Freescale Kinetis: Cortex™-M4 Training Lab DE KEIL

ARM® Keil™ MDK Toolkit featuring Serial Wire Viewer and ETM Trace L

Summer 2011 Version 2.0 by Robert Boys, bob.boys@arm.com

Introduction:

The purpose of this lab is to introduce you to the Freescale Cortex " -M4 processor by using the ARM® Keil™ MDK toolkit
featuring pVision® IDE. We will use the Serial Wire Viewer (SWV) and ETM™ trace on the Kinetis processor. For the latest
version of this lab see www.keil.com/freescale. MDK has example projects for the TWR-K40N256, TWR-K53N512, TWR-
K60N512 and KWIKSTIK boards. MDK supports the K10, K20, K30, K40, K50 and K60 series of Cortex-M4 processors.

Keil MDK-Lite" is a free evaluation version that limits code size to 32 Kbytes. The addition of a license number will turn it
into the full, unrestricted version. MDK-Freescale is a low cost $745 toolkit for Kinetis processors. MDK includes Keil
RTX", our own RTOS. No royalty payments are required and source code is included. RTX examples are provided.

Linux and Android: For Linux, Android and bare metal (no OS) support on Freescale i.MX series processors (ARM9™,
Cortex-A8, A9 and A15), please see the ARM DS-5" toolkit at www.arm.com/ds5/.

Why Use Keil MDK ?

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

1. uVision IDE with Integrated Debugger, Flash programmer,
the ARM® Compiler toolchain and example projects.

MDK-Freescale is available for $745. See the last page.
A full feature Keil RTOS called RTX is included with MDK.
The RTX Kernel Awareness window is updated live.

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

6. MQX: An MQX port for MDK will be released August 2011.
Kernel Awareness windows for MQX will also be available.

7. Serial Wire Viewer and ETM trace capability is included.

8. Choice of adapters: ULINK2™, ULINK-ME™, ULINKpro™,
Segger J-Link (version 6 or later) and Signum Systems
JtagJetTrace. P&E OSJTAG is also supported by pVision.

9. 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) and ETM Instruction Trace.

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.

3. Six Hardware Breakpoints (can be set/unset on-the-fly) and four Watchpoints (also called Access Breaks).
4. RTX Viewer: a real-time kernel awareness program for the Keil RTX RTOS.
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. RTX Viewer uses SWV. 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.

SWYV 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 and the Segger J-Link. Most complete results are with the ULINK family.

Embedded Trace Macrocell (ETM):

ETM adds all the program counter values to the features provided by SWV. This allows advanced debugging features
including Code Coverage, Performance Analysis and Execution Profiling providing both time and calls. ETM requires a
special adapter such as the ULINKpro or Segger J-Trace. This document uses ULINKpro for ETM trace.

ok~ wn
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Freescale Evaluation Boards:
This document uses the Freescale Kinetis TWR-K60N512. The K40, K53, KWIKSTIK or other boards 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 using Keil MDK 4.20. MDK 4.21 has the best ETM support for Kinetis. The evaluation copy of
MDK (MDK-Lite) is available free on www.keil.com. Do not confuse pVision 4 with MDK 4.0. The “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 MDK-Lite and a ULINK2, ULINK-ME, ULINKpro or a J-Link for this lab. You can use the OS-JTAG but
Serial Wire Viewer (SWV) is not supported. QuicksStik has a built-in J-Link you can use. SWV works best with a ULINK.

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

Example Programs:

Two example programs plus two more for programming the Freescale FlexMem are included in either
C:\KeiNARM\Boards\Freescale\TWR-K40N256, \TWR-K53N512, \TWR-K60N512 or KWIKSTIK.

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 introduction to RTX.

e FlexMem_Cfg and ProgOnce_Cfg: See Keil Appnote 220 to help you easily configure the Kinetis FlexMem
It can be found here: www.keil.com/appnotes/docs/apnt_220.asp

e For DSP examples see www.keil.com/freescale.

USB Debug Adapters:
Keil manufactures several adapters. These are listed below with a brief description.

1. ULINK2 and ULINK-ME: ULINK2 is pictured on page 1 and ULINK-ME on page 5. ULINK-ME is offered only
as part of the TWR-K60N512-KEIL or MCBTWRKG60-UME evaluation board packages. ULINK2 can be
purchased separately. These are electrically the same and both support Serial Wire Viewer (SWV), Run-time
memory reads and writes for the Watch and Memory windows and hardware breakpoint setting on-the-fly.

2. ULINKpro: This is pictured on page 5. ULINKpro supports all SWV features and adds ETM Trace support. This
means it provides all the program counter values. ETM provides complete Code Coverage, Execution Profiling and
Performance Analysis features. ULINKpro also provides the fastest Flash programming times.

Keil supports more adapters:

1. P&E OSJTAG: uVision running on your PC directly connects to the Kinetis Tower board via a USB connection
without any debugging hardware. OSJTAG is good for general debugging but advanced debugging features such as
Serial Wire Viewer are not implemented. These limitations are listed on page 4 along with the configuration
instructions. Keil MDK evaluation version can be used to evaluate programs under 32K.

2. Segger J-Link and J-Trace: J-Link Version 6 (black) or later supports Serial Wire Viewer. J-Trace for the
Cortex-M provides ETM. Data reads and writes are not currently supported.

3. Signum Systems JtagJetTrace: This provides very good ETM support with its advanced triggers and filters for
both ETM and SWV. Currently it does not support the uVision Logic Analyzer, on-the-fly data reads and writes,
Code Coverage, Performance Analyzer or Execution.Profiling. The Signum window is embedded in pVision.
The Signum Systems JtagJet, which has no ETM, does not support Serial Wire Viewer or ETM.

Serial Wire Viewer and ETM Trace is best supported with one of the Keil ULINKS.
JTAG and SWD Definitions: Itis useful to have an understanding of these terms.
JTAG: JTAG provides access to the CoreSight debugging module located on the Kinetis processor. It uses 4 to 5 pins.

SWD: Serial Wire Debug is a two pin alternative to JTAG and has about the same capabilities except no Boundary Scan.
SWD is referenced as SW in the pVision Cortex-M Target Driver Setup.

SWV: Serial Wire Viewer: A trace capability providing display of reads, writes, exceptions, PC Samples and printf.
SWO: Serial Wire Output: SWV frames come out this one bit pin output. It is multiplexed with the JTAG signal TDO.
Trace Port: A 4 bit port that ULINKpro uses to output ETM frames and optionally SWV (rather than out the SWO pin).
ETM: Embedded Trace Macrocell: Provides all the program counter values. ULINKpro provides ETM support.
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Part A: Connecting and Configuring Debug Adapters to the Kinetis Tower board:
1) P&E OSJTAG configuration for the Freescale Tower board:

MVision supports OSJTAG. This allows debugging the Kinetis Tower with a USB cable. No external adapter is required.
You can use the free evaluation version of Keil MDK with OSJTAG to evaluate programs up to 32K.

If you decide to use a ULINK2 or ULINK-ME, you will get Serial Wire Viewer (SWV). With a ULINKpro ETM Trace will
provide all PC values, Code Coverage, Execution Profiling, Performance Analysis and advanced program flow debugging.

OSJTAG Limitations: (Any ULINK provides these options)

1. Hardware Breakpoints can’t be set on-the-fly while the program is running.

2. No Watchpoints.
3. No Serial Wire Viewer or ETM Trace support.

4. No on-the-fly memory read or write updates to the Watch and Memory windows.

5. No RTX Kernel Awareness updates.
Install P&E Drivers:

1. Download the drivers from www.keil.com/download/docs/408.asp. Filename is fslkinetisdriversv102.exe

2. Disconnect the Kinetis board from USB and close pVision if it is running.
3. Run fslkinetisdriversv102.exe (or a later version if available) to install the OSJTAG drivers.

Configure pVision:

1. Start pVision by clicking on its desktop icon. ﬂ
2. Leave in Edit mode (do not enter Debug mode).

3. Select Project/Open Project.
4

Open the Blinky project for your board in
C:\KeiNARM\Boards\Freescale\

Plug a USB cable to J13 on the Kinetis board.
6. Allow the USB driver initialization as required.

o

7. Select Options for Target &N or ALT-F7. Click on

the Debug tab to select a debug adapter.
8. Select Pemicro OSJtag/... as shown here:

9. Click on Settings: and the next window opens.

10. Select your processor in the Target CPU Information

dialog box.

11. If you get any errors you will be notified with the
probable cause of the problem.

12. Click on OK.

13. Click on the Utilities tab select a Flash programmer.

14. Select Pemicro OSJtag/... as before.
15. No other settings are necessary. Click on OK.
16. Select File/Save All.

OSJTAG is now completely configured.

You can compile, program Flash or RAM, enter Debug mode

and run/stop your program at this time.

TIP: Select Update Target before Debugging in the Utilities

tab to program the Kinetis Flash when there is a new image
whenever Debug mode is entered.

5
Device | Target | Output | Listing | User | C/Co+ | Asm | Linker Debug | Utites |
€ Use Simulator Settings || & Use: [Pemicro OSutag/ Mtk /Cycirz] _Setings |
I~ Limt Speed to Real-Time ULNK Cortex: Debugger
RDI Interface Driver
[¥ Load Application at Startup [ Funto main{) ¥ Load g:‘;;:n‘:'fg‘[;’ Cortex Debugger | majng
Initialization File: Initializatid Signum Systems JTAGjet
Cortex-M/R J-LINK/J-Trace
[ J Edi e J Edi, |
Restore Debug Session Settings —————————— | —Restore| I Fio Corex Debugger

[V Breakpoints ¥ Toolbox [l Pemicro OSJtag/Muttilink/Cyclone
¥ Watch Windows & Performance Analyzer ¥ Watch Windows

[+ Memory Display [+ Memory Display

CPUDLL Parameter Driver DLL Parameter
ISARMCME DLL I-MPU ISARMCM3 DLL I-MPU
Dialog DLL. Parameter Dislog DLL Parameter
IDCM DLL |1:CM4 ITCM DLL |1:CM4
[ ok ][ cancel | [ Defats | Help
x|

Please select connection interface. port. and settings for connection_

Connection port and Interface Type
Add LPT Part

= Refiesh List
Port: IUSBW : Embedded 05BDM Device ) j

Interface: IUSB Multilink,, Embedded Multiink, or Embedded 05Jtag

~Target CPU Information
CPU: | MKBOME1 2¥M01 00 ﬂ

BOM Communication Speed

P Parallel Port wait states: [0 DELAY CNIT = I 0

B [rebug Shift Freg: EDAM_SPEED = I j

MCU Intemal Bus Frequency [For programming]
% fufo-Detect

| MEU Internal Bus frequency [FREQ] inHz = I 0 [Decimal]

Reset Option:
’]_ Delay after Reset and before communicating to target for I 0 millizeconds [decimal).

Cancel

[~ Show this dialog before attempling to contact target [Otherwise only display on Errar]

[ Ok 1
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2) Connecting ULINKZ2, 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 the 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.

