode pVision is currently in.
This will not create problems for you.

4. Important Steps that might hamper success:

a. Simulator or MCBSTM32™ Target: Always use the target hardware box set to MCBSTM32 or “STM32

Trace C” for the STLIB_ Blinky example and not this; |Simufator =l This box is only
changeable when pVision is in Edit mode and not in debugger mode.

b. ULINK Cortex debugger must always be selected — not “Use Simulator”. This is described in Appendix A,
Figure xyz.

c. Serial Wire Viewer Configuration: See Appendix A. The five most important parts are circled in the three
screen shots in Appendix A. They are:

i. ULINK Cortex Debugger must be both visible and selected.
i. The Initialization file STM32DBG.ini must be entered.
iii. SWJ and SW must be selected.

v. Core clock must be set to 72 MHz

v. Trace Enable must be checked.

If you have problems check these first. The fastest method to get to these menus is to first make sure pVision is in Edit

mode (not debugging) and click on the Options for Target icon.

www.keil.com



1) Blinky:

This example obtains the value of the pot position on the board using the A/D converter and displays it on the LCD. You
will learn how to open a project, compile (rebuild) the source files into an executable, load this into Flash and run it.

ek wnhpE

B oo

11.
12.

13.
14.
15.

16.

Start pVision by clicking on its icon.
Select Project/Open Project. Open project C:\KeilNARM\Boards\Kei\MCBSTM32\Blinky\Blinky.Uv2.
Note: there are many Blinky.Uv2 files — make sure you hare loading the correct one ! Check your directories.

On the toolbar select MCBSTM32 as the target (not Simulator). {MCBSTMS? [
Select the processor in Project/Select Device for Target MCBSTM32. Select STM32F103RB (not R8). Click OK.
Everything about this project is pre-configured but you must first compile it with the Rebuild command.

Click on Rebuild All Target Files.
This will return 0 Error(s) and 0 Warning(s) in the Build window at bottom left of your screen.

Now, the FLASH in the processor must be programmed with the executable file you just created.

First — make sure the ULINK Cortex debugger is selected as per instructions “Configuring SWV” in Appendix A:

steps 1 through 6. Step 4 is optional and not used in this example.
LOAD

Click on the FLASH load icon. i pVision will go through its erase, program and verify cycles.
If you get a JTAG Communication Error, repeat step 6 in Appendix A. (SWV might be reset back to JTAG).

0}

Run the program by clicking on the Run - icon.
As you turn the pot on the evaluation board, you will see the LEDS change their speed and the bar on the LCD
change as shown in Figure 3. This is correct. Congtartulations ! Your first pVision project !

Put pVision into debug mode. Click on this icon.

Stop the program execution by clicking on the stop icon. ——

Figure 3 Blinky example — turning the pot.
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Finding Programming Errors
o}

Take pVision out of debugging mode by clicking on this icon.

=

2. Insert a programming error into a file. As an example, | added two underscores __ behind the variable

ADC_ConvertedValue on line 102 of blinky.c.
3. Rebuild the project. You will get Figure 4.

4. Note the target file was not created because of the error described in the Output window in the line Blinky.c (102)

(this line is outlined in Figure 4). Click on this line and pVision takes you to the error.

5. Aturquoise arrow will display the offending line in order for you to easily locate and repair it. This is shown in
Figure 4 in the file Blinky.c. Note: On some computers this arrow will not show but you are taken to the line.

6. Correct the error and rebuild.

7. Neat Feature: Click once on any curly bracket or parenthesis and note that it turns grey and so does its counterpart.

This helps you keep track of which braces are related to each other.

100

1n7

101 while (1) {

=102 AD wvalue = ADC_ConvertedValues  ;
103 AD scaled = AD wvalue / 525
104 if [AD scaled != AD_scaled ex) {
105 LD _scaled_ex = AD_scaled;
106 led bargraphZ¥ (0, 1, AD_scaled):

7"' g8 |'J:| "{}F |@T | Blinky.c | Abstract.lxll

*|compiling LCD_4bit.c...
compiling Serial.c...
compiling STM32_Init.c...
compiling Blinky.o. ..
Blinky.c(102): error:
Target nhot created

#20: identifier "ADC edValus

" iz undefined

| Cutput Window

Find in Files

WA TpiT Buitd f Command

IF_‘Startl J Inbo - Microsoft Qutlook | 13 kel ARM|Boardsikell, .. | @ Travelocity: Return Sear... | @ ‘web Mall Mess

Figure 4 Error messages

Finding the Definition and the Reference of a Variable

Neat Feature: Sometimes it can be quite difficult to find the definition and reference of a variable. pVision makes this very
easy. To find the definition or reference of a variable: right click on it and select either definition or reference in the window

that opens as shown in Figure 5. You will be taken to this location.

In Blinky.c as shown in Figure 4, right click on the variable ADC_ConvertedValue.
Select Definition and view the result.

PR

You will be taken to a different file — a header this time. It would have taken some
time to find where this variable was defined without this feature.

Figure 5 Finding Definitions and References of variables.

www.keil.com

Right click again on the definition of this variable and this time select Reference and view the result.
Try a harder one: scroll up to line 034 of Blinky.c and right click on DMA_Channell and select definition.

X2 Undo

[l

0Py
aste

3
@B

o

Select Al
Insert '#include <stm3zf10x_lib.h>'

Go Ta Line
@ Insert/Remove Breakpoint

Ga To Definition OF "ADC_Convertedyalus'
Go To Reference To "ADC_Convertedyalue'

Qutlining
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Watch Window

1.
2.

Nookow

Put pVision into Debug mode.

If the Watch window shown in Figure 6 is not open in the bottom area of your screen, open it with View/Watch &
Call Stack Window. Click on the Watch #1 tab.

Click on “type F2 to edit” and press F2. Enter ADC_ConvertedValue.

This will display the global variable ADC_ConvertedValue which is the value of the pot position.

Run the program and vary the pot. The value of ADC_ConvertedValue will also vary and in real-time.

Carefully click once or twice on the Value until it is blocked over.

Enter a new value and press Enter. This new value will be injected into this memory location in real-time. You will
not see the effect since it is quickly over-written by the program. But this is how to do this.

Stop program execution and take pVision out of debug mode.

DA 0T, Cocals p, wakch #1 4 watch #2 }, Call Stack /.
Figure 6 Watch window

| Wiatches

How It Works: pVision uses the Serial Wire Debug Port (as opposed to the JTAG port) to read or write memory locations
without stealing any CPU cycles. This is nearly always non-intrusive and therefore does not impact the program execution
timings. The only time this will be intrusive is in the unlikely event the program running on the CPU and pVision read or
write to the same memory location at exactly the same. Then the CPU will be stalled for only one clock cycle. In practice,
this cycle stealing effectively never happens.

Changing text on the LCD

1.
2.
3.

©ONo O

In the file blinky.c scroll to line number 095 as shown in Figure 7.

This is the C code line lcd_print (" MCBSTM32 DEMO ');

You can open this file if not already visible by double-clicking on it in the Project Workspace in the Source
directory. This is in the upper left hand corner of uVision.

Enter your own ASCII text inside the quotes up to 16 characters replacing “MCBSTM32 Demo”.

LOAD

o
Click on Rebuild [ and then program the processor flash memory. K4

Enter the debug mode Q and click on Run. |
Your new text will now be visible on the LCD.
Stop program execution and take pVision out of debug mode to be ready for the next exercise.

B C\Keil'\sRM'Boards'Keil \MCBSTM32} 1Ol x|
087 int AD_scaled ex = 0O -
088 int AD scaled:

083
030 stm3Z_Init {);
091 ade_Init[);

092
033 led init (12
034 lod clear ()
095
036 set_cursor (0, 1);
097 led print ("0 www.keil.com ") J
098
033 for (i = 0; 1 < 10000000; i++);

100 -

IKIA] Hz
Figure 7 Changing the Text on the LCD
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2) Creating a new project: PWM_2: Pulse Width Modulator (TIM4) Example

The pulse width example (PWM _2) is pre-configured as are all the examples provided by Keil. However, we will start this
example project from the beginning to illustrate how easy this process is. We will use the existing source code files so you
will not have to type them in. Once you have the new project configured; you will build, load and run the PWM_2 example
as usual. You can use this process to create any new project from your own source files created with pVision’s editor or any
other editor. If you prefer to try out this example without doing it from the beginning, go to Appendix B for instructions.

Create a new project called Mytest:

oakwnNPE

© o~

10.

With pVision running and not in debug mode, select Project/New pVision Project.

In the window Create New Project go to the folder C:\KeilARM\Boards\Kei\MCBSTM32

Right click and create a new folder by selecting New/Folder. 1 named this new folder ST.

Double-click on the newly created folder “ST” to enter this folder as is shown in Figure 8.

Name your project. | called mine Mytest. You can choose your own name but you will have to keep track of it.
Click on Save.

Savem:lkf}ST j & & o BE-

File name: IMytesﬂ j Save I
Save as ype: |Pro|act Files [“.uv2) =l Cancel

i

Figure 8 Creating a new project name: Mytest

The window “Select Device for Target 1” shown in Figure 9 opens up.

This is the Keil Device Database® which lists all the devices Keil directly (and publically) supports.

Locate the STMicroelectronics directory, open it and select STM32F103RB (not R8). Note the feature list for this
device is displayed in Figure 9. You are able to add new devices yourself.

