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Introduction:

The purpose of this lab is to introduce you to the Freescale Cortex™-M4 processor using the ARM® Keil™ MDK toolkit
featuring the IDE pVision®. We will use the Serial Wire Viewer (SWV) and ETM trace on the Kinetis K40 and K60
processor. At the end of this tutorial, you will be able to confidently work with these processors and Keil MDK.

Keil MDK comes in an evaluation version that limits code and data size to 32 Kbytes. Nearly all Keil examples will compile
within this 32K limit. The addition of a license number will turn it into the full, unrestricted version. Contact Keil sales for a
temporary full version license if you need to evaluate MDK with programs greater than 32K. MDK includes a full version of
Keil RTX. No royalty payments are required. If you need the RTX source code this is included in Keil RL-ARM.

Why Use Keil MDK ?

MDK provides these features particularly suited for Cortex-M4 users:

1. upVision IDE with Integrated Debugger, Flash programmer
and the ARM® Compiler toolchain. MDK is a turn-key
product and includes examples.

A full feature Keil RTOS called RTX is included with MDK.
Serial Wire Viewer and ETM trace capability is included.
RTX Kernel Awareness window is updated in real-time.

Choice of adapters: ULINK2, ULINK-ME, ULINKopro,
Segger J-Link (version 6 or later) and Signum Systems
JtagJetTrace. P&E is supported by uVision.

6. Kernel Awareness for Keil RTX, CMX, Quadros and
Micrium. All RTOSs will compile with MDK.

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

This document details these features:
1. Serial Wire Viewer (SWV).
ETM Trace.

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

4. Six Hardware Breakpoints (can be set/unset on-the-fly) and four Watchpoints (also called Access Breaks).
5. RTX Viewer: a kernel awareness program for the Keil RTX RTOS.
Note: This document is a work in progress. Please contact the author or www.keil.com for the latest version.

Serial Wire Viewer (SWV):

Serial Wire Viewer (SWV) displays PC Samples, Exceptions (including interrupts), data reads and writes, ITM (printf),
CPU counters and a timestamp. This information comes from the ARM CoreSight™ debug module integrated into the
Cortex-M4. SWV is output on the Serial Wire Output (SWO) pin found on the JTAG adapter.

SWV does not steal any CPU cycles and is completely non-intrusive.(except for ITM Debug printf Viewer). SWV is
provided by the Keil ULINK family, Segger J-Link and the Signum Systems JtagJetTrace. Best results are with a ULINK.

Enhanced Trace Macrocell (ETM):

ETM adds all the program counter values to the features provided by SWV. This allows advanced debugging features
including timing of areas of code, Code Coverage, Performance Analysis and program flow analysis. ETM requires a special
debugger adapter such as the ULINKpro. Segger J-Trace or the Signum Systems JtagJetTrace. This document uses
ULINKpro for ETM. A ULINK2 or ULINK-ME is used for the Serial Wire Viewer exercises.

a s~ wDN
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Freescale Evaluation Boards:
This document uses the Freescale Kinetis TWR-K60N512. The K40 board can also be used.
Please note LEDs E1 through E4 are on Port C on the K40 board and on Port A on the K60 board.

Software Installation:

This document was written for Keil MDK 4.13a or later which contains pVision 4. The evaluation copy of MDK is available
free on the Keil website. Do not confuse pVision4 with MDK 4.0. The number “4” is a coincidence.

To obtain a copy of MDK go to www.keil.com/arm and select “Evaluation Software” from the left column.

You can use the evaluation version of MDK and a ULINK2, ULINK-ME, ULINKpro, J-Link or JtagJetTrace for this lab.
You must make certain adjustments for non-ULINK adapters and not all features shown here will be available.

The ULINKpro adds Cortex-M4 ETM trace support. It also adds faster programming time and better trace display.

Example Programs:

Currently two example programs plus two for programming the Freescale FlexMem are included in either
C:\KeilARM\Boards\Freescale\TWR-K40N256 or C:\Keil\ARM\Boards\Freescale\TWR-K60N512.

e Blinky: blinks 3 LEDs. Is a great starting point and can be adapted to your own project.
e RTX_Blinky: A motor controller with RTX (the Keil RTOS) implemented. An easy intro to RTX.
e FlexMem_Cfg and ProgOnce_Cfg: See Keil Appnote 220 to help you easily configure FlexMem.

Index:
1. Connecting ULINK2, ULINK-ME or ULINKpro to the Freescale Tower board:
2. ULINK2 or ULINK-ME and pVision Configuration:
3. ULINKpro and pVision Configuration:
4. Blinky example program using the Kinetis and ULINK2 or ULINKpro:
5.
6. Watch and Memory Windows and how to use them:

a. How to view Local Variables in the Watch or Memory windows:
b. How to view Local Variables updated in Real-time:
7. Getting the Serial Wire Viewer (SWV) working:

3
4
5
6
Hardware Breakpoints: 6
7
8
8
9

a. For ULINK2 or ULINK-ME: 9

b. For ULINKpro: 10

8. Using the Logic Analyzer (LA) with ULINK2 or ULINK-ME: 11
. Watchpoints: 12
10. RTX_Blinky example program with Keil RTX RTOS: 13
11. RTX Kernel Awareness using Serial Wire Viewer (SWV): 14
12. Logic Analyzer Window: with RTX: 15
13. Serial Wire Viewer (SWV) and how to use it: (with ULINK2) 16
a. Data Reads and Writes: 16

b. Exceptions and Interrupts: 17

c. PC Samples: 18

14. ITM (Instruction Trace Macrocell) a printf feature: 19
15. Serial Wire Viewer summary 20
16. Keil Products and contact information 21
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1) Connecting ULINK2, ULINK-ME or ULINKpro to the Freescale Tower board:

Freescale provides the ARM standard 20 pin hi-density connector for JTAG/SWD and ETM connection as shown here:
Pins 1 through 10 provide JTAG, SWD and SWO signals. Pins 11 through 20 provide the ETM trace signals.

ARM also provides a 10 pin standard connector that provides the first 10 pins of the 20 pin but this is not provided on the
Kinetis board. ARM recommends that both the 10 and 20 pin connectors be placed on target boards.

Pin 7 on both 10 and 20 pin is a key. On the male connector, pin 7 is
supposed to be absent. This is not the case on the Kinetis board.

On the female cable ends, a short plastic pin fills pin 7.

Keil cables usually have pin 7 filled and this will need to be removed
before connecting to the Kinetis target. This is easily done with a sharp
needle. Merely pry the pin out.

Alternatively, you can cut pin 7 off the target and ULINK2 socket.
Cable orientation is provided by the socket itself and there is no chance
for reverse orientation.

It is impossible to plug a 10 pin plug into the 20 pin socket without
bending two pins on the socket.

Connecting ULINK2 or ULINK-ME:

Pictured is the 10 pin to 20 pin Keil connector. The arrows point to pin 1. This cable is not currently supplied with the
ULINK2 or ULINK-ME. Contact Keil technical support or
sales to obtain one.

You will need to take the case off the ULINK2 and install the
special cable. The ULINK-ME does not have a case and the
cable can be directly installed on the 10 pin connector. The
ULINK-ME is pictured and the arrow points the 10 pin
connector.

Connecting ULINKpro:

The ULINKpro connects directly to the Kinetis board with its
standard 20 pin connector. You might need to remove the key
pin to connect to the Kinetis target.

The pictured 10 to 20 pin cable is supplied with the ULINKpro but is
not needed for this target. ULINKpro is pictured here:
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2) ULINK2 or ULINK-ME and pVision Configuration:

It is easy to select a USB debugging adapter in puVision. You must configure the connection to both the target and to Flash
programming in two separate windows as described below. They are selected using the Debug and Utilities tabs.

This document will use a ULINK2 or ULINK-ME as described. You can substitute a ULINKpro with suitable adjustments.

Serial Wire Viewer is completely supported by these two adapters. They are essentially the same devices electrically and any
reference to ULINK2 here includes the ME. The ULINKpro, which is a Cortex-Mx ETM trace adapter, can be used like a
ULINK2 or ULINK-ME with the advantages of faster programming time and an enhanced instruction trace window.

1. Assume the ULINK?2 is connected to a powered up Kinetis target board, pVision is running in Edit mode (as it is
when first started — the alternative to Debug mode) and you have selected a valid project. The ULINK2 is shown
connected to the Freescale K60 Tower board on page 1.

Select the debug connection to the target:

2. Select Options for Target #N or ALT-F7 and select the Debug tab. | Linker Debug | Utilties |
In the drop-down menu box select the ULINK as shown here:

x|

j Settings |

o |se: ILILINK Cortex Debugger
3. Select Settings and the next window below opens up. This is the
control panel for the ULINK 2 and ULINK-ME (they are the same).

In Port: select SWJ and SW. SWV will not work with JTAG selected.

5. Inthe SW Device area: ARM CoreSight SW-DP MUST be displayed. This confirms you are connected to the
target processor. If there is an error displayed or is blank this must be fixed before you can continue. Check the
target power supply. Cycle the power to the ULINK and the board.