Keil cables might have pin 7 filled with a plastic plug and if so 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 connector. This is more
difficult to do. 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 supplied with the ULINK2 and
ULINK-ME. This cable can also be ordered by contacting Keil
sales or tech support. The part number is ULC-2010A or B.

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 bottom right 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 as described above.

The pictured 10 to 20 pin cable is supplied with the ULINKpro but is
not needed for this target. ULINKpro is pictured below:

Connector Part Numbers: The 10 pin male connector as shown
on the ULINK-ME is Samtec part number FTSH-105. The 20 pin
ETM connector as used on the Kinetis boards is: FTSH-110. You
will have to add appropriate suffixes for guide options.

TIP: Want to purchase some of the connectors used on the Tower
system ? They are actually standard 32 bit PCI sockets as used on
personal desktop computers. These connectors are easy to find.
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3) Configuring ULINK2 or ULINK-ME and pVision:

It is easy to select a USB debugging adapter in pVision. 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 supported by all three adapters. ULINK2 and ULINK-ME 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.

Select the debug connection to the target:

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 ULINK?2 is shown
connected to the Freescale K60 Tower board on page 1. [

2. Select Options for Target #~ or ALT-F7 and select the Debug tab, | Linker Debug | ities |
In the drop-down menu box select ULINK Cortex as shown here: (" Use: |ULINK Cortex Debugger

x|

j Settings |

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).

4. InPort: select SWJ and SW. Serial Wire Viewer (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 operate only in SW mode.

£
Debug |TIEICB | Flash Download'
Configure the Keil Flash Programmer: [ ULINKCUSE - JTAG/SW Adapier 7, 1 SW Devics
) o Seial No: [VO789FBE = IDCODE | Device Name \ iz
6. Click on OK once and select the Utilities tab. N SWDIO | @ L2BAOT4T?  ARM CorsSight SW-DP i |
7. Select the ULINK similar to Step 2 above. Device Famiy: [Cartex M 2]
H H H e e I""‘I & (% Automatic Detection |0 CODE: I
8. Clllck_ Shettlngs to select the programming P s por S F* Horus ot Do [
a gOI’It m. MaxCJock:|1MHz v[ Add | Delete || Update 1 e |
9. Ifan algorithm not already selected, select Add oot
and select MKXX 512kB Prog Flash as shown Connect & Reset OpﬂonsJ = Cache Options Download Options
. Connect: | Normal - | Reset: | Autodetect = ¥ Cache Code [~ Verify Code Download
below or the one for your processor: L”;eml e | ’17 o MWJ (,— iy
10. Click on Add to select your chosen algorithm.
11. Click on OK once. ok |[ coesl | Fep
12. In RAM for Algorithm, confirm Size: 0x8000 .
prverset £
TIP: To program the Flash every time you enter Debug Debug | Trase  Fesh Dowrioad |
mode, check Update target before Debugging. R —— e
. .. . " Emse Ful Chip Py
13. Click on OK to return to the pVision main B3 ¢ omeson sy | Stort: [BTFFFO000 | Siee: 00800
screen ¢~ Do not Erase ™ Resetand Run
' A A P 1g Algorithm
14. You have successfully connected to Kinetis. Descrption [ Device Type | Devies 5= | Address Fange
. . . MIZQL 51 2B Prog Flash On-chip Flash 512k 00000D00H - DDO7FFFFH
15. At this point you can compile source code, i e
program them into Flash, enter Debug mode
and then run and stop your program.
TIP: The Trace tab is where you configure the Serial St o Siz=: o
Wire Viewer (SWV). You will learn to do this later. i Fenre_|
TIP: If you select ULINK or ULINKpro, and have the

opposite ULINK physically connected to your PC; the
error message will say “No ULINK device found”.

ok | canesl |

This message actually means that pVision found the wrong Keil adapter connected.
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4) Configuring ULINKpro and pVision:

1. Assume a 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 on page 5.

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: [ . x|
3. Select Settings and Target Driver window below opens up: Linker  Debug | Utites |
In Port: select SWJ and SW. SWV will not work with JTAG selected.  Use: [ULINK Pro Corer Debugger =] _Soltins |

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 itor x|
click OK once to leave and then click on Settings again. o | facs | fseh pourioss |

TIP:  You can do regular debugging using JTAG. SW ULINK USB - JTAG/SW Adapter — -SW Davice
(also called SWD) and JTAG operate at approximately Serd No: [VO7SSFBE =] _— (ISCODE | Device Name | o
the same speed. Serial Wire Viewer (SWV) will not ULINK Versior: JOCIRZ LAEURIT G U |
operate in JTAG mode unless the ULINKpro is using e JEET
the Trace Port to output the trace frames. Fimver Verion V14 & fuforetic Detecton (o can: |
) . ¥ SWi Parl. ' Wanual Configuration Device Mame: l—
Conflgure the Kell FIaSh Programmer' o Max[]ock:|1MHz VI Add | Delete | | Update IFHen:I
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. [C‘mmrlf‘m' =] Reset:[Atodkleas =] ’]7 T &dﬂ (r Vesy Code Dowrdoad
. . . ¥ Cache Memary ™ Downloadto Flash
3. Click Settings to select the programming 7 Fesctsher Come
algorithm.
4. If one is not visible click Add and select = = =
MKXX 512kB Prog Flash as shown here or _
the appropriate one for your processor: sy x|
Click on Add to select your chosen algorithm. EE e
R r~ Download Function RAM for Algorithm
. Click on OK once. Logp  © EmesFulChp 7 Progem
. fF © GuseSecon 7 Veily Start: [(FFFB000 | Size: (800D
TIP: To program the Flash every time you enter Debug € DorotBese [ Rssetand Run
mode, check Update target before Debugging. [rsEe s
R .. . Description | Device Type | Device Size | Address Range |
7. Click on OK to return to the pVision main MKOG 512B Prog Fash On<fip Fash 51k 0DO00000H - D007FFFFA
screen.
8. You have successfully connected to the Kinetis
target processor. Start: [:00000000 | Size: [B00080000
9. At this point you can compile source code, ==
. oveE
program then into Flash, enter Debug mode
and run and stop these programs. ok | coed | b

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 pVision 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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Part B: Keil Example Projects

1) Blinky example program using the Kinetis and ULINK2 or ULINK-ME:

We will run the example program Blinky on a Kinetis processor using a ULINK2 or ULINK-ME. These instructions use a
K60 Tower board. If you are using a K40, K53 board or the Kwikstik, select the appropriate Blinky project.

It is possible to use the ULINKpro or the P&E OSJTAG. The Segger J-Link is also supported. Ulink2 is selected by default.

1. Connect the ULINK?2 as pictured on the first page. Use the special 10 to 20 pin cable for both the ULINK2 and
ULINK-ME. See pages 4 for P&E and 7 for ULINKpro.

2. Start uVision by clicking on its desktop icon. ﬂ
Select Project/Open Project. Open the file C:\KeilARM\Boards\Freescale\TWR-K60N512\Blinky\Blinky.uvproj.

4. Make sure “K60X256 Flash” is selected (soon this will be K60X512). KE0X256 - Flash i

This is where you create and select different target configurations such as to execute a program in RAM or Flash.

"'4-'
5. Compile the source files by clicking on the Rebuild icon. = vou can also use the Build icon beside it.

TIP: Select Options for Target &N and select the Target tab: select MicroLIB to make your compilations smaller.
LOAD

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

7. 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.

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

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.

2) Hardware Breakpoints:

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

2. Arred block is created and soon the program will stop at this point.
3. The yellow arrow is where the program counter is pointing to in both the disassembly and source windows.
4. Note you can set and unset hardware breakpoints while the program is running.
5. The Kinetis has 6 hardware breakpoints. A breakpoint does not execute the instruction it is set on.
6. Remove the breakpoint by double-clicking on the red block.
Disassembly
0x00000364 442C ADD rd,r4,r5
8T7: if (num == LED NUM) { dir = -1; num = LED NUM-1; }
Mox00000366 2003 MP | r4,$0x03 -
0x00000368 D102 BNE 0x00000370
0x00000364 1F25 SUBS 5,r4,#4 -
i} i o
] Abstracttet | [£] startup MKsons12mD100.s ) [£] Blinkyc X =‘
a1 ZI

a2 LED Config():

a4 while (1) {
85 /* Calculate 'num’: 0,1,...,LED NUM-1,LED NUM-1,...,1,0,0,..

=86 num += dir;

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

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

29

30 LED On (num);:

91 Delay (250):

92 LED Off (num) : J

93 Delay (250):

T _l;l
AETS »

8 Copyright © 2011 ARM Ltd. All rights reserved
Freescale Kinetis Cortex-M4 Lab with ARM® Keil™ MDK toolkit www.keil.com/freescale



http://www.keil.com/freescale�

3) Watch and Memory Windows and how to use them:

The Watch and memory windows will display updated variable values in real-time. It does this using ARM CoreSight
debugging technology that is part of Cortex-Mx 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 desired.

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. InBlinky.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 =

i (00031CFD

pressing F2 and using copy and paste or typing the variable. || .. <doubleclick or F2to add>

TIP: To Drag ‘n Drop into a tab that is not active, pick up the variable and YT
hold it over the tab you want to open; when it opens, move your mouse into &2/ 5o [adocer Awaten |2
the window and release the variable.

Memory 1

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.

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 is not what we want to see at this time.

3. Add an ampersand “&” in front of the variable name. Now the physical address is shown (Ox1FFF_8004). Note:
the address where is msTicks located might be slightly different but will display the variable the same way.

Right click in the memory window and select Unsigned/Int.

The data contents of msTicks is displayed as shown here; e FaE "
. . . Address I&ms'l‘lcks
. Both the Watch and Memory windows are updated in real-time. D
Ox1FFF8004: 00086CD5 00000000 00000000 00000000
TIP: You are able to configure the Watch and Memory windows and o TTronse. 39309909 09009005 99905905 oog0000a
change their values while the program is still running in real-time without Ox1FFFE034: 00000000 00000000 00000000 00000000 =]

Stealing any CPU Cycles_ & Call stack | B Locals | @ watch 1 | E] Memory1

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.

TIP: You are not able to view local variables while the program is running. To view local variables in real-time: convert
them to static or global variables.

9 Copyright © 2011 ARM Ltd. All rights reserved
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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 in the while (1) loop in main to set a hardware breakpoint such as at line

88 shown here: = =S [ Abstracttat | [£] startup_Mksonsiampicos.” [# sinky.c x | -
5. The program Wi” stop and you can now enter num g? SysTick Config(SystemCoreClock/1000); /* Generats 1.:':91'3
into Watch 1. Remove the breakpoint by double- P ED Canfig():
clicking on it to remove the red block. B4 wnile(l) ¢
85 /* Calculate 'num’: O0,1,...,LED NUM-1,LED NUM-1,...,1,0,0
TIP: Remember: you can set hardware breakpoints e i m —rEn W { air - -1 oom - 1ED FONA; )
on-the-fly in the Cortex-M4 ! gg else if (;um < 0) { diz = 1; aum = O }
6. Run the program and note num value displays as D o e
279297972, o moomtom; |
93 Delay (250);
. . -
7. Stop the program and it will probably stop in the I _>l'|

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

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

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

10. num changes to ????????. Set a breakpoint by double-
clicking in the margin inside the while (1) loop as before in
Step 4 above. The program will stop on this breakpoint.