Click on OK.
5|
cru |
Vendor  STMicroelectionics
Device:  STM32F101RE
Toolset:  ARM
[rata base D escription:
£1 sTIoR172 :I ARM 32-bit Cortexb 3 Microcontraller, 36MHz, 128kB Flash, 16kB SRAM,;I
£ ST10RZE2/272 FLL. Embedded Intemal RC 8Hz and 32kHz, Real Time Clock,
£ STAZORY Nested Intemupt Controllsr, Power Saving Modes, JTAG and SwD.
3 Synch. 16-bit Timers with Input Capture, Output Compare and P,
L STMIZFI0ICE 2 16-bit Watchdog Timers, SysTick Timer, 2 5FI. 2 120, 3 USART.
€4 STM3ZF101CE 12-bit 16-ch A/D Conwverter, Fast [/0 Parts

£ STM3ZFI01CBTE
~£4 STMI2FI01RG |
£1 STM3ZFI0IRE
STH32F101RE
£ STHMIZF101TE
~£d STM3ZF101T8
€4 STM3ZF101vE

£ STMIZFI0VE = =
Cancel | Help

Figure 9 Keil Device Database

www.keil.com



11.

12.

13.

14.

A window opens up asking if you want to insert the default STM32 startup file to your project. Click on “Yes”.
This will save you a lot of time.

In the pVision Project Workspace area shown below in Figure 10, open up the folders as shown below on the left by
clicking on the “+” beside each folder.

We have now created a project called Mytest and the target hardware called Target 1.

E Mytest - p¥ision3

File Edit Wiew Project Debug Flash Peripherals Tools SWCS  Window Help
S| R0 EE SR
£ (8 it | 88 a8 Targett R

| Project Warkspace - x|
=i
=-£5 Source Group 1
“o [#] STM3ZFL0x.s

Figure 10 Project Workspace

Click once (carefully) on the name “Target 1” (or twice if not already highlighted) in the Project Workspace and
rename Target 1 to something else. | chose MCBSTM32 as shown below in Figure 11. Click once on a blank part
of the Project Workspace to accept this. Note the Target selector also changes. You can create many target
hardware configurations including a simulator and easily select them for debugging purposes.

Select the source files:

1.

2.

Using MS Explore (right click on Windows Start icon), copy all the files from
C:\KeilARM\Boards\KeiNMCBSTM32\PWM_2 to the ST folder except the file STM32F10x.s.

In the Project Workspace in the upper left hand of pVision, right-click on “Source Group 1” and select Add files to
Group “Source Group 1”.

Select the files Pwm.c and STM32_lInit.c and click on Add and then Close. These will show up in the Project
Workspace as shown below. At this point you could build this project but let us finish setting pVision up first.

[Project Warkspace - x|
EESTceoro:

Ea Source Group 1
STM3ZF10x.5
Puwim.c
%] STM3Z _Init.c

Figure 11 New Project Workspace for Target hardware MCBSTM32

Configure the ULINK2:

1) Select Project/Options for Target Cypress 1 or click on the Options icon. AN
2) Select the Debug tab.

3) Select the box labeled Use: beside the box Ulink Cortex Debugger. Very important step !

4) Verify the SWV is configured as described in Appendix A.

5) Complete Steps 2 through 6 in Appendix A to configure the ULINK2.

6) You can skip 4 as trace isn’t needed for this example. But it won’t hurt of you complete it.

7) Steps 7 through 10 are for the SWV Trace and are optional for this example. They are not needed.
8) Do Steps 11 through 15. This completely configures the ULINK2 in uVision.

9) Now, you can continue with the PWM_2 example on the next page.

10) Click on File/Save All to save your project.

9
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2a) PWM_2: Pulse Width Modulator (TIM4) Example

LEDs PB8 and PB9 are connected to the output of TIM4 Channel 3 and Channel 4 respectively. The PWM output makes the
LEDs smoothly and slowly change brightness alternatively as the duty cycles are slowly changed..

The project is already open. If not, open Pwm.Uv2 from the directory you created: ST. Important step.
Double-click on the file Pwm.c in the Project Workspace to make it visible.

Select MCBSTM32 in the Target box. Do not use Simulator.

Rebuild the project and load this into the processor flash.

PwbdPE

Note: if you get a JTAG Communication Error at this point, open up the Options for Target box and select Debug and
Settings. There is a possibility the SW settings have changed back to JTAG. Change these as shown in the circle on Figure
36 in Appendix A.

5. Put pVision into debug mode.
6. Click on RUN. Note the two LEDS slowly change brightness.

Variable Ccr determines the relative brightness of LED PB8 and 100-Ccr for PB9. Variable Dir determines if a LED is
increasing or decreasing.

Watch Window:

1. Inthe Watch window (either #1 or #2) click on “Type F2 to edit” and press the key F2.
2. Enter one entry for Ccr and repeat for Dir. Note you do not have to stop the program to enter these values.

Neat Feature: You can block a variable in a source file, then click on it and drag it to a Memory or Watch window. You
I5

can also do this from the Symbol Viewer available while in debug mode from View/Symbol Window or its icon.

The Watch window will look like Figure 12: Note how the values change as the program runs.

How it works: This information is acquired from the CPU through the Serial Wire Viewer therefore is non-intrusive and in
real-time. No code in the user space is used.

Other processors must use various intrusive methods to obtain this type of information without stopping which by definition
is not real-time. Some projects such as disk drives, motor control, engine and transmission controllers and those that depend
on time-outs with other systems often cannot be stopped.

<type F2 ta edit:

‘iabches

(TR, cocals pweatch #1 {watch #2 i Call Stack [
Figure 12 Real Time Watch Window for variables Ccr and Dir

10
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Configuration Wizard:
Neat Feature: pVision provides a method to easily edit initialization files to set program values.

1)
2)
3)

Stop program execution and take pVision out of debug mode.
Open the file STM32_lInit.c.
You can select this from the Project Workspace. Select either the Functions or Files tab at the bottom of the

Project Workspace as shown in Figure 13, then double click on the filename to open it up.

4)
5)

You might have to move the right edge of this window to the right in order to see all the columns.
In the STM32_Init.c window shown in Figure 13, note the commented text ( //) with tags surrounded with < >,

This is an open scripting language that you can create yourself for any of your own source files.

IELO® G| e it

-

it | QEY ¥ 0k BmER >

|Project warkspace

=- Puaurn.c

- # main {void)
N & TIM4_IRGHandler (void)
=] 5TME2_Init.c

B Fites ‘ = Reigs |QQBnnks ¥} Functions | T Temyl

Figure 13 Text Editor tab for a source file

| Symbals - x|
Mask: |* I™ Case Sensitive
Mame Address | Type |
@95 Peripheral SFR
EE Pum Applic:...
£3 Runtime Library
- [] Prm Module
= [a] STMIZ Ink Module
-~ @ sm32_AfRemapSetup 0<080... | Funch...
- @ etm32_ClockSetup 02080... | Funct...
@ stm32_EfiSetup 02080... | Funct...
- @ stm3Z2_ExtiSetup 0x080... | Funch.
- @ ¢tm3Z2_GetPCLK] 0x080... | Funch...
- @ ¢m32_GpioSetup 0x080... | Funchi...
o stm32_Init 02080... | Funct...

& C\KEIL\ ARM"\BOARDS", KEIL'\MCBSTM32\PWM_2'STM32_INIT.C

2546
2847
2548
2549
2550
2561
2862
2863
2554
2555
2556
2867
2568
2553
2560
2561
2862
2863
2564
2565
2566
2567
2568
2563
2570
2571

™ |

A

<i=x

=10 %]

Eemap (PDOSOSCIN, PRIJOSC OUT)

A/ <fex End of Alternate Function remap Configuration
#define _ AFRENMAP SETUP 0
Ox00000000

#define _ AFIO MAPR

s
s
£
I
s
74
s
rr
I
A
74
s
s
£
£
4
s
s
i

Text Editor

A50
A5

<el> Gerneral purpose I/0 Configuration

<el.o> GPI0A
<02, 0.0 3

: GPI0 port A used

Pip O used as
<0=xAnalog Input
<d=rFloating Input

wf§=x>Input with pull-up / pull-down

wi=>General
wE=>General
w2=xGeneral
wo=rFeneral
wI=>General
o ¥=>General

Purpose
Purpose
Purpose
Purpose
Purpose
Purpose

Qutput
Dutput
Qutput
Output
Output
Output

rush-pull (maxz speed 10MHz)
open-drain (max speed 10MHz)
rush-pull (max speed ZMHz)
open—drain (max speed 2ZMHz)
prush-pull (max speed S0MHz)
open-drain (max speed EOMHz)

<8=xAlternate Function push-pull (max speed 10MHz)

wil3=rAlternate Function
<ig=rAlternate Function
<id=rAlternate Function
wii=xdlternate Funclion

open—drain (max speed 10MHz)
rush-pull (max speed 2MHz)
open—drain (max speed E2MHz)
push-pull (max speed S0MHz)

Genera

GPI0 p

il

Configuration Wizard §

6) Click on the Configuration Wizard tab at the bottom of the window STM32_INIT.c in Figure 13. Figure 14
opens up with check boxes. This is the same text but arranged differently. Changing the text in the Text Editor

tab or the settings in the Configuration Wizard tab changes the settings in the other tab and vice versa.

www.keil.com

Expand &ll I Collapse &ll

Help

B C:\KEIL',ARM‘BOARDS"KEIL\MCBSTM32,PWM_2,STM32_INIT.C*

_lo| x|

Dptian

‘ Yalug

E
&
£

[=1 Clock Configuration

[+ Clock Contral Register Configuration (RCC_CR)

- Clock Configuration Register Configuration {(RCC_CFGR)
- HSE: External High Speed Clack [Hz]

- Independent Watchdog Configuration

/- System Timer Configuration
1]- Real Time Clock Configuration

[=]- Timer Canfiguration

M- TIM1 : Timer 1 enabled
M- TIMZ ; Timer 2 enabled
- TIM3 : Timer 3 enabled
TIM4 : Timer 4 enabled
i USART Configuration
- Tamper Configuration

- Alkernate Functi
neral pur

[#

o e ] [

- Embedded Flash Configuration

Text Editor_}, Configuration Wizard

- External interrupt/event Configuration
ap Configuration
Figuration

~

@

R e e s e 3 e A |

000000

Figure 14 Configuration Wizard tab for the same source file
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3) STLIB_Blinky Example

Serial Wire Viewer - Trace

The Serial Wire Viewer is a Cortex-M3 feature. It is a single bit trace feature offering flexible debugging power exceeded
only by the ETM (Embedded Trace Macrocell). Both are part of the CoreSight debugging technology from ARM. ETM is
an option and is not available on all ARM controllers. Consult the applicable processor data sheet.