TIP: To refresh this screen select Port: and change it or click OK once to leave and then click on Settings again.

TIP: You can do regular debugging using JTAG. SWD and JTAG operate at approximately the same speed. Serial Wire
Viewer (SWV) will not operate in JTAG mode.

|
Debug |Tmce I Flash Downloadl
Configure the Keil Flash Programmer: [ ULINKUSE - JTAG/SW Adapter 7 - SW Device
) o Serial No: [V0785FBE =l IDCODE | Device Name I Mave
6. Click on OK once and select the Utilities tab. I SWDIO | G :2BADT477  ARM CoreSight SW-DP up |
7. Select the ULINK similar to Step 2 above. Devics Famiy: [Carect i
. R . Fimware Version: IV'I A1 - .
8. Click Settings to select the programming o = Coretem B I
I thm |f one |S not VISIbIe S Port.l - I anual Configuration Device Mame; I
a gorl : MEXUodﬁil‘IMHz 'l Aidd | Delete | | Update 15 len I
9. Select Add and select MKXX 512kB Prog et
F|a5h as Shown beIOW or the one for your Connect & Resst Opvti:msJ J Cache Options Dowrload Options
. Connect: |Nomal = | Reset: | Autodete L2 ¥ Cache Code [~ Verfy Code Download
processor: L o amst Irsosaca {p Coee MWJ (r Dowrlo o Fadh
10. Enter 0x2000_0000 and 0x8000 in the “RAM
for Algorithm” Start: and Size: boxes.
[ ok [ canea | Help
11. Click on OK once.
TIP: To program the Flash every time you enter =

Debug mode, check Update target before Debugging.

Debugl Trace Fash Download |

. ‘s : - Download Functi RAM for Algarith
12. Click on OK to return to the puVision main o s Rl Cho 7 Fogen I
screen. Fq © EweSecos F oVedy Start: [(x20000000 | Size: [(x8000
" DonctErase |~ Resetand Run
13. You have successfully connected to the P g Agorthm

KInetIS tal’get pl’OCGSSOI’ Description | Device Type | Device Size | Address Range |
MKXC{ 512kB Prog Hash On-chip Flash 512k (00000000 - 0D0VFFFFH
TIP: The Trace tab is where you configure the Serial
Wire Viewer (SWV). You will learn to do this later.
TIP: If you select ULINK or ULINKpro, and have the SerJocoonoons | See: oxooneonnn
opposite ULINK physically connected to your PC; the ad | Remowe |

error message will say “No ULINK device found”.
This message actually means that pVision found the
wrong Keil adapter connected.

[ ok Cancel
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3) ULINKpro and pVision Configuration:

1. Assume the ULINKpro is connected to a powered up Kinetis target board, pVision is running in Edit mode (as it is
when first started — the alternative to Debug mode) and you have selected a valid project. The ULINKpro is shown
connected to the Freescale K60 Tower board below.

Select the debug connection to the target:

2. Select Options for Target &N or ALT-F7 and select the Debug tab. In the drop-down menu box select the ULINK

as shown here:

Select Settings and Target Driver window below opens up:
. In Port: select SWJ and SW. SWV will not work with JTAG selected.
5. Inthe SW Device area: ARM CoreSight SW-DP MUST be displayed.

Linker  Debug | Utiiies |

x|

g IULINK Pra Cortex Debugger j Settings |

This confirms you are connected to the target processor. If there is an error displayed or is blank this must be fixed
before you can continue. Check the target power supply. Cycle the power to the ULINK and the board.

TIP: Torefresh this screen select Port: and change it or i
click OK once to leave and then click on Settings again. ouu | uce | fsh Dourias |

TIP: You can do regular debugging using JTAG.

—ULINK USB - JTAG/SW Adapter— ~SW Device
SWD and JTAG operate at approximately the same Sena No: [VO723FEE 7| IDCODE___| Devies Name \ Wz
speed. Serial Wire Viewer (SWV) will not operate in ULINK Version:[DLINZ SO @ 0aBAYIAT7 - ARM Coresit S10P [ve
JTAG mode unless the ULINKpro is using the Trace Device Famiy: [Conexti |
Port to output the trace frames. Firmars Version:[V1.41 £ Automatic Detection D CODE: |
) . ¥ swi Port: = Manual Configuration Device Mame: I—
Configure the Keil Flash Programmer: wax o[ =] | | _ead [ odee | pine| trren [T

1. Click on OK once and select the Utilities tab. e
.. Connect & Reset Options Cache Options Download Options
2. Select the ULINKpro similar to Step 2 above. ’7Ccnnect:|Norrnal | Resct:[Atodetest =] Pv Cache CodeT (r Very Code Dowrload

. . . = T ¥ Cache Memo [ Downloadto Flash
3. Click Settings to select the programming #* Feset fter Comne: i
algorithm if one is not visible.

4. Select Add and select MKXX 512kB Prog ok ][ coed ] Hep
Flash as shown here or the appropriate one for )
your proceSsor Cortex-li Target Driver Setup | x|
Debug | Trace  Fash Download
5. Enter 0x2000_0000 and 0x8000 in the “RAM 7D:mlaa  Furcion Ao Ao
for Algorithm” Start: and Size: boxes. Lopp © EmseFulChip [ Frogrem
. _Fi % Erase Sectors ¥ Verfy Start:IDxZDDDDDDD Size: | 2000
6. Click on OK once. " DonotErase [ Resetand Fun

P 1g Algorithm

TIP: To program the Flash every time you enter Debug

Description | Device Type | Device Size | Address Range |

mode, check Update target before Debugging. MFOOX 512 Frog Flash Onchip Flssh 512 000D000OH - 0007FFFFH
7. Click on OK to return to the pVision main
screen.
8. You have successfully connected to the Kinetis Star: [B00000000 | Size: [300080000
target processor. T ] e |
[ ok ][ caneel | Help

TIP: If you select ULINK or ULINKpro, and have the opposite ULINK physically connected; the error message will say
“No ULINK device found”. This message actually means that puVision found the wrong Keil adapter connected.

TIP: A ULINKpro will act very similar to a ULINK2. The trace window (Instruction Trace) will be quite different from the
ULINK2 Trace Records as it offers additional features.

TIP: pVision windows can be floated anywhere. You can restore them by setting Window/Reset Views to default.
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4) Blinky example program using the Kinetis and ULINK2 or ULINKpro:

Now we will connect a Keil MDK development system using real target hardware and a ULINK2 or ULINK-ME. These
instructions use a K60 board. If you are using a K40 board, select the appropriate files and directories.

It is possible to use the ULINKpro or the P&E
1. Connect the equipment as pictured on the first page.

LV,
Start puVision by clicking on its desktop icon. e
Select Project/Open Project. Open the file C:\KeilARM\Boards\Freescale\TWR-K60N512\Blinky\Blinky.uvproj.

4. Make sure “K60X256 Flash” is selected. KB0¥236 - Flash T

This is where you create and select different target configurations such as to execute a program in RAM or Flash.
5. Configure your USB-JTAG adapter at this point. See pages 4 (ULINK2 or ME) and 5 (ULINKpro).

LOAD

7. Program the Kinetis flash by clicking on the Load icon: #* Progress will be indicated in the Output Window.

8. Enter Debug mode by clicking on the Debug icon.@- Select OK if the Evaluation Mode box appears.
Note: You only need to use the Load icon to download to FLASH and not for RAM operation or the simulator.

9. Click on the RUN icon. E Note: you stop the program with the STOP icon. @
The LEDs E1 through E3 on the Kinetis board will now blink.

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

5) Hardware Breakpoints:

1. With Blink running, double-click in the left margin on a darker gray block somewhere in the while(1) loop as shown
below:

A red block is created and soon the program will stop at this point.

The yellow arrow is where the program counter is pointing to in both the disassembly and source windows.
Note you can set hardware breakpoints while the program is running.

The Kinetis has 6 hardware breakpoints. A breakpoint does not execute the instruction it is set to.

Remove the breakpoint by double-clicking on the red block.

o gk~ wbd

Disassembly

O0x00000364 442C ADD rd4,rd4,r5

87: if (num == LED NUM) { dir = -1; num = LED NUM-1: }

.0:{00000366 2C03 CMP T4, ¥0x03

0x00000368 D102 BNE 0x00000370

O0x0000036R 1F25 SUEBS r5,r4, ¥4 -
K10 _>|_I

Abstractbt | ] startup_MKEONS12MD100.s - (] Blinky.c X =|

a1 z]

a2 LED Config();

a3

a4 while (1) {

g5 ‘+ Calculate 'mom': O0,1,...,LED NUM-1,LED NUM-1,...,1,0,0,..
[=p el num += dir;
Imd 37 if (num == LED_I\TU'H] { dir = -1; num = LED_N'U'H—

a8 else if (num < 0) { dix = 1; num = O;

a9

a0 LED On (num) ;

91 Delay (250) ;

92 LED Off {num) ;
93 Delay (250):

e
e
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6) Watch and Memory Windows and how to use them:

The Watch and memory windows will display updated variable values in real-time. It does this through the ARM CoreSight
debugging technology that is part of Cortex-M4 processors. It is also possible to “put” or insert values into these memory
locations in real-time. It is possible to “drag and drop” variables into windows or enter them manually.