11. num correctly displays its value as shown here;: =———=2>
12. Each time you click RUN, this value is updated.
How to view these variables updated in real-time: $Call Stack | FALlocals GaWateh1 | B
All you need to do is to make num static ! This changes it from existing in a CPU register to a RAM location.

Watch 1 o X

MName Value |

(00124633
(00000002

~ zdouble-click or F2 to add:>

Memory 1 |

1. Inthe declaration for num add static like this:
int main (void) {
static int num = -1;
2. 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. Q and @

Note: In MDK 4.20 you might have to run and stop the program to after the declaration of num (use a breakpoint to do this)
and then drag and drop it into the Watch window. This is fixed in MDK 4.21 and later.

TIP: View/Periodic Window Update must be selected. Otherwise, variables update only when the program is stopped.

TIP: num will be deleted from the Watch window when you leave the debug window because it is in the middle of a
function as opposed to being a global variable. To have it remembered the variable must be fully qualified. In this case it
would be \Blinky\main\num. You can drag a variable from the Symbols window and it will be entered fully qualified.
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4) Getting the Serial Wire Viewer (SWV) working:
Serial Wire Viewer provides program trace information in real-time.
A) For ULINK2 or ULINK-ME: Configuration must be set as on page 6 (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. Confirm Port: is set to SW.
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. SWYV is now configured and ready to use.
]
Debug Trace | Flash Download I
Core Clock: lm MHz ¥ Trace Enable
—Trace Pot————— Timestamps———————— [~ Trace Events
Serial Wire Output - UART/NRZ j ¥ Enable Prescaler: I‘I 'l [ CPI: Cycles per Instruction
= [~ EXC: Exception overhead
SWO Clock Prescaler: rL N-; ) “PC Samplingi‘ o SlB:::r;::;es Ea
sastect Prescaler: 102416 =] | | 1= 5 Load Store Ut Cycles
HilhptiEe 1170833 MHz ¥ Periodic F‘eriod:l 251530us [~ FOLD: Folded Instructions
™ on Data R/W Sample ¥ EXCTRC: Exception Tracing
—ITM Stimulus Ports
3 Port 24 23 Port 16 15 Port 8 7 Port 1]
Display Trace Records: Enable: | bxFFFFFFFF 17172 7 7 7 4 U 2l T 7 7 7 7 7 7 U7l 7 7 (7 7 7 7l 7 A T A T
Privilege:l[b(DDDDDDDE Port 31.24 V¥ Port 23.16 [~ Port 15.8 ™ Port 7.0 ™
8. Enter Debug mode. @
9. Click on the RUN icon. . ok | cancel | Help
10. Open Trace Records window by clicking on the small arrow beside the Trace icon: === ELl B
11. The Trace Records window will open and display Exceptions and PC Samples as shown V| Records
below: You might have to stop the program or switch the Filter: dialog box. Exceptions
TIP: Remember the Core Clock: must be correct for ULINK2 and ULINK-ME or you will see counters

spurious frames or none at all. 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. Use a scope on
the SWO pin if needed.

=
. . . . T ovi[ N Add [ oa | pc [oy] o [ Timefs] =

Exception 15 is the SYSTICK timer. Itisa FC Seample - = : 000003COH TR T4 4

dedicated timer for use with RTOSs ooty 8 STty 7SSz
' =ption B 735.

. . Exception Fetum 0 41333333263 735.46945308
All frames have a timestamp displayed. PC Sample 000003BEH 41333330016 73546957324
PC Sample 000003BEH 41333406400 73546985477
Exception Return means all exceptions have B iy 5 OODD03BEH plEssprknie e
returned. This can be used to detect Cortex Soston £t 3 I TR0
exception tail-chaining. PC Sample 000003CEH 41333439168 73547044783
PC Sample 000003CEH 41333455552 73547073936
I you open the Exceptions window you willsee |5, oCH e 7
SYSTICK displayed by Exception number. ~ [s=ioer ¢ asmy o
T . PC Sample I00DIACEH 4133488320 73547132242
Double-click inside any of these two windows PC Sample 000003C6H 41323504704 73547161395
PC Sampl 000003CEH 41333521088 73547190548

to clear them. Eveaton Entry 15 4133352715 7T o

Right click in the Trace Records window and
you can filter out various types of frames for easier viewing.

This is an easy way to see when your interrupts are occurring and how often.
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B) For ULINKpro: This is not ETM trace. See page 23 for ETM trace.
Configure SWV:
1. pVision must be stopped and in edit mode (not debug mode).
Configure ULINKpro as found on page 7: 4) Configuring ULINKpro and pVision:

Select Options for Target EN 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: ULINKpro determines this automatically. It uses this to calculate timings. Enter 56.2 MHz.
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.
10. Click on OK twice to return to the main pVision menu. SWV is now configured and ready to use.
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.

© o N Ok DN

The Trace Port is faster and must be selected for ETM x|
trace. It is available only with the ULINKpro. Debug Trace | Flash Dowrloa |
We will examine this setting later on page 23.
g p g Core Clock: | 56.200000 MHz ¥ Trace Enable I™ ETH Trace Enable
r Trace Port Ti Trace Events
Serial Wire Output - Manchester j (F Enable Prescaler: (1 'I I CPI: Cycles per Instruction

Sync Trace Port with 1-bit Data
Sync Trace Port with 2-bit Data PC Sampling

I~ EXC: Exception overhead
I~ SLEEP: Sleep Cycles

Sync Trace Port with 4-bit Data . -
Serial Wire Output - Manchester Prescaler: (102416 = | | = |5 omd Stor Unt Cycles
=l =
Serial Wire Output - UART/NRZ ¥ Peiodic Period: | 231530 us I~ FOLD: Folded Instructions
I~ on Data R/W Sample ¥ EXCTRC: Exception Tracing

Display Trace Records:

i~ ITM Stimulus Ports

3 Port 24 23 Port 16 15 Port 8 7 Port 0

L. Enter Debug moce. & | e e e e

2. Click on the RUN icon. .
Open Instruction Trace window by clicking on B == ek
the small arrow beside the Trace icon:

4. The Race Records window will open and display Exceptions and PC Samples as shown | Instruction Trace
below: LT

Counters

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.
New trace windows are under development.

Fiter: |Al = 3‘

# Type Fag | Mum PC Opcode Instruction Source Code Address Data Cycles Time[s]
174864 | PC Sample (x000003BE | 4A03 LDR  r2[pc#12] : @x000003CC 1415085058 141.50850580
174865 PC Sample c000003BE | 4A03 LDR  r2Jpc#12] ; @0x000003CC 1415101442 141.51014420
174866 | PC Sample (<000003BE | 4A03 LDR  r2[pc#12] ; @k000003CC 1415117826 14151178260
174867 | Exception Entry 15 1415127027 141.51270270
174868 Exception Exit 15 1415127037 141.51270370
174869 Exception Retum 0 1415127047 141.51270470
174870 | PC Sample (<000003BE | 4A03 LDR  r2[pc#12] ; @k000003CC 1415134210 14151342100
174871 PC Sample (<000003BE | 4403 LDR  r2lpc#12] ; @kx000003CC 1415150554 141.51505540
174872 PC Sample c000003BE | 4A03 LDR  r2]pc#12] ; @0000003CC 1415166978 141.51669780
174873 | Exception Entry 15 1415174999 141.51749950
174874 | Exception Exit 15 1415175008 14151750050
174875 | Exception Retum 0 1415175019 14151750150
174876 PC Sample c000003C4 | 4282 CMP  r2rD 1415183362 141.51833620
174877 | PC Sample <000003C4 | 4282 CMP  r2r0 1415155746 141.51997460
174878 | PC Sample <000003C4 | 4282 CMP  r2r0 1415216130 14152161300
174879 | Exception Entry 15 1415222571 141.52225710
174880 Exception Exit 15 1415222981 14152229810

Exception Retum ] 1415222951 141.52225510 j
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5) 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 ULINK-ME to your Kinetis
board and configure it for Serial Wire Viewer (SWV) trace. If you want to use a ULINKpro you will have to make
appropriate modifications to the configuration instructions. This exercise does not require ETM configuration.

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

SWV must be configured as found on page 11 or page 12 for ULINKpro Enter debug mode @ .
2. Select Debug/Debug Settings and select the Trace tab.
Unselect Periodic and EXCTRC. This is to prevent SWO pin frame overrun. Click OK to return to the main menu.

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

5. Open View/Analysis Windows and select Logic Analyzer or select the LA window on the toolbar. =1
6. Locate the volatile variable msTicks in Blinky.c. It is declared near line 19.
7. Block msTicks and drag it into the LA window and release it. Or click on Setup in the LA and enter it manually.
8. Click on Setup and set Max: in Display Range to OXFFFF. Click on close. The LA is completely configured now.
9. Drag and drop msTicks into the Watch 1 window. It should be incrementing if the program is running.
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. Inthe Watch 1 window, double-click on the msTicks value and enter 0 and press Enter.
12. This value will be displayed in the LA window as shown here: You can enter any value into msTicks.
TIP: Raw addresses can also be entered into the Logic Analyzer. An example is: *((unsigned long *)0x20000000)
TIP: The Logic Analyzer can display static

Logic Analyzer

and global variables, structures and arrays. T MnTme Mmoo | Gud o
It can’t see locals: just make them static. [ [613515s [ s [CAto |[ Undo || [Swop | 2
To see peripheral registers merely read or 65535 N i ; P P

write to them and enter them into the Logic P ‘ | - P
Analyzer.