CoNoR~WNE

Open the project Blinky.UV2 in MCBSTM32\STLIB_Blinky.

Select STM32 Trace C in the target window as shown here: ¥4 4K[STM32 Trace C &
configure the SWV as described in Appendix A.

Rebuild (compile) the project.

Load the FLASH and put pVision into the debugging mode.

If necessary, open the Logic Analyzer window in View/Logic Analyzer Window.

Open the ITM Viewer in View/Serial Window if not already present.

Run the program and rotate the pot on the board.

If it doesn’t work as described and shown in Figure 15: double check the SWV settings as in Appendix A.

How it works: The Logic Analyzer window shows the global variable AD_DbgVal representing the position of the pot (in
red) and the Cortex-M3 SYSTICK timer (in green). This is displayed in real-time through the Serial Wire Viewer.

=10 xI| =10/x]
Mir Tirne: b aw Tirne: Range: Grid: Zoan; Code: Setup Min/Max: LD walue = 0Ox080D ;I
Setup..| Expot.||| 00s  [1473026< [10.00000s | 0500000 LI | [ou] ] j2=1] | [Show || e | _Unds | AD walue = Ox080E
T T T T T T T T T T - - - - - - - - AD walue = Ox080D
OFF- o 0 0 L L L [t b1 || vaiue - oxosox
H H H H H H H H H | AD wvalue = 0Ox080E
LD walue = Ox0OLO7
= LD walus = Ox0000
= LD walus = 0OxDO00
2. iD walue = Dx0000
e AD walus = 0x0000
LD walus = Ox0637
A0 walus = OxOFOL
LD walue = OxO046E
N LD walus = Ox0469
E
=
K
a=
5 P
T
=l Kl ol 4
E
2
[
=
i 0 L LooF L oo
5.000000 5 10.00000 5 15.00000 5
Kl J—
Figure 15 Logic Analyzer and ITM Viewer displaying the variable AD_DbgVal
ITM Viewer

Neat Feature: The ITM Viewer window shown on the right in Figure 15 is written to by customer code and uses the ITM
channel Port 0. This example code shown below is in the file Serial.c. In this example, it writes the ASCII value of the pot
position to the ITM Viewer window. This is called serial debug or printf debugging. The value you write to this port appears
in the ITM Viewer window. ITM is an acronym for Instrumentation Trace Macrocell.

Writing the value ch will take 2 CPU cycles. No cycles are used to transfer the data through the ITM out to pVision.

10.

#define 1TM_Port8(n) (*((volatile unsigned char *)(0xE0000000+4*n)))
if (DEMCR & TRCENA) {

while (ITM_Port32(0) == 0);
ITM_Port8(0) = ch;

Please STOP the program execution and take pVision out of debugger mode for the next exercise.
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4) Tamper Example

Pressing the tamper button, TAMP on the evaluation board, causes an external interrupt 2 with the STM32 processor. This is
also known as Int 18 in ARM documents. Tamper is a processor pin to prevent unauthorized access.

1. Open the Tamper project tamper.Uv2 and build it and load it into the processor Flash memory as before.

2. Configure the Serial Wire Viewer as described in the Appendix A. Make sure the ULINK and not simulator is

selected. See the Figure 35 in Appendix A.

Enter the debug mode.

4. Open Peripherals/Target Settings and select the Trace tab and set this window as shown in Figure 16. Ignore the
ITM settings. The EXCTRC must be set. Click on OK.

5. Open Peripherals/Trace and select Records. Repeat and select Exceptions and position the windows.

w

Corbes-M Target Driver Setup Xl
Ot Tioce |
Coun Clock: [ 72000000 MHz =
Tisce Pt Tietasros Trace Evets
" ¥ Erable  Prescaler[1 = I~ CPY Cycls pest Intmaction
I 40 Eneaption overhasd
S0 Clock Prescaler -5
= e I SLEEP: Skeeo Cycks
||:.mnl. escalet [MO816 21 |1 L Lowd Saore Unit Cockes
W0 Cocke [ 1. MHz I Peodc Peict [ <Dmatieds | | [ FOLD: Folded lnsimactions
I onDota AW Sample R EXCTRC: Exception Tracng
1T Stimubar Porty
n Post un Post 16 15 Pest
Enste [LTFFITTT  RRRRRRRE RPRERRRRR FRRRRRRR PRRERRER
Pirebege: [00000007 PtIL2N I PaZilE P Put 15.8 & Pt 2.0 ¥
Coce e

Figure 16 Trace configuration for Tamper

6. Right click on the Trace Records window and set only the exceptions to be active as shown below in the small box.
7. Click on RUN and press the TAMP button on the board. Note the Exceptions displayed as shown in Figure 17.

x
Num | Name. [ Count | Total Time | Min Timeln | Max Time I | Min Time Out | Max Time Out |_Fist Time[s] | Last Tme[s] | = Tupe [ovi[Mum [  Addess [ Daa | FC (D[ Cycles [ Timels] |
ERC i s Exception Enty 18 117645779523 17297017060
3 HardFaul i 0s Exception Exit 18 117645779674 172970617269
4 MemManage i 0s Evceplion Retumn [ % 117645781976 172970620467
5 BusFault 0 Os - Ewxception Entiy 18 118002298577 1734 BG782968
] UsageFault 0 Os Exception Exit 18 118002299128 1734 BG7A3178
1 sVl i s Exceplion Rstun ] % 118002301444 173465736334
12 DbgMon i 0s Excmpion Entiy 18 118016671137 1734 85744301
14 Pend®V il 0s Exception Exit 18 118016671268 1734 85744511
15 SysTick i as Evception Retun [] % 116016673602 173485747725
16 EXIRLO i 0s Exception Enty 18 119141585903 173659237032
17 EWlRG1 0 0s Exception Exit 18 119141586054 173650237242
18 EWiRO2 23 567%us 2097w 211w B41Mus 43525 172370617060 175182386210 Exception Retumn [ % 118141596350 1736.59240431
19 EWIRO3 0 0s E xception Erry 18 1 1
20 EiRO4 i 0s 3
21 ExROS 0 Os Exception Retumn 0 oty s EREIE 1 5
2 EXREE i 0s Excmpion Entiy 18 v Exceptions 118300177621 173879503307
23 EdRO7 il 0s 7| | | Exception Exit 18 PC Samples 118300177772 173879503517
Evception Retumn ] o % 116300180072 1738 79506711
Evception Ertiy 18 i 118308367262 1778.90905586
Evception Exit 18 118308367414 173890905797
i . Data Writes 4

Figure 17 Exceptions displayed in real-time with the Serial Wire Viewer.

BKP - Backup Memory.

This memory will be cleared when the TAMPER is activated and is easily demonstrated with pVision.

Open a memory window (View/Memory Window) and set the address to 0x40006C00 as shown below.
Stop the program (unless it already is).

Click on RESET on the menu and then RUN.

Note several memory locations have data set up: AA 55 00 00 CC 33 as shown in Figure 18.

Press the TAMP button and watch these get cleared. This effect is part of the Tamper protection scheme.

A

f Address: IDx4UUDBcUU H

0x40006C00: 00 OO0 00 OO0 AA 55 00 00 CC 33 400 00 00 d0 d0 00 00 00 00 00
0x40006C14: 00 00 00 OO0 00 OO0 00 00 00 00 J0 00 00 OO d0 00 00 00 OO0 00
O0x40006CZ25: 00 00 00 OO0 00 OO OO0 OO O3 00 00 00 04 00 00 00 00 00 00 00
0x40006C3C: 00 00 00 OO0 00 00 00 00 00 00 J0 00 00 OO d0 00 00 00 OO0 00
0x40006C50: 00 OO0 00 OO0 00 00 00 00 00 00 J0 00 00 OO d0 00 00 00 00 00
0x40006C64: 00 00 00 OO0 00 OO0 OO0 00 00 00 40 00 00 40 d0 00 00 00 00 0o
0x40006C75: 00 00 00 OO0 00 00 00 00 00 00 J0 00 00 00 d0 00 00 00 OO0 00
ng‘lDDDSCBC: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 o0 ;‘

EMemnry #1 f Memory #2_Jy Memory #3_} Memory #4
Figure 18 Backup memory cleared by the Tamper feature.
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5) EXTI. External Interrupt Example

External interrupts are created by peripherals or external input pins. In this example, the WKUP and TAMP buttons activate
two interrupt pins, PAO (EXTIO) and PC13 (EXTI13).

Software interrupts are created with SVC instruction (System Service Call) with Cortex processors rather than a SWI in other
ARM processors. Software interrupts are not discussed in this document.

STOP the program execution and take pVision out of debugger mode from the last exercise.

Open the EXTI project Exti.Uv2 and compile and load it as before.

Configure the Serial Wire Viewer as described in Appendix A.

Enter the debug mode.

Open Peripherals/Target Settings and select the Trace tab and set this as shown above in Figure 16 for the tamper
example. Ignore the ITM settings. The EXCTRC must be set.

Click on OK.

Open Peripherals/Trace and select Records.

Repeat and select Exceptions. Position the windows as appropriate.

Click RUN to start program execution.

abkrwnE

© >N

Pressing either the TAMP or WKUP buttons on the board creates an interrupt that controls the LED PB8.
Note the exceptions 22 and 56 entry and exit events are listed in the two trace windows.