Watch window:
1. You can do the following steps while the CPU is running. Click on RUN if needed.
2. Inthe file Blinky.c locate the volatile variable msTicks. It will be near line 19.
3. Open the Watch 1 window by clicking on the Watch 1 tab as shown or select View/Watch Windows/Watch 1.
4

In Blinky.c, block msTicks, click and hold and drag it into Watch 1.
Release it and it will be displayed updating as shown here: ==>
5. You can also enter a variable manually by double-clicking or -'-'1"'FE-
pressing F2 and using copy and paste or typing the variable. —
TIP: To Drag ‘n Drop into a tab that is not active, pick up the variableand L
hold it over the tab you want to open; when it opens, move your mouse into &~ & ol giwatent |
the window and release the variable.

6. Double click on the value for msTicks in the Watch window. Enter the value 0 and press Enter. 0 will be inserted
into memory in real-time. You can do this in the Memory window with a right-click and select Modify Memory.

[l s Ticks
- double-click or F2to add>

) Memory 1

Memory window:
1. Drag ‘n Drop msTicks into the Memory 1 window or enter it manually.

2. Note the value of msTicks 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. Now the physical address is shown
(Ox1FFF_8004).

Right click in the memory window and select Unsigned/Int.
The data contents of msTicks is displayed as shown here: e==——]>
Both the Watch and Memory windows are updated in real-time.

Ox1FFF8014: 00000000 00000000 00000000 00000000

TIP YOU are able to Conflgure the WatCh and Memory WlndOWS and Ox1FFF8024: 00000000 00000000 00000000 00000000
change their values while the program is still running in real-time without 0x1FFFS034: 00000000 00000000 00000000 00000000 |v|
Stea“ng any CPU Cycles P Call stack | B Locals | G@watch 1 | [E] Memory1

-
Address: |dmsTicks D j

Ox1FFFE004: 00086CDS 00000000 00000000 00000000

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.

You are not able to view local variables while the program is running.
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How to view Local Variables in the Watch or Memory windows:
1. Make sure Blinky.c is running.
2. Locate where the local variable num is declared in Blinky.c near line 76, at the start of the main function.
3. Drag and Drop num into Watch 1 window. Note you are unable to accomplish this.
4. Double-click in the left margin, somewhere past the while (1) loop in main to set a hardware breakpoint such as at

line 88 shown here:  ———— Abstractit | [£] startup MKSONS12MD100.s  [£] Blinky.c x | s
. 80 SysTick Config(SystemCoreClock/1000); /* Generate interig
5. The program will stop and you can now enter num &1 B
. . 82 LED Confi H
into Watch 1. Remove the breakpoint by double- 8 et
CIICkIng On It to remove the rEd bIOCk g; Wh,:'l;e_(’,"::)Ici'lf:':e ‘num': 0,1,...,LED NUM-1,LED NUM-1,...,1,0,0,...
. 86 num += dir;
TIP: Remember: you can set hardware breakpoints §  if (muw = LED NUM) ( diz = -1; mum = LED NUM-1; )
on-the-fly in the Cortex-M4 ! R ewsenr gmm0) s s o !
. 90 LED On (num) ;
6. Run the program and note num value displays as . pee )
22977777 %3 Delay(250); J
94 }
7. Stop the program and it will probably stop in the Tl _.r'

Delay function. num now displays as <out of scope>

8. These effects are because pVision is unable to determine the value of num when the program is running because it
exists only when main is running. It disappears in functions and handlers outside of main.

9. Start the program by clicking on the Run icon.

Watch 1 3 x
10. num changes to ????????. Set a breakpoint by double- — Vol |
clicking in the margin while (1) loop as before in Step 4  maTicks 00122898
above. The program will soon stop on this hardware o 00000002
breakpoint.  zdouble-click or F2to add>
11. num correctly displays the value as shown here: ==
12. Each time you click RUN, this value is updated. & Call Stack | JlLocals  j@lWatch 1 | B Memory 1

How to view these variables updated in real-time:
Note: Drag and Drop does not currently work correctly for the variable num. Stop the processor and enter it manually.
All you need to do is to make num static !

1. In the declaration for num add static like this:

int main (void) {
static int num = -1;

Exit debug mode. TIP: You can edit files in edit or debug mode, but can compile them only in edit mode.

Compile the source files by clicking on the Rebuild icon. Hopefully they compile with no errors or warnings.
LoAD

4. To program the Flash, click on the Load icon. #¥# . A progress bar will be displayed at the bottom left.

TIP: To program the Flash automatically when you enter Debug mode select Options For Target EA , select the
Utilities tab and select the “Update Target before Debugging” box.

5. Enter Debug mode. @ You will have to re-enter num in the Watch 1 window because it isn’t the same variable
anymore — it is a static variable now instead of a local. Drag ‘n Drop is the fastest way.

Remove the breakpoint you previously set and click on RUN. You can use Debug/Kill All Breakpoints to do this.
num is now updated in real-time. This is ARM CoreSight technology working.

8. Stop the CPU and exit debug mode for the next step. @ and @
TIP: View/Periodic Window Update must be selected. Else variables update only when the program is stopped.
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5) Getting the Serial Wire Viewer (SWV) working:
Serial Wire Viewer provides program information in real-time.
A) For ULINK2 or ULINK-ME: (ULINKpro instructions are on the next page)
Configure SWV:

1. pVision must be stopped and in edit mode (not debug mode).
2. Select Options for Target &N or ALT-F7 and select the Debug tab.
3. Click on Settings: beside the name of your adapter on the right side of the window.
4. Click on the Trace tab. The window below is displayed.
5. In Core Clock: enter 56.2 and select the Trace Enable box.
6. Select Periodic and leave everything else at default.
7. Click on OK twice to return to the main pVision menu. SWV is now configured.
E
Debug Trace I Flash Download I
Core Clock:l 56.200000 MHz v Trace Enable
~Tace Pon—————— ~Timestamps—————— [~ Trace Events
ISeriaI Wire Output - UART/NRZ j ¥ Enable Prescaler: I‘I Vl I CPI: Cycles per Instruction
SWO Clock Prescaler: | 29 _FC Samping :: ?LfEE”;TW‘”::::mead
: oleep es
I Pt Prescalr: 102416 =] | | (= | 11 oad Stre Ut Cycles
SWO Clocke [ 1170833 MHe | | 15" b Perod:[ 2575300 | | I~ FOLD: Flded intuctons
™ on Data R/W Sample ¥ EXCTRC: Exception Tracing
ITM Stimulus Ports
31 Port 24 23 Port 16 15 Port 8 7 Port 0
Enable: |k<FFFFFFFF Wivi¥i¥iviviviv VIviviviviviviy VIvivivivivivive v
Privilege: ID:(DDDDDDDE» Port 31.24 [# Port 23.16 [ Fort 15.8 [ Pot 7.0 [~
Display Trace Records:
ok | Cancel | Help
8. Enter Debu mode.@ _—
g =R R
9. Click on the RUN icon. . Y ] Records
) ; ) ; ; Exceptions
10. Open Trace Records window by clicking on the small arrow beside the Trace icon: R
11. The Race Records window will open and display Exceptions and PC Samples as shown below:
TIP: If you see the Num column contain any numbers other than 15 or 0, the trace is not configured correctly. The most
probable cause is the Core Clock: frequency is wrong. Try 52.9 or 48 MHz.

_ _ _ _ X
Exc_eptlon _15 is the SYST_ICK timer. Itisa — oilhn] fodom | Do | ¢ [0 G | T 1|
dedicated timer for use with RTOSs. FC Sample D0DO03COH 41333373632 73546328171

Exception Entry 15 41333383243 73546345272
1 1 Exception Exit 15 41333383253 735.46545290
A” frames haVe a tlmeStamp dlsplayEd' ac:mQ Retum 0 41333383263 735 465945308

. - PC Sample 000003BEH 41333330016 73546957324
Exception Return means all exceptions have PC Sample 000003BEH 41333406400 73546906477
returned. Can detect Cortex tail-chaining. e, . P000038EH plbctorsibnREE il

. . . Exception Exit 15 41333431225 73547030643
If you open the Exceptions window you will see |Exzption Retum 0 41333431235 73547030667
. . FC Sample 000D03CEH 41333435168 73547044783
SYSTICK displayed in another format. PC Sample 000003CEH 4133455552 7354T0739%
PC Sample 000003CEH 41333471336 73547103085
1 ineci 1 Exception Ert 15 413334759187 73547115591
Double-click inside any of these two windows it I PEceol OE STl
Exception R ] 41333473207 73547116027
tO Clear them FC ggt:;le m 000003CEH 41333488320 73547132242
FC Sample 000D03CEH 41333504704 73547161395
FC Sample 000003CEH 41333521088 73547130548

Exception Entry 15 41333527159 73547201351 ;I
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B) For ULINKpro:

Configure SWV:
pVision must be stopped and in edit mode (not debug mode).