1. Select Debug/Debug Settings and 2
select the Trace tab. E

2. Select On Data R/W Sample.
Click OK. This adds the PC

column shown below. 0 . . | . . . : : :
47162758 53.16275¢s 59.16275s
2650546466 2987746465 3324346466
3. Runthe program. = =z | o
4. Open the Trace Records window.
5. The window similar to below opens up:
6. The first line below means: x
; ; | Type |ovi[Num | Address | Data | PC |Dy|  Cycles | Tme] [~
7. The _mStruc“on at 0x2C4 caused Data Wirie TFFFB00BH  OODOFO7DH  0DO0D2C4H 574717783 10363255022
a write of data 0x0000_FO7D to  { baa e IFFFGO0BH  OOOOFOTFM  0DO00ZCA SrMEar 1036wz
ata Write 7l 7. 727 1 7
address Ox1FFF_8008 at the Data Wrte FFFE00BH  ODODFOBOH  DODOD2C4H 5734861639 103.63511101
; ima i ; Data Wite 1FFFB00SH  ODOOFOSTH  0DOOD2C4H 574309671 103.63596460
listed time in Cycles or Time. Data Wite FFFB00BH  ODOOFOB2H  DDOOD2C4H 5734357643 103.63681820
. . . Data Wite 1FFFB008H  ODOOFOS3H  0DO0D2C4H 5735005615  103.63767179
TIP: The PC column is activated when Data Wite FFFS00BH  O00DDF0B4H  0ODDD2CAH 5735053587 10363852538
i Data Wrte 1FFFB008H  ODOOFOSSH  0ODOO2C4H 5735101559 103.63937898
you selected On Data RN_V Sample in | Data wiite 1FFFB008H  ODOOFOSSH  0DO0D2C4H 5735149531 103.64023257
Step 2. You can leave this out to save Data Wit IFFFB002H  ODOOFOS7H  0OODD2C4H 5735197503 103.64108617
. . || Data Wite 1FFFB008H  ODOOFOSSH  0DOOD2C4H 5735245475 103.64133976
bandwidth on the SWO pin. Data Wite IFFFB00SH  ODDDFOSSH  DDDDO2C4H 5735293447 10364279336
L Data Wite 1FFFB00SH  ODOOFOBAH  DDD002CAH 5735341419 103.64364695
TIP: The ULINKpro will give a more Data Wite IFFFB00SH  ODDDFOSBH  DDDDO2C4H 5735389391 10364450054
_— . - Data Wite 1FFFB008H  ODOOFOSCH  0DOD0D2C4H 5735437363 10364535414
sophisticated Instruction Trace window. Data Wite 1FFFB002H  OODDFOSDH  DOODD2C4H 5735485335  103.6462077
. . Data Wite 1FFFB008H  ODOOFOSEH  0DO0D2C4H 5735533307 103.64706133
Watchpoints are described on the next Data Wite IFFFS00SH  ODDDFOSFH  0DDODZC4H 5735581279 10364791492
page Data Wite 1FFFB008H  ODOOFOS0H  0DO0D2C4H 5735629251 10364876852 o
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6) Watchpoints: Conditional Breakpoints

The Kinetis Cortex-M4 processors have four Watchpoint comparators. Watchpoints can be thought of as conditional
breakpoints. The Logic Analyzer uses watchpoints in its operations. This means you must have at least two variables out of
the four not used in the Logic Analyzer to use Watchpoints. You can use any ULINK can be used. Each Watchpoint uses
two comparators. MDK 4.20 and earlier does not warn you if you have set too many Watchpoints. MDK 4.21 and later does
indicate when you have used up all the comparators.

1. Using the example from the previous page, stop the program.
2. Click on Debug and select Breakpoints or press Ctrl-B.
3. The Trace does not need to be configured for Watchpoints. However, we will use it in this exercise.
4. Inthe Expression box enter: “msTicks == 3” without the quotes. Select both the Read and Write Access.
5. Click on Define and it will be accepted as shown here: E===)> EE x|
6. Click on Close. e (b IFFFES008 len=4). 'ms Ticks — 3
7. Double-click in the Trace Records window to clear it.
8. Set msTicks in Watch 1 window to zero.
9. Click on RUN. . -
10. When msTicks equals 3, the program will stop. Thisishowa Beocess
Watchpoint works. : Boresion: [raTicks == 3 W Read 7 Wite
] ] ) ) ) Court: lﬂ Size I Bye
11. You will see msTicks incremented in the Logic Analyzer as " Command: | = e
well as in the Watch window if you choose a watchpoint with
a higher value. Define | Kl Selected Kil Al Cose | Help

12. 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. l

: x
13. There are other types of expressions you — e==i= | : — : _I_I
- - Type Owvf | Num Address Data PC Diy Cycles Time[s] =
can enter and are detalled in the Help Data Write 1FFFE00E8H 0000000 TH D00002C4H 27572147844 492.19892142
1 1 1 Data Writ TFFFE00EH D0000002H D00002C4H 27572195816 459219977501
bUtton In the BreaprIntS WIndOW Dat: Writ: 1FFFE008H D0000003H 000002C4H 27572243788 492 20062860

14. To repeat this exercise, set msTicks in the watch 1 window to 0 and select RUN.

15. When finished, open the Breakpoints window and either use Kill All to delete the watchpoints or deselect them by
unchecking them. Having undeleted Watchpoints activate unexpectedly can be rather confusing.

16. Leave Debug mode for the next exercise.

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.
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7) RTX_Blinky Example Program with Keil RTX RTOS: A Stepper Motor example

Keil provides RTX, a full feature RTOS is a component of MDK. RTX is included with source code and is not crippled or
limited. It can have up to 255 tasks and no royalty payments are required. This example explores the RTX_Blinky 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:\Keil\ARM\Boards\Freescale\TWR-K60N512\RTX_Blinky\Blinky.uvproj.

RTX_Blinky uses a ULINKpro as default: if you are using a ULINK2 please configure it as described on page 4
under 2) ULINK2 or ULINK-ME and pVision Configuration: You do not need to configure the trace yet. After
you have configured your adapter, save the settings by selecting File/Save All. Closing uVision also effectively
performs a Save All. You can also make a new target configuration to select between different configurations..
In the Flash programming in the Utilities tab, make sure RAM for Algorithm is set to 0x8000 and not 0x800.

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:

©No gk~ wbd -

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 settings 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. They use XML.

¥
/ RTX_Conf_CH.c v x | Blinky.c RTX_Conf_CM.c | v x
081 #ifndef O5_TICK ZI
0g2 $define 05 TICE 10000 Expand Al Callapse Al | Help
083 #endif
084 Option | Value
. i -Task Definitions
U /7 < ::i . —_— . e - Mumber of concurrent running tasks 7
U6 // <e>Round-Robin Task switching mber of tasks with user-provided stack a
us7 /s sk stack size [bytes] 200
088 // <i> Enable Round-Reobin Task switching eck for the stack overflow Icd
083 #ifndef O5_ROBIN i privieged mods -
090 #define 03 ROBIN 1 J . Numbar of user timers a
091 #endif -SysTick Timer Configuration
032 - Timer dock value [Hz] 72000000
033 10000
094 Icd
095 5
036
037 #define O5_ROBINTOUT 5
J;T.qu fendif ;lj
[ROS e rpe—  Text Editar_}, Configuration Wizard
Text Editor: Source Code Configuration Wizard
15 Copyright © 2011 ARM Ltd. All rights reserved
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8) 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. :

1. Run RTX_Blinky again by clicking on the Run icon. [F*
2. Open Debug/OS Support and select RTX Tasks and System ":‘::""'“ {’?"“ﬁ:
and the window on the right opens up. You might have to T
grab the window and move it into the center of the screen. Tod g LT AT
Note these values are updated in real-time using the same .. mmm e e
technology as used in the Watch and Memory windows. o U e — —— TL
3. Open Debug/OS Support and select Event Viewer. There is 5 Iﬁ ' E;%z -:,:“,: igf;“;: [
probably no data displayed because SWV is not configured. e s : LA =

| [CCUEESCTTE
RTX Viewer: Configuring Serial Wire Viewer (SWV): i

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

= | BT Tashs and Syshem
1. Stop the CPU and exit debug mode. @ @Q Cortex- Target Driver Setup ]
- Debug | Trace | Flash Dowrload |
2. Click on the Options icon AN next to the target box. et Uty e
Serial No: [T - IDCODE [ Device Name I vz
Select the Debug tab and then click the Settings box next to ULINK Versons[DT | | W70 | @ 028401477 ARM Corigt SWOP ﬁ
ULINK Cortex Debugger dialog. Soamina =8 1 ) e —
*  Autamatic Detection
. f W swy Pot[sw 7] € Wanuz|Confiaurstion.  Desiee Hame:
4. Inthe Debug Wlnd_ow as shown here, make sure SWJ is e [ | | s | e | then]
checked and Port: is set to SW and not JTAG. L ot ] o] e
5. Click on the Trace tab to open the Trace window. F::i = T e Fﬁi‘:ﬁ:i: FT:;d;:':’Emm
¥ Reset ater Connect I¥ Cache Memory | | ™ Download to Flash
6. Set Core Clock: to 56.2 MHz and select Trace Enable.
7. Unselect the Periodic and EXCTRC boxes as shown here: e
8. ITM Stimulus Port 31 must be checked. This is the port used =
to output the kernel awareness information to the Event =]
Viewer. ITM is slightly intrusive. e | MEEI s
[~ Trace Port Trace Event:
9. Click on OK twice to return to the pVision main menu. SRR lﬂp - o S
- - - - - - .. SWO Clock Prescaler. | 42 PC Sampling———————— | - -
The Serial Wire Viewer is now configured in pVision. T e —— .—iii:ﬁlfﬁm;m
10. Enter Debug mode and click on RUN to start the program. e |
11. Select “Tasks and System” tab: note the display is updated. [T Sime P T = mE m E5 & 57 =0
Enable: [l<FFFFFFFF WV VIViVIViVY VIVIVIVVIVIVIY [VIVIVIVIVIEIVIY [VIVIVIVIVIVIVTS
12. Click on the Event Viewer tab. Prviege: [100000008 | Pot31.24 ¥ Por23.16 T Pot15.8 Port 7.0 I~
13. This Wl_ndow displays task eyents 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 ovencvenee
ALL and then the + and — icons. e s _ _
Min Tire: 04GE0SS & Mas Tiena: S07. 3405 ¢ Frange: 10.00000 & G 0.500000 &
TIP: View/Periodic Window Update must be selected ! o
- phaveti
TIP: If Event Viewer doesn’t work, open up the Trace Records and e
confirm there is good ITM 31 frames present. The most probably cause et
for no good ITM frames is the Core Clock: is not set correctly =

Cortex-M4 Alert: pVision 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 e BT
cycles are used. Your program runs at nearly full speed. No s | :

instrumentation code need be inserted into your source. You will find
this feature very useful !

TIP: You can use a ULINK2, ULINK-ME, ULINKpro or J-Link for these RTX Kernel Awareness windows.

16 Copyright © 2011 ARM Ltd. All rights reserved
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9) 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.

1.
2.
3.

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:

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.

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

Enter the Variables into the Logic Analyzer:

9.

10.
11.

12.
13.
14,
15.

LopD .
Rebuild the project. 075

e IR -

028 | #define LED_D u]
029 | #define LED_CLE LED 1
030

031 | unsigned int phases; @
032 | unsigned int phaseb:
033 | ungigned int phasec:
034 | unsigned int phased;

035

O3B | At
(EF * Function 'sigual fu
st

Task 1 "pkased': Pkase A output

Program the Flash ¥#. i

D??E_task roid phaseld (wvoid) |

Enter debug mode @ g;g fDZS_[;:n];_:aait_and [0X0001, Oxffff): s
You can run the program at this point. gg? Eﬁi’@i’z iLf?—m ’ —————
Open View/Analysis Windows and select Logic Analyzer = iﬁgﬁggf;‘gg_;?;m“em ’ -
or select the LA window on the toolbar. 2 R —

08 | ¥

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

shown. Now we have to adjust the scaling.