Neat Feature: The “X” in the overflow column indicates a message was lost. The ETM (Embedded Trace Macrocell) will
capture all frames and is available on some Cortex-M3 processors. The “X” in the DLY (delay) column indicates the
timestamp is not correct due to some delay in the SWV output. This is shown below in Figure 19.

zl
Type | Owf | MNum | Address | [ata | FC | [ily | Cycles | Time(z] |;
Exception Entry 56 133377359247 195246332287
Exception Exit 56 133377359345 185246332424
Exception Entry 56 o 133377362919 185246337387
Exception Retun % 0 HoOT3ITTIE2919 185246327387
Exception Entry 5E 133454555290 18953.53549014
Exception Exit 5E 133454555306 1953.53549147
Exception Entry 56 ¥ 133454553935 185353554160
Exception Retun % 0 # o 133454553535 185353554160
Exception Entry 22 133523079325 185448721285
Exception Exit 22 133523073409 1854 48721400 —
Exception Entry 22 # 133523083007  1854.48726399
Exception Retun % 0 # 133523083007  1854.48726399
Exception Entry 22 133642832561 1856.15045224
Exception Exit 22 133642832651 1856.15045349
Exception Entry 22 o 133642836255 1856.15050354
Exception Retun % 0 o 133642836255 1856.15050354
Counter Event 02H 133656743288 185634365678
Exception Entry 22 133656743288 185634365678
Exception Exit 22 133656743372 1856.34365794
Exception Retun % 0 ¥ 133656746389  1856.343659985 LI

Figure 19 Exceptions in Trace Records window

Open a Watch window. The program need not be stopped to do these steps. It can be done on-the-fly.
In the Watch window (either #1 or #2) click on “Type F2 to edit” and press the key F2.

Enter the global variable name ledExti.

Note that when you now press TAMP or WKUP this variable changes state.

HMwbpE

| iakches

DA TP Cocals_p watch #1 i wiatch #2 J, call Stack 7
Figure 20 Variable ledExti displayed in real-time.
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PC Sample Example

Neat Feature: The PC Sample is an output of the SWV and is useful for Performance or Profile Analysis (where does your
program spend most of its time) and determining the PC (program counter) when your program has “gone into the weeds”
and is caught in an infinite loop. The SWV (and ETM) are very good tools for these purposes.

1) Click on STOP to halt program execution. Leave pVision in Debug mode.

2) Open Peripherals/Target Settings and select the Trace tab to open the Cortex Target Driver Setup.

3) Configure it as shown below in Figure 21. Make sure the PC Sampling Periodic is checked. This turns on the

PC Sampling feature. Ignore the ITM fields.
4) Click on OK. Click Yes when asked to take new values. This stops the program execution.

zl
Debug  Trace I
Core Clock: | 72.000000 MHz ¥ | Tirace Enable
i Trace Port Timestamp: Trace Events
Serial Wire Output - UART/NRZ d ’7 ¥ Enable Prezcaler: |1 'I I™ CPI: Cycles per Instruction
SWO Clock Prescaler [ 52 PC Samplrg———————————— W B e ez
™ SLEEF: Sleep Cycles
¥ futodetert Plescaler:|1D24‘1E 'I 5 .
™ L5U: Load Store Unit Cycles
5w Clock [ 1187290 MHz | | 5 paog, Periodt | 227586 us | | I FOLD: Folded Instructions
™ onData RAW Sample ™ EXCTRC: Exception Tracing
Tk Stimulus Port:
kil Fort 24 23 Port 16 15 Pt a7 Fort 1}
EnablE-lﬂ FFFFFFFE |77 % 7 7 7 ol 17 v 7 1 v 2 ol v v o v o o ol v e e v v v e
PlivilegE:IUxDUUDUUDT Port 31.24 [~ Paort 23,16 ¥ Part 15.8 b Pot 7.0 ¥
Cancel Help

Figure 21 Trace Configuration to Sample the PC

5) Make sure the Trace Records window is open. Select Peripherals/Trace/Records if it is not.

6) Right click in the Trace Records window and check PC Samples. Click anywhere to close.

7) Double click in the Trace Records window to clear it is necessary.

8) Click on RUN. The Trace Records window will immediately fill up with PC values as shown in Figure 21.

How it works: Clearly the PC is in a tight loop on itself at address 08000524H. This example is easy to find without a trace
but if the loop was bigger and more complicated the track of the PC will be captured allowing detailed analysis. If the
program is stopped due to a breakpoint, the instruction(s) that caused the problem will also be captured. Complicated “off
into the weeds” problems are nearly impossible to find without a trace.

9) Stop program execution and open the Disassembly window in the View menu item. Note the program is indeed
stopped at 0x080000524 and is a Branch instruction (E7FE) to itself.

ﬂ
Tupe | O | Murn | Address | Data | FC | Dy | Cycles | Time[z] |i|
Erception Entry AE 410033158 5 63430437
Erception Exit 56 410033256 563430633
E=ception Entry 56 X 410036573 5.63435665
Exception Return x i] # 410036879 5 E3455E65
E=ception Entry 56 515397086 715829286
E wception Exit B15 .

Exception Entry 56 * 71 433
Ewception Retun = i] s 515400795 715834438
PC Sample 02000524H 712028691 9.904003960
PC Sample 03000524H 713105075 9.90423715
PC Sample 020005244 713121459 990446471
PC Sample 020005244 713137843 990469226
PC Sample 020005244 V13154227 9904915982
PC Sample 020005244 713170611 9.90514738
PC Sample 02000524H 713186335 990537433
PC Sample 02000524H 713203373 9.90560249
PC Sample 03000524H 713213763 9.90533004
PC Sample 020005244 713236147 990605760
PC Sample 020005244 71325253 990628515
PC Sample 020005244 713268915 990651271 LI

Figure 22 Trace Records showing PC Sampling
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www.keil.com



6) STLIB_RTX Blinky Example — with the RTX RTOS

This example uses the Keil MDK RTX kernel to provide outputs to drive a stepper motor. Four LEDs blink in sequence.
PB8 through PB11. This example simulates Half step driver mode and with CW rotation direction.

1. Openthe STLIB_RTX_Blinky project Blinky.Uv2 and compile and load it as in previous examples.

2. Configure the Serial Wire Viewer as described in Appendix A.

3. Put pVision into debugger mode by clicking on the debug icon.

4. Select View/Periodic Window Update.

5. Open Peripherals/Target Settings and select the Trace tab and check EXCTRC and Periodic and on Data R/W
Sample not checked. Ignore the ITM settings. Click on OK.

6. Open Peripherals/Trace and select Records. Repeat and select Exceptions. Position the windows.

7. Select Peripherals/RTX Kernel. A new window will open up as shown in Figure 23. Click on RUN.

The LEDS will blink simulating the motor driver. Click on STOP and the RTX window will update as shown (expect a
delay) below depending on where the program happened to stop and also which task is active.

New! It is easy to make a RTX Event Viewer update in real-time using the Serial Wire Viewer. See Keil Application Note
197 www.keil.com/appnotes/docs/apnt 197.asp. Look for RTX Kernel Event Viewer. Needs MDK Version 3.20b.

ﬂ
Active Tasks I System | Eventiswer |
TID‘ T azk Mame | Priority | State | Delay | EventVaIue‘ EventMM Stack Loadl
2 phased 1 WAIT_AND 00000 040007 anx
3 phaseB 1 WwWalT_DLY ] agx
4 phaseC 1 Wl T_aND 00000 00001 a0z
5  phaseD 1 WAIT_AND 0x0000 040001 anx
£ clock 1 WAIT_AND 00000 0+0100 anx
. 7 led 1 WalT_DLY 208 B
i 255 os_idle_demon 1] RUMMING 0%

Figure 23 RTX Kernel Awareness

Logic Analyzer example with Serial Wire Viewer
We can display certain elements in real-time with the Serial Wire Viewer and display them graphically.

Stop program execution and leave pVision in debugger mode. You can close the Trace Records window.
Open the Logic Analyzer window in View/Logic Analyzer Window.

Click on Setup... the Setup Logic Analyzer window on the left side of Figure 24 opens up.

Click in the area under Current Logic Analyzer Signals and press the PC Insert key.

Enter GPIOB_ODR as shown below and press Enter key. Set MAX to OxFFF and MIN to 0xO0.

Click on CLOSE. Use IN and OUT to set the range to 10 seconds. Click on RUN.

Put the scroll bar to the right side if needed.

This displays the 10 port LED output sequence. In real-time. Click on STOP when you are done.

NN

NI g e ~Inix
Cusrerd Logas frsshyzen Senaks [enp JEspot || 00: [1304EE: 1000000

[T

~ Sigraal Display nmnm

Dplay Type: |-'\ndw J Max.

Cokr N+ | ]_
I~ Hersdscimal Display

-~ Dpley Fonmda [Sioral & Mash) - Skl : | J [ L
ArdMaske  [DFFFFRFRT ShitFight: [0 H

GRIOE_ODR

] "LM‘.‘........;.“...".s .;..;.; .......... Iél_;“‘
| : - 1] E—) |

Expert / Import

an [ ow | [ b |
Figure 24 Setup Logic Analyzer and data display window
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7) CAN Example: Controller Area Network

How it works: This example uses one MCBSTM32 board. The STM32F103RB processor contains one CAN controller.
Since a CAN controller is unable by definition to communicate with itself (i.e. receive its own transmitted messages), this
example puts the controller into two special diagnostics modes called Loopback and Silent Modes. When these modes are
active, the CAN controller is unable to communicate with any other CAN nodes. Its transmitted messages are treated as if
they were transmitted by another CAN node. It is also isolated from the bus for both receive and transmit.

ST documents reference this as Test Mode and is configured in lines 107 and 108 in file CanDemo.c and is copied here. In
our example here, we will use Test Mode activated with our one CAN node (the default). In 8), we will use Normal Mode.