1.

© N o bk

The Trace Port is faster and must be selected for

Select Options for Target e or ALT-F7 and select the Debug tab.
Click on Settings: beside the name of your adapter on the right side of the window.
Click on the Trace tab. The window below is displayed.
Core Clock: No need to enter anything. ULINKpro determines this automatically. Select the Trace Enable box.
In the Trace Port select Serial Wire Output — Manchester. Selecting UART/NRZ will cause an error.

Select Periodic and leave everything else at default. Periodic activates PC Samples.
Click on OK twice to return to the main pVision menu. SWV is now configured.

TIP: Sync Trace Port with 4 bit Data field sends the trace records out the 4 bit trace port rather than the single pin SWO.

ETM trace. Itis available only with the
ULINKQpro.
We will examine this setting later.

Display Trace Records:

1.

TIP:

Enter Debug mode.@

Click on the RUN icon. .

Open Instruction Trace window by clicking on the small arrow beside the Trace icon:
The Race Records window will open and display Exceptions and PC Samples as shown

below:

Debug Trace | Flash Download I

Core C!ock:l 56.200000 MHz V¥ Trace Enable
r Trace Port r Ti
Serial Wire Output - Manchester j ¥ Enable Prescaler: |1 vl
Sync Trace Port with 1-bit Data
Sync Trace Port with 2-bit Data —PC Sampling————
Sync Trace Port with 4-bit Data lﬁ,
Serial Wire Output - Manchester Frescaler: | 102416 ¥
Serial Wire Output - UART/NRZ . X
V¥ Periodic Period I 291.530us
[~ on Data R/W Sample

™| ET Tirace Enable

Trace Events

™ CPI: Cycles per Instruction
[~ EXC: Exception overhsad
[~ SLEEP: Sleep Cycles

I~ LSU: Load Store Unit Cycles
™ FOLD: Folded Instructions
¥ EXCTRC: Exception Tracing

rITM Stimulus Ports

31 Pot 2423 Pot 1615 Fot & 7  Fot O

Enable: |CFFFFFFFF | T 7 7 72 7 a7 7 7 0 a7 7 T e T T T
Privilege IDxDDDDDDDE Port 31.24 ¥ Pot 23.16 [~ Portt 15.8 [~ Pot 7.0 ™
ok | cancel | Help

probable cause is the Core Clock: frequency is wrong. Try 52.9 or 48 MHz.

TIP: The Instruction Trace window is different that the Trace Records window provided with the ULINK2. Note the
disassembled instructions are displayed and if available, the source code is also displayed. Clicking on a PC Sample line will
take you to that place in the source and disassembly windows. All the program counter values are displayed with ETM trace.

You cannot clear the Instruction Trace window by double-clicking inside it. To clear the trace, exit and re-enter debug mode.

ﬂ Instruction Trace

Exceptions

Counters

If you see the Num column contain any numbers other than 15 or O, the trace is not configured correctly. The most

Fiter: [Al =l 3‘

Exception Retum

1415222951

=3 Type Flag | MNum FC Opcode Instruction Source Code Address Data Cycles Time[s]
174864 | PC Sample <000003BE | 4A03 LDR  r2[pc#12] ; @mx000003CC 1415085058 141.50850580
174865 | PC Sample (x000003BE | 4A03 LDR 2 [pc.#12] ; @k000003CC 1415101442 141.51014420
174866 | PC Sampls (<000003BE | 4A03 LDR  r2[pc#12] ; @k000003CC 1415117826 141.51178260
174867 | Exception Entry 15 1415127027 141.51270270
174868 | Bxception Bxit 15 1415127037 141.51270370
174869 | Exception Retum 0 1415127047 141.51270470
174870 | PC Sample <000003BE | 4A03 LDR  r2[pc#12] ; @k000003CC 1415134210 141.51342100
174871 FC Sample 000003BE | 4A03 LDR  r2[pc.#12] ; @k000003CC 1415150554 141.515055340
174872 | PC Sample (xD00003BE | 4A03 LDR  r2[pc.#12] : @k000003CC 1415166578 141.51663780
174873 | Exception Entry 15 1415174559 141.51743550
174874 | Bxception Bxt 15 1415175009 14151750050
174875 | Bxception Retum ] 1415175013 14151750130
174876 | PC Sample (000003C4 | 4282 CMP 270 1415183362 141.51833620
174877 | PC Sample 000003C4 | 4282 CMP 270 1415155746 141.51557460
174878 | PC Sample 000003C4 | 4282 CMP r2rD 1415216130 141.52161300
174879 | Exception Entry 15 1415222571 141.52229710
174880 | Exception Bxit 1415222581 141.52223810

14152229910
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10) Using the Logic Analyzer (LA) with ULINK2 or ULINK-ME:

This example will use the ULINK2 with the Blinky example. Please connect a ULINK2 or ULKINK-ME to your Kinetis
board and configure it for SWV trace. If you want to use a ULINKpro you will have to make appropriate modifications.

pVision has a graphical Logic Analyzer (LA) window. Up to four variables can be displayed in real-time using the Serial
Wire Viewer in the Kinetis.

4.

5
6.
7.
8
9

12. This value will be displayed in the LA window as shown here: You can enter any value into msTicks.

Enter debug mode @ .

Select Debug/Debug Settings and select the Trace tab.
Unselect Periodic and EXCTRC. This is to prevent overload on the SWO pin.

Run the program. . You can configure the LA while the program is running or stopped.

Open View/Analysis Windows and select Logic Analyzer or select the LA window on the toolbar. ===

Locate the volatile variable msTicks in Blinky.c. It is declared near line 19.
Block msTicks and drag it into the LA window and release it. Or click on Setup in the LA and enter it manually.

Click on Setup and set Max: in Display Range to OXFFFF. Click on close. The LA is completely configured now.
Drag and drop msTicks into the Watch 1 window. It should be incrementing.
10. Adjust the Zoom OUT icon in the LA window to about 1 second or so to get a nice ramp as shown below.
11. In the Watch 1 window, double-click on the msTicks value and enter O and press Enter.

and global variables, structures and arrays.

Logic Analyzer

TIP: The Logic Analyzer can display static -]

Min Time: Max Time Grid

26731188 | 6135125 1s

Zoom Code

EED

It can’t see locals: just make them static. 1 59535
To see peripheral registers merely read or
write to them and enter them into the Logic
Analyzer. £
1. Select Debug/Debug Settingsand | =
select the Trace tab.
2. Select On Data R/W Sample.
Click OK. o
4716275 s 53.16275s 59.16275s
987746466 3324946466
3. Run the program. . E | ol
4. Open the Trace Records window.
5. The window similar below opens up:
6. The first line below says: zl
7. The instruction at 0x2C4 | Type |ovi [ bum| Address | Data | PC__ |Dy| Cyoks | Tmel) =
. Data Witte FFFS008H  ODOOFOFDH  DOODO2C4H 5734717783 103.63255022
caused a write of data Data Write 1FFFE008H DODOFO7EH DO00D2CAH 5734765755 103.63340382
Data Witte FFFE008H  ODDDFO7FH  0OODO2C4H 5734313727 103.63425741
0x0000_F07D to addr_ess Data Witte FFFS00SH  ODDDFOSOH  DOODO2C4H 5734361639  103.63511101
Ox1FFF 8008 at the listed Data Witte FFFS008H  OODODFOSIH  DOODO2CAH 5734303671  103.63596460
L= . Data Witte FFFS00BH  OODDDFOS2H  DOODO2C4H 5734357643 103.63631820
time in Cycles or Time. Data Witte 1FFFE008H  O0O0DFOS3H  0OODO2C4H 5735005615 103.6376717%
. . Data Wite FFFS00SH  OODDDFDS4H  0OODO2C4H 5735053587  103.63852538
TIP: The PC column is activated Data Witte FFFS00SH  ODDDFOSSH  DOODO2C4H 5735101559 103.63937898
Data Witte FFFS008H  ODDDFOS6H  DOODO2CA4H 5735143531  103.64023257
when you selected On Data RIW | ;224 IFFFB00BH  ODOOFOSTH  DDODOZC4H 5735197503 103.64108617
Sample in Step 2. You can leave this - |Data Wite FFFS008H  ODDDFOSSH  DOODO2C4H 5735245475 103.64133975
. Data Witte FFFS008H  OODDDFOSSH  0OODO2CAH 5735293447  103.64279336
out to save bandwidth on the SWO Data Wiite 1FFFS008H  ODOOFOSAH  DODDOZC4H 5735341419 10364364695
in Data Witte FFFS008H  ODDDFOSEH  DODDO2CAH 5735389391  103.54450054
pin. Data Witte FFFS008H  ODDDFOSCH  0OODO2C4H 5735437363 103.64535414
. P Data Wite FFFS008H  OOOOFOSDH  DOODO2C4H 5735485335 103.64620772
TIP: The ULINKpro will give a more Data Wiite IFFFS00BH  ODOOFDSEH  DDODDZC4H 5735533307  103.64706133
ioti i Data Witte FFFS00BH  ODDDFOSFH  DOODO2CAH 5735581279 103.64791432
x%zg&cated Instruction Trace || Data Wrte FFFS008H  ODDDFOSOH  DOODO2CA4H 6735629251 10364876852 |
Watchpoints are described on the next page.
11 Copyright © 2010 ARM Ltd. All rights reserved
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11) Watchpoints: Conditional Breakpoints

The Kinetis Cortex-M4 processors have four Watchpoints. Watchpoints can be thought of as conditional breakpoints. The
Logic Analyzer uses watchpoints in its operations. This means in pVision you must have two variables free in the Logic
Analyzer to use Watchpoints.