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 1 or 2 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:

|LugicAnaIyzer a3 x
Setup ... |[ Load ... Min Time Max Time Grid Zoom Code Setup Min/Max Update Screen| Transition ¥ Signal Info
o (e D Y o7 ) R S s I G
- [ S D B N
= of L L ° S =
B E A A R
[ : : : H H H H H H H : : H
= o] LT i L AN S| ) N S T
Y 3 3 3 3 : : : : : : : 3 3 :
H 3 3 : : : : : : : 3
= o : ] : : : : : : I :
R R T S - R
] i |phasec
= H Mouse Pos Reference Point Delta
= L [ Time: 2765625 5 0s 2765625 s = 0.036158 HZJ
o D B D ; h i [value: 0 1 1
21416255 ! ! ! ' ' ‘|PCS: MR 0x388 e
1203593192 1596993192 2046593192
b o

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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10) 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.

© ©® N o O

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 0 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.

. 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 also appear in Trace Records.

The Address column shows where the four
variables are located.

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

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

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. Remember these are shared by the Watchpoints.

TIP: If you select View/Symbol Window you can see where

the addresses of the variables are. ¢

—

= - E
Records

Exceptions

Counters

x
Tupe [Out{Mum| Addess [ Daa | PC [DW[  Cyces [ Timels =
Diata Wiite A00000Z3H O00noTH 107PRANTES 1 BE1 77T
ITh 3 OEH 0731243 1 BEI7AR17
ITH 3 FFH 107644597 1ERISEIEZ
ITH 3 DEH 112736793 176151239
ITH 3 FFH 112750297 176172339
ITH il o 139616915 216151430
ITH i 02H 139617499 21615242
Diata e 200000244 000DODOCH 139630790 215708
ITH 3 OEH 139630955 2181 FE3
ITH 3 FFH 139644533 210194738
ITh 31 OEH 144736793 2 35151238
ITH 31 FFH 144750297 2 36172338
ITH 3 03 17IE1E793 268151239
1T i 04H 17IE17361 2E9150127
Data wiite 20000020H  000DDO0TH 17IE30771 268172080
ITH 7 DEH 1FIEN 245 2617820
ITH 7 FFH 171644899 26195155
ITH kil 0EH 176736793 275151239
ITH 3 FFH 176750207 2 7617
ITH 3 M AN3IEIEATE 318151430 o

zl
Tupe [oviltum[ Addess |  Data | PC [ou[  cocles [ Timelsy |-l
Data Wite 200000ZEH  OOODDDOOH  OD4DO7MH % 1483631384 2318174787
Data wite 20000030H  ODODDDOTH  ODMOD7ESH % 1515630VES 2388173077
Datawirite 2000002CH 00000000H 004007CEH % 1547631844 2419174756
Data Wite JN0NNZ4H  OOOODOOTH  ONAODZ4EH % 1679630773 24 B3173082
DalaWite 20000030H  OOODDDOOH  (H0007FEH TETIEI0FEE 2519173103
Data it 20000025H  ODODDDOTH  ODMOO7EOH ¢ 1B43630VES 2560173077
Diata Wi SONONNZ4H OOOODODOM  (ONAONZE2H > 1G7SG3I8B3 2619174700
Data Wite ANOONZCH  OOOOOOOTH  ONAOD7E2H % 1707630771 2663173080
Data wite 20000023H  ODODDDOOH  ODMOO7MH % 1739671839 2718174748
Datawirite 20000030H 00000001H 004007E4H % 1771630769 2768173077
Data Wite SINONNZCH  OOOODODOH  (ONMODZCRH > 1BD3R3OVER 2818173103
DataWite 200000244 0OODDDOTH  ODMOD74EH % 1835630V7E 28.68173088
Diata wite 20000030H  OOODDDODH  0MO0O07FeH TEEFEI0FO3 2218173099
Symbols X

task: I [™ Case Sensitive
Marne Address Type I‘
+-P5d Peripheral Registers
=B Elirky &pplication
-7 Runtime Library
=[] Blinky
L e D e
™ phazea Ox20000024
phazeb Q20000028
phaszec Q20000020
phased Q20000030
- (200000
g b led C20000020 Uik -

JESymboIs 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, and J-Link 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 and how
often 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|
. . Debug Trace
4. Click OK twice. |
- ore Clock: | £4.000000 z ¥ | Tirace Enable
5. The Trace Records should still be open. TE ch' - o T‘_' e -
. . . rTacePot———————— Imestamp: race i
DOUbIe CIICk on It tO Clear It' Serial Wire Output - UARTNRZ j ’VF Enable Frescaler: (1 'l ™ CPI: Cypcles per Instruction
6. Click RUN to start the program. WD Clock Prascaler [ =5 T [ EXC: Exeenton avernead
F dutodstsct W I~ SLEEP: Sleep Cpcles
1 1 1 1 = ™ L5U: Load Store Urit Cycles
Ypu will see a window 5|mllar to the one below SWO Clock: [ 1163636 MHz ,- e i i
with Exceptions frames displayed. on Data Rfw Sgugle 7 EXCTRE. Exception Tracing )
What Is Happening ? I TH Stimulus For
: . Enamm P%WHTM?P
1. You can see two exceptions happening.
Privilage: nxunnnnnna Poit 31.24 [ Port 23.16 I~ Port 15.8 [~ Port 7.0
= Entry: when the exception enters.
= Exit: When it exits or returns.
= Return: When all the exceptions have returned
and is useful to detect tail-chaining.
) Trace Records x|
2' Num 11 IS Svca” from the RTX Ca”S Tvpe | val Numl Address | D ata | PC | Dlyl Cycles | Timels, ;I
H H H E ion E 15 1163020633 18.17219841
Num 15 IS the SySIICK tlmer' E:EZE::E:E:T}I 15 1163020952 18.17220238
E=ception Retum 1] = 1163022877 1817223245
In my example you can see one data Excaption Entry 15 TIB3BE0B38 1818219841
. . Exception Exit 15 1163661343 18.18220848
write from the Logic Analyzer. Exception Return 0 % 1163664507 18.18225792
Exception Retum X o X 1163664507 1818225792
i i i E ticr E b " 1163674347 18.18242105
NOte eVerythlng IS tImEStampEd' E:g:Et:E:E:\tw i 1163675072 18.18242300
VI . E tion F et = 1163680402 18.18250628
The “X” in Ovf is an overflow and Datawirte 20000024H  0000000OH % 1163600402 1018250528
[TAVALEH E tion F et kS = 1163680402 18.18250628
some data was lost. The “X” in Dly ExcapionErtrs | 1 1163688581 1818263408 —
i E tion E xit i 1163688706 18.18263603
means the tlmestamps are d_e|a¥9d . E:EZEJE: et 0 % TIB3EIIE2 1818269575
E tioh Fets b o X 11636913952 18.18268675
?e(;;ause ::]Oosnv-l\;léh I_nformatlon 1S belng E:EZEt;E:E:trl:lm 15 1164300698 1813219841
E i E it 15 1164300958 18.19220247
€ OUI t € pln' E:E:Et:ﬁ: H’glum 1] = 1164302832 18.19223269
TIP The SWO pln |S one pln on the CorteX_M4 Exception Entry 15 1164340693 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. Ulinkpro has the option of sending this data out the 4 bit Trace Port.
v | Records
1. Select View/Trace/Exceptions or click on the Trace icon and select Exceptions. 4] eceptons
Counters
2. The next window opens up and ]
more InfOI‘matlon abOUt the NumI Mame | Count | Total Time | Min Time In | tax Timelnl Min Time Dutl Max Time Dutl First Time [5] | Last Time [s -
exceptions is displayed as shown. et o o
. 4 Memkanage 1] Oz
3. Note the number of times these 5 Bl 0 0s
- [ UsageFault 1] Oz
have happened. This is very useful 112 g\;c;u 2;1 asa.gas us 16Mus  16292us  55537us  E53.482ms  D97E41921 2659914124
information in case interrupts come |11 Pensy n 0s
15 SyeTick 2564 14.045 me 4056 us T.597 us 9.992 mg 9,996 ms (098642844 26.61642838
too fast or slow. 16 ExlROD 0 s
17 ExtlRE 1 a Os
4. ExtIRQ are the peripheral 1 ERed o 2
interrupts. - (O
i . 2 ExiROE 0 0s
5. You can clear this trace window by |22 eaRe? 0 L =
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. ETM trace 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. Open Debug/Debug Settings and select the Trace tab.
2. Unselect EXCTRC, On Data R/W Sample. Select Periodic in the PC Sampling area.
3. Click on OK twice to return to the main screen.
. . S
4. Close the Exception Trace window and - e e T o T oo T T -
. ype wl urn ress ata Iy yoles irnels)
leave Trace Records open. Double-click to PC Sample (004005 2H 95035933109 1344.30997045
- PC Sample 0040058 2H 86035854493 1344.31022645
clear it. PC Sample 004005E 2H SE035870877  1344.31048245
PCS I 0040058 2H SE035887261 1344.31073845
5 Clle On RUN and thIS WlndOW OpenS PC s:x\: 004005E 2H BE035903645 1344 31099445
" " PC Sample 0040058 2H 86035920029 1344.31125045
PC Sample 004005E 2H 86035936413 1344 31150645
Most of the PC Samples are 0x0040 0562 s GRS ey D
- - - - ample .
which is a branch to itself in a loop forever FC Sample D04005E 2H BEOGGIEEEES  1344.31227445
. PC Sample 0040058 2H 86036001949 1344.31253045
rOUtI ne. PC Sample 0040058 2H BE036018333 1344.31 278645
PC Sample 0040058 2H BE03E034717 1344.31304245
H PC Sample 0040058 2H BE036051101 1344.31323845
7' Stop the program and the D|Sassemb|y PC Samg\e 0040058 2H BE036067 485 1344.31355445
H H H . PC Sample 004005E 2H BE036083869 1344 31381045
W|ndOW WI” ShOW thls BranCh' PC Sams\e 0040058 2H BE03E100253 1344.31 408645
R R PC Sample 004005E 2H B8E036116637 1344 31432245
8. Not all the PCs will be captured. Still, PC FC Sample 004005E2H B03E133021  1344.31457845
. . PC Sample 004005E 2H BE036143405 1344 31483445 LI
Samples can give you some idea of where
your program is; especially if it
is caught in a tight loop like in this case. Cwraminy
154: /% This function is called when the user timer has expired. Parameter =
9. Note: you Can get dlﬁerent PC Va|Ues ig: /% 'info' holds the walue, defined when the timer was created. */
displayed here depending on the Dxnéi;ésmf}:}"ggkm in;é;\de optional user code to he executed on timeout. #/
optimization level set in uVision. p1-00900SEZ £7EE B DXOTS005E2
- - 150 -
10. Set a breakpoint in one of the tasks. ;I‘I
11. 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:
12. 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.
13. Remove the breakpoint and exit Debug mode for the next step.
TDlsas;n\y
116: /
117: = Task 4 'phaseD': Phase D output
118: =/
119: _ task void phaseD (void) ¢
DxDD‘lDD?CZ 2000 MOVS 0, #0x00
0x004007C4 4376 LDR rl, [pc, #4801  ; @B0x004009L5
0x004007CE 6008 STR r0, [r1, #0x00]
_EIXDD‘IDD'?CE ETE7 E 0x00400794
4
[ Abstract.btt/ Blinky.c xr RTX_Conf_CM.c r LED.c ]
093 os_evt_wait_and (0x0001, Oxffff): A% wait for an event flao 0x0001 5
04 LED_On [LEE_BI; ]
095 phaseb = 1;
096 signal fune | Type | Elvfl Mum | Address | Data | FC | D\yl Cycles | Tm[g]_[;l
- Eiggiffﬁ‘?—‘;?r P 2o So400RE 1 ReADTS 1388 SEpAETEl
093 N - PC Sample 004005E2H 8348333327 1358 BRFF1761
PLC Sarmple 004005E2H B8R348350311 1358 BR7A7361
100} PC Samgle O04005E2H BRI48366635 135056822951
s/ P 2ot So400RE 1 MeiboAsy 1388 SpaTeiEl
102 | ample
103\_ * Task 3 'pt |PC Samgle 004005E2H B8R348415847 1358 56839761
104 e PC Sample 004005E2H B8R348432231 1358 BR925361
1057 task void phasec | | PCSample O04005E2H 86348448615 135056950961
. or (:: PC Sample 004005E2H 8348454339 1358 BRITRERT
07 e evt_vaic_ana |PESOE So400RE 1 MoibaTTe) 188 00Tl
108 LED ©n (LED_C): PC Sample 004005E2H 86348514151 1358 57053361
109 phasec = 1; PC Sample 004005E2H BR348530535 1358 57078961
110 signal_func (t_p PC Sample 004005E2H 86348546319 1358 57104561
111 LED_off (LED_C); PC Sample 004005E2H BRI48563303 1358 57130161
3112 RO o T PL Sample O04005E2H 86348579687 135857155761
moo P 2ot e R
1143 a hd
115 -
16 #
117 * Task 4 'phaseD': Pkase DI output
118 * <7
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11) 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.