/* COMMENT THE LINE BELOW TO ENABLE DEVICE TO PARTICIPATE IN CAN NETWORK */

CAN testmode (CAN BTR SILM | CAN BTR_LBKM) ; // Loopback, Silent Mode (self-test)

This example creates a CAN message using data from the pot and displays both the transmit and receive values on the LCD.
The CAN controller is in the above mentioned Test Mode (both Loopback and Silent modes).

Make sure pVision is not in debugger mode.
Open the project Can.Uv2 in the directory c:\Keil\Arm\Boards\Kei\MCBSTM32\Can.

On the toolbar select MCBSTM32 as the target (not Simulator). {mcBsTMS? [

Turn on the Serial Wire Viewer as described in Appendix A.

Click on File/Save to save your project or press Ctrl-S.

Rebuild and load the project into the processor Flash memory as described in previous examples.

Put pVision into debugger mode by clicking on the debug icon. Q
Verify View/Periodic Window Update is checked and enabled. It might already be selected.
Click on RUN to execute the program.

WoN oo,k w D

As you turn the pot on the MCBSTM32 eval board the values transmitted change as shown in Figure 25:

The LCD displays the speed of the CAN transmission (500 Kbps) and the value of the first data byte (78 hex here) from both
the receive and transmit buffers. It can do this because the CAN controller is in the special Test Mode.

Figure 25 LCD showing CAN frames

How it works: The CAN ID is not shown here but is an 11 bit with the value of 0x21. You can see this value in the STID
box in Figures 26 and 27. The DLC (data length control) is set to “1” indicating one data byte. The DLC is displayed in
boxes labeled DLC in Figures 26 and 27.

It is possible to have up to 8 data bytes in CAN and either an 11 or 29 bit ID. All of these plus the data bytes are completely
user software controlled. Review the source code in the Keil CAN example and you can see where these are configured.

CAN Speeds: 500 Kbps is the standard speed for the main CAN bus in passenger cars and light trucks (1SO 15765). Heavy
duty vehicles (J1939) is set at 250 Kbps. Maximum CAN speed is 1 Mbps and the minimum is 10 Kbps. Any speed can be
used in a custom design. All nodes must run at the same speed...always from controllers’ initialization. CAN Speed is not
dynamically changeable.

10. Click on the Stop icon to continue.

17
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CAN Information Windows

There should be four windows open that display information about the CAN controllers. We will look at two of them and
they are pictured below in Figures 26 and 27. They are the CAN Receive and CAN Transmit Mailbox windows respectively.
These windows are updated when program execution is stopped. Contact Keil to use the Serial Wire Viewer. The other two
CAN windows are for the Filters and the CAN controller initialization values. Both are outside of the scope of this tutorial.

CAN_RDLOR (that is a zero in there) in Figure 26 is one of 2 CAN receive FIFOs. CAN_TDLOR in Figure 27 is one of 4
CAN transmit buffers called mailboxes (in ST docs). The value of 0x78 as shown in the LCD in Figure 25 on the previous
page is displayed in the appropriate window below. You can run and then stop your program to see these values are the same.

How it works: The entire CAN frame is displayed in both of these windows — they are highlighted below. The CAN frame
itself consists of the fields labeled ID (hex), RTR, DLC and Data(hex). Note the first data byte is a 78 which is reflected in
the fields CAN_RDLOR and CAN_TDLOR. This is the only byte valid out of a potential 8 as DLC is set to “1 byte”.

i .
N )3 000 78 0000 00 00 00 00 00 78 0000 0000 00 00 00
1 EF5 Femote 0«19 8 C2083E105351 DD 5D 8  GEA4BAFI311ATADD
r—— Length cantral & ine stamp 2 OONIFEE Remoe 0 7 14250441 836978
CAN_RIOR:[0s04200000 [ IDE CAN_RDTOR:[0x00000001 st= e et sl v S
CAN_TIOR: 004200000 CAN_TDTOR: [057566F B 71
EXID: [0x00000 I~ RTR TIME:[00000 Fhl,[0:00
ExID: 000000 I~ RTR TME: 07558 [ TGT
STID: [0
" /j@ STID: [0x021 [~ T#RA /DL_L@
Diata = ~ Dat 7 ~
IVEAN_HDHDH: D+00000000 ( £AN_RDLOR: 000000078 ) ‘ (EAN <oHOR: e (EAN B e TTE ) ‘
FIFD 0 AN < ~ St R —
—‘-“-"-———-",
CAN_RFOR[0-00000000  FMPG[T [~ RFOMO I~ FULLD CAN_TSR:[D+IC000000 | CODET 7 LOwWD I TMED
CAN_IEF: [0x00000002 I FOVIED [~ FFIED ¢ FMPIEQ [~ ABROD [~ TERRD [ ALSTO [ TXOKD [~ RGCPO
Settings:l Settings: |
Figure 26 CAN Receive Figure 27 CAN Transmit

How it works: The data from these buffers is stored in the Keil example program in a structure defined in CAN.h with the
synonym CAN_Msg and two instances called CAN_RxMsg and CAN_TxMsg. The data is stored in the structure member
data which is an array of size 8 as shown here in its declaration:

typedef struct {

unsigned int id; // 11 bit identifier

unsigned char data[8]; // Data field

unsigned char len; // Length of data field in bytes
unsigned char format; // 0 - STANDARD, 1- EXTENDED IDENTIFIER
unsigned char type; // 0 - DATA FRAME, 1 - REMOTE FRAME

} CAN_msg;

A CAN message can have from 0 to 8 data bytes attached and is specified by the DLC field which is 4 bits. The number of
data bytes can be dynamically changed from one frame to the next merely by changing the value of DLC.

Neat Feature: This data can be viewed in real-time with the Watch or Memory windows using the Serial Wire Viewer as
shown in Figure 28 with the same data value of 0x78. Enter the shown variables as described in the Watch Window in
Blinky. As the pot on the board is moved during program execution, these values will change in real-time with no CPU
cycles used. You can also write to these memory locations with the Watch and Memory windows.

’: M ame IVaIue | ’: Address: IEAN_F!stg.data
000000072

0xz000004C: 0000007S 00000000 00000001 00000000 00
0xz20000058: 00000000 00000000 00000000 00000000 00
0xz00000C4: 00000000 00000000 00000000 00000000 00
0xzZ0000100: 00000000 00000000 00000000 00000000 00

------ R B Ta Ty o Talu e Bl atalulalatalatu Bl alatulalaTaTaTn M aTa]
Memory #2 /{ Mernory #3 )\ Mermory #d

Mernoty

A AP DM, Local: } watch #1 £ wiatch #2 A Call Stack.
Figure 28 Watch and Memory windows

Neat Feature: You can also enter the structure instance name CAN_TxMsg or CAN_RxMsg as well as using
CAN_RxMsg.data (or also the Tx structure) as shown above in the memory window.
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CAN Example with Serial Wire Viewer:

We can easily view data in a graphical format in real-time using the Serial Wire Viewer. This does not steal any CPU cycles.

1.

2.
3.

©No A

9.

pVision must be in debug mode for the next steps.

Open the Logic Analyzer window. Click on View/Logic Analyzer Window to do this if necessary.

Click on the Setup box and enter these three variables: If necessary, see the Logic Analyzer example below Figure
23 for example instructions on setting this up. Steps 1 through 7 are the important ones.

CAN_RxRdy (set the Display Range to 0x0 and 0x2)
CAN_RxMsg.data[0] (set the Display Range to 0x0 and OxFF)
CAN_TxMsg.data[0] (set the Display Range to 0x0 and OxFF)

Use the Zoom In and Out buttons to set Range to 10 seconds.

Open Peripherals/Target Settings and click on the Trace tab. Enable “on Data R/W sample”. Click OK twice.
Click on Run to start program execution. You might have to bring the Logic Analyzer in focus to see it.

Note that as you turn the pot on the board the transmit trace CAN_TxMsg.data[0] varies as shown in Figure 29.
The CAN_RxRdy either doesn’t change or hardly ever. This is the CAN peripheral bit indicating there is a new
received valid CAN message in the buffer. This isn’t being displayed properly because the Serial Wire Viewer is
probably being overloaded by the setting in step 5 where the “on Data R/W sample” was set.

Go to Peripherals/Target Settings and select the Trace tab. Deselect “on Data R/W sample”. Click OK.

10. Click on Run (program is automatically stopped when you change the Target Settings).

The CAN_RxRdy will display properly now. It is important to not push too much information down the SWV port (called
SWO) as it is only one bit wide and is easily overloaded.

Il
Mir Tirme: Max Time: Ranage: Grid: Zaon: Code: Setup Min/tax:
Setup ...| Expart ... 00s 127.3022 5 | 5.000000 ¢ | 0.250000 5 - Al SeII Showy

02—

O4FF—

Auto || Undo:

W

CAN_R=Rd|

0.data[0]

CAN_Riss;

Ox0—
04FF—

0.data[ll]

CAN_TxMs;

LT Il . . Il Il . Il 1
178000 ¢ 120.0000 ¢ 1225000 5

[— 0

El

Figure 29

Important Notes about this CAN example:

1.

This example is sending only one CAN frame with one ID at a time. On a real network, there will probably be many
more messages with different IDs and the example above takes the first data byte and displays it from every CAN
message as it enters the receive buffer. Clearly the data displayed will become very erratic under such a situation.
One way around this problem is to set the filters in the CAN controller to pass only the CAN 1D(s) you want to
display. This is beyond the scope of this document but the example provides the facilities to do this.

In order to see the graphic display CAN_RxMsg.data[0] you will need to repeat the example using two CAN boards
and this is in the next example.

This example can be completely demonstrated with the puVision simulator. Change the target setting to Simulator
and select Use Simulator in the Options for Target setting.