© © N o g b~ w bR

[y
o

[EEN
[EEN

12.

13.

14.
15.

Click on RUN. _
. When msTicks equals 3, the program will stop. Thisishowa | Access
Watchpoint works. .| Bpression: [msTicks = 3 R it
P i i i i | B = I Bytes
. You will see msTicks incremented in the Logic Analyzer as e | =

Using the example from the previous page, stop the program.

Click on Debug and select Breakpoint or press Ctrl-B.

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

In the Expression box enter: “msTicks == 3” without the quotes. Select both the Read and Write Access.

Click on Define and it will be accepted as shown here: Ers)> B x|

Cument Breakpoirts:

Click on Close.
Double-click in the Trace Records window to clear it.
Set msTicks in Watch 1 window to zero.

well as in the Watch window if you choose a watchpoint with
a higher value. Defre | Kil Selected il Al Cose | Hep |

Note the three data writes in the Trace Records window shown below. 1, 2 and 3 in the Data column. Plus the
address the data written to and the PC of the write instruction. This is with a ULINK2 or ULINK-ME. The
ULINKpro will display a different window. lv

; ]
There are other types of expressions you | | . | =
- - Type Ovf | Num Address Data PC Dhy Cycles Time[s =
can enter and are detaIIEd in the HEIp Data Write 1FFFB008H 00000001H 000002C4H 27572147844 452.15852142
1 1 1 Data Wit 1FFF3008H 00000002H 000002C4H 27572195816 49219577501
bUtton n the BreaprInts WIndOW' Dat: Wn‘t: TFFF3008H 00000003H D00002C4H 27572243783 452 20062860

To repeat this exercise, set msTicks to a number other than 3 or disable the watchpoint.
When finished leave Debug mode.

TIP: You cannot set Watchpoints on-the-fly while the program is running like you can with hardware breakpoints.

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

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

12 Copyright © 2010 ARM Ltd. All rights reserved
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12) RTX_Blinky Example Program with Keil RTX RTOS: A Stepper Motor example

Keil provides RTX, a full feature RTOS. RTX is included for no charge as part of the Keil MDK full tool suite. It can have
up to 255 tasks and no royalty payments are required. If source code is required, this is included in the Keil RL-ARM™
Real-Time Library which also includes USB, CAN, TCP/IP networking and a Flash File system. This example explores the
RTOS project. Keil will work with any RTOS. An RTOS is just a set of C functions that gets compiled with your project.

1
2.
3.
4

Start pVision by clicking on its icon on your Desktop if it is not already running.
Select Project/Open Project.
Open the file C:\KeilARM\Boards\Freescale\TWR-K60N512\RTX_Blinky\Blinky.uvproj.

Since RTX_Blinky uses a ULINKpro as default: if you are using a ULINK2 please configure it as described on page
4 under 2) ULINK?2 or ULINK-ME and pVision Configuration: You do not need to configure the trace yet.
You only have to do this once — it will be saved in the project file. You can also make a new target configuration.

Compile the source files by clicking on the Rebuild icon. . They will compile with no errors or warnings.

LoAD
To program the Flash manually, click on the Load icon. ¥*. A progress bar will be at the bottom left.

Enter the Debug mode by clicking on the debug icon @ and click on the RUN icon.
The LEDs will blink indicating the four waveforms of a stepper motor driver changing. Click on STOP 0.

The Configuration Wizard for RTX:

© N o gk w Db

Click on the RTX_Conf_CM.c source file tab as shown below on the left. You can open it with File/Open.
Click on Configuration Wizard at the bottom and your view will change to the Configuration Wizard.

Open up the individual directories to show the various configuration items available.

See how easy it is to modify these settings here as opposed to finding and changing entries in the source code.
This is a great feature as it is much easier changing items here than in the source code.

You can create Configuration Wizards in any source file with the scripting language as used in the Text Editor.
This scripting language is shown below in the Text Editor as comments starting such as a </h> or <i>.

The new pVision4 System Viewer windows are created in a similar fashion. Available Q4 2010.

" [# RTX_Conf_cM.c v X |

Elinky.c
091 #ifndef O5_TICE ZI
0g2 #define O5_TICK = 10000

Erpand a&ll Collapse Al
083 #endif

Do
- Task EFInIkions
085 // </h>

RTX_Conf_CM.c | v x

Help I

|Vame

0597
naa

L]

oss /v
gz s/

<e>Round-Robin Task switching

/4 <i> Enable Round-Robin Task switching
#ifndef O5_ROBIN

#define O5_ROBIN 1 J
#endif

#define O5_ROBINTOUT 5

fendif =
*

i Mumber of concurrent running kasks
mber of basks with user-provided stack.
sk stack size [bytes]

eck for the stack overflow
n in privileged made

i Mumber of user timers
SysTick Timer Configuration

. Timer clock value [Hz]

7

200
I
=

72000000
10000
I

5

Text Editar ?\Conﬁguralinn Wizard

% Text Editar 4, Configuration Wizerd

Text Editor: Source Code

Configuration Wizard

Freescale Kinetis Cortex-M4 Lab with ARM® Keil™ MDK toolkit
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13) RTX Kernel Awareness using Serial Wire Viewer

Users often want to know the number of the current operating task and the status of the other tasks. This information is
usually stored in a structure or memory area by the RTOS. Keil provides a Task Aware window for RTX. Other RTOS
companies also provide awareness plug-ins for pVision.

Run RTX_Blinky again by clicking on the Run icon.

Open Debug/OS Support and select RTX Tasks and System
and the window on the right opens up. You might have to
grab the window and move it into the center of the screen.
Note these values are updated in real-time using the same
technology as used in the Watch and Memory windows.

Open Debug/OS Support and select Event Viewer. There is
probably no data displayed because SWV is not configured.

RTX Viewer: Configuring Serial Wire Viewer (SWV):

We must activate Serial Wire Viewer to get the Event Viewer working.

1.

© N o o

10.
11.
12.
13.

Stop the CPU and exit debug mode. o @

Click on the Options icon AN next to the target box.

Select the Debug tab and then click the Settings box next to
ULINK Cortex Debugger dialog.

In the Debug window as shown here, make sure SWJ is
checked and Port: is set to SW and not JTAG.

Click on the Trace tab to open the Trace window.
Set Core Clock: to 56.2 MHz and select Trace Enable.
Unselect the Periodic and EXCTRC boxes as shown here:

ITM Stimulus Port 31 must be checked. This is the method
the RTX Viewer gets the kernel awareness information out to
be displayed in the Event Viewer. It is slightly intrusive.

Click on OK twice to return to pVision.
The Serial Wire Viewer is now configured in pVision.

Enter Debug mode and click on RUN to start the program.
Select “Tasks and System” tab: note the display is updated.
Click on the Event Viewer tab.

This window displays task events in a graphical format as
shown in the RTX Kernel window below. You probably have
to change the Range to about 5 seconds by clicking on the
ALL and then the + and — icons.

TIP: View/Periodic Window Update must be selected !

TIP: If Event Viewer doesn’t work, open up the Trace Records and
confirm there is good ITM frames present.

Cortex-M4 Alert: puVision will update all RTX information in real-
time on a target board due to its read/write capabilities as already
described. The Event Viewer uses ITM and is slightly intrusive.

You will not have to stop the program to view this data. No CPU
cycles are used. Your program runs at full speed. No instrumentation
code need be inserted into your source. You will find this feature very

useful !