Unsigned int count = 0;

#define 1TM_Port8(n) (*((volatile unsigned char *)(0xEO0000000+4*n)))

3. Inthe main function in Blinky.c right after the second Delay(250) near Line 95, enter these lines:

count++;

if (count >9) count=0;
while (1TM_Port8(0) == 0);
ITM_Port8(0) = count + 0x30;
while (ITM_Port8(0) == 0);
ITM_Port8(0) = 0x0D;

while (ITM_Port8(0) == 0);
ITM_Port8(0) = OxO0A;

/*

Rebuild the source files, program the Flash memory and enter debug mode.
Open Debug/Debug Settings and select the Trace tab.

Select EXCTRC and ITM Port 0. ITM Stimulus Port “0” enables the Debug (prinftf) Viewer.

Click OK twice.

. Remove any variables in the Logic Analyzer. Select Setup and Kill All.
10. Click on View/Serial Windows and select Debug (printf) Viewer and click on RUN.
11. Right click on the Debug window and deselect Settings/Add CR to LF. Note other settings.
12. In the Debug (printf) Viewer you will see the ASCII value of count appear. =

Trace Records

4

5.

6. Unselect On Data R/W Sample, PC Sample and ITM Port 31. (this is to help not overload the SWO port)
7

8

9

T
g
g
1]
1
2
3
4

displays count value: +0x30 converts to ASCII */

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 ?

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.

3. All these are timestamped in both CPU cycles and time in seconds.

Note the “X” in the DIy column. This means
the timestamps might not be correct due to
SWO pin overload.

5. Right click in the Trace Records window and
deselect Exceptions. Now you will see only
the ITM writes.

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

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

Type I 3 I Nurn I Address I Data | PC | Dy I Cycles | Time(s

Exception Return 1] = 2047810917 31.99704558
Exception Entry 15 2047873261 31.93801970
Exception Exit 15 2047873275 31.93801992
Exception Return o ® 2047874882 31.99804503
Exception Entry 15 2047937261 31.93301570
Exception Exit 15 2047937275 31.93801932
Exception Return 1] = 2047938902 3199904534
Exception Entry 18 2048001261 32.00001970
Exception Exit 15 2048001275 3200001992
Exception Return 1] ® 2048005167 3200009636
ITH 0 34H = 2048006167 32.00009636
ITH 0 0oH = 2048006167 32.00009636
ITH 0 0aH = 2048006167 32.00009636
Exception Entry 15 2048065261 3200101970
Exception E it 15 204B0R5275 3200101992
Exception Return 1] k3 204806887 32.00104511
Exception Entry 15 2048125261 32.00201570
Exception Exit 15 2048129275 32.00201932
Exception Return o ® 2048130907 32.00204542
Exception Entry 15 2046193261 32.00301970

]
=
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Part C) Using the ULINKpro with ETM Trace:

Contact Keil technical support for more information on ETM support with Kinetis processors.
The examples shown previously with the ULINK2 will also work with the ULINKpro. There are two major differences:
1) The window containing the trace frames is now called Instruction Trace. More complete filtering is available.

2) The SWV (Serial Wire Viewer) data is sent out the SWO pin with the ULINK2 using UART encoding. The
ULINKQpro can send SWV data either out the SWO pin using Manchester encoding or through the 4 bit Trace Port.
This allows ULINKpro to support those Cortex-M processors that have SWV but not ETM hence no Trace Port.
The Trace Port is found on the 20 pin Hi-density connector and is configured in the Trace configuration window.
ETM data is always sent out the Trace Port and if ETM is being used, SWV data is also sent out this port.

ULINKpro offers:
1) Faster Flash programming than the ULINK2.
2) All the Serial Wire Viewer features as the ULINK2 provides.

3) Adds ETM trace which provides records of all Program Counter values. ULINK2 provides only PC Samples and is
not nearly as useful.

4) Code Coverage: were all the assembly isntructions executed ?
5) Performance Analysis: where the processor spent its time.

6) Execution Profiling: How long instructions, ranges of instructions, functions or C source code took in both time
and CPU cycles as well as number of times these were executed.

1) Configuring the ULINKpro ETM Trace:
Background:

The ULINKpro was configured for SWV operation using the SWO pin and Manchester encoding on page 12. We will
activate ETM trace in the next few pages. We will output the trace frames, including SWV, out the 4 bit Trace Port.

Ini File:

A script must be executed upon entering Debug mode to configure the ETM registers. One version is printed here:
This used to configure the ETM and also the 1/0 port pins. This file is provided with MDK 4.21 and later.

/ /
/* TracePort.ini: Initialization Script for Kinetis TracePort */
/ /

FUNC void SetupTrace (void) {
// SIM_SCGC5: enable PORT A clock
_wDWORD(0x40048038, (_RDWORD(0x40048038) | 0x00000200));

_wDWORD(0x40049018, 0x00000740); // PORTA_PCR6 -> (ALT7 + DSE) TRACE_CLKOUT
_wDWORD(0x4004901C, 0x00000740); // PORTA_PCR7 -> (ALT7 + DSE) TRACE_D3
_wDWORD(0x40049020, 0x00000740); // PORTA_PCR8 -> (ALT7 + DSE) TRACE_D2
_wDWORD(0x40049024, 0x00000740); // PORTA_PCR9 -> (ALT7 + DSE) TRACE_D1
_wDWORD(0x40049028, 0x00000740); // PORTA_PCR10 -> (ALT7 + DSE) TRACE_DO

}

SetupTrace();

This file will be entered in the Initialization File: box in Target Options and with the Debug tab selected.

This file will be included as part of the MDK toolkit. It will have a ini file extension. It complete name will be something
like TracePort.ini. This file is specific to the Kinetis processors as the GP10 ports are configured.

This ini file will be executed every time you enter Debug mode. A RESET negates it. You must cycle through Debug mode.
The next page describes how to configure ETM.
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Configuring SWV and ETM Trace:
1) Connect the ULINKpro to the K40 or K60 Kinetis target.
2) Select the Kinetis project at C:\Kei\ARM\Boards\Freescale\TWR-K60N512\Blinky\Blinky.proj

3) Configure ULINKpro for the Kinetis processor as described on page 7: 4) Configuring ULINKpro and pVision:

Do not forget to configure the Flash programmer as well.
4) uVision must be stopped and in edit mode (hot debug mode).

5) Select Options for Target &N or ALT-F7 and select the Debug tab.

6) Inthe box Initialization File: an ini file should be visible. If not, you must enter an appropriate file. It will be in the
Keil example files and an example is on the previous page. This file is called TracePort.ini and configures the GPIO

port for ETM operation as well as the CoreSight ETM registers. You can use the Browse icon to select this file.

. . Edit... | e e . L .
7) Click on the Edit box. The specified ini file will open. You can examine it. Do not change it.
8) Click OK.

9) Select Options for Target &N or ALT-F7 and select the Debug tab (again).

10) Click on Settings: beside the name of your adapter (ULINK Pro Cortex Debugger) on the right side of the window.

11) Click on the Trace tab. The window below is displayed.

12) Core Clock: ULINKpro calculates this from the Trace Port. pVision uses this to display timing values so it is a
good idea to insert a valid clock speed.

13) In Trace Port select Sync Trace Port with 4 bit data. It is best to use the widest size.
14) Select CLK: 0.0 ns clock delay. DO through D3 should be set to zero also.

15) Select Trace Enable and ETM Trace Enable. Unselect Periodic and EXCTRC and leave everything else at default as

shown below.
16) Click on OK twice to return to the main puVision menu. Both ETM and SWV are now configured.
17) Select File/Save All.

Cortex-M Target Driver Setup

TIP: We said previously that you must use
Debug Trace I Flash Download I

SWD (also called SW) in order to use the
Serial Wire Viewer. With the ULINKpro Core Clock: | 56200000 MHz

i [¥ Trace Enable I UnlimitedTrace W ETM Trace Enable
and with the Trace Port selected, you can

—Trace Pot———— Timestamps————— [~ Trace Events
also select the JTAG port as well as the IS‘_mc Trace Port with 4-bit Data j [¥ Enable Prescaler: |1 'I [ CPI: Cycles per Instruction
SWD port' ) ) ™ EXC: Exception overhead
. CLK: I[""["'I-'s j DO I[""["'I-'s j —PC SEII'HD"I"Igi I— SLEEP 5| Cy'd

With ULINK2, ULINK-ME and Segger J- 01:[00m =] Prescser [132¢76 =] - Sleep Cycles
Link, you must select SW. There is a = ' T LSU: Load Store Uint Cycles

fl,' ing JTAG si lI TDO and th DQ:|D-Dns 'l I~ Periodic Period:l <Disabled> [~ FOLD: Folded Instructions
con ICt_ USIng Slgna and the D3: ID.D ns 'l [ on Data R/W Sample [~ EXCTRC: Exception Tracing
SWO signal.