Important Concept: When you enter a variable in the Logic Analyzer, this action also sends it to the Trace
Records window where it will be displayed as a data read or write as long as the appropriate filters are set.
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CAN Trace Records and Interrupts

Stop the program execution and leave pVision in debugging mode.
Open Peripherals/Trace and open both the Records and Exceptions windows.
Open Peripherals/Target Settings and select the Trace tab.
Check the box labeled on data R/W Sample in the PC Sampling area of this window. Click on OK (twice).
What it does: The instruction location causing the data reads and writes records will be added in the PC
column in the Trace Records window.
Run the program by clicking on Run.
Recall in the Trace Records window you can filter out certain records by right-clicking on this window and selecting
records for the small window that opens up. Do this and deselect Exceptions and Data Writes and any other records
that are not Data Reads. Double click in the Trace Records window to clear it and it will fill up again.

o

oo

How it works: A window similar to Figure 30 below will be displayed. Note the data read of 0x78 or 78H (in this example)
from memory location 0x2000_004C, by the instruction at 0x8000_0C7C and is time-stamped both in CPU cycles and time.

Why it does this: The “x” in the Ovf column indicates there was some data overflow and some records were dropped.

The “x” in the DIy column indicates the timestamp is delayed somewhat. This comes from the high amount of data reads
performed by the Cortex-M3 processor. The Serial Wire Debug is having trouble recording such high speed traffic. It is
difficult in some cases for the single bit port the Serial Wire Viewer uses (called the SWO) to track a ARM CPU at full
speed. The information gained, as can be seen in Figure 29, it still very valuable. This can be alleviated by reducing the
number of trace features employed in the Trace Configuration window in Figure 21 and increasing the speed of the SWV in
Figure 36 in Appendix A.

x
Type | O | Mum | Address | [ata | FLC | Dy | Cycles | Time[s -
Data Read R 2000003CH 78H 08000CE0H ®o 23407081847 325.09535893
Data Read 20000004H 00000001H 08000C70H ® 23407138753 325.09914935
Data Read R 2000004CH 78H 08000C7CH X 23407144281 325.09922612
Data Read * 2000003CH T8H 03000CE0H * 23413193683 32518324560
Data Read 20000004H 00000001H 08000C70H ® o 23413250583 325.18403588
Data Read R 2000004CH 78H 08000C7CH ®o Z33286117 325.18411274
Data Read R 2000003CH 78H 08000CE0H ® o 23419304899 325.26812360
Data Read 20000004k OO00NO0LL O200NC7OH 23419351805 375 26391396

=R ead, 3 2000004CH 78H 08000C7CH ® o 23419367333 220 2R
Data Read JOUOOTECH FaH OeUOOCEOH 2342541115 32535300160
Data Read 20000004H 00000001H 08000C70H ®o 23425473027 325.35379204
Data Read R 2000004CH 78H 08000C7CH ® o 23425478549 325.35386874
Data Read R 2000003CH 78H 08000CE0H ®o 234318273 325.43787960
[rata Aead 20000004H 000000 H 08000C70H " 23431584249 325.43867012
Data Read R 2000004CH 78H 08000C7CH ® o 23431589827 325.43874760
Data Read R 2000003CH 78H 08000CE0H X 23437638547 325.52275760
Data Read 20000004H 00000001H 08000C70H X 23437695471 325.52354821
Data Read R 2000004CH 78H 08000C7CH ®o 23437701043 325.52362560
Data Read R 2000003CH 78H 08000CE0H ®o 23443749763 325.60763560
Data Read 20000004H 00000001H 08000C70H ® o 23443808693 325.60842629 LI

Figure 30 Data READ Trace Records

Neat Feature: The “78” in Figure 29 is the output of the pot on the evaluation board.
Note what value you see on your particular pot setting.

Change the potand ....

Double-click anywhere in the Trace records window to clear it.

Note that this data value will change corresponding to the pot setting position.

Repeat this sequence as many times as you want.

Stop program execution by clicking on Stop.

NogokwhpeE

How it works: Every time you clear the trace a new set of trace records is entered. All the variables you have entered in the
Logic Analyzer window will be displayed in the Trace Records window as either a Data Write or a Data Read.

Neat Feature: Right click anywhere in the Trace Records window and activate Exceptions. You will see the exceptions as
they occurred.

CAN Programming Hint: It is common practice to always send CAN frames with the maximum data length of 8. Unused

data bytes are often padded with 00 or FF. While the CAN controller automatically handles different numbers of data bytes,

your software will be much simpler and less prone to have bugs if it always expects to see the full 8 bytes rather than 0 to 8.
20
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1. Scroll in the CanDemo.c window to the C source code at line 155 as shown below in Figure 31. You might have to
move the Trace windows away — they are always on top.

2.
3

4. Click on Run.

Double-click in the margin next to Line 155. A red block will appear signifying the breakpoint.
Double-click the Trace Records window to clear it.

Each time you click on Run, the program will run to the breakpoint and various CPU cycles will show in the Trace Records
window depending on how the filter box is configured. They will be time stamped if this is enabled in the Trace
Configuration window.

B C\Keil\ARM"Boards' Keil\MCBSTM32 CAN'CanDemo.c

CAN_wrMsg (&CAN TxMsg):
val Tx = CAN TxMsg.data[0]:

}

delay (10000} ;

if (CAN RxRdy) {
CAN RxRdy = 0O;

wval Bx = CAN RxMsg.data[0]:

'

val display ():

Yo/ end while
P oA end main

=10l x|
A4 transmit message j
A4 Wait 2 while to receive the message
A4 display TX and EX values
-
4

gokrwhE

Figure 291 C Source to set breakpoint on.
Note that if you enable exceptions in the Trace Records window you can see a exception 35 but not the 36 as shown below in
Figure 31. This is probably because the SWV is being overloaded.

Go to Peripherals/Target Settings and select the Trace tab.

Deselect the Timestamps, on Data R/W and Periodic. Select only the Exctrc Trace Events area.
Ignore the ITM settings.
Click on Run.
Note both Exceptions 35 and 36 will now be visible. They correspond to ST exceptions 19 and 20.
Remove the breakpoint by double-clicking on it again. You can also press Ctrl-B and clicking on Kill All.

Neat Feature: Note in the Exception Trace window as shown below in Figure 32 that two exceptions are counted: ExtIRQ
19 and 20. The number of occurrences and various times are recorded as shown. These values accumulate and can be
cleared anytime by double-clicking anywhere inside the Exception Trace window.

The Cortex-M3 interrupts for the CAN transmit and receive buffers are displayed respectively.

Exception Trace il

I Count I Tatal Time | in Timelnl (G Timelnl in Time Dutl tax Time Dull Firzt Time [z] I Last Time [z] |:|

www.keil.com

3876 355.877 ms  1000.000...

Num| Mame

27 ExtIRO 11 1] 0z
28 ExtIRO 12 1] I
29 ExtIRD 13 i I
30 ExtlRO 14 a 0z
kil ExtlRO 15 a 0z
32 ExtIRO 16 a 0z
33 ExtIRO 17 a 0s
34 ExtRO 18 a 0s
sl ExtIRO 13

36 ExtiRO 20 3784 0s
7 ExtIRO 21 a 0s
38 ExtiRO 22 1] 0z
39 ExtiRO 23 1] 0z
40 ExtIRD 24 1] I
1 ExtIRD 25 i I
42 ExtlRO 26 a 0z
43 ExtlRO 27 a 0z

103133 us 84775 ms 7B s 376113831 33265243223
384609644 326.01363582

Figure 30 Exception Trace: 19 and 20 shown. (Number 35 & 36)
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8) CAN Example: using two MCBSTM32 boards.

In the preceding example, one CAN controller was used in Test Mode. This simulated a CAN node. It is possible to connect
two boards together to form a real CAN node. You could also connect a CAN analyzer to this setup. Recall this source line:

/* COMMENT THE LINE BELOW TO ENABLE DEVICE TO PARTICIPATE IN CAN NETWORK */

CAN testmode (CAN BTR SILM | CAN BTR_LBKM) ; // Loopback, Silent Mode (self-test)

How it works: Should the above line be commented out, the CAN controller will be put in Normal mode. In practice this
means that in order for messages to be successfully transmitted or received, at least one other CAN node must be properly
connected to the MCBSTM32 board in order to form a fully functioning CAN network. Another MCBSTM32 board will
accomplish this and an example is now provided for a two node system using two MCBSTM32 boards.

Pins 2 and 7 on the DB9 connector labeled CAN are CAN_Lo and CAN_Hi respectively.

These two pins will be connected to the corresponding pins on the other board. A ground is not required.

You can do this experiment using only one ULINK2. The board will run the CAN program stand-alone.

A 120 ohm termination resistor is required at each end of a CAN network. This means a maximum of two resistors

are required and each board has one installed (R4). If you add more than two boards, this resistor should be

removed in each additional board. Do not add any resistors ! They are already included on the boards.

This example displays on the LCDs the pot value (Tx:) of one board to other board’s Rx:.

6. To do this a trick is employed — since a given CAN controller can’t see its own transmitted messages, the only Rx:
messages displayed are from the opposite board.

7. Since both boards are transmitting the same 1D, collisions either rarely happen or such collisions are handled by the
CAN controllers’ error mechanism and these messages are automatically resent in the background.

8. Having two nodes sending out messages with the same CAN ID is a rather poor engineering practice but is useful

for illustrative purposes in this example.

PR

o

Connecting the boards together:

1. Connect the two MCBSTM32 boards together as
shown Figure 33. Pins 2 together and pins 7 together.

2. No ground is needed. The ground will add help in
certain fault situations. You can add one.

3. Recall no external 120 ohm termination resistors are
required. Each board already has one installed

4. CAN uses two wires plus an optional ground. These
wires are called a differential twisted pair and offer
great noise immunity useful in noisy environments.