I L

Tiener Number: .I: |
Tk Taver: 10,000 e
Rinund Rohin Timeout: .Sﬁ.fl'l'-lw‘\ﬂ
'.kad".r__e: .;‘}J
Susch velh Usem-paavided Stk 0
Sack Croerfins Check: Lves
Tk Usage- .iral&-e 7, Used: &
User Tarers: Avaatie: 0, Loedi 0
D Name Py e Celsy  LvertVahie Lverk Mask  Stack Load
755 |os_ide g 0 Farriy o
led 1 [ | £
.Wcl. 1 .\-\‘ﬂ AN :JF.I.I.I.‘ .l?\‘JlLIJ | J;.'!‘o
5 |phme0 1 wat v N 000 (00001 |40
| phasec 1 | Wa_&hDr T T
3 |phased 1 Wt AND T |0 Tw
s T R oo oo
Btk | RTH Tashs and Systesn
(Cortex-M Target Driver Setup x|
Debug | Trace | Flash Download |
- ULINK USB - JTAG/SW Adapter — - SW Devi
Serial No: [TIEEERS ~ IDCODE [ Device Name I i
SWDIO | G ©:2BA01477  ARM CoreSight SW-DP ]
ULINK Version: [ULINKZ res R
Device Famiy: [Cotext ov)
Fimurare Version: [V1 41 6 susritc Detection 1D CDE
7 oswi Porfsw =] € Wanual Confiauration Deviee Heme
MaxClock: [1MHz M wl M IR len
- Debug
Connect & ResstOptions —————— -Cache Options——| - Download Options
Connect: [Nomal x| Resst:[Atodetect x| | | ¥ Cache Code I Verfy Code Download
| Resst after Connect [¥ Cache Memory | | I~ Download to Fiash

«
Debug Trsce | Fach Download |
Core Clock: | 56.200000 MHz I¥ Trace Ensble
~Trace Part Timestame: Trace Event:
Sersl Vire Ouipit - UARTNRZ =] | | @ Engble  Prescaler:[1 =] | | I~ CPI: Cycles per Insiruction
SWO Clock Prescaler: [ 20 S W BB i
(G it I™ SLEEP: Sleep Cycles
o [o2216 =]
Ereci| 02416 I~ LSU: Load Store Uint Cycles
SWOCeek:| L1703 MHe || peugic Panod:[ <Disableds | | [ FOLD: Folded Istructions
I™ on Data RAW Sample I™ EXCTRC: Bxception Tracing
~ITM Simuius
31 Pot 2423 Pot 1615 FPat 8 7 Pot O
Enable: |WFFFFFFFF PR RRRRFRY FVVRRRRR | T b v el g e g e e
Priviege: [2x00000002 Pot31.24 ¥ Pot23.16 [ Port15.8 [ Pot7.0 [
coes
C - LT R R ]
Min Tie: 0.466055 = Mo Tina: 507,465 ¢ Range: 10,0000 & Giid 0500000 ¢
vt
phased
phaget
phasnt:
phaseD

chock.
ke
I

10 0000 o

........... \
000000 3

TIP: You can use a ULINK2, ULINK-ME, ULINKpro or J-Link for these RTX Kernel Awareness windows.
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14) Logic Analyzer Window: View variables real-time in a graphical format:

pVision has a graphical Logic Analyzer window. Up to four variables can be displayed in real-time using the Serial Wire
Viewer in the Kinetis. RTX_Blinky uses four tasks to create the waveforms. We will graph these four waveforms.

Close the RTX Viewer windows. Stop the program and exit debug mode.
Add 4 global variables unsigned int phasea through unsigned int phased to Blinky.c as shown here:

1.
2.
3.

TIP: The Logic Analyzer can display static and global variables, structures and

Add 2 lines to each of the four tasks Task1 through Task4 in Blinky.c as
shown below: phasea=1; and phasea=0; :the first two lines are shown
added at lines 081 and 084 (just after LED_On and LED_Off function

calls). For each of the four tasks, add the corresponding variable
assignment statements phasea, phaseb, phasec and phased.

We do this because in this simple program there are not enough suitable

variables to connect to the Logic Analyzer.

et Frmm e e e o -

#define LED D D
#define LED_CLE  LED_1

n2g
029
030
031
032
033
034
035
036
037 =
03 -

rhases; Qe —
rhaseb;
phasec;
rhased;

int
int
int
int

unsigned
unsigned
unsigned
unsigned

arrays. It can’t see locals: just make them static. To see peripheral registers

merely read or write to them and enter them into the Logic Analyzer.

LOAD

Program the Flash #%.

Rebuild the project.
Enter debug mode @1

You can run the program at this point.

Open View/Analysis Windows and select Logic Analyzer

or select the LA window on the toolbar.

Enter the Variables into the Logic Analyzer:
Click on the Blinky.c tab. Block phasea, click, hold and drag up to the Logic Analyzer tab (don’t let go yet!)
When it opens, bring the mouse down anywhere into the Logic Analyzer window and release.

Repeat for phaseb, phasec and phased. These variables will be listed on the left side of the LA window as

9.

10.
11.

12.
13.
14.
15.

shown. Now we have to adjust the scaling.

U e
075 * Task 1 'phased': Phase A output
078 e

077/ __task void phased (void] {
ora for (;:) |

079 o5_evt_wait and (0x0001, Ox£fff); SE
080 LED_oOn (LED _A4):

081 phasea = 1: e

082 2ignal func (t_phaseE): S

083
084
085 +
086 |

LED Off (LED_A4):
phasea=0;

—

Click on the Setup icon and click on each of the four variables and set Max. in the Display Range: to 0x3.

Click on Close to go back to the LA window.

Using the OUT and In buttons set the range to 20 seconds. Move the scrolling bar to the far right if needed.

You will see the following waveforms appear. Click to mark a place See 252 s below. Place the cursor on one of
the waveforms and get timing and other information as shown in the inserted box labeled phasec:

|Lug\cAna\yzer a Xl
Setup ... |[Load ... Min Time Max Time: Grid Zoom Code Setup Min/Max Update Screen| Transition ¥ Signal Info
S ][ 0 [EmSTs [ Ts @ Show e [ G

" [ S D R N IR T R A

= of L— I = L P

s 3 o L -

& H 1 1 1 H H H H

= 0 | I I I |

Y 3 : ‘ : : : : : : ; ; 5

i P I

E phasec I I I I I I

] H Mouse Pos Reference Point Delta

= 1| Time: 27.65625 5 0s 2765625 5 = 0.036158 HZJ

| Value: 0 L 1
21416255 ‘|PCS: N/A 0x388 Es
1203593192 1596993192 2046593192

E | Bl

@Di;a:;eml)\, | ELugicAnalyzer

TIP: You can also enter these variables into the Watch and Memory windows to display and change them in real-time.
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15) Serial Wire Viewer (SWV) and how to use it:
a) Data Reads and Writes: (Note: Data Reads but not Writes are disabled in the current version of pVision).
You have configured Serial Wire Viewer (SWV) in Section 6 under RTX Viewer: Configuring the Serial Wire Viewer:

Now we will examine some of the features available to you. SWV works with pVision and a ULINK2, ULINK-ME,
ULINKQpro or a Segger J-Link V6 or higher. SWV is included with MDK and no other equipment must be purchased.

Everything shown here is done without stealing any CPU cycles and is completely non-intrusive. A user program runs at full
speed and needs no code stubs or instrumentation software added to your programs.

1. Use RTX_ Blinky from the last exercise. Enter Debug mode and run the program if not already running.

Select View/Trace/Records or click on the Trace icon ] - and select Records.
The Trace Records window will open up as shown here:

The ITM frames are the data from the RTX Kernel
Viewer which uses Port 31 as shown under Num.
To turn this off select Debug/Debug Settings and
click on the Trace tab. Unselect ITM Stimulus Port
31. TIP: Port O is used for Debug printf Viewer.

Unselect EXCTRC and Periodic.
Select On Data R/W Sample.
Click on OK to return.

Click on the RUN icon.

Double-click anywhere in the Trace records
window to clear it.
10. Only Data Writes will appear now.
TIP: You could have right clicked on the Trace
Records window to filter the ITM frames out.
What is happening here ?

1. When variables are entered in the Logic Analyzer
(remember phasea through phased ?), the reads
and/or writes will appear in Trace Records.

2. The Address column shows where the four
variables are located.

© 0o N o o

3. The Data column displays the data values written to
phasea through phased.

4. PC isthe address of the instruction causing the
writes. You activated it by selecting On Data R/W
Sample in the Trace configuration window.

5. The Cycles and Time(s) columns are when these
events happened.

TIP: You can have up to four variables in the Logic
Analyzer and subsequently displayed in the Trace Records
window.