. —ITM Stimulus Ports
ULINKQpro can send the SWV signals out el [BFFFFEFFT— 31 Pot 2423 Pot 1615 Pt 8 7 Pot O
) ) :

the 4 bit Trace Port which does not share e "’""""’""""’I_"’ """""""’"""I_"’ "’""""’"’"""I_"’ "’""""’""""’I_"’
pins Wlth ITAG. It has itS own dedicated anlege.lI}xDDDDDDDS Port 31..24 v Port 23.16 Port 15..8 Port 7.0
pins on the Kinetis processor.
Be aware these pins are usually [ ok | conce | Help

multiplexed with GP10O pins or other

peripherals. You should make appropriate allowances for the use of these shared ports during debugging with ETM trace.
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2) Blinky Example: ETM Frames from RESET and beyond:
The project in C:\KeilARM\Boards\Freescale\TWR-K60N512\Blinky (or for the K40 board) has now been modified on the
previous page to provide ETM Trace and all the features it provides using a ULINKpro.

Note: The example on this page will work only with MDK 4.21 and later. ETM works in 4.20 but does not capture the first
few hundred instructions for the Kinetis 1% silicon. 4.21 works perfectly.

++
1. Compile the source files by clicking on the Rebuild icon. = vou can also use the Build icon beside it.
LopD

2. Program Kinetis flash by clicking on the Load icon: ¥# Progress will be indicated in the Output Window.
3. Enter Debug mode by clicking on the Debug icon.@ Select OK if the Evaluation Mode box appears.

DO NOT CLICK ON RUN YET !l

5. Examine the Instruction Trace window as shown below: This is a complete record of all the program flow since
RESET until uVision halted the program at the start of main() since Run To main is selected in pVision.

6. Inthis case, # 413 shows the last instruction to be executed. (BL.W). In the Register window the PC will display the
. . . . . T
value of the next instruction to be executed (0x0800_05DA in my case). Click on Single Step once. &

Instruction Trace x

Fiter: [Al =l r
# | Type | Flag | Num | PC |Opcode | Instruction |So|.|rce Code | Address | Data | Cycles | Time[s] |
397 ETM (00000300 | EBACDSCO | STM  r12{r6+Br11}

335 ETM 00000308 | 468D MOV spri

400 ETM c0000030A | 4770 BX I 784 0.00001335

401 ETM kDO000264 | 4611 MOV rlr2

402 ETM 00000266 | FFFFFFFS | BLW  Q<D0000254

403 ETM k00000254 | BSTF PUSH  irldrk

404 ETM k00000256 | FODOFBGE | BLW  (Q<DD000336

405 ETM k00000336 | BS10 PUSH  irdir}

406 ETM k00000338 | F7FFFFFZ | BLW (00000320

407 ETM k00000320 | 4200 LDR  rl.Jpc#0] ; @0k00000324

408 ETM k00000322 | 4770 BX I 808 0.00001438

405 ETM Re0000033C | FO4FO100 | MOV r1 200

410 ETM k00000340 | 6001 STR  r1,[r0.#000]

411 ETM k00000342 | BD1D POP  {dpch 814 0.00001443

412 ETM kDO00025A | BD1F POP {4 pch 828 0.00001473

413 | ETM (cD000026A | FODOFSEE | BLW  main ((x000005DA) 832 0.00001480 j
@lDisassenmly | ﬂlnstruction Trace

The instruction MOV will display: | (<000005DA | FO4F34FF | MOV r4 HOGFFFFFFFF | 76 mtrum  =-1:
Scroll to the top of the Instruction Trace window to frame # 1. This is the first instruction executed after RESET.

If you use the Memory window to look at location 0x4, you will find the address of the first instruction there and
this will match with that displayed in frame # 1. In my case it is 0x0000_0280 +1 (+1 says it isa Thumb
instruction). This is shown below:

Instruction Trace x

Fiter: [All | i’

H |Type I Flag | Num | FC |Opcode Ilnstn.lction ISource Code | Address | Data I Cycles | Time[s] |

1 (00000280 | 4805 LDR  r0.[pc#36] ; @0c00000... 337 LDR ..

2 00000282 | 4780 BLX D 338: BLX .. 0.00000021

3 (00000410 | F24C5020 | MOVW  r0#IC520 131: WDOG->UNLO...

4 00000414 | 4568 LDR  rl.[pc #416] ; @00000...
5 (00000416 STRH  rl.Jr1.#00E] LI
@Disassemhl}-‘ | ﬂlnstrud:ion Trace

ETM trace provides a powerful tool for finding nasty bugs not easily found any other way. See page 29 for problems
ETM and Serial Wire Viewer can help solve.
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3) Code Coverage:

10. Click on the RUN icon. After a second or so stop the program with the STOP icon. D0

11. Examine the Disassembly and Blinky.c windows. Scroll and notice different color blocks in the left margin:

12. This is Code Coverage provided by ETM trace. This indicates if an instruction has been executed or not.
Colour blocks indicate which assembly instructions have been executed.

Disassembly
. . . 0x00000ABE 1FFF SUBS 7,7, #7 |
. 1. Green: this assembly instruction was rt free box:
executed. 0x00000ACO 4281 T cup rl,r0
R . . 0x00000AC2 D302 BCC 0x00000RCA
2. Gray: this assembly instruction was not 0X00000ACA 6842 LDR r2, (20, £0%04]
executed. 0x00000ACE 428R CME r2,rl

0x00000ACE D201 BCS 0x00000ACE
0x00000ACA 2001 HOVS r0, #0x01
0x00000RCC 4770 EX lr

3. Orange: a Branch is always not taken.
4. Cyan: a Branch is always taken.

: . O0x00000ACE F3EF8210 MRS rZ, PRIMASE
5. Light Gray: there is no assembly 0x00000AD2 FO120F01 TST T2, #0x01
instruction at this point. Dx00000RDE B672 cPsID 1 _
I o 0x00000ADE 6803 LDR r3, [r0, $0x00]
6. RED: Breakpoint is set here. 0x00000ADA 6008 STR r3, [x1,$0x00]
{:1'3 . . 0x00000ADC 6001 STR rl, [r0, $#0x00]
7. Next instruction to be executed. 0%00000ADE D100 — 0%00000RE2
Ox00000AED B662 CESIE I
Ox00000AE2 2000 MCVS rd, #0x00
In the window on the right you can easily see examples of each 0x00000AE4 4770 BX ir
type of Code Coverage block and if they were executed or not and Tt_get_fizst:
. 0x00000RAES 4601 MoV rl, z0
if branches were taken (or not). 0x00000AEE 6840 LDR r0, [r0,£0x04] F
TIP: Code Coverage is visible in both the disassembly and source J
code windows. Click on a line in one and this place will be [ Disassembly | B nstruction Trace |

matched in the other.

Why was 0x0000_0ACA never executed ? You should devise tests to execute instructions that have not been executed.
What will happen to your program if this untested instruction is unexpectedly executed ?

Code Coverage tells what assembly instructions were executed. It is important to ensure all assembly code produced by the
compiler is executed and tested. You do not want a bug or an unplanned circumstance to cause a sequence of untested
instructions to be executed. The result could be catastrophic as unexecuted instructions cannot be tested. Some agencies
such as the US FDA require Code Coverage for certification.

Good programming practice requires that these unexecuted instructions be identified and tested.
Code Coverage is captured by the ETM. Code Coverage is also available in the Keil Simulator.
A Code Coverage window is available as shown below. This window is available in View/Analysis/Code Coverage.

Code Coverage

Module: IiAII Modules j
Madules/Functions | Execution percentage I;l
i eert_int_robin 100% of 7instructions
St _List
st _dhy 25% of 20 instructions, 1 condjump(s) not fully executed J
~ot_dec_dhy 74% of 51 instructions, 3 condjump(s) not fully executed
~ot_put_dhy 88% of 34 instructions, 2 condjump(s) not fully executed
“ort_mv_list 0% of 22 instructions
= rt_put_rdy_first 100% of 6 instructions
~rt_get_first 0% of 20 instructions, 3 condjump(s) not fully executed
~ort_put_prio 88% of 27 instructions, 4 condjumpis) not fully executed
El- rt_System
-~ t_stk_check B4% of 13 instructions, 2 condjump(s) not fully executed
-t _systick 100% of 17 instructions
it _pop_req 0% of 47 instructions -
@LDisassemhl}-‘ E Performance Analyzer |-:3: Code Coverage Q Instruction Trace |
25 Copyright © 2011 ARM Ltd. All rights reserved

Freescale Kinetis Cortex-M4 Lab with ARM® Keil™ MDK toolkit www.keil.com/freescale



http://www.keil.com/freescale�

4) Performance Analysis (PA):

Performance Analysis tells you how much time was spent in each function. The data can be provided by either the SWV PC
Samples or the ETM. SWYV does not provide complete coverage results. With PC Samples, accuracy is not very good. More
accuracy is improved with longer runs. Small loops could be entirely missed. ETM provides complete Performance
Analysis. Keil provides only ETM PA.

Keil provides Performance Analysis with the pVision simulator or with ETM and the ULINKpro. SWV PA is not offered.
The number of total calls made as well as the total time spent in each function is displayed. A graphical display is generated
for a quick reference. If you are optimizing for speed, work first on those functions taking the longest time to execute.

Use the same setup as used with Code Coverage. RTX_Blinky.
2. Select View/Analysis Windows/Performance Analysis. A window similar to the one below will open up.

3. Exit Debug mode and immediately re-enter it. @ This clears the PA window and resets the Kinetis processor and
reruns it to main() as before. Note: you need MDK 4.21 to display this initial window.

4. Expand some of the module names as shown below.
5. Execution information that has been collected in this initial short run. Times and number of calls is displayed.
6. We can tell that most of the time at this point in the program has been spent in the system and initialization routines.

Performance Analyzer o x
Reset || Show: IModuIes j
Medule/Function Calls Time(Sec) Time(%)
- Blinky. 1.210us
B gystem_MKEON512MD100.c 0.854 us
* SystemInit 1 0.854us 1%
- SystemCoreClock Update 0 lus 0% |
- gtatup_MKEON512MD100.5 0.356 us 25 I
* Reset_Handler 1 0.356 us o B
* NMI_Handler 0 Ous IF |
* HardFautt_Handler 0 fus %
- MemManage_Handler 0 Ous 0|
* BusFault_Handler 0 Ous 0|
* UsageFault_Handler 0 Ous 0% |
i+ SVC_Handler 0 Ous o | =

@lDisassemhly | E Performance Analyzer

7. Click on the RUN icon.

8. Note the display changes in real-time while the program Blinky is running. There is no need to stop the processor to
collect the information. No code stubs are needed in your source files. Most time is spent in os_idle_demon.

| Performance Analyzer 1 X
Reset || Show: IModuIes j
Madule/Function Calls Time(Sec) Time(%)
I Blinky 225075 100%
- RTX_Conf_CM.c 22494s 100
"""" os_idle_demon 1 224545 1oty
"""" os_tmr_call 0 Ous S|
"""" 0s_emor 0 Ous 0|
B+ SRC/CM/t_List.c 4475 ms 0% |
------- t_mv_dly 78 31.085us 0% |
it_dec_dly 2636 1.764 ms 0% |
rt_put_dhy 132 859324 us 0% |
it_mv_list 0 Ous |
rt_put_rdy_first 2637 772153 us 0% |
------- t_get_first 3377 1239 ms 0% | E
@Disassemhly | E Performance Analyzer
9. Select Functions from the pull down box as shown here and notice the difference. Im
10. Exit and re-enter Debug mode again and click on RUN. Note the different data set displayed. s
.
11. When you are done, exit Debug mode. o

TIP: You can also click on the RESET icon * %1 | but the processor will stay at the initial PC and will not run to main(). You
can type g, main in the Command window to accomplish this.