5. You could connect a CAN analyzer to these two wires
and view CAN frames and also inject them on the bus.

Figure 31 Connecting the two boards together

Programming the boards and running the CAN program:

Complete instructions start on the next page and for reference, this is the general format.

We will follow these steps using two MCBSTM32 boards, one ULINK2 and one PC as follows:

Connect one board up to the ULINK?2 as usual.

Rebuild the project and load the program into the processor Flash memory.

Disconnect this board from the ULINK2. This board will run standalone so it still needs power from the USB cable.
Connect the second board to the ULINK2 and load the program to the processor Flash memory.

Run the example program on the second board and debug from it.

Now start the instructions on the next page.

oakrkwnpE
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Loading and Compiling (rebuilding) the Project:

Maker sure pVision is not in debugger mode.

Open the project CAN.UV2 in the MCBSTM32\CAN directory.

If not already visible, open the file CanDemao.c by double clicking on its name in the Project Workspace.

Comment Line 106 to disable the Test Mode. You can use either // or the /* and */ pair. This line is

CAN_testmode (CAN_BTR_SILM | CAN BTR LBKM) ;

Rebuild and load into the Flash memory of the processor.

Disconnect the board from the ULINK2, power it through another USB cable to allow the board to run stand-alone.

At this point turning the pot will change only the Tx: field on this board. If not, press the RESET button on the

board. The Rx: must come from another board.

8. Connect the other board to the ULINK2 and load the Flash memory.

9. You might want to make sure that the SWV is configured as described in Appendix A.

10. Enter debug mode and click on Run.

11. The value of the pot in the Tx: field on one board will be displayed in the Rx: field on the other board. This is shown
below in Figure 32.

12. If you configure (or have already configured) the Logic Analyzer as shown in CAN Example with Serial Wire
Viewer: on page 19, both the transmit and receive waveforms will react to changes in the pot positions as shown in
Figure 34 below.

If you do not see the waveform, try enabling the Timestamps in Peripherals/Target Settings under the Trace tab.

13. This is because you now have a real CAN network setup and all variables used in the example programs are now

available to the Serial Wire Viewer.

Noo krwpbpE

Figure 32 Two MCBSTM32 connected as 2 CAN nodes
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In Figure 35 below, both pots are being turned and both their values are displayed:

- Logic Analyzer

Min Time, Max Time: Range: Grid: Zoom; Code:
Seup |Espot[|[ 00  [295856s [10.00000s [0500000% | In | Ou] & Sef| Ghow
- oo L

Setup Min/Max

At I Unido

Iy

CAN_RsRd)

0=0
0:FF—

g.data[0]

CaN_Rxh s

Oxli—
DsFF—

g.datal0]

CAN_TxMs:

Oxl— H : : H H H H ; ;
- . S
295.0000 5

JI—

;o . .
285 0000 5 290.0000 5

[«

Figure 33 CAN data from each board

You can do the remaining experiments for the CAN example as listed in section 7).

Feature: There are three ways to run multiple hardware configurations:

Connect each board to a ULINK2 and to its own PC. It is obvious how to do this.
If you have only one ULINKZ2, perform the steps for one board and then connect the other board up and repeat the

programming steps. On RESET, without a ULINK2 connected, a properly programmed board will run the CAN

Super Neat
L.
2.
program
3.

separate

stand-alone. You can then debug the other board normally.

If you have only one PC, it is possible to run each board separately from one instance of uVision or run two

instances of pVision using two ULINK2s. In both cases, each ULINK2 has a unique serial number that

you can use to connect to it. Select this serial number as shown in the window in Figure 34:

a.

www.keil.com

One Instance: You are able to select each ULINK2, one at a time, from the Cortex-M Target Driver Setup
as shown below when not in debug mode. Just select the appropriate ULINK2 device in the Serial Number
box and return to debug mode and you will connect to this ULINK2. Select the other serials number to
change boards.

Two Instances of puVision: Start pVision up and select a ULINK serial number as previously described.
Then, start up the second instance and select the other serial number (if you are given the choice). Debug
each board by switching between the two instances of pVision.

x4
DWM\
LIMK USE - JTAG/SW Adapter S Devio
( SeralMNo [MOT175%E =] 2 IDCODE | Device Name [ How
WDl X
NK Versior: [ULINKHE @ 0x1BADN477  ARM CoreSight Siw'-DP Uy
Device Family: [Cortex-b Down
Fimzre Versian: 1. 30 & putomelic Det=clion 1B COLE:
¥ swdl Pmt:lﬂ 1 farual Configuration Device Wame: l—
Max Clock: | 1kHz - Lidd | Delete Updalel IF e
— Debug
Connect & Reset Option: Cache Dptions Dawnload Optiohs
Connect: INmmaI j Reset IAutudetect j [ Cache Code I Werify Code Download
¥ Reset after Connect ¥ Cache Memary [~ Download ta Flash
Cancel Help
Figure 34



Appendix A:
Configuring the Serial Wire Viewer (SWV):

The configuration of the SWV needs to be done for each project you use. It will be saved when you close a project or

MVision. There is two parts to this setup: one to select the Serial Wire Debug Port instead of the JTAG port (step 6 below)
and the other is configuring the Serial Wire Output (steps 4 and 7).

Steps:

pVision must not be in debugging mode for these steps. If it is, click on the debugger icon. " The menus below will be
grayed out if yVision is in debugger mode.
1) Select your project and make sure the correct processor is selected. (Project/Select Project).
2) Open the Debug setup menu. This can be accessed three ways:
a) Click on Flash/Configure Flash Tools and select the Debug tab.
b) Click on Project/Options for target “MCBSTM32”. Select the Debug tab.

c) Click on Options For Target icon on main pVision toolbar. AN Select the Debug tab.
Number 3) is probably the easiest to use, but whichever one you use, Figure 35 opens up:

Dptions for Target "MCBSTM32" x|
Devics | Target | Dutput | Lising | User | C/Tee | o 7 Debug | Utiities |
" se Simulator Settings F @ Use: [UILINK Cortex Debugger | Settings
I Limit $peed to Reat Time
¥ Load Application at Startup ¥ Run to main() ¥ Load Appli un ta main(]
Iitialization File ifSlization File:

Restore Diebug Session Settings

[¥ Breakpaints I¥ Toolbox

¥ “watchpoints & P&
I¥ Memotp Display

J Edit.. ! I SSTLIB_Blinky\STM32DBG ini

ore Debug Session Settings
[¥ Breakpoirts
¥ “watchpoints

I¥ Memotp Display

Bl

CPU DLL: Parameter:

Drives DLL: Parameter:

|5AHMEM3.DLL |

DislogDLL:  Parameter

|SAHMCM3 DLL |

DislogDLL:  Parameter

IDAHMSTM DL |-p5TM32Fm3\:E

ITAHMSTM DLL |-p5TM32F1 03vE

0K | Concel | Defaurs |

Helps

3) Select ULINK Cortex Debugger.

4) In the box Initialization File: select the file STM32DBG.ini as shown. This file is located in the directory
C:\KeiNlARM\Boards\KeilMCBSTM32\STLIB_Blinky and it configures the SWV ports. You can rename and/or
relocate this file if you prefer. It will not hurt if this is enabled for every exercise.

5) Click on Settings to configure the ULINK2. Figure 36 opens up.

www.keil.com

Figure 35

5
Debug |Trace | Flash Dowrload |
r~ ULIME LUSE - JTAG/S' Adapter S' Devi
Serial Ne: [MOT17598 =] IDCODE Device Name iy
SWOID | @ 0416401477 ARM CoreSight Sw-DP
ULINK Yersior: [ULINE-ME @ e [
Device Famiy: [Cortestt U
Firmweare Wersion: [V1.30 & £utomatic Detestion |0 CODE
v oGwl Por|sw v ) Manual Confiouration  Device Mame; l—
< ax Clock: | 1MHz 'I Add Delete | Update IR ler
i~ Debug
Connect & Reset Optiong———————————————— [~ Cache Options Diownload Dptions
Connect: INmmal ] Peset IAuludelecl =l I Cache Code I™ Verify Code Download
¥ Pesst after Cormect [ Cache Memary | | [T Download to Flash
Cancel Help
Figure 36



6) Select the SWJ box and set Port: to SW as shown. This must not be set to JTAG. SWYV operates only through the
Serial Wire debug port (SW). Max clock @ 1 MHz is correct. Up to 10 MHz will work.

7) Select the Trace tab and Figure 37 opens up to configure the SWV trace:
x

Debug Trace

Core Clock: |  72.000000 MHz ¥ Trace Enable

S Trace Evenl

i~ Trace Pol
¥ Enable Prescaler |1 [~ CPI: Cycles per Instuction

Serial Wire Output - UART/MNRZ +
™ EXC: Exception overhead

SW0 Clock Prescaler B2 _—
|'FE SR I~ SLEEP: Sleep Cycles

¥ Autodetact | g -
e pecae] 102416 I~ LS Load Store Uit Cycles
w0 Clock: | 1.161280 MHz I™ Peiiodic Period: [ <Disabled> I~ FOLD: Folded Instuctions
I~ on Data Rew! Sample ¥ EXCTRE: Exception Tracing

r~ITH Stimulus Por
il Part 24 23 Part 16 15 Port 8 7 Fj o
[TTTT

[T TTTTITTITrT TTTTTTTT v

Enable: | 0x00000001

Privilege:leUUDUUDm Port 31.24 [ Port 2316 [~ Port15.8 [ 7.0
Cancel Help
Figure 37

8) Important Step: Set the Core Clock to 72 MHz and check the Trace Enable box. Ensure in the ITM Stimulus
Ports that at least Port 0 and Port 7..0 are selected. The rest are Don’t Care for this exercise.
Note: if the Trace Enable box is grayed out — this means you are in Debug mode. You are not allowed to
enable/disable Trace in debug mode. Close this window, leave debug mode (click on the debug icon Q ) and click
on the Target Options icon AN to enter the correct window. Now you will be able to set the Trace Enable box.