TIP: If you select View/Symbol Window you can see where
the addresses of the variables are. —

Records
Exceptions
Counters
5I
Type Ovi [ Mum [ Addess [ Data | FC (o] Cydes [ Timels =]
Data wiite 20000028H  ODOOOOOTH 107630763 168173077
ITH 3 OBH 107631243 168173817
ITH 3t FFH 107644097 1B8IBIR2
ITH 3 DEH 112736793 176151239
ITH 3 FFH 112750297 176172339
ITH 3 3H 139616315 218151430
ITH 02H 139617433 218152342
Data Wiite 200000244 0DOOOOOOH 139630790 213173109
ITM 31 O6H 139530965 218173383
ITM 3 FFH 139644633 215194739
ITM 3 OBH 144736793 226151239
ITM 3 FFH 144750297 226172339
ITH 3t 03 171616733 269151239
ITH 0aH 171617361 268152127
Data Wiite 2000002CH 0OA0AAATH 171630771 268173080
ITH 3 O6H 171631245 268173820
ITH 3 FFH 171644833 263135155
IT™ 3 O6H 176736793 276151239
ITM 3 FFH 176750297 276172339
1T 31 aH 203516915 BRI
x
Type [Ovi[bum| Addess [  Daa | FC [Ob[  Cydes [ Timefs =1
Data'wits 20000028H  OQOOOOOOH  OOMQOP4H  » 1483631064 2018174787
Data'Wits 20000030H  0OOOODH  OOMOOPEMH % 1515630763 2368173077
Data'Wite 2000002CH  0000OOOOH  OOMOOPCEH  ® 1547631844 2418174756
Data'wite 200000244 OQOOQODTH  OOMQOP4EH X 1579630779 2468173032
Data wits 20000030  0OOODOH  OAMOA7FBH 1611630785 2518173103
Dala'Wite 20000028H  0OOOODH  OMMOPROM % 1643630763 2568173077
Data'Wile 200000244 OOOOOOOOH OOMQOP62H % 1675631853 2618174780
Data'wits 2000002CH  OQOOOOOMH  OOMQOPBRH  ® 1707630771  26.68173080
Data Wits 20000028H  0OOOODOH~ OAMO0784H X 1739631839 2718174748
Data'Wite 20000030H  0000QOOTH  OOMQOPE4H  ® 1771630763 27.68173077
Data'wite 2000002CH  OQOOOOOOH~~ OOMQOPCEH ® 1803630785 2818173103
Data wits 20000024H  0OOOODTH  OAMOOFAEH 1835630776 23.6A173083
Data'Wite 20000030H  0OOODOH  0A4O07F8H 1867630783 2918173038
Symbols x
task: IN [ Case Sensitive
Mame Addiess Type I‘
#-P5d Peripheral Fiegisters
=& Elirky &pplication
H-77 Runtime Library
- Blinky Module
- @ T 2 —— 3] of vint
Ox20000024
(20000028
0x2000002C
(20000030
- - (200000
- tled Q20000020 uint =

JESymbols Event Viewer | RTX Tasks and 5ystem |

Note: You must have Browser Information selected in the Options for Target/Output tab to use the Symbol Browser.

TIP: ULINKpro, J-Link and SAM-ICE adapters display the trace frames in a different style trace window.
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b) Exceptions and Interrupts:

The Kinetis family using the Cortex-M4 processor has many interrupts and it can be difficult to determine when they are
being activated. SWV on the Cortex-M4 processor makes this easy.

1. Open Debug/Debug Settings and select the Trace tab.
2. Unselect On Data R/W Sample, PC Sample and ITM Ports 31 and 0. (this is to minimize overloading the SWO port)
3. Select EXCTRC as shown here: x|
. . Deb Tiace
4. Click OK twice. e T |
5. The Trace Records should still be open. i L AL
. . . ~Trace Pot————————————— [~ Timestamp: Trace Evenl
DOUbIe CIICk on It tO Clear It' Senal Wire Output - UARTAMAZ j ’7|7 Enable Frescaler:|1 - [ CPI: Cycles per Instruction
Click RUN to start the program. WO Clock Frescaler [ o5 oot e
. . .. ¥ Autodetect :
You will see a window similar to the one below D Clock: [ T35 Mz - oy, oo et ks
. . . stiuctions
with Exceptions frames displayed. ¥ ERCTAC: Excepion Tisang |3
What Is Happening ? ~ITH Stirulus Por S
1' You can see tWO exceptlons happenlng Privilege: | 0x00000008 Port 31.24 v Port23.16 [~ Port 16.8 Fort 7.0
= Entry: when the exception enters.
= Exit: When it exits or returns. [ ok | [ concal |
= Return: When all the exceptions have returned
and is useful to detect tail-chaining.
. Trace Records x|
Num 11 15 Svca” from the RTX Calls' Type | val Num| Address | Data | FC | DLl,ll Cycles | Time[s ;I
H H H E E 15 1163020692 1817219841
Num 15 IS the SyStICk tlmer' E:EZE:E:E:&W 15 1163020952 1817220238
Exception Return o Es 1163022877 1817223245
In my example you can see one data Ekcentiongn_tw lg Hggggﬂgig 1212312 32318
. - i 13
write from the Logic Analyzer. Erceplion Fetun 0 X 1163B4E07 1818225732
A A A Except!on Retum ¥ 1] kS 1163664507 1818225792
Note everything is timestamped. Erompton bt 1 Neare 181624200
PPN . Exceplion Ret ¥ 1163680402 1818250628
The “X” in Ovf is an overflow and D’:-.T:w.?e e 20000024H  00OOOODOH X 1163680402 1818250628
[TAV41EH E tioh Fiets X b 1163680402 1818250628
some data was lost. The “X” in Dly Exception Erty i 1163EE5E 1818263408 —
means the timestam ps are de|ayed Exception Exit i 1163688706 1818263603
Exception Fetum 1] b 1163691952 1818268675
i i i i E tion F et * 1] kS 1163691952 1818268675
because tOO mUCh I_nformatlon 1S belng E:EZEJE:E;:;M 18 1164300638 1819219841
fed out the SWO pin. Esception Exit 15 1164300958 1819220247
E=ception Retum 1] * 1164302892 1819223269
TIP The SWO pln |S one pln on the COI’tEX-M4 Ewception Entry 15 11643406592 18.20219841 ;I
family processors that all SWV information is
fed out. There are limitations on how much information we can feed out this one pin. These exceptions are happening at a
very fast rate.
v | Records
1. Select View/Trace/Exceptions or click on the Trace icon and select Exceptions. 7| excepions
Counters
2. The next window opens up and |
more informatlon abOUt the Num | Name I Count | Tatal Time: I Min Time In | Max Tlmelnl Min Time Elutl Max Time Elutl First Tirne [3] | Last Time [3] &
exceptions is displayed as shown. CR ! b
. 4 Membd anage 0 Oz
3. Note the number of times these 5 B0 0s
. B UsageFault 0 Os
have happened under Count. This }; g\écan 2101 333;35 us  15Mus  16292us  55597us  5594%2ms 097541921 2653914124
- - - - on k3
is very useful information in case 16 Perdsy 0 Ds
. 15 SysTick 2564 14.045 mz 4.056 us 7597 us 9992 ms 9.996 ms 0.98642844 26.61642836
interrupts come too fast or slow. e B0 0 0s
= %
4. ExtIRQ are the peripheral 15 EwiAd s ] o
interrupts. At 5 o
. . 2 ExROG il 0s
5. You can clear this trace window by [ Ewra? 0 0s Bl
double-clicking on it.
6. All this information is displayed in real-time and without stealing CPU cycles !

TIP: Num is the exception number: RESET is 1. External interrupts (ExtIRQ), which are normally attached to peripherals,
start at Num 16. For example, Num 41 is also known as 41-16 = External IRQ 25. Num 16 = 16 — 16 = ExtIRQ 0.
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c) PC Samples:

Serial Wire Viewer can display a sampling of the program counter. If you need to see all the PC values, use the ETM trace
with a Keil ULINKpro. This also provides Code Coverage, Execution Profiling and Performance Analysis.

SWV can display at best every 64" instruction but usually every 16,384 is more common. It is best to keep this number as
high as possible to avoid overloading the Serial Wire Output (SWO) pin. This is easily set in the Trace configuration.

1.

2.
3.
4

o

10.
11.

12.

13.

Open Debug/Debug Settings and select the Trace tab.
Unselect EXCTRC, On Data R/W Sample and select Periodic in the PC Sampling area.
Click on OK twice to return to the main screen.

Close the Exception Trace window and : -
leave Trace Records open. Double-click to ey — ol feee [ _pos [ ol o T
. - ample 3
. PC Samgle O04005E 2H 86035854433 1344.31022645
clear it. PL Sample O04005E 2H 8E03EE70877  1344.31048245
PL Sample D04005E 2H BENISH7Z51  1344.31073045
Click on RUN and this window opens: | wesn  mew
ample
Most of the PC Samples are 0X0040_05E2 |t seni DumSEn  snmer 15417
. . . — PL Sampl O04005E 2H 8603636311 1344.31201845
which is a branch to itself in a loop forever FE Samole 004005E 2H BEOISIRTEES 134431227445
X PC Sample O04005E 2H 86036001949 1344.31253045
routine. FC Sample 0040056 2H GE036018333  1344.31278645
PC Sample O04005E 2H 86036034717 1344.31304245
; PL Sampl O04005E 2H 86036051101 1344.31329845
St_op the pr_OQram and_ the Dlsassembly PL 92%2 O04005E 2H 86036067485 1344.31355445
window will show this Branch: P ol DuSEH  GnBIn 154 ninoods
Il the P ill b d i p PC Sample O04005E 2H 86036116637 1344.31432245
PL Sample D04005E 2H BEOIEIIA021 134431457845
gjOt a| the C§ will be Captu_rc(f ’ Sftl f’] C PE Sangle O04005E 2H BEOGE143405 136431483445 |
amples can give you some Idea of wnere
your program is; especially if it
is caught in a tight loop like in this case. BT
154: /% This function is called when the user timer has expired. Parameter W
Note: you Can get diﬁerent pC Values 122 /% 'info' holds the wvalue, defined when the tiwmer was created. LF
dependlng on the Optlmlzatlon Ievel Set In DXD;iSSSED/;FID{ERE: 1n§é;da optional user code to ke executed on timeout. *F
|JViSi0n. c50%004005E2 ETFE B 0x004005E2
156: )
. . 159: |
Set a breakpoint in one of the tasks. _l‘I

Run the program and when the breakpoint is hit, you might see another address at the bottom of the Trace Records
window. See the screen below:

Scroll to the bottom of the Trace Records window and you might see the correct PC value displayed. Usually, it will
be a different PC depending on when the sampling took place.
Remove the breakpoint for the next step.