When you click on RESET, the Initialization File .ini will no longer be in effect and this might cause SWV and/or ITM to
stop working. Exiting and re-entering Debug mode executes the .ini script again.
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5) Execution Profiling:

Execution profiling is used to display how much time a C source line took to execute and how many times it was called. This
information is provided by the ETM trace. It is possible to group source lines (called collapse) to get combined times and
number of calls. This is called Outlining. The pVision simulator also provides Execution Profiling.

1. Enter Debug mode. , - _
Execution Profiling L4 Disabled
2. Select Debug/Execution Profiling/Show Time. |
: Memory Map...
3. Click on RUN. e Assembl Show Calls
4. In_the left marg?n of the d_isassgmbly and C source Function Editor (Cpen Ini File]... Reset Information
windows will display various time values.
5. The times will start to fill up as shown below right:
6. Click inside the yellow margin of Blinky.c to refresh it.
7. This is done in real-time and without stealing CPU cycles.
8. Hover the cursor over a time and ands more information appears as in the yellow box here:
Time: Calls: Average:
19,599 5 139910257 * 0,140 ps

9. Recall you can also select Show Calls and this information rather than the execution times will be displayed in the

left margin.
g Blinky.c | [£] system MKsONS12MD100.c | [] Abstractiet | [£] F
> 083 37125 s LED On (LED B);
084 12500 ps signal func (t_phaseB);
Out“ning - 085 4628 s LED Off (LED &)
) 085 3
1) Block a section of source as similar to this: - !
083 =
086 t * Function 'signal func' o 030 L * Task Z 'phaseB': Phase B ou
oor - 091 *
ggg éﬂriwsusawm 032 [F]  task void phaseB (void) {
771 ps o . .
070 27,750 s 033 0125 ps for (::) {
071 30833 ps 054 11.042 s os_evt_wait_and (0x0001, Oxf££ff);
072 27.000 ps 095 .917 ps LED On (LED E):
073 27.208 ps _evt 09% 9813k 2ioanal £ (+ rmooari .
074 27.875 d1i it (50): Time: Calls: Average:
075 28.1253: y T 0 ”DB|44.125 s 75* 0,588 s
075 ) 038 T
093
100
. . .. 101 =
2) Right click on the blue block and select Outlining and then 10 L . Task 3 'phaseC': Phase C ou
Collapse Section as shown below: = g R X
104 [F] task wvoid phaseC (void) {
105 0125 s for (;:) {
Qutlining L4 Collapse Selection 106 18,708 ps os_evt_wait_and (0x0001, Oxffff);
Advanced » - 107 41,208 ps LED Cn (LED C):
L - Collapse All Definitions 108 8313 s signal_func (t_phasel);
Collapse Current Block 109 6.042 ps LED Cff(LED C):
110 i

Collapse Current Procedure

Stop Current Qutlining JLI_I

Stop All Qutlining

Start All Qutlining

3) Note the section you blocked is now collapsed and the times are added together where the red arrow points.
4) Click on the + to expand it.
5) Stop the program and exit Debug mode.

068 62.708 ps[=|void signal func (05 TID task) {

= [z 1.691 me[+] | P R— /* delay 50 cloc
073 472833 ps os_evt_set (0x0001, task): i
074 483625 ps os_dly wait (50); i

075 587.333ps
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6) In-the-Weeds Example: Note: This example works best with MDK 4.21 or later.

Some of the hardest problems to solve are those when a crash has occurred and you have no clue what caused this — you only
know that it happened and the stack is corrupted or provides no useful clues. Modern programs tend to be asynchronous with
interrupts and RTOS task switching plus unexpected and spurious events. Having a recording of the program flow is useful
especially when a problem occurs and the consequences are not immediately visible. Another problem is detecting race
conditions and determining how to fix them. ETM trace handles these problems and others easily and is not hard to use.

If a Bus Fault occurs in our example, the CPU will end up at 0x800_043A as shown in the disassembly window below. This
is the Bus Fault handler. This is a branch to itself and will run this Branch instruction forever. The trace buffer will save
millions of the same branch instructions. The Instruction Trace window below shows this branch forever. This is not useful.

This exception vector is found in the file Disassembly 2 x||
startup_ MK60N512MD100.s. If we set a breakpoint by = for o
double-clicking on the Hard Fault handler and run the 355: MemManage Handler\

program: at the next Bus Fault event the CPU will again o EXP0RT Membanage Handler _—

]Ump to the Hard Fault handler 0x0000034A ETFE B HardFault_ Handler (0x0000034A)

The difference this time is the breakpoint will stop the CPU
and also the trace collection. The trace buffer will be
visible and extremely useful to investigate and determine

ENDP

the cause of the crash.
H H ilter: 52 il
1. Using the Blinky example from Filer [ B
the previous exercise, exit and re- E"'i'ﬁliéiili"""' "'"':H'j'ﬁl—;ijri'_'i'-l'é'r'.&l'é'r"i'[ii'ﬂ'i' e E
1048555 (x0000034A B HardFault_Handler (kx0000034A) 353 B
enter Debug mOde tO Clear the 1048556 (<0000034A B HardFauh_HandIer:DxDDI}I}DMA) 353 B
trace. 1042557 x0DD0034A B HardFault_Handler (:x0000034A) 353 B
1048558 (cDD00034A B HardFautt_Handler {k«00000344) 383 B

2. Locate the Hard fault vector near [Bh Disassembly | &2 Instruction Trace
line 353 in the disassembly
window or in startup_MK60N512MD100.s.

Set a breakpoint at this point. A red block will appear.

Run the Blinky example for a few seconds and click on STOP.

In the Disassembly window, scroll down until you find a POP instruction. | found one at 0x0000_03FA.

Right click on the POP instruction and select Set Program Counter. This will be the next instruction executed.
Click on RUN and immediately the program will stop on the Hard Fault exception branch instruction.

Examine the Instruction Trace window and you find this POP plus everything else that was previously executed.

© N o gk~ w

How this was done:

To create the hard fault, a POP instruction was executed out of order. A breakpoint was set on the Hard Fault Handler
location 0x000_034A. The program was run and stopped. A POP was located by scrolling down through the disassembly
window. The PC was set to the POP at this location by right clicking on it and selecting Set PC. Click on RUN and the CPU
immediately goes to the Hard Fault Handler and stops because the stack had a non-valid return PC address to be popped.

TIP: You might have to do a step-out-of to clear out all other running interrupt routines running otherwise you will just
return from an interrupt rather than crash. See the puVision Call Stack window for information on interrupts running.

The frames above the |Instruct\or|Trace a X|
Fiter: [Al - £
POP are a record of all ' =l
. . . # Opcode | Instruction Source Code Timels]
previous Instructions 1048564 (x0DDD0365 | E S 00000366
1043565 | ETM (00000365 | E7FE B (x0D000365
executed and tells you 1043566 | ETM 00000365 | E7FE B (x00000365
1048567 | ETM (00000365 | E7FE B (x00000365
the Complete program 1048568 | ETM (00000365 | E7FE B (x00000365
7
ow 1048563 | ETM (x00000365 | E7FE B (x00000365
' 1048570 | ETM 00000365 | E7FE B (00000365
. . 1048571 | ETM (00000366 | E7FE B («0D000365
The Exception Entry is 1048572 | ETM 00000366 | E7FE B Dx000D036S
1043573 | Excegton Erty | D | 3 175610359 | 365354915
the Hard Fault vector 1048574 | ETM (00000376 | 2000 MOVS 10 #0x00
1048575 | ETM (00000378 | 6010 STR A2.50<00]
number 3. 1048576 | ETM (x000003FA | BD10 POP  idpch 175610391 | 36505481 j

It shows at a different [Bh Dissssembly | E mstruction Trace
frame number because this frame comes from the Serial Wire Viewer and not the ETM program trace. You would expect his
frame to occur just after the POP instruction. It is normal for the SWV and ETM to not always be in synchronization.
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7) 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 | 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 ULINKpro 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
WWW.arm.com.
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8) Keil Products: See www.keil.com/freescale
Keil Microcontroller Development Kit (MDK-ARM™) for Kinetis processors:
= MDK-Freescale™ For all Kinetis Cortex-M4, 1 year term license. RTX included. - $745
= MDK-Standard™ (with included RTX RTOS with source code) - $4,895
= MDK-Basic™ (256K compiler limit, No debug limit) RTX is not included - $2,695
= MDK-Lite™ (Evaluation version) 32K Code and Data Limit - $0

A Keil ULINK must be purchased or you can use the OS-JTAG on the Kinetis Tower board. For Serial Wire
Viewer or ETM support, a ULINK2 or ULINKpro is needed. OS-JTAG does not support this debug technology.

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

Call Keil Sales for more details on current pricing. All products are available.

Call Keil Sales for special university pricing.

For the ARM University program: go to www.arm.com and search for university. Email: university@arm.com
All products include Technical Support for 1 year. This can be renewed.

Keil RTX™ Real Time Operating System
= RTX is provided free as part of Keil MDK. Is the full version of RTX — it is not restricted or crippled.

o

= No royalties are required. Very easy to use.

= RTX source code is included. Full version — is not restricted.

| DIKEIL
. Ke_rnel AV\_/aren_ess \_/isibility integral to pVision. Updated | D}]KE‘;E Besiopmeitiools
using Serial Wire Viewer therefore steals no CPU cycles. I\ e ®
Getung ﬁt_n'.cc!
| — '
USB-JTAG adapter (for Flash programming too) e =
&y '
\ . —

= ULINK2 - $395 (ULINK2 and ME - SWV only — no ETM) |
= ULINK-ME — sold only with a board by Keil or OEM.
- ULINKpro - $1,395 — Cortex-Mx SWV & ETM trace

Prices are for reference only and are subject to change without notice.
For the entire Keil catalog see www.keil.com or contact Keil or your local distributor.

For Linux, Android and bare metal (no OS) support on Freescale ARM9™ and Cortex-A series
processors, please see the ARM DS-5  toolkit at www.arm.com/ds5/

For more information:

Keil Sales In North and South America: 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.inti@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/freescale.

CMSIS Cortex i
v COMPLIANT 0 te KEI L
ARM?® Cortex” Microcontroller
Software Interface Standard Intelligent Processors by ARM’ TOOIS b)’ ARM
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