9) Click on OK twice. The Serial Wire Viewer Trace is now configured and ready to use !
10) Click on File/Save to save these settings.

NOTE: When in the debugger mode, if the SWV windows do not update when the program is running and only do
when you stop the program execution, make sure View/Periodic Window Update is activated.

Trouble ?

e |If you have trouble getting or maintaining communication with your evaluation board — please
check these settings and Figures 35 and 36. Pay particular attention to the JTAG or SW setting.

o If these windows are not correctly configured, especially with those items circled — the Serial
Wire Viewer will not function. No trace data will be displayed. If the Core Frequency is
incorrect, the data will be sporadic and erroneous.

e If you are unable to Stop program execution or pVision gets locked up — try disconnecting
temporarily the ULINK2 USB cable. Usually this restores communication in a controlled
fashion.
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SWV Windows and data displayed (for reference only)

There are 4 windows associated with the Serial Wire Viewer and are shown in Figure 38 below.
1) ITM Viewer: writes from user code to ITM Port 0 are displayed in this window.
2) Trace Records: various cycles such as PC Samples, ITM and data reads/writes. Right click on the Trace
Records window to display a filter box listing trace record types. Note timestamp columns.
3) Exception Trace: Shows when exceptions occur, how many times and how often.
4) Event Counters: Display various events as shown. These show the number of times the counters have rolled

over except for CPICNT.

Exception Trace i

|

| Trace Records

LSUENT 0 0| Load Store Uit Cyctes
FOLDCNT: 0] Fold

led Instructions
!

Numl Name | Count | Total Time | Min Timeln| Max Timelnl Min Tirne Dull Mas Time Dutl First Time [s] | Last Time [s -
16 ExtiRO 0O 1} Os
17 EsRQ1 0 Os
18 ExtRO 2 1} [1E3
19 ExtRO 2 0 n
20 Os
ExtRO & 1} Os
ExtiR0 B 2 42417 us 1167 us 1167 us 41260 us 41.250 us 14 51691624 14 51695865
=T i
ExtRO & I
ExIRD 9 0 Event Counters x|
ExIRE 10 i 0s Counter
ExtRO 11 1} 1}
20 E:I\Hg 12 0 0 z CPICHT: 980372 ﬂ Extra Cycles per Instruction
23 EdiRO13 a O EXCCNT: ﬂ Exception overhead cycles
0 ExtR0 14 1} [1E3
3 EWROIS 0 s SLEEFCNT: 1| Sleep Cycles
32 ExtiR0 16 1} Os

PL Sample
PC Sample

(02000524H

Tupe | Ouf | Nurm | Address | Dats I PC | Dily I Cucles | Time[s] H‘

PC Sample (08000524H 539634670 7.49492557 -\___—/‘
PC Sample 08000524H 539651054 7.49515353

PC Sample 08000524H 539667438 7.49538102

PC Sample 08000524H 539683822 7.49560864

FC Sample 08000524H 539700206 7.49583619

PC Sample 08000524H 539716590 749606375

PC Sample (08000524H 539732974 743629131

PC Sample 08000524H 539743358 7.4365108

B
2

These windows are available only when pVision is in debug mode.

These windows are selected in Peripherals/Trace as shown here. If this menu is grayed out — the pVision is not in debug

mode. In this case: please click on the debug icon: Q

Clicking on Target Settings will open up the Figure 39 window which you can edit. This is almost the same one you

PL Sample v Counter Events 03000524H
PC Sampls v Exceptions 03000524H 539814834 7.45742908
PC Sample v PC Stmples 03000524H 533931278 7.49765664
PC Sample 08000524H 5339847662 7.49789419
PL Sample . M Eronts 03000524H 539364045 743811175
PC Sample v Data Reads 08000524H 533330430 7.43833931
FC Sampls v Data Writes 03000524H 533835814 7.43856685
PC Sampls 08000524H 539913138 7.43579442
PC Sampls 030005244 533929582 7.43902197 =
PC Sample 08000524H 533345966 743TI | L o -
4
Figure 38

The ITM Viewer is selected in View/Serial menu.

| Trace

Target Settings

configured on the previous page but here you are unable to change the Trace Enable box.

www.keil.com

| Cortex-M Target Driver Setup

Debug Trace |

Core Clock: |  72.000000 MHz

r Trace Port

SWwi Clock Prescaler E2

[V Autodetect

S0 Clack: I 1161290 MHz

Serial Wire Dutput - UART /NRZ j

I Trace Enable

Timestamp: Trace Evenl
’VIV Enable Prescaler |1 = ¥ CPI: Cycles per Instruction
[™ EXC: Exception overhead
PC Sampling

Prescaler: | 1024716 *
¥ Periodic F'eriod:l 227 556 us

™ onData RAY Sample

[~ SLEEF: Sleep Cycles

[V LSU: Load Stare Unit Cycles
™ FOLD: Folded Instructions
¥ EXCTRC: Exception Tracing

~ITh Stimulus Por

AN Port 24 23 Port 16 15 Pt g 7 Part 0
Enable: | 01-00000001 0 A
Piivilege: | 0-00000001 Port 31,24 [ Pot 2316 [ Port16.8 [ Port 7.0 W

oK Cancel

Help
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Test Drive SWV (optional exercise)

1) Open the three SWV windows as shown on the previous page.

2) Open Cortex M Target Driver Setup in Peripherals/Target Settings and select the Trace tab.

3) Click the Periodic, CPI and EXC boxes in the Cortex M Target Driver Setup.

4) Click on OK.

5) Click on RUN and data will appear in at least some of the windows as shown on the previous page.
6) Note these are displayed in real-time. No CPU cycles are stolen for these operations.

Notes:

1) If you see a “x” in the Ovl (overflow) column in the trace records window — this means at least one entry was
lost. If you need this information consider obtaining your trace information for the ETM. You can also
unselect some of the options in the setup window to reduce the data flow.

Problems:

1) Is the correct frequency entered in the Cortex M Target Driver Setup window under the Trace tab ? Must be 72
MHz or SWV operation is not predicable. Erroneous data mat appear or none at all.

2) Isthe SWJ and SW selected correctly under the Debug tab ? SWV will not work with JTAG selected.

3) Is your program running correctly ? Even if it isn’t — you still should see something. That is one of the
purposes of SWV — debugging when the situation is seriously wrong.

Serial Wire Viewer is easy to get operating correctly. Just check the steps described in this document and depending on your
program, you should see some SWV activity.

If you still can’t get it working — try the Blinky example in STLIB_Blinky. It is already configured for Serial Wire Viewer
operation and is a good starting point.

What kinds of data can the Serial Wire Viewer see ?

Global variables.

Static variables.

Structures.

Peripheral registers — just read or write to them. Same is true for memory locations.

Can’t see local variables. (just make them global or static)

Can’t see DMA transfers. (because by definition these bypass the CPU and SWV can only see CPU actions)

oahkwhpE

Appendix B:

PWM_2 example from MCBSTM32 files. (use this if not starting
from the beginning)

PWM_2: Pulse Width Modulator (TIM4) Example (only the 1% part)

LEDs PB8 and PB9 are connected to the output of TIM4 Channel 3 and Channel 4 respectively. The PWM output makes the
LEDs smoothly and slowly change brightness alternatively.

Open the project PWM.Uv2 for the Keil MCBSTM32 hoard in the directory PWM_2.
Build the project and load this into the processor flash.

Put pVision into debug mode.

0. Click on GO. Note the two LEDS slowly change brightness.

B oo~

Variable Ccr determines the relative brightness of LED PB8 and 100-Ccr for PB9. Variable Dir determines if a LED is
increasing or decreasing.
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Appendix C:

Serial Wire Viewer: What is Trace good for ?

The ARM Cortex-M3 core has a new low cost version of trace called SWV and is accessed through the same JTAG
connector via the ULINK2. SWV is a superset of regular debugging via the JTAG module.

No special trace hardware is required. The standard Keil ULINK2 will perform both the JTAG and SWYV functions at top
speed by plugging into the standard JTAG connector on your target board.

The SWV trace has these features:

1) Data tracing. Read/write with instruction address and timestamps.

2) Hardware Breakpoints and Watchpoints.

3) ETM trigger (if the microcontroller is so equipped).

4) Program Counter or Data address sampler registers (Four 32 bit registers). (not all these can be sampled).
5) Instrumentation Trace: Through the ITM and is also called printf debugging.

In addition, the SWV trace module has counters for:

# of CPU clock cycles (32 bits).

# of folded instructions count (8 bits).
# of instruction cycles (8 bit).

# of cycles processor is sleeping (8 bit).

Total cycles spent in interrupt processing (8 bit).

© g M w b PP

Total cycles spent in load/store operations.

Each time one of these counters rolls over an event is generated and fed out to pVision. These counters can be used for
various events such as measuring total elapsed time and number of events during a time period.

Usefulness of the Trace
Trace, either ETM or SWV, adds significant power to debugging efforts. Problems which may take hours, days or even
weeks in big projects can often be found in a fraction of these times with a trace. Especially useful is 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). Usually,
these techniques allow finding bugs without stopping the program. These are the types of problems that can be found with a
quality trace:

1) Pointer problems.

2) llegal instructions and data aborts (such as misaligned writes).

3) Code overwrites — writes to Flash, unexpected writes to peripheral registers (SFRs), corrupted stack.

4) Out of bounds data. Uninitialized variables and arrays.

5) Stack overflows. What causes the stack to grow bigger than it should ?

6) Runaway programs: your program has gone off into the weeds and you need to know what instruction caused this.

7) Communication protocol and timing issues. System timing problems.

8) Profile analyzer.
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