] Disassembly

116: /
117: * Task 4 'phasel': Phase D output
118: w
119: _ task void phaseD ([void] {
DXDDQDDTCZ 2000 MCOVS ro, #0x00
0x004007C4 43758 LDR ri, [pe, #4801 ; BOX0O04009A6
Dx004007C6 6008 STR 0, [£1, #0x00]
_Elxooqomca E7E7 E 0%00400794
4
[ Abstract.txt/ Blinky.c xr RTX_Conf_CM.c r LED.C I
093 0s_evt_wairt_and [0x0001, Oxffff]: S5 wait Ffor an event Flac 0x0001 =
03¢ LED On (LED_B; |
035 haseh = 1;
0% Elml fune [t p | Tee [Ovi] Num |  Addess | Data | PC (oWl Cucles | Tmes] |-l
Fo R A | el DA o7 e seraeiel
i ample
ggg , phaseh = 0 FC Sample DD4005E 2H ORI 13AEETFITEL
FL Sample (N4N0GE 2H BEMEIENFI 1358 5E7OTIEN
L FL Sample (N4N0GE 2H BEAMEIEEEIE 1358 GER22961
101 - PC Sample 004005E 2H 86343333073 135856848561
102 #mmmmmm e e FL Sample (N4N0GE 2H BEAMEINMET  135EBEATHIE]
103L * Task 3 'pl | FCSomple 004005E 2H BEAMB4I5647 1358 GERDITE]
e e FL Sample (N4N0GE 2H BEAMB4IZZH 1358 5RA2EIGN
1055]_ task woid phasec 1 | PO Sample (N4N0GE 2H BEAMB448615 1358 5EAS0A6]
B ror 1) ¢ FL Sample (N4N0GE 2H BEAMB4EATI0 1358 BEATESE]
FL Sample (N4N0GE 2H BEMB4EIART  135R57O0Z16]
L 905_8VE_TAlt_and | prgone (N4N0GE 2H BEMB4IPTE?  135B 5702776
108 LED On (LED_C): |PCSample 004005E 2H 86343514151 135857053361
109 phasec = 1; FL Sample (N4N0GE 2H BEAMESANGIE 1358 57078461
110 signal func [t p |PCSample (N4N0GE 2H BEAMES4EAIS 135857104561
1 LED OFF (LED C); | PCSample (N4N0GE 2H BEMESEIAG  135R57130161
s = 07 FL Sample (4005 2H BEAMESTIERT 135857155761
'ﬂﬂg , phasccRn PC Sample 0040058 2H 9B34EEA0T 17557191361
8 FL Sample O0400F72H SEIMBEIZ4E5 135857205961 j
115 -
118/
117t # Task ¢ 'phaseD': Phase D output
118 4
18 Copyright © 2010 ARM Ltd. All rights reserved
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16) ITM (Instruction Trace Macrocell)

Recall that we showed you can display information about the RTOS in real-time using the RTX Viewer. This is done

through ITM Stimulus Port 31. ITM Port 0 is available for a printf type of instrumentation that requires minimal user code.
After the write to the ITM port, zero CPU cycles are required to get the data out of the processor and into pVision for display

in the Debug (printf) Viewer window.
1. Open the project Blinky.uvproj (not RTX Blinky).

2. Add this code to Blinky.c. A good place is near line 16, just after the declaration of count.
#define 1TM_Port8(n) (*((volatile unsigned char *)(0xE0000000+4*n)))

3. In the main function in Blinky.c right after the second Delay(500) enter these lines after near line 61:

ITM_Port8(0) = count + 0x30; /* displays count value: +0x30 converts to ASCIl */

while (ITM_Port8(0) == 0);
ITM_Port8(0) = 0x0D;
while (ITM_Port8(0) == 0);
ITM_Port8(0) = Ox0A;

4. Rebuild the source files, program the Flash memory and enter debug mode.

5. Open Debug/Debug Settings and select the Trace tab.

6. Unselect On Data R/W Sample, PC Sample and ITM Port 31. (this is to help not overload the SWO port)
7. Select EXCTRC and ITM Port 0. ITM Stimulus Port “0” enables the Debug (prinftf) Viewer.

8. Click OK twice.

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

10. In the Debug (printf) Viewer you will see the ASCII value of count appear. Debug (printf) Viewer

L > 2

Trace Records
1. Open the Trace Records if not already open. Double click on it to clear it. <
2. You will see a window such as the one below with ITM and Exception frames.

-

What Is This ? =_§| Build Output | §Debug [printf) Viewer

1. You can see Exception 15 Entry, Exit, Return and the three ITM writes. You probably have to scroll down.

2. ITM 0 frames (Num column) are our ASCII characters from count with carriage return (OD) and line feed (0A) as

displayed the Data column.
All these are timestamped in both CPU cycles and time in seconds.

Note the “X” in the DIy column. This means

: . x
the tImEStam ps mlght nOt be CorreCt due to Type I Elvfl Nurn I Address I Data | PC | DIyI Cycles | Time(s ﬂ
SWO pin overload. Exception Retumn 0 X 2047B10917 3199704553
Exceplon Eriry 15 2047973261 3193801970
5. Right click in the Trace Records window and | s I3 DR iR Lot
deselect Exceptions. Now you will see only Ercenion e IE Svirsyros 31 aoanian:
the ITM writes, = . 5
Exceplion Exit 15 2046001275 3200001992
H Exception Return o ® 2048006167 3200009636
ITM Conclusion e o 34H ¥ 2048006167 3200009635
. . . . ITH 0 00H % 2048006167 3200009636
The writes to ITM Stimulus Port 0 are intrusive and ITh 0 04H % 2MB006167 3200009636
Exception Eriry 15 2046065261 3200101570
are usually one cycle. It takes no CPU cycles to get Exception Exit 15 2046065275 3200101992
L . . . Exception Fleturn 0 ¥ 2049066887 3200104511
the data out the Kinetis processor via the Serial Wire Exception Entry 15 204125261 3200201570
. Exception Esit 15 204129275 3200201992
Output pin. Exceplion Fetum 0 X 2MEIENF 3200204542
Exception Ertry 15 04BN LW |

TIP: Itis important to select as few options in the
Trace configuration as possible to avoid overloading the SWO pin. Enter only those features that you really need.

Super TIP: ITM_SendChar is a useful function you can use to send characters. It is found in the header core.CM3.h.

19 Copyright © 2010 ARM Ltd. All rights reserved
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17) Serial Wire Viewer 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 for these.

Trace is good for:

Trace adds significant power to debugging efforts. Tells where the program has been.
A recorded history of the program execution in the order it happened.

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).

Plus - don’t have to stop the program. Crucial to some.

These are the types of problems that can be found with a quality trace:

Pointer problems.
Illegal instructions and data aborts (such as misaligned writes).

Code overwrites — writes to Flash, unexpected writes to peripheral registers (SFRs), corrupted stack.
How did I 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 with the ULINKQpro is best for this.

Communication protocol and timing issues. System timing problems.

For complete information on CoreSight for the Cortex-M4: Search for DDI0314F _coresight_component_trm.pdf on
WwWw.arm.com.
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18) Keil Products:

Keil Microcontroller Development Kit (MDK-ARM™)
= MDK with included RTX RTOS — $4,895 (MDK has a great simulator)
=  MDK-ARM-B: 256K code limit, no RTOS — $2,895

Keil Real Time Library (RL-ARM™)
= RTX sources, Flash File, TCP/IP, CAN, USB driver libraries - $4,195

S —

{ |
USB-JTAG adapter (for Flash programming too) | S]KEIL
= ULINK2 - $395 (ULINK2 and ME - SWV only — no ETM) DEJ!,’,EE_!!: Development Tools

= ULINK-ME - sold only with a board by Keil or OEM. Gectig Strted e
*  ULINK-pro - $1,395 — Cortex-Mx SWV & ETM trace - _

Note: USA prices. Contact sales.intl@keil.com for pricing in other
countries.

For the entire Keil catalog see www.keil.com or contact Keil or your local
distributor.

For more information:

Keil Sales In USA: sales.us@keil.com or 800-348-8051. Outside the US: sales.intl@keil.com

Keil Technical Support in USA: support.us@keil.com or 800-348-8051. Outside the US: support.intl@keil.com.
For comments or corrections please email bob.boys@arm.com.

For the latest version of this document, contact the author, Keil Technical support or www.keil.com.

| EMSIS

COMPLIANT

ARM? Cortex” Microcontroller
Software Interface Standard

orte

Intelligent Processors by ARM®

KEIL

Tools by ARM